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Emotional Context and Predictability in Naturalistic Reading Aloud

Jessica M. Alexander and George A. Buzzell
Center for Children and Families, Florida International University

A robust experimental literature has found that word frequency and lexical valence contribute to visual word
processing at the level of the individual word. Extensions of this literature to simplified sentences have
essentially corroborated single-word findings, albeit with important influences of the unfolding discourse
context, which may strengthen or attenuate single-word effects. This study sought to extend current knowl-
edge one step further, beyond stand-alone sentences or sentence pairs, by investigating how word frequency
and lexical valence, along with their interactions, influence oral reading performance for multisentence stim-
uli in a naturalistic context. Lexical features were averaged over short passages of text, which were presented
to participants on-screen simultaneously, and performance was assessed as reading speed, in words per sec-
ond. Overall, we find that the same patterns emerge for multisentence oral reading as in the prior literature:
strong frequency effects that benefit higher-frequency content, a positivity bias that increases reading speed
for more positive content, and an important interaction that disfavors relatively more negative (less positive),
high-frequency content. We discuss these findings in light of possible interpretations based on associative
connectivity in the mental lexicon, as well as oculomotor dynamics during naturalistic reading. Our data sug-
gest that reading speed of multisentence texts is a viable alternative, and one that offers enhanced ecological
validity, for investigations of visual word processing dynamics.
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In reading, themeaning of individual words is accessed and integrated
into the developing discourse context. This process is influenced by a
broad range of lexical features, including word frequency (Balota &
Chumbley, 1984) and emotional valence (Larsen et al., 2006). These var-
ious properties interact during visual perception and lexical processing
(Kuperman et al., 2014), and can be moderated or subsumed by
discourse-level constraints such as the buildup of discourse context
(Chou et al., 2020; Van Petten & Kutas, 1990). However, despite recent
calls for increasing ecological validitywithin reading science (Schotter&
Payne, 2019), much research in the field is based on highly constrained
experimental designs that use stand-alonewords or simplified sentences:

there remains scant evidence for how linguistic features impact reading
behavior in naturalistic contexts that more closely mirror our day-to-day
interactions with the written word. In the current study, we sought to
close this gap in the literature by examining the influence of word fre-
quency and lexical valence on reading speed within the context of natu-
ralistic, passage-length stimuli. Manipulating the emotional valence of
passages also allowed us to probe the impact of higher-level context pro-
cessing within an ecologically valid setting. Below, we first review prior
work at the level of individual words and simplified sentences in order to
motivate our hypotheses regarding how lexical features and discourse-
level constraints impact reading of passage-length stimuli.

Effects of word frequency are well attested in the visual word rec-
ognition literature (Balota & Chumbley, 1984; Balota & Spieler,
1999). Specifically, words that are encountered more often—that
is, high-frequency words—are typically recognized faster than
low-frequency words. This is particularly true in contexts where
frequency-based expectation strategies can improve task perfor-
mance, such as making a lexical decision (Barriga-Paulino et al.,
2022; Kuchinke et al., 2007; Larsen et al., 2008; Scott et al.,
2012) or reading single words aloud (Fischer-Baum et al., 2014).
It has been argued that word frequency effects may emerge from
denser and/or stronger connections within the mental lexicon’s asso-
ciative network (Hulme et al., 1991; Stuart & Hulme, 2000). As a
result of such connectivity, high-frequency words are thought to
exhibit a higher resting activation that may serve to reduce the thresh-
old for activation (Plaut et al., 1996). This view is supported by
pupillometry studies showing lower peak dilations for high-
frequency words during lexical decision (Haro et al., 2017;
Kuchinke et al., 2007), as well as in eye-tracking, where high-
frequency words demonstrate shorter fixation durations (Kliegl et
al., 2004; Scott et al., 2012), indicating that readers process high-
frequency words more rapidly.

Jessica M. Alexander https://orcid.org/0000-0002-1551-1597
George A. Buzzell https://orcid.org/0000-0003-3324-3183
The authors would like to thank Laura Gallardo and Maria Rodriguez for

their invaluable efforts in coding the passage timestamps. The authors have
no conflict of interests to declare. This study’s design and its analysis were
not preregistered. Study stimuli are provided as supplementary information,
and additionally available at https://github.com/NDCLab/readAloud-
valence-dataset. Data and analysis code are included in the supplemental
materials, which are available on the OSF page (https://osf.io/pn2hu/).
Jessica M. Alexander served as lead for conceptualization, data curation,

formal analysis, investigation, methodology, project administration, visuali-
zation, and writing–original draft. George A. Buzzell served as lead for
resources and supervision and served in a supporting role for conceptualiza-
tion, formal analysis, methodology, and visualization. Jessica M. Alexander
and George A. Buzzell contributed equally to writing–review and editing.
Correspondence concerning this article should be addressed to Jessica

M. Alexander, Center for Children and Families, Florida International
University, 11200 SW 8th Street, Miami, FL 33199, United States. Email:
jessica.alexander@utexas.edu

Emotion
© 2023 American Psychological Association
ISSN: 1528-3542 https://doi.org/10.1037/emo0001298

1

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

https://doi.org/10.1037/emo0001298.supp
https://doi.org/10.1037/emo0001298.supp
https://doi.org/10.1037/emo0001298.supp
https://doi.org/10.1037/emo0001298.supp
https://orcid.org/0000-0002-1551-1597
https://orcid.org/0000-0002-1551-1597
https://orcid.org/0000-0002-1551-1597
https://orcid.org/0000-0003-3324-3183
https://orcid.org/0000-0003-3324-3183
https://orcid.org/0000-0003-3324-3183
https://github.com/NDCLab/readAloud-valence-dataset
https://github.com/NDCLab/readAloud-valence-dataset
https://github.com/NDCLab/readAloud-valence-dataset
https://osf.io/pn2hu/
https://osf.io/pn2hu/
mailto:jessica.alexander@utexas.edu
mailto:jessica.alexander@utexas.edu
mailto:jessica.alexander@utexas.edu
https://doi.org/10.1037/emo0001298
https://doi.org/10.1037/emo0001298
https://doi.org/10.1037/emo0001298


Message-level constraints, however, can override the effects of
word-level properties like frequency. For example, studies show that
readers use prior context to anticipate the semantic features of upcom-
ing words (see Federmeier, 2007 for a review), leading to attenuated
frequency effects when discourse context is high. In electrophysiol-
ogy, the N400 event-related potential (ERP) component has been
the focus of significant research in predictive processing for visual
word recognition. The N400 is believed to index access to semantic
memory, such that incoming content that binds more easily into ongo-
ing neural activity produces smaller N400 amplitudes. In single-word
presentation, high-frequency words demonstrate smaller N400 ampli-
tudes than low-frequency words (Barber et al., 2004; Fischer-Baum et
al., 2014; Rugg, 1990). Within sentential frames, however, effects of
word frequency onN400 amplitudes are diminished for words that are
more predictable from the established semantic or syntactic context
(open-class words: Payne & Federmeier, 2019; Payne et al., 2015;
Van Petten & Kutas, 1990, 1991; closed-class words: Payne et al.,
2015; Van Petten & Kutas, 1991).
Across a variety of experimental paradigms, word frequency inter-

acts with other lexical properties to modulate performance. One such
property is emotional valence: words range on an emotional contin-
uum from intrinsically appetitive (“kitten”) to fundamentally aversive
(“puke”). There is substantial evidence that valence impacts visual
word processing (Barriga-Paulino et al., 2022; Estes & Adelman,
2008; Estes & Verges, 2008; Herbert et al., 2008, 2009; Keuper et
al., 2013; Kuperman et al., 2014; Larsen et al., 2008). Moreover,
prior work in both lexical decision response times and single fixation
duration in eye-tracking has demonstrated an interaction between
word frequency and emotional valence that selectively disfavors
words that are both high-frequency and relatively more negative
(Kuchinke et al., 2007; Méndez-Bértolo et al., 2011; Scott et al.,
2009, 2012, 2014).
The current understanding of how word frequency and emotional

valence influence reading behavior is built on a foundation of highly
constrained laboratory tasks, particularly the lexical decision para-
digm. It is difficult to generalize findings to more naturalistic reading
contexts, however, given the additional task demands involved in
traditional lexical decision tasks (i.e., explicit lexicality decisions
and execution of motor movements to register these decisions) and
the limitations of processing context-less, stand-alone words.
Beyond lexical decision paradigms, many sentence-level reading
tasks present words on-screen individually, with either the partici-
pant—or, in the case of rapid serial visual presentation (RSVP),
the experimenter—controlling speed of presentation. However, the
onset of the N400 has been found to shift by more than 100 ms in
natural reading compared to RSVP designs (Kliegl et al., 2012)
and single-word presentation precludes parafoveal previewing of
upcoming content, which has been found to have a substantial
impact on the neural time course of visual word processing. N400
effects track semantically unexpected words presented in the paraf-
ovea (Li et al., 2023) and such N400 effects for parafoveal viewing
are not duplicated when target words are subsequently processed
foveally (Payne et al., 2019). These modulations of N400 amplitudes
imply that word form processing involves, at least in part, a fast pro-
cess that can be completed in the parafovea. It therefore remains
unclear whether the extant knowledge of lexical processing in highly
constrained experimental paradigms will generalize to naturalistic
tasks, especially where readers are able to visually sample upcoming
content parafoveally.

While prior work has focused on investigating word frequency
effects on reading/processing speed at the single-word level, either
in single-item presentation or embedded within carefully manipu-
lated sentential frames, natural interactions with written text entail
engaging with longer-form content; in these scenarios, the time it
takes to read a passage as a whole (or a partial excerpt of a passage)
may be of greater relevance. Traditional effects of word frequency
that are observable at the single-word level may or may not manifest
in the aggregate (i.e., across multiple sentences within a passage).
Specifically, it is unknown whether the time to read a given passage
can be predicted by the average word frequency of the words com-
prising that passage, and, if so, whether the relation between average
word frequency and oral reading speed would reflect the traditional
pattern observed for words read in isolation—faster speeds for
higher frequency. Relatedly, given that prior work at the single-word
level demonstrates that message-level constraints can attenuate the
effects of word frequency on processing speeds, it also remains
unclear whether message-level constraints would similarly impact
any possible link between average word frequency and reading
speed at the passage level.

Previous studies investigating the role of emotional valence on
reading/processing speed have been similarly limited and, in much
the same manner, it is unknown whether effects of lexical valence,
and the ways in which valence interacts with word frequency,
would likewise manifest in the aggregate, across an entire passage.
Prior work suggests that emotional evaluation of multisentence con-
tent is, to some degree, “the sum of its parts,” demonstrating a linear
relation between subjective evaluation of the overall emotional tone
of a passage and the simple mathematical averaging of the lexical
valence of its content words (Bestgen, 1994; Hsu et al., 2015).
Using four-sentence snippets of Harry Potter texts, presented in a
functional magnetic resonance imaging (fMRI) scanner and dis-
played consecutively, Hsu et al. (2015) further found that subjective
ratings of passage-level emotional tone and the average of the lexical
valence ratings of all words in the passage were comparable predic-
tors of brain activity during reading. Thus, it is reasonable to expect
that lexical valence effects may also average over the course of a pas-
sage, and any underlying facilitation of higher valenced words
should be borne out by reading speeds over multiple sentences.

In the current study, we sought to investigate potential effects of
average word frequency and average valence on naturalistic oral
reading speed. To this end, we constructed 20 short passages on
diverse topics (one topic per passage, each 140–223 words), with
each passage coded for average word frequency and valence.
Critically, in the style of a literary midcourse turn, passages were
constructed such that the average emotional valence switched
between the first and second half of the passage. Sudden aesthetic
or narrative changes, such as the dramatic peripeteia (Lucas, 1923)
or the poetic volta (Theune, 2007), are common in literature,
although the neurocognitive effects of such aesthetic devices are
only recently starting to be studied scientifically (Jacobs, 2015).
Participants read these passages aloud in a naturalistic setting, and
we used the audio recordings to calculate the time elapsed during
reading. Reading comprehension was assessed following each pas-
sage to ensure task engagement. Collectively, this naturalistic design
allowed us to test whether traditional effects of word frequency and
emotional valence, as well as potential interactions between these
lexical features and interactions with higher-level discourse context,
impacted oral reading speed at the multisentence level.
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Our hypotheses were premised on the assumption that averaged
lexical effects would resemble effects previously demonstrated at
the single-item level. We anticipated that passage halves with higher
average word frequency would be read faster than those lower in
average word frequency. Based on theories of negativity bias,
whereby relatively more negative stimuli preferentially capture
attention and slow task-based responses (e.g., automatic vigilance:
Pratto & John, 1991), as well as theories that posit a positivity
bias that enhances responses to relatively more positive stimuli
(e.g., the density hypothesis: Unkelbach et al., 2008), onewould pre-
dict that reading speeds for more negative passage halves (i.e., those
with lower average lexical valence) would be slower than reading
speeds for more positive passage halves (i.e., those with higher aver-
age lexical valence). Importantly, prior work has demonstrated an
interaction between word frequency and emotional valence that
selectively disfavors relatively more negative high-frequency
words (Kuchinke et al., 2007; Méndez-Bértolo et al., 2011; Scott
et al., 2009, 2012, 2014). We therefore anticipated a similar pattern
in oral reading speeds, with slower speeds for relatively more nega-
tive passage halves of higher average word frequency compared to
more positive, high-frequency passage halves.
Given that discourse context can mitigate the positive relation

between word frequency and reading speed (Payne & Federmeier,
2019; Payne et al., 2015; Van Petten & Kutas, 1990, 1991), we
expected that the positive relation between average word frequency
and reading speed would be most pronounced in the first half of each
passage, when discourse context is relatively low. However, in the
second half of each passage, and following a shift in emotional
valence, there are two possible hypotheses. First, if a shift in emo-
tional valence does not disrupt the accrual of higher-level discourse
context (Delaney-Busch & Kuperberg, 2013), then the relatively
high discourse context available in the second half of each passage
would lead us to predict a reduction in the positive link between
word frequency and reading speed. However, if, due to relative dif-
ferences in the positivity of the semantic content contributing to dif-
ferent predictive frames, the midpassage shift in emotional valence
does, in fact, disrupt the accrual of higher-level discourse context,
then it is reasonable to assume that oral reading speed would revert
to being primarily driven by word frequency effects in the lower dis-
course context available following such a disruption. In this case, the

positive association between word frequency and reading speed
expected for the first half of the passage would be likely to manifest
in the second half, as well.

Method

Participants

Fifty-eight students from a psychology student participant pool at
Florida International University (see Table 1 for participant demo-
graphics) participated in this experiment for course credit from
January to June 2022. The initial sample sizewas based on power anal-
yses performed inG*Power 3.1.9.6 (Faul et al., 2009). Inclusion criteria
included normal or corrected-to-normal vision, no diagnosis of color-
blindness, and no prior head injury. Participants were required to
have an internet connection, webcam, and microphone, and to express
willingness to record themselves as part of the study. Additionally, par-
ticipants were required to have a desktop or laptop computer on which
to complete the study, as the experimental task was not designed to be
compatible with a phone or tablet. Research protocols were approved
by the Institutional Review Board of Florida International University
and informed consent was obtained from all participants. Participants
reported no history of communication disorders. Given that 72% of res-
idents in Miami-Dade County, where our research was performed,
speak a language other than English at home (U.S. Census Bureau,
2015), we chose to include both monolingual and multilingual partic-
ipants. All participants self-reported having learned English prior to the
age of six. Prior work in bilingualswho acquired English at an early age
demonstrates comparable behavior in valenced lexical decision tasks to
monolingual English participants (Kazanas & Altarriba, 2016b). Due
to a strong female bias in the Florida International University psychol-
ogy participant pool, the participant population was heavily female
(.90%).

Stimuli

Twenty reading passages (see Figure 1 and the online supplemental
materials) were drafted with the explicit intent of serving as quasi-
naturalistic stimuli. In order to investigate behavioral differences in
processing and reading aloud content comprised of more positive or
more negative words, 10 passages were constructed to be relatively

Table 1
Participant Demographics

Participants

Sex Pronouns

Female Male She/her He/him They/them Other Undisclosed

Total 54 (93.1%) 4 (6.9%) 50 (86.2%) 4 (6.9%) 1 (1.7%) 1 (1.7%) 2 (3.4%)
Speed analyses 50 (92.6%) 4 (7.4%) 46 (85.2%) 4 (7.4%) 1 (1.9%) 1 (1.9%) 2 (3.7%)

Participants

Race/ethnicity

Hispanic, Latino/a/x, or Spanish origin White Asian Black or African American American Indian or Alaska Native Undisclosed

Total 43 (74.1%) 7 (12.1%) 3 (5.2%) 3 (5.2%) 1 (1.7%) 1 (1.7%)
Speed analyses 41 (75.9%) 7 (13.0%) 3 (5.6%) 1 (1.9%) 1 (1.9%) 1 (1.9%)

Participants

Age Socioeconomic class affiliation

M SD Range Poor Working class Middle class Affluent

Total 22.66 4.6 18–40 2 (3.4%) 23 (39.7%) 31 (53.4%) 2 (3.4%)
Speed analyses 22.67 4.77 18–40 2 (3.7%) 21 (39.0%) 29 (53.7%) 2 (3.7%)
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more positively valenced for the first half of the passage and relatively
more negatively valenced for the second half (“positive-to-negative”);
10 passages were the reverse (“negative-to-positive”). Passages ranged
in length from 140 to 223 words (219–363 syllables) with a “switch”
word positioned at the midway point; in this way, each passage half
ranged in length from 70 to 113 words (101–196 syllables). Lexical
valence for each passage half was calculated by averaging across
valence ratings available in the Warriner et al. (2013) dataset; for
words with no relevant entry in the corpus, the median score was
imputed. In this way, our analyses avoided overly distorting the dis-
tinction between more positive passage halves, which ranged from
5.66 to 5.86 (M= 5.75) on a 9-point scale, and relatively more nega-
tive passage halves, which ranged from 4.76 to 5.01 (M= 4.93). Note
that hypotheses for the current study conceptualize valence as existing
on a continuum and do not depend on distinguishing between explic-
itly valenced versus “neutral” stimuli. As such, we refer to passage
halves with higher/lowermean valence ratings as “relativelymore pos-
itive” and “relatively more negative,” respectively (for convenience,
we also refer to these passage halves in the shorthand as “positive”
and “negative” within the manuscript). To create the emotional
“volta,” switchwordswere designed to be dramatic points of departure
from the ongoing passage valence: positive-to-negative switch words
fell below 2.5 and negative-to-positive switches landed above 7.5 on
the same 9-point scale. An analysis of variance (ANOVA) model was
used to confirm successful manipulation: Relatively more positive/
negative passage halves were significantly different from one another
in average valence rating, F(1, 36)= 1,638.01, p, .001, whereas
there was no significant difference in valence rating as a function of
passage position, F(1, 36)= 0.14, p= .715, nor any interaction,
F(1, 36)= 3.57, p= .067. No explicit effort was made to control
for word frequency during the drafting of stimulus passages, resulting
in content that varied naturally in frequency and allowing us to analyze

our results as a function of the average word frequency of passage
halves. For frequency analyses, we used the log-transformed fre-
quency counts from the SUBTLEXus (Brysbaert & New, 2009) cor-
pus of American English. Similar to our handling of averaged valence
values, we imputed themedian frequency rating for words with no rel-
evant entry in the corpus. Beyondword frequency and lexical valence,
naturalistic reading stimuli can differ on various dimensions, such as
syntactic complexity and average word length, which relate directly
and indirectly to characteristics known to affect reading speed.
Differences in these dimensions can be operationalized with standard-
ized measures of reading ease (Flesch, 1948). The passage stimuli for
the current study were constructed such they did not differ in reading
ease, neither as a function of passage position, F(1, 36)= 0.06,
p= .806, nor valence, F(1, 36)= 0.61, p= .439, nor their interaction,
F(1, 36)= 2.84, p= .100. Additionally, we confirmed that passage
halves did not differ in number of words, neither as a function of pas-
sage position, F(1, 36)= 0.03, p= .876, nor valence, F(1, 36)=
0.04, p= .839, nor their interaction, F(1, 36)= 0.14, p= .711.
Likewise, passage halves did not differ in number of syllables, neither
as a function of position, F(1, 36)= 0.01, p= .935, nor valence, F(1,
36)= 0.18, p= .673, nor their interaction, F(1, 36)= 0.80, p= .377.
Passage halves also did not differ in average number of syllables per
word, neither as a function of position, F(1, 36)= 0.14, p= .712, nor
valence, F(1, 36)= 0.21, p= .648, nor their interaction, F(1, 36)=
1.82, p= .186. Due to experimenter error, a typographical mistake
was present in the final sentence of one of the passages (“broccoli”
passage); this passage was therefore dropped from all analyses.

Procedure

Using either a desktop or laptop computer, participants completed
self-paced questionnaires relating to demographic information via

Figure 1
Passage Characteristics

Note. On the left, bar length represents the average log frequency for each passage half (preswitch/postswitch). On
the right, bar length represents the length (in words) for each passage half (preswitch/postswitch), color represents
average valence for that passage half. See the online article for the color version of this figure.
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REDCap (Harris et al., 2019) before clicking a link to a PsychoPy
(Peirce et al., 2019, Version 2021.2.3) task, hosted by Pavlovia
(pavlovia.org; see Bridges et al., 2020). Participants also completed
a battery of questionnaires and additional behavioral tasks; a subset
of the questionnaire data was analyzed in a series of control analyses
to rule out potential confounds arising from demographic or affec-
tive state/trait variables (see the online supplemental materials for
details) whereas other data were beyond the scope of the current
report and are not discussed further. Participants were informed that they
would read 20 passages aloud, that each passage would take 1–2 min to
read, that they would be asked to answer a comprehension question
after each text, and that they would be able to take a short break
between passages. Using Zoom (Zoom Video Communications, Inc.,
San José, California) to record their screen and microphone, they
were instructed not to “preread” passages, but rather to begin reading
aloud immediately and to read each passage at their normal volume
and speed. For each passage, all text appeared on-screen at once, as
black Arial text, centered on a light gray background. The experimental
task used the “height” unit for font sizing (PsychoPy: Peirce et al.,
2019), so that text would scale for each individual user’s screen without
distortion. After reading each passage, participants pressed the spacebar
to proceed to a multiple-choice comprehension question, which served
to confirm task engagement. For each question, four possible answers
were presented (chance performance= 25%) and questions were

drawn equally from the four categories of passage halves: preswitch
positive, preswitch negative, postswitch positive, and postswitch nega-
tive. That is, we counterbalanced the location in the passage fromwhich
the information required to successfully answer the comprehension
question was selected. Therewas no time limit for reading each passage
nor for answering each comprehension question. Following each com-
prehension question, participants were given an optional 60-s break
prior to proceeding to reading the next passage (see Figure 2). Given
that each reading passage was either positive-to-negative or
negative-to-positive, we aimed to keep valence switches passage inter-
nal, rather than allowing a valence shift between passages. This was
achieved by semirandomization of the passage stimuli within the task
setup: 10 sets of passage pairs (positive-to-negative + negative-
to-positive) were created so that their presentation could be randomized
across participants. A second set of passage pairs (negative-to-positive
+ positive-to-negative) was additionally created, and participants were
randomly assigned to one of the two sets, such that half of the partici-
pants began the experiment with a positive-to-negative passage and
half began with a negative-to-positive passage.

Acoustic Preprocessing

In order to extract reading speed, timestamps were obtained using
Praat, Version 6.2.14 (Boersma & Weenink, 2001). For each passage,

Figure 2
Task Procedure

Note. The PsychoPy task, hosted by Pavlovia, led participants through setting up their Zoom recording, after
which they were given task instructions. Participants proceeded through task screens by pressing the spacebar.
There were no time limits for each screen. Screens with passage text were each followed by a multiple-choice com-
prehension question based on the prior passage, which participants answered by selecting the associated keyboard
letter (“a,” “b,” “c,” or “d”). The comprehension question letterpress took participants to an optional 60-s break
screen, which could be skipped by pressing the spacebar to continue to the next passage text. See the online article
for the color version of this figure.
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for each reader, three time points were recorded: the onset of the first syl-
lable in the first word of the passage, the onset of the first syllable in the
switchword (denoting the border between thefirst and second half of the
passage), and the end of the rime of the last syllable in the passage. Two
coders trained by JessicaM.Alexander annotated 57%of the recordings.
Jessica M. Alexander annotated the remaining recordings and cross-
annotated 20% of the timestamps for each participant that were anno-
tated by each of the two coders. The psych package, Version 2.2.5
(Revelle, 2022) in R, Version 4.1.1 (R Core Team, 2021), was used
to calculate interrater reliability for the 20% of cross-annotated record-
ings from a two-way agreement model; this was done individually for
each coder. Single measure intraclass correlation coefficients were
found to be very high (Coder 1: 192 timestamps (16 Participants× 4
Passages× 3 Timestamps), κ. 0.999; Coder 2: 276 timestamps (23
Participants× 4 Passages× 3 Timestamps), κ. 0.999.
Reading speed per participant was calculated as the total number of

words in the passage half divided by the total number of seconds spent
reading, such that higher values for reading speed correspond to faster
rates of oral reading.We chose to operationalize reading speed as words
per second given that our planned predictors, valence and frequency,
were both lexical-level features. Additionally, prior work has used
words per time-unit to analyze standardized reading rates of passage-
length stimuli (Lewandowski et al., 2003; Trauzettel-Klosinski &
Dietz, 2012), including assessments of screen-based reading (Wallace
et al., 2022).

Statistical Analyses

Reading comprehension questions after each stimulus passage
were included to confirm task engagement. We removed four partic-
ipants from further analysis due to low overall accuracy (≤50%;
chance performance= 25%) across passage comprehension ques-
tions. Overall accuracy for the remaining participants was 79.7%
(SD= 11.3%).
Passages for which the reading speed of either the first or second

passage half could not be calculated (e.g., if the participant failed to
read the full passage text aloud in the recording) were removed
prior to analysis. Given that participants recorded themselves out-
side a laboratory environment, infrequent instances of participant
interruption (e.g., by family members) were observed during the
task. For this reason, we also removed passages where the differ-
ence in reading speed between the first and second passage halves
was+3 SDs from the individual delta of each participant. In com-
bination, this eliminated nine (0.9% of all passages) from further
analysis.
Only passages for which the correct response was provided to the

reading comprehension question were considered for the analysis of
reading speed. In addition, passages whose reading speed was +3
SDs from the mean reading speed were removed prior to analysis.
These trimming procedures resulted in the removal of a further
218 passages (21.2%).
To analyze the effects of stimulus characteristics on reading

speed, lme4, Version 1.1-28 (Bates et al., 2015), and the lmerTest
wrapper, Version 3.1-3 (Kuznetsova et al., 2017), in R, Version
4.1.1 (R Core Team, 2021), were used to construct a mixed effects
model via restricted maximum likelihood estimation with reading
speed, calculated in words per second, as the dependent measure.
For each passage half, position (preswitch/postswitch), average
valence, average frequency, and their interactions were entered

into the model as fixed effects, with random intercepts per partici-
pant and per passage. The position variable was contrast coded (pre-
switch: −1, postswitch: +1) and, following outlier removal, the two
continuous variables were mean-centered across all data points.
Effect sizes are reported as unstandardized β coefficients for ease
of interpretation and 95% bootstrapped confidence intervals were
computed via the confint() function in lme4. Johnson–Neyman
intervals were calculated using the sim_slopes() function from the
interactions package, Version 1.1.5 (Long, 2019).

Transparency and Openness

All data exclusions and manipulations, along with all software
employed for analysis, are reported above. Results plots were created
using ggplot2, Version 3.4.0 (Wickham, 2016); interactions, Version
1.1.5 (Long, 2019); and gridExtra, Version 2.3 (Baptiste, 2017). This
study’s design and its analysis were not preregistered. Study stimuli
are provided as supplementary information, and additionally available
at https://github.com/NDCLab/readAloud-valence-dataset. Data and
analysis code have been made publicly available at https://osf.io/
pn2hu/.

Results

As described above, reading speed (in words per second) for each
passage half was analyzed via a linear mixed effects model with posi-
tion (preswitch/postswitch), average valence, average frequency, and
their interactions as fixed effects, and random intercepts per partici-
pant and per passage. The model identified a significant main effect
of frequency (β= .71, SE= 0.06, 95% parametric bootstrapped con-
fidence interval [CI] [0.59, 0.83], p, .001) such that, on average,
reading speeds were faster for passage halves of higher average
word frequency. A main effect of valence was also identified
(β= .06, SE= 0.02, 95% parametric bootstrapped CI [0.02, 0.09], p
, .001), such that, on average, relatively more positive passage halves
were also read at faster speeds. Crucially, these main effects of fre-
quency and valence were qualified by a significant Frequency×
Valence interaction (β= .29, SE= 0.1, 95% parametric bootstrapped
CI [0.07, 0.47], p= .003). The nature of this interaction was such that
higher average word frequency was associated with faster reading
speeds, with this effect being stronger in relatively more positive pas-
sage halves (see Figure 3). In order to assess at which values of each
predictor (frequency, valence) the slope of the other was significant,
we calculated the Johnson–Neyman intervals (Johnson & Fay,
1950). For all observed values of lexical valence, the frequency
slope was significant. On the other hand, the effect of valence on
reading speed was significant only for passages with high average fre-
quency (frequency values greater than −0.08 following mean-
centering). No main effects or interactions involving passage position
were identified.

Individual differences have the potential to influence processing
of affective content (Carstensen & DeLiema, 2018; Foland-Ross
& Gotlib, 2012; Lang & Cuthbert, 1984); to rule out this potential
confound, we re-ran our primary statistical model (described
above) while also controlling for a series of individual differences
variables, including age, sex, trait depression/anxiety symptoms,
and affective state (see the online supplemental materials for details).
Briefly, in each additional model, we added the individual difference
measure of interest, as well as its interaction with average valence.
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Across all additional statistical models, the results of our primary
model remained qualitatively unchanged; see the online supplemen-
tal materials for complete results.

Discussion

We examined the influence of word frequency and lexical valence
on reading speed in a naturalistic oral reading task. Effects of word fre-
quency, lexical valence, and their interaction have been found at the
single-word level (e.g., Balota & Chumbley, 1984; Kuperman et al.,
2014; Larsen et al., 2006) and within the context of simplified sen-
tences (e.g., Holt et al., 2009; Scott et al., 2012; Van Petten &
Kutas, 1990), but little is known about whether these effects accumu-
late over the course of multisentence passages as in everyday reading.
As a corollary, we also manipulated emotional valence within each
passage to investigate whether a sudden shift in valence during the
reading of a passage would disrupt the processing of the higher-level
discourse context, further impacting effects of word frequency on
reading speed.
Overall, we found that effects of lexical frequency on oral reading

speed, measured in words per second over a naturalistic passage, are
generally consistent with the pattern of results reported in more tradi-
tional studies that employ highly constrained experimental designs
and use stand-alone words or simplified sentences. On average, read-
ing speed displayed traditional frequency effects, with faster speeds
for passage halves with higher average word frequency. Likewise,

reading speed demonstrated, on average, a positivity bias, with faster
reading speeds for passage halves that were relatively more positive in
valence. Crucially, the effects of frequency and valencewere qualified
by an interaction, providing a generalization of previously reported
interactions between frequency and valence whereby the processing
of high-frequency negative words is slowed (Kuchinke et al., 2007;
Méndez-Bértolo et al., 2011; Scott et al., 2009, 2012, 2014). With
respect to modulations of frequency effects based on higher-level dis-
course, we did not observe a significant position by frequency interac-
tion. This null result suggests that the midpassage shift in valence may
have disrupted the accrual of higher-level discourse context, resulting
in reading speeds being driven primarily by average word frequency
in both the first and second halves of each passage. We discuss
each of these findings below.

Word Frequency Effects Extend to Passage-Length
Stimuli

In single-word reading aloud, response latencies for high-frequency
words are shorter than those for low-frequency words (Balota &
Spieler, 1999; Fischer-Baum et al., 2014). That is, participants require
less time to process and produce words that are more frequently
encountered. A similar pattern emerges in eye-tracking research
with single sentence stimuli, in which high-frequency words are fix-
ated for a shorter period of time than low-frequency words (Kliegl
et al., 2004; Scott et al., 2012). In this study, we find that the speed
advantage for high-frequency stimuli extends beyond single words
and short sentences to multisentence texts, with passages of higher
average word frequency being read faster in words per second.

Word frequency effects are thought to be related to higher connec-
tivity in the associative network of the mental lexicon (Hulme et al.,
1991; Stuart & Hulme, 2000). Speeded naming of stand-alone
words, which is similar in nature to the oral reading in our task, has pre-
viously been shown to display frequency effects, with lower-frequency
words produced more slowly (Balota & Chumbley, 1984; Balota &
Spieler, 1999; Larsen et al., 2008). Longer-form oral reading, however,
benefits not only from parafoveal preview, but also from higher levels
of semantic and syntactic context that can be used to predict upcoming
words. Similar to production times in speeded naming, the amplitude
of the N400 ERP component is attenuated by word frequency during
single-word presentation. However, when words are combined into
sentential frames, the accumulating discourse context serves to modu-
late frequency effects on the N400. For example, Van Petten and Kutas
(1990) found larger N400 amplitudes for low-frequency words, but
only in early sentence positions. One might therefore anticipate that
potential frequency effects would be obscured in passage-length stim-
uli. Instead, we find robust frequency effects across passage halves that
are 70–113 words in length.

We posit that longer passage lengths offer a larger window for
underlying word frequency effects to become salient, due, in part, to
an interaction between oculomotor control and lexical access. During
the ongoing dynamics of oral reading, the reader has simultaneous
visual access to past, current, and upcoming words, and the distance
that separates the word currently being produced from the word on
which the eyes are fixated is called the eye-voice span (Laubrock &
Kliegl, 2015). In naturalistic paradigms, low-frequency words are
less likely to be visually skipped (Kliegl et al., 2004) and generally
have longer fixation times (Kliegl et al., 2006). That is, low-frequency
words can cause the eye-voice span to shrink, presumably due to the

Figure 3
Frequency× Valence Interaction Effects in Reading Speed

Note. Shape of the Frequency×Valence interaction (p= .003) on read-
ing speed. Points represent individual performance on each passage half.
More negative passage valence values represent performance on passage
halves whose centered valence rating was less than 1 SD below the
mean; more positive values represent performance on passage halves
whose centered valence rating was greater than 1 SD above the mean.
See the online article for the color version of this figure.
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need to allocate more processing resources to the fixated word
(Laubrock&Kliegl, 2015). In thisway, higher averageword frequency
may allow readers to maximize the eye-voice span closer to the thresh-
old of the buffer in which the visual code is translated into phonolog-
ical working memory in anticipation of articulatory output (Wagner &
Torgesen, 1987). At maximal span, reading speed would be (theoret-
ically) bounded only by the articulatory limitations of the vocal tract.
We do not propose that such a boundary is reached in our study, but
rather suggest that increased eye-voice span during oral reading of con-
tent with higher average frequency might increase the speed of articu-
latory output compared to speeds when the span is smaller.

Positivity Promotes Faster Reading

In speeded naming, response times are faster for relatively more
positive words (Estes & Adelman, 2008; Kuperman et al., 2014;
Larsen et al., 2008). Similarly, more positive words demonstrate
stronger affective priming effects (Kazanas & Altarriba, 2016a,
2016b; Lüdtke & Jacobs, 2015; Sass et al., 2012; Unkelbach et al.,
2008). Many researchers (Hofmann & Jacobs, 2014; Lüdtke &
Jacobs, 2015; Unkelbach et al., 2008) have interpreted this positivity
bias in affective priming as the result of greater semantic-associative
clustering among more positive words. In this way, higher valence
words bolster spreading activation across a densely connected asso-
ciative network while, conversely, the semantic distinctiveness of
lower valence words slows their evaluation and integration into the
unfolding discourse context. Importantly, such affective priming
effects are strongly moderated by stimulus onset asynchrony, with
effects most salient when the lag between prime and target is very
short (Hermans et al., 2001). Similar to the discussion of frequency
effects above, longer-form naturalistic reading may create larger
windows in which a positivity bias in the processing of individual
words can become compounded and lead to overall faster reading
speeds for relatively more positive content. Nonetheless, our find-
ings introduce an important caveat: relatively more positive passage
halves were only read faster at higher levels of average frequency.
Phrased differently, the speed distinction between passage halves
that were relatively more or less positive in their average valence dis-
appeared when average word frequency was low. We discuss this
interaction between frequency and valence next.

Higher-Frequency, Lower-Valence Content Is
Disadvantaged

When interactions between word frequency and lexical valence
are considered in the prior literature, it is specifically high-frequency
negative words that underperform, demonstrating slowed response
times in lexical decision (Kuchinke et al., 2007; Méndez-Bértolo
et al., 2011; Scott et al., 2009, 2014) and longer fixation durations
in eye-tracking (Scott et al., 2012). A similar pattern emerges in
our results. Thus, interactive effects of valence and word frequency
previously demonstrated in traditional, highly constrained experi-
mental designs appear to generalize to naturalistic oral reading of
multisentence passages.
Yap and Seow (2014) argue that wordswith greater familiarity and/or

meaningfulness, including emotional words, have richer semantic rep-
resentations that may serve to provide stronger feedback to lexical rep-
resentations, thereby promoting faster access. Indeed, semantic
neighborhood density, one measure used to operationalize semantic

richness, correlates strongly with word frequency (Yap et al., 2012),
andmore frequentwords aremore likely to be nodes inword association
networks (De Deyne & Storms, 2008). Similarly, higher valence words
have demonstrated greater semantic density in the associative network
of the mental lexicon (Unkelbach et al., 2008) while lower valence
words, both alone and in n-grams up to n= 4, have been shown to con-
tain more information in an information-theoretic sense (Garcia et al.,
2012), suggesting greater distinctiveness. That is, relatively more posi-
tivewords (“sweet” and “kind”) are more alike than words that are more
negative (“cruel” and “rude”), and therefore more densely associated in
the mental lexicon. In this case, both high average frequency and posi-
tive valence may benefit from the same underlying mechanism, namely
tighter relations in a small-world associative network, which facilitates
construction of an ongoing model of the discourse context during oral
reading and reduces word-to-word processing time.

From another perspective, we might consider that words which
require additional processing, either because they are infrequently
encountered or higher in information content, may operate to reduce
the eye-voice span during reading aloud. Above, we suggested that
the eye-voice span has a theoretical ceiling at which point reading
speed is limited only by articulatory motor control. It is likewise rea-
sonable to propose that, for a given reader of a given text, the eye-
voice span has a hard floor; namely, when the eyes are fixated on
the same word that is being verbally produced (for example, see
Figure 1 in Laubrock & Kliegl, 2015). In the context of reading
aloud a multisentence passage, the additional processing required
for low-frequency words may have similar time dynamics regardless
of valence, leading to the pattern of results observed in the current
study: similar average reading speeds for passage halves with
lower average word frequency, regardless of emotional valence.

It is important to note that it remains speculative as to whether the
pattern of results observed here is best explained by lexical access,
oculomotor control, or both. The primary goal of the present study
was to confirm that traditional lexical effects of frequency and
valence are visible in longer-form, naturalistic reading aloud. As
such, our design does not allow us to definitively adjudicate between
competing interpretations of our results. Further research is neces-
sary to shed light on the extent to which lexical access and oculomo-
tor control contribute, independently or in tandem, to slower oral
reading speeds for higher-frequency, lower-valence content.

Shifts in Valence May Disrupt the Discourse Context

Given the body of literature supporting traditional word frequency
effects (Balota & Chumbley, 1984; Balota & Spieler, 1999; Barriga-
Paulino et al., 2022; Fischer-Baum et al., 2014; Kuchinke et al.,
2007; Larsen et al., 2008; Scott et al., 2012), we expected a positive
relation between average word frequency and reading speed in the
first half of each passage, when discourse context is relatively low
and word frequency effects are more likely to drive reading perfor-
mance. Following the midpassage shift in emotional valence, however,
any reduction in the positive association between word frequency and
reading speed (i.e., the presence of a significant position by frequency
interaction) would depend on the degree to which the higher-level dis-
course context was disrupted by this shift in valence. That is, if the mid-
course turn in valence did, indeed, disrupt the accrual of higher-level
discourse context, then reading speed would presumably revert to
being driven primarily by word frequency effects, in which case the
positive association between word frequency and reading speed
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expected in the first half of the passage would be more likely to man-
ifest in the second half, as well; no interaction between position and fre-
quency would therefore be observed. In contrast, if the valence switch
did not disrupt the unfolding discourse context, and given prior work
demonstrating that discourse context can mitigate the positive relation
between word frequency and processing speed (Payne & Federmeier,
2019; Payne et al., 2015; Van Petten & Kutas, 1990, 1991), we
would expect a reduction in the positive link between word frequency
and reading speed in the second half of passages, manifesting as an
interaction between position and frequency.
In the preswitch passage halves of our study, and similar to the tra-

ditional frequency effects displayed on the N400 in early open-class
words within sentential frames (Van Petten & Kutas, 1990), we
found an accumulation of word-level frequency effects that caused pre-
switch passage halves with higher averageword frequency to be read at
faster speeds. The postswitch passage halves, following the shift in
valence, displayed the same pattern, with no significant interaction
between position and frequency observed. These results therefore sug-
gest that the midpassage shift in emotional valence may have disrupted
the accrual of discourse context used to predict upcoming content,
causing processing speeds in the second half of the passage to again
be driven primarily by lexical frequency effects. However, caution is
warranted when attempting to draw inferences from a null effect, par-
ticularly when the sample size is relatively small. As such, future work
is needed to confirm that the patterns reported here replicate.

Constraints on Generality and Future Directions

A key strength of the current study is the use of an experimental
protocol offering enhanced ecologically validity and naturalistic,
paragraph-length stimuli. Additionally, we incorporated a mixed-
effects analytic approach in all analyses. Nonetheless, this study is
not without limitations. The sample is modest in size and, given
the novelty of the paradigm employed, the current results should
be replicated within a larger group of participants. Our sample is
also predominantly female due to the gender bias of our student
participant pool, and prior work has found that word valence rat-
ings can be influenced by gender (Warriner et al., 2013); future
work with more symmetrical gender statistics should therefore
leverage designs that explore whether gender or biological sex
moderate the effects reported in the current study. Furthermore,
in order to balance competing demands between data volume
and time burden of participation sessions, we limited our stimuli
to 20 passages, which is comparatively few data points for analysis.
As described above, our investigation of whether shifts in valence
disrupt the development of discourse context relies on interpreting
the null; as such, it is particularly important that future work seek to
replicate our results within the context of both a larger sample of
participants and a larger set of passage-length stimuli. Finally,
our naturalistic design of the stimuli precluded the creation of pas-
sages with extreme values of average valence. Given our findings,
future work should assess the effect of extreme manipulations of
valence on oral reading speed and how such manipulations influ-
ence the interaction with average word frequency.

Conclusions

Current research on lexical processing is heavily focused on
word-level behaviors, and much is now known about many of the

features that influence visual word processing, as well as how this influ-
ence unfolds over time. However, conventional experimental paradigms
are distinctly unlike naturalistic reading, not only in their presentation
(stand-alone words or RSVP designs) but also in their construction:
95% of open-class words are less contextually constrained than those
used in typical language studies (Luke & Christianson, 2016). The cur-
rent study takes an initial step toward understanding howword-level fea-
tures affect reading in more ecologically valid task contexts, and
whether such word-level features reliably map onto reading behavior
across naturalistic,multisentence frames. To these ends, wefind that pre-
viously studied lexical processing effects do, indeed, map onto oral
reading speed when passage-length texts are presented on-screen as a
whole. Across passage halves and average levels of emotional valence,
we observed traditional word frequency effects, with faster reading
speedswhen averageword frequencywas high.We also observed a pos-
itivity effect across passage halves, with faster reading speeds for pas-
sage halves with higher (more positive) average valence. In addition
to these twomain effects, we observed an interaction between frequency
and valence. Here again, our findings mirror the existing literature: sim-
ilar reading speeds for low-frequency content regardless of valence, but
faster reading speeds for positive content when average frequency is
high. Overall, we demonstrate that oral reading speed is a useful
proxy for classic measures used in reading research.
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