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Abstract

Comprehension of speech masked by background sound requires increased cognitive processing, which makes listening
effortful. Research in hearing has focused on such challenging listening experiences, in part because they are thought to
contribute to social withdrawal in people with hearing impairment. Research has focused less on positive listening experi-
ences, such as enjoyment, despite their potential importance in motivating effortful listening. Moreover, the artificial speech
materials—such as disconnected, brief sentences—commonly used to investigate speech intelligibility and listening effort
may be ill-suited to capture positive experiences when listening is challenging. Here, we investigate how listening to natu-
ralistic spoken stories under acoustic challenges influences the quality of listening experiences. We assess absorption (the
feeling of being immersed/engaged in a story), enjoyment, and listening effort and show that (a) story absorption and
enjoyment are only minimally affected by moderate speech masking although listening effort increases, (b) thematic knowl-
edge increases absorption and enjoyment and reduces listening effort when listening to a story presented in multitalker
babble, and (c) absorption and enjoyment increase and effort decreases over time as individuals listen to several stories
successively in multitalker babble. Our research indicates that naturalistic, spoken stories can reveal several concurrent
listening experiences and that expertise in a topic can increase engagement and reduce effort. Our work also demonstrates
that, although listening effort may increase with speech masking, listeners may still find the experience both absorbing and
enjoyable.
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The speech that listeners encounter in everyday life—
such as during conversations in trains, cars, schools,
stores, restaurants, hospitals, or urban outdoor areas—
is often masked by background sound (Hodgson et al.,
2007; Olsen, 1998; Rusnock & Bush, 2012; Smeds et al.,
2015). Background sound degrades the speech signal and
requires a listener to recruit additional cognitive resour-
ces to understand what is being said (Johnsrude & Rodd,
2016; Mattys et al., 2012). Such cognitive investment—
drawing on attention, memory, and prior knowledge—
makes listening to masked speech effortful (Eckert et al.,
2016; Peelle, 2018; Pichora-Fuller et al., 2016; Shenhav
et al., 2017; Westbrook & Braver, 2015). Basic and
applied auditory researchers increasingly recognize that
effort experienced during speech listening has diagnostic
value because it may capture interindividual differences

in behavior that are not explained by traditional hearing
assessments such as pure-tone audiometry and speech-
in-noise intelligibility testing (Herrmann & Johnsrude,
2020; Lemke & Besser, 2016; Pichora-Fuller et al.,
2016; Strauss & Francis, 2017).
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In spite of enthusiasm in the hearing science commu-
nity for measuring listening effort (Eckert et al., 2016;
Peelle, 2018; Pichora-Fuller et al., 2016), progress to date
has been limited: The materials used to investigate
speech intelligibility and listening effort do not reflect
what people listen to in their everyday lives (Herrmann
& Johnsrude, 2020). In a typical study, participants
listen to brief, isolated sentences, such as ‘Big dogs can
be dangerous’, and respond behaviorally after each sen-
tence, for example, reporting back the words heard or
rating experienced effort (Alhanbali et al., 2017; Davis &
Johnsrude, 2003; Duncan & Aarts, 2006; Lunner &
Sundewall-Thorén, 2007; Wendt et al., 2016; Zekveld
et al., 2010). Brief, isolated sentences may not reflect
what people actually experience during listening in real
life, including positive experiences (e.g., enjoyment, sat-
isfaction; Matthen, 2016) and negative experiences (e.g.,
effort, fatigue; McGarrigle et al., 2014; Pichora-Fuller
et al., 2016). Investigating speech processing with isolat-
ed, not very interesting sentences may thus not fully cap-
ture the processes recruited during speech listening in the
real world.

In everyday life, people encounter spoken narratives
and stories in form of gossip, anecdotes, and event
descriptions (among other forms) that support under-
standing the world and ourselves, convey cultural histo-
ry, and enable social connection (Bamberg, 2010;
Dunlop & Walker, 2013; Graesser et al., 2002; Mar &
Oatley, 2008; Ryan, 2007). In other words, normal
speech is personally meaningful, embedded in a broader
context, and follows some topical narrative (Dunlop &
Walker, 2013). A listener is usually intrinsically motivat-
ed to understand and to follow a spoken narrative but
may be less motivated to listen to the isolated sentences
used in labs and clinics.

Progress in understanding why some people disen-
gage while in challenging listening situations whereas
others persist and continue to engage (Heffernan et al.,
2016) has perhaps been limited because research has
focused on listening effort and other aversive listening
experiences and not on positive experiences, such as
enjoyment (but see Matthen, 2016). People seek social
interactions in bars, cafes, and restaurants because they
enjoy them or experience other positive benefits
(Matthen, 2016). A focus on listening effort may not
do justice to the complexity of an individual’s listening
experience (Nabi & Kremar, 2004; Wright et al., 2003).
How other listening experiences besides effort are affect-
ed by the presence of background sound when listening
to speech is currently unknown.

Literature and media-studies researchers have exten-
sively investigated how individuals engage with (mostly
written) narratives and stories, and what factors contrib-
ute to narrative enjoyment (Albrecht & O’Brien, 1993;
Bilandzic & Busselle, 2017; Busselle & Bilandzic, 2008,

2009; Green et al., 2004; Kuijpers et al., 2014; Oatley,
1999). A recently developed scale captures engagement
in reading experiences as story world absorption using
psychological and folk-psychological constructs along
four dimensions (Kuijpers et al., 2014). In this article,
we use the dimensional definitions of Kuijpers et al.
(2014): (a) Attention refers to the feeling of losing aware-
ness and concentrating deeply; (b) Mental imagery refers
to visualizing settings, characters, and situations in one’s
mind; (¢) Transportation refers to the feeling of entering
the story world and of being in the story (Green &
Brock, 2000; Green et al., 2004); and (d) Emotional
engagement captures feeling with and for characters:
This dimension is related to empathy and to the identi-
fication with others (Cohen, 2001; Cohen & Tal-Or,
2017).

Engagement is a term used in psychology and cogni-
tive neuroscience to describe the recruitment of resources
for an activity (Herrmann & Johnsrude, 2020; Westgate
& Wilson, 2018). Here, we use engagement as a superor-
dinate term capturing a range of immersion experiences
with a narrative or story, including the four dimensions
captured by the Kuijpers et al. (2014) scale. We use
engagement synonymously with absorption because we
use the narrative absorption scale (NAS; Kuijpers
et al., 2014) to investigate whether and how engagement
with spoken narratives and stories is affected by masking
background sound.

Narrative engagement has been described as involv-
ing the creation and updating of mental models that
represent characters, goals, actions, situations, and so
forth while a story unfolds (Albrecht & O’Brien, 1993;
Busselle & Bilandzic, 2009; Zwaan, 2016; Zwaan et al.,
1995). Creating and updating mental models depends on
the extent to which incoming story information can be
incorporated into the person’s existing knowledge
(Busselle & Bilandzic, 2009; Gerrig & Mumper, 2017;
Green, 2004). Neural engagement measures (i.e., neural
synchrony across individuals) derived from electroen-
cephalography recordings indicate that repetition of
audiovisual narratives reduces engagement
(Dmochowski et al., 2012; Ki et al., 2016; Poulsen
et al., 2017), suggesting that it is not exact knowledge
about a narrative that supports engagement, but rather
more general thematic knowledge. Thematic knowledge
refers to broad knowledge of, and familiarity with, a
circumscribed area, topic or theme that provide struc-
ture and meaning to experiences (see also DeSantis &
Ugarriza, 2000; Hjerland, 2001). For example, prior
knowledge about and experiences with homosexuality
has been shown to facilitate transportation into a written
story about a homosexual person (Green, 2004). That
thematic knowledge and expertise also alleviates listen-
ing effort and increases listening engagement when
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individuals listen to acoustically masked stories seems
likely but has not been demonstrated.

Finally, differences in listening experiences between
two people with similar performance on traditional hear-
ing assessments may become particularly apparent when
individuals listen to masked speech for a longer time
(Phillips, 2016). The cognitive investment required to
understand masked speech over an extended period
may increase effort and lead to fatigue (McGarrigle
et al., 2014), which, in turn, may lead to disengagement
from listening. In fact, the degree to which an individual
is able to engage persistently in a cognitively challenging
activity may be a crucial factor for understanding listen-
ing behavior in real life (Phillips, 2016; Reitan &
Wolfson, 2000, 2004). Yet, listening to masked speech
over longer periods may not only have aversive effects.
Individuals can adapt to some forms of degraded speech
(i.e., noise-vocoded speech), leading to increased speech
intelligibility as exposure to degraded speech progresses
(Davis et al., 2005; Eisner et al., 2010; Erb et al., 2013;
Erb & Obleser, 2013; Huyck & Johnsrude, 2012; Samuel
& Kraljic, 2009). Whether and how prolonged listening
to masked stories over a period of many minutes affects
listening effort, absorption, enjoyment, and comprehen-
sion is unknown.

In the current study, we conduct a series of experi-
ments using engaging, spoken stories under different
degrees of masking to investigate the relationship
between listening effort and story absorption.
Experiment 1 investigates whether an NAS (Kuijpers
et al., 2014) is sufficiently sensitive to engagement with
spoken stories. Experiment 2 tests whether masking
spoken stories with multitalker babble affects absorp-
tion. In Experiment 3, we examine whether thematic
knowledge supports absorption and reduces effort
during story listening. Experiment 4 seeks to answer
whether absorption and listening effort change over
time, when individuals listen to masked stories for a
longer period.

Methods and Materials

Participants

Participants were recruited from the undergraduate stu-
dent, graduate student, and postdoc population at the
University of Western Ontario, Canada. They gave writ-
ten informed consent prior to the experiment and
received course credits or were paid $§5 CAD per half
hour for their participation. Demographic information
about participants is provided separately for each of the
following experiment. All participants self-reported
normal hearing abilities. Participants were either native
English speakers or nonnative speakers who were profi-
cient English speakers—they all rated their English skills

to be 5 or higher on a 7-point scale (note that we account
for the nativeness of our participants during data anal-
ysis). The study was conducted in accordance with the
Declaration of Helsinki, the Canadian Tri-Council
Policy Statement on Ethical Conduct for Research
Involving Humans (TCPS2-2014), and was approved
by the local Nonmedical Research Ethics Board of the
University of Western Ontario (protocol ID: 106570).

Assessment of Story Engagement

In the current study, we administered an NAS that was
developed to assess experiences with written narratives
(Kuijpers et al., 2014) and that integrates other previous
scales related to narrative engagement (Busselle &
Bilandzic, 2009; Cohen, 2001; Green et al., 2004). As
there is currently no engagement scale available that is
specifically designed to use with spoken (as opposed to
written or audiovisual) narratives, we opted to slightly
adapt the scale to assess listening experiences. This
required changing the wording of the statements (e.g.,
‘reading’ to ‘listening’) and discarding two statements.
The remaining 18 statements were used in the current
study (Table 1).

In addition to the four dimensions of the NAS
(described in the Introduction section), we also assessed
the participants’ story enjoyment (N=35 items from
Kuijpers et al., 2014), listening effort (N =3), and story
comprehension (N =3). Enjoyment may correlate with
the NAS but is thought to reflect a separate experience
(Bilandzic & Busselle, 2017). All statements used in the
study are listed in Table 1. Statements were rated on a 7-
point scale, where 1 referred to completely disagree and 7
to completely agree. All 29 items were used in
Experiments 2 to 4. Effort and comprehension were
not assessed in Experiment 1 because all stories were
presented under clear conditions.

General Procedure

Participants were seated in a quiet room or a sound-
attenuated booth. Stories were presented via Grado
SR225 headphones and a Focusrite Scarlett 2i4 external
sound card. Stimulation was controlled by a Laptop
running  Psychtoolbox in  MATLAB software
(Mathworks Inc.).

Participants listened to spoken stories whose duration
ranged between 5 and 13 min depending on the experi-
ment. After listening to a story, participants rated each
of the statements in Table 1 on a 7-point scale
(1 =completely disagree; 7= completely agree). Rating
scores were averaged separately for NAS statements,
enjoyment statements, effort statements, and compre-
hension statements (Table 1). All data analyses described
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Table I. Items of the Narrative Absorption Scale (NAS; Capturing Four Dimensions), Enjoyment, Effort, and Comprehension.

Dimension

Question

Attention (NAS)
Attention (NAS)
Attention (NAS)
Attention (NAS)

Attention (NAS)
Emotional engagement (NAS)

Emotional engagement (NAS)
Emotional engagement (NAS)
Emotional engagement (NAS)
Emotional engagement (NAS)
Mental imagery (NAS)
Mental imagery (NAS)

Mental imagery (NAS)
Transportation (NAS)
Transportation (NAS)

Transportation (NAS)
Transportation (NAS)

Transportation (NAS)

Enjoyment
Enjoyment
Enjoyment
Enjoyment
Enjoyment
Effort

Effort

Effort
Comprehension
Comprehension
Comprehension

When | finished listening, | was surprised to see that time had gone by so fast.

When | was listening, | was focused on what happened in the story.

| felt absorbed in the story.

The story gripped me in such a way that | could close myself off for things that were happening
around me.

| was listening in such a concentrated way that | had forgotten the world around me.

When | listened to the story, | could imagine what it must be like to be in the shoes of the main
character(s).

| felt sympathy for the main character(s).

| felt connected with the main character(s) of the story.

| felt how the main character(s) was/were feeling.

| felt for what happened in the story.

When | was listening to the story, | had an image of the main character(s) in mind.

When | was listening to the story, | could see the situations happening in the story being played
out before my eyes.

| could imagine what the world in which the story took place looked like.

When | was listening to the story, it sometimes seemed as if | were in the story world too.

When listening to the story, there were moments in which | felt that the story world overlapped
with my own world.

The world of the story sometimes felt closer to me than the world around me.

When | was finished with listening to the story, it felt like | had taken a trip to the world of the
story.

Because all of my attention went into the story, | sometimes felt as if | could not exist separate
from the story.

| thought it was an exciting story.

| thought it was an enthralling story.

| listened to the story with great interest.

| thought the story was beautiful.

| thought the story was presented well.

| had to invest effort to understand what was said.

It was difficult to understand what was said.

Understanding the speaker was hard.

| got the gist of the story.

| have a good sense of what the story was about.

The story was understandable.

in the following were carried out in MATLAB and IBM

SPSS software.

Data will be made available upon reasonable request.

Methods

We selected five ~5- to 6-min stories with broad appeal
from the storytelling podcast ‘The Moth’ (https://th
emoth.org/). The following were the stories: Things I
Knew For Sure (by Qing Zhao), Fearless (by Lydia

Experiment |: Sensitivity of the NAS Velez), A Shoulder Bag to Cry On (by Laura

Zimmermann), I Am Batman (by Paul Davis), and 4

The purpose of Experiment 1 was to test the sensitivity
of the NAS (Kuijpers et al., 2014) for engaging relative
to less engaging spoken stories.

Participants

Thirty-four young, normal-hearing adults (mean age:
20.9 years; age range: 18-28 years; 26 females; 28 native
English speakers) participated in Experiment 1.

Monkey Meets a Seal Meets a Monkey (by Matthew
McArthur). Each participant listened to two of these
The Moth stories. Each participant also listened to a
third ~5-min story, which was an excerpt from the
Sleep With Me podcast (https://www.sleepwithmepod
cast.com/) intended to help people fall asleep: That is,
its purpose is to help listeners disengage. The root-mean-
square amplitude was matched across all six stories. We
hypothesized that the The Moth stories would be more
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absorbing compared with the Sleep story. For each par-
ticipant, the order of the three stories was randomized.
After each story, participants rated the statements of the
NAS and the enjoyment statements. Statements were
presented in a different, randomized order for each
participant.

We also assessed a participant’s motivation to listen
to a story while a story was presented to them. This
involved presenting the statement ‘I am keen to hear
how the story evolves’ on the screen at regular intervals
(about every 1.5 min) throughout a story. Participants
rated the statement on a 7-point scale, where 1 referred
to completely disagree and 7 to completely agree. Rating
scores for listening motivation were averaged across
each whole story.

Paired-samples ¢ tests were calculated to compare
motivation, absorption, and enjoyment between the
Sleep story and The Moth stories (averaged across the
two The Moth stories to which each participant
listened).

Results and Discussion

Figure 1A shows motivation, absorption, and enjoyment
for the Sleep story and The Moth stories. Paired-samples
¢t tests show that motivation, absorption, and enjoy-
ment—all three tests: #(33)>9, p<1x10"'" Figure
1A—were rated higher for The Moth stories compared
with the Sleep story. These differences were also
observed when we limited our analysis to native
English speakers—all #27)>9, p<1x10°. Figure 1B

absorbing, and enjoyable compared with the “Sleep”
story.

We also calculated correlations among the three
dependent measures: motivation correlated with absorp-
tion (r=.549, p=.0008) and enjoyment (r=.815,
p=4.6x%10"), and absorption correlated with enjoy-
ment (r=.730, p=9.7 x 107).

Experiment 1 demonstrates that the NAS (Kuijpers
et al., 2014) and the motivation and enjoyment measures
are sensitive to the difference between spoken The Moth
stories and the Sleep story. Our results motivate using
these measures in subsequent experiments (in which we
focus on absorption and enjoyment).

Experiment 2: Effects of Acoustic Masking
on Story Absorption

Here, we examine how acoustic masking of an engaging,
spoken story affects absorption, enjoyment, listening
effort, and comprehension. Experiment 2 comprised
two subexperiments, in which we evaluate how percep-
tion of spoken materials is affected by masking with 12-
talker background babble at different signal-to-noise
ratios (SNRs). Experiment 2a mimics standard speech-
in-noise testing (Duncan & Aarts, 2006), and we measure
behavioral intelligibility levels (as word-report error) to
short snippets from a story. In Experiment 2b, we inves-
tigate how absorption, enjoyment, effort, and compre-
hension of a coherent story are affected by masking.

shows the difference score for each of the five The Moth Participants
stories relative to the Sleep story. Almost every partici-  Twenty-seven young, normal-hearing adults
pant rated The Moth stories to be more motivating, participated in Experiment 2a (mean age: 19.5years;
A The Moth vs Sleep story B The Moth (individual) vs Sleep story
* * ® Motivation Absorption Enjoyment
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Figure 1.

Rating Scores for The Moth Stories Versus the Sleep Story. A: Motivation, absorption, and enjoyment for The Moth stories

(averaged across the two The Moth stories) relative to the Sleep story. All three measures were larger for The Moth stories than the Sleep
story (*p <.05). B: Difference between scores for The Moth stories and scores for the Sleep story, separately for each The Moth story. Dots
reflect data from individual participants. The dashed black line indicates no difference between the The Moth story and the Sleep story.
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age range: 18-25years; 10 females; 20 native English
speakers). Eighty-eight different young, normal-hearing
adults participated in Experiment 2b (mean age:
23.3 years; age range: 17-37 years; 55 females; 64 native
English speakers). None of the participants who partic-
ipated in Experiment 2a or 2b took part in Experiment 1.

Methods

The 5-min The Moth story by Laura Zimmermann (title:
A Shoulder Bag to Cry On; see Figure 1B, third story)
was selected for Experiments 2a and 2b: The story is
about an American couple losing their passports in
Portugal. Three story conditions were created: The
story without background sound (‘clear’), with added
12-talker babble at +12dB SNR, and with added 12-
talker babble at +4dB SNR. The SNR levels chosen
simulate conditions listeners might encounter in situa-
tions of everyday life, such as trains, schools, hospitals,
and so forth (Olsen, 1998; Smeds et al., 2015). The root-
mean-square amplitude was matched between story
conditions.

For Experiment 2a, participants listened to 66 short
snippets extracted from the story. Snippets consisted of
words (N=1), phrases (N =36), or sentences (N =29)
that had a median duration of 1.407s (minimum:
0.765s; maximum: 2.982s) and a median number of
words of 5 (minimum: 1 word; maximum: 9 words).
The speech snippets were assigned randomly to the
‘clear’, +12dB SNR, and +4dB SNR conditions (with
equal proportions; N =22 each). Assignment of snippets
to individual speech conditions (‘clear’, +12dB SNR,
+4dB SNR) was counterbalanced across participants
such that each snippet was heard in each speech condi-
tion an equal number of times. Speech snippets for the
different conditions were presented in random order
(uniquely for each participant) that differed from the
original order of the story (however, participants
reported noticing that the snippets belonged to a coher-
ent story). After each speech snippet, participants
reported what they heard by typing it into the computer
using the keyboard. Different or omitted words were
counted as errors; misspellings, incorrect tenses, and
incorrect grammatical number (singular vs. plural)
were not. The proportion of errors was calculated. An
analysis of variance (ANOVA) with the within-subject
factor Condition (clear, +12dB SNR, +4dB SNR) and
the between-subject factor Nativeness (native, nonnative
English speaker) was calculated using the proportion of
word-report errors as a dependent measure. The
Greenhouse and Geisser correction was used when
Mauchly’s test of sphericity was violated (Greenhouse
& Geisser, 1959). Paired-samples ¢ tests were used to
further resolve significant effects of Condition.

For Experiment 2b, participants were randomly
assigned to one of three speech conditions. Thirty par-
ticipants listened to the story under clear conditions, 29
participants listened to the story with added 12-talker
babble at +12dB SNR, and 29 participants listened to
the story with added 12-talker babble at +4dB SNR.
After listening to the story, participants rated the
absorption, enjoyment, effort, and comprehension state-
ments listed in Table 1. Statements were presented in a
different, randomized order for each participant. Linear
regression models were calculated separately to predict
absorption, enjoyment, effort, and comprehension.
Predictors for each regression were Condition (clear,
SNR12, SNR4), Nativeness (native, nonnative), Sex
(female, male), and Age (in years). Sex and age were
included in the analysis because differences in engage-
ment between men and women have been reported pre-
viously (Oatley, 1999; but see Green, 2004) and
experienced effort may be higher for older people, even
in our young sample (age range: 17-37 years). Significant
effects of Condition were resolved using linear models
with the same predictors but with only two levels for
Condition. The statistical results were similar for analy-
ses without nuisance regressors (see Supplemental
Materials).

To assess whether absorption and enjoyment ratings
correlated with each other and/or with effort ratings, we
calculated three additional regressions. Absorption rat-
ings were used to predict enjoyment ratings and effort
ratings, and enjoyment ratings were used to predict
effort ratings. Nativeness (native, nonnative), Sex
(female, male), and Age (in years) were used as addition-
al predictors in the linear models. To ensure that these
analyses are not biased by any mean differences among
speech conditions (clear, +12dB SNR, +4dB SNR), the
mean rating across participants for a given speech con-
dition was subtracted from the rating of each participant
for that speech condition. Mean subtraction for each of
the three speech conditions was calculated separately for
each measure (absorption, enjoyment, effort) prior to
the regression analyses.

Results and Discussion

Word-report errors for snippets extracted from an
engaging story with different degrees of masking are
shown in Figure 2 (Experiment 2a). As expected,
word-report errors increased with decreasing SNR—
main  effect of  Condition: F(2,50)=26.084,
p=14x107; errors were greater for +12dB SNR
than clear: #26)=3.609, p=.0013; greater for +4dB
SNR than +12dB SNR: #(26)=5.509, p=9x 10°;
and greater for +4dB SNR than clear: #26)=6.161,
p=2x10%—and were higher for nonnative compared
with native English speakers—main effect of Nativeness:
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Figure 2. Word-Report Errors for Spoken Items at Different
Signal-to-Noise Ratios (Experiment 2a). Box plots are displayed,
and dots reflect data from individual participants.

SNR = signal-to-noise ratio.

F(1,25)=6.047, p=.021. There was no interaction
between Condition and Nativeness—F(2,50)=0.206,
p=.676. The absence of the interaction may in part be
due to the low number of nonnative English speakers (7
out of 27). Note that the same pattern of results was
observed using nonparametric statistics or data trans-
formed wusing the rationalized arcsine transform
(Studebaker, 1985; see Supplemental Materials). Test
statistics for analyses limited to native English speakers
show the same pattern (see Supplemental Materials).

Experiment 2a shows that for the most difficult
speech condition (+4dB SNR), the median word-
report error was only 5.12% for native and 12.37% for
nonnative English speakers (Figure 2, left). Thus, at this
masking level and even for speech snippets with reduced
speech context, native and nonnative English-speaking
participants were able to understand more than 94%
and 87% of the words, respectively (Figure 2, right).
Clearly, the masker is not trivial—its presence degrades
intelligibility—Dbut these results set a lower bound on
intelligibility for a story presented with a masker at
+4dB SNR. The enhanced context of a coherent story
would probably result in higher intelligibility (Miller
et al., 1951; Pickett & Pollack, 1963; Pollack & Pickett,
1963, 1964).

In Experiment 2b, different groups of people listened
to the full story under one of the three masking condi-
tions used in Experiment 2a (clear, +12dB SNR, +4 dB
SNR) and subsequently rated absorption, enjoyment,
effort, and comprehension statements (Figure 3).
Regression analyses did not reveal an effect of
Condition on  story absorption—#(83)=10.9303,
p =.3549; Figure 3, first column; none of the other pre-
dictors were significant, p > .3—suggesting that individ-
uals are similarly absorbed by an engaging story under

clear conditions and moderate masking. Enjoyment was
significantly affected by Condition—#(83)=2.1059,
p=.0382; Figure 3, second column; none of the other
predictors were significant, p > .6. Enjoyment was rated
lower for +12dB SNR, #(54)=2.2676, p=.0274, and
+4dB SNR, #(54)=2.1549, p=.0356, compared with
the clear condition. Enjoyment ratings for the +12dB
SNR and +4 dB SNR conditions did not differ, #(53) =
0.042, p=.9667. Effort significantly increased as SNR
declined—#(83) =7.0985, p=3.92x10"'% Figure 3,
third column; none of the other predictors were signifi-
cant, p>.4—such that effort was rated higher for
+12dB SNR, #(54)=3.0977, p=.0031, and +4dB
SNR, #(54)=7.389, p=9.6 x 10 '°, than for clear, and
higher for +4dB SNR than +12dB SNR, #(53) =3.5990,
p=.0007. Moreover, story comprehension was affected
by Condition, #(83)=2.9322, p=.0043; Figure 3, fourth
column: Comprehension was rated lower for the +4 dB
SNR condition compared with clear speech, #(54)=
2.8242, p=.0066. Comprehension was also rated lower
by nonnative compared with native English speakers, ¢
(83)=2.7953, p=.0064; the other predictors were not
significant, p>.15. The same pattern of results was
observed when analyses were limited to native English
speakers (see Supplemental Materials).

The results show that absorption is not affected, and
enjoyment is only minimally affected, by masking of
speech. Experienced effort, in contrast, increases strong-
ly as SNR decreases. Our results also show that despite
nonnative English speakers rating comprehension lower
than native speakers (mirroring word-report errors in
Experiment 2a), measures of absorption, enjoyment,
and effort did not depend on Nativeness. Moreover,
absorption and enjoyment did not differ between the
+12dB SNR and the +4dB SNR conditions, whereas
effort ratings were higher for the latter compared with
the former. These results suggest that aversive experien-
ces (listening effort) and positive experience (absorption,
enjoyment) may be somewhat independent.

Figure 3 indicates high interindividual variability in
rating scores, most prominently for absorption, enjoy-
ment, and effort. To investigate whether absorption,
enjoyment, and effort share variance that may explain
some of the interindividual differences, correlations were
calculated among these measures (after regressing out
Nativeness, Sex, and Age). Figure 4 shows a strong cor-
relation between absorption and enjoyment (r=.758,
p=1.18 x 10"'7; mirroring Experiment 1), and moderate
negative correlations between absorption and effort
(r=-290, p=.0061) and enjoyment and effort (r=-
403, p=9.88x 10°). Note that these relations were
also significant when the raw ratings were correlated or
when analyses were limited to native English speakers
(see Supplemental Materials).
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Figure 3. Ratings of Absorption, Enjoyment, Effort, and Comprehension for Stories Presented Under Different Degrees of Acoustic

Degradation (Experiment 2b). Data reflect the residuals after Nativeness (native vs. nonnative English speaker), Sex (female, male), and Age
were regressed out. That is, separately for each dependent variable of interest, we calculated regressions using predictors Nativeness, Sex,
and Age and plotted the resulting residuals here. Note that analyses using the original ratings yielded the same statistical results because
these regressors were mostly nonsignificant (see text). Box plots are displayed, and dots reflect data from individual participants. Significant

differences are indicated by an asterisk. *p <.05.
SNR = signal-to-noise ratio.
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Figure 4. Correlation Between Listening Experiences. Data reflect the residuals after regressing out Nativeness, Sex, and Age. That is,
separately for each dependent variable of interest, we calculated regressions using predictors Nativeness, Sex, and Age and used the
resulting residuals for the correlation plots. The solid line reflects the best fitting line. The dashed lines mark the 95% confidence intervals.

All three correlations are significant, p <.05.
SNR = signal-to-noise ratio.

The correlation of effort ratings with absorption and
enjoyment ratings may either indicate that absorption
and enjoyment reduce listening effort or, alternatively,
that less effort enables listeners to be more absorbed and
enjoy listening. Alternatively, absorption and enjoyment
may render a listener less likely to notice and report

effort. We cannot distinguish between these different
potential relationships, but because only about 8% to
17% of variance in effort is explained by absorption or
enjoyment, effort seems to be largely independent of
these other dimensions. Moreover, given that absorption
and enjoyment were not or only minimally affected by



Herrmann and Johnsrude

Absorption Enjoyment
r=0.455
) O
X Qe p < 0.001
= r=0.389 =
= | p=0004 € £
=] : =
T 8 & =
¢ |e, 0.9 3
c 0 . --xy w =
2 20 @
8 L O .~"l“ O O 3
a =
< |08 e &
2 9
-3

4
-10 -5 0 5 -0 -5 0 5
HP score (residuals) HP score (residuals)

5 Comprehension

r=0704 o
_ p<0001 QO.
3 ot
1]
=
R 5 S
~n F n L
g 2 e
2 1 c
wvi 2 (o] s
] 2 gt g
= g |07
= 0 E .'".
o I - O
T 2L
5 Va3
S S £ o
O _3 L
g
2
4@
-0 -5 0 5 -0 -5 0 5

HP score (residuals) HP score (residuals)

Figure 5. Correlation Between Harry Potter Score and Absorption,
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confidence intervals. All correlations are significant, p <.05.
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speech masking (and were not affected by Nativeness),
Experiment 2 results indicate that absorption and enjoy-
ment are important dimensions of experience that
cannot be reduced to changes in listening effort.

Experiment 3: The Effect of Thematic
Knowledge on Story Absorption

Experiment 2b revealed that individuals find stories
absorbing and enjoyable despite interference from mask-
ing and the experience of listening effort. The purpose of
Experiment 3 was to explore whether thematic knowl-
edge increases absorption and enjoyment and alleviates
effort during story listening.

Participants

Fifty-two young, normal-hearing adults participated in
Experiment 3 (mean age: 19.8years; age range: 18—
32years; 28 females; 41 native English speakers).
Fifteen of these participants also took part in
Experiment 1, and 27 other participants also took part
in Experiment 2a.

Methods

Participants listened to the audio of a 6-min audiovisual
narrative summary of the first seven movies of the Harry
Potter franchise (https://www.youtube.com/watch?v=
TDnSdmznaTk). The summary is narrated by a male
talker with an American accent, and the narrative incor-
porated short elements of the movies’ soundtracks,

Enjoyment, Effort, and Comprehension. Data points reflect the
reflects the best fitting line. The dashed lines mark the 95%

including sound effects, screams, speech, and music.
Twelve-talker babble noise was added to the summary
at +4dB SNR (a level resulting in less than 6% or 13%
word-report errors [native/nonnative English speakers]
for speech snippets of a different story in Experiment
2a). After listening to the summary, participants rated
the statements listed in Table 1 (absorption, enjoyment,
effort, and comprehension). Participants also rated
statements about liking Harry Potter (“I love the
Harry Potter series.”) and expertise with Harry Potter
(“I have seen/watched most of the Harry Potter
stories.”) on a 7-point scale, where 1 referred to
completely disagree and 7 to completely agree. The two
rating scores we summed, leading to a “Harry Potter
score” ranging from 2 to 14, with higher scores reflecting
higher expertise with, and/or liking of, the Harry Potter
series.

Four linear regression models were calculated to sep-
arately predict absorption, enjoyment, effort, and com-
prehension. Predictors were the Harry Potter score,
Nativeness (native, nonnative), Sex (female, male), and
Age (in years). To display correlations between the
Harry Potter score and absorption, enjoyment, effort,
and comprehension, we regressed out Nativeness, Sex,
and Age, separately for each of the four metrics. That is,
separately for each dependent variable of interest, we
calculated regressions using predictors Nativeness, Sex,
and Age and used the resulting residuals for correlation
analyses. Correlations using the raw score/rating values
revealed similar results compared with those incorporat-
ing nuisance regressors (see Supplemental Materials).
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Results and Discussion

Regression analyses showed that absorption, #(47)=
2.8948, p=.0057; enjoyment, #(47)=23.5044, p=.001;
and comprehension, #(47)=6.7934, p=1.68 x 1078, rat-
ings significantly increased with increasing Harry Potter
score and that effort ratings significantly decreased with
increasing Harry Potter score, #(47) =-2.2246, p=.0309
(Figure 5). This pattern of results was also observed
when we limited our analyses to data from native
English speakers: absorption, #(37)=2.6977, p=.0105;
enjoyment, #(37)=3.4181, p=.0015; and comprehen-
sion, 7(37)=6.0876, p=4.7x 10", ratings increased
with increasing Harry Potter score and effort ratings
decreased with increasing Harry Potter score, #(37)=—
2.8052, p=.008.

These data show that thematic knowledge and exper-
tise (without familiarity with the verbatim spoken nar-
rative) can increase story absorption and enjoyment,
reduce listening effort, and increase self-assessed
comprehension.

Experiment 4: The Effect of Time on Story
Absorption

Experiments 1 to 3 have shown that spoken stories are
absorbing and enjoyable; that moderate interference
from a masker increases listening effort but affects
absorption and enjoyment only to a limited extent; and
that thematic knowledge increases story absorption,
enjoyment, and comprehension and reduces listening
effort. In Experiments 2 and 3, listening times were
quite short—each listener heard only one story, for a
maximum of 6.5min. In the real world, effortful listen-
ing can go on for much longer—over a meal in a restau-
rant for example. In Experiment 4, we investigated
whether effort remains constant over multiple stories
masked by multitalker babble, and, if so, whether this
is related to declines in absorption and enjoyment.

Participants

Forty-eight young, normal-hearing adults participated
in Experiment 4 (mean age: 22years; age range: 18—
34 years; 31 females; 34 native English speakers). Data
from three additional participants were discarded due to
technical problems during recording (N =2) and due to
insufficient demographic information to calculate regres-
sions (N = 1). Participants did not take part in any of the
other experiments.

Methods

We selected four stories from the storytelling podcast
The Moth (https://themoth.org/). The following were
the stories: The Bounds of Comedy (by Colm O’Regan;

~10min), Nacho Challenge (by Omar Qureshi;
~11min), Microphone Uninhibited (by Lydia Dubois;
~5.5min), and The Overview Effect (by Richard
Garriott; ~14min). Two versions of each story were
generated. Stories were used either in their original,
clear version (no background sound) or with added 12-
talker babble at +4 dB SNR (that resulted in less than
6% or 13% word-report errors [native/nonnative
English speakers] for speech snippets of a different
story in Experiment 2a). Clear stories and stories with
added 12-talker babble were normalized to the same
root-mean-square amplitude.

Participants were randomly assigned to the ‘clear’
group or the ‘noise’ group. Participants in the ‘clear’
group listened to all four stories under clear conditions.
Participants in the ‘noise’ group listened to all four sto-
ries with added 12-talker babble at +4 dB SNR. Twelve-
talker babble was only present while stories were played.
The order of stories was counterbalanced across partic-
ipants within each group such that each story was heard
first, second, third, and fourth an equal number of times
across both groups.

After each story, participants rated the absorption,
enjoyment, effort, and comprehension statements listed
in Table 1. We also assessed a participant’s motivation
to listen as each story progressed (similar to Experiment
1). This involved visually presenting the statement ‘I am
keen to hear how the story evolves’ on the screen at
regular intervals (about every 2 min) throughout a
story, without stopping the story or the added babble
in the ‘noise’ group. Participants rated the statement on
a 7-point scale, where 1 referred to completely disagree
and 7 to completely agree. Rating scores for listening
motivation were averaged for each story. After each
story, participants took a break of 2 to 3min before
initiating the next story.

For each measure (motivation, absorption, enjoy-
ment, effort, and comprehension), an ANOVA was cal-
culated using the within-subjects factor Story Number
(first, second, third, fourth) and the between-subjects
factor Group (‘clear’, ‘noise’). Nativeness (native, non-
native), Sex (female, male), and Age were used as nui-
sance regressors. A significant Story Number x Group
interaction was resolved using linear regressions with
the predictor Group (clear, +4 dB SNR) and additional
nuisance predictors Nativeness (native, nonnative), Sex
(female, male), and Age. Regressions were calculated
separately for each story number (first, second, third,
fourth story). False discovery rate (FDR) was used to
account for multiple comparisons (Benjamini &
Hochberg, 1995; Genovese et al., 2002).

We further fit a linear function to rating scores as a
function of story number (separately for each partici-
pant) to investigate whether rating scores changed over
successive stories. The resulting slopes relating story
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number (first, second, third, fourth story) to rating
scores were tested against zero using a one-sample ¢
test and FDR correction (Benjamini & Hochberg,
1995; Genovese et al., 2002). A positive slope means
that rating scores increased over time, whereas a nega-
tive value means that rating scores decreased over time.
To test group differences, a linear regression was calcu-
lated separately for each of the five metrics (motivation,
absorption, enjoyment, effort, and comprehension)
using the slope as a dependent measure. Predictors
were Group (‘clear’, ‘noise’), Nativeness (native, nonna-
tive English speaker), Sex (female, male), and Age (in
years).

Results and Discussion

Figure 6 shows motivation, absorption, enjoyment,
effort, and comprehension ratings for the four stories
presented successively. The ANOVAs revealed higher
motivation, absorption, and enjoyment, and lower
effort for participants listening to clear stories compared
with those listening to stories with added babble—main
effect of Group; for all: F(1,43) >4.5, p < .05. There was
no effect of Group for comprehension, F(1,43)=2.83,
p="_.1. The Story Number x Group interaction was sig-
nificant for motivation, absorption, and effort—for all:
F(3,129) >2.9; p < .05—but not for enjoyment and com-
prehension—for both: F(3,129) <2, p>.1. There were
no main effects of Story Number—for all: £(3,129) <2,
p>.1. The pattern of results was similar for analyses
limited native English speakers (see Supplemental

Separate regression analyses for each story number
revealed that motivation, #(43)=-4.572, p=4.06 x 10~
3. absorption, #(43)=-4.051, p=2.1 x 10* and enjoy-
ment, 7(43)=-3.904, p=3.28 x 10 *, were lower in the
‘noise’ group compared with the ‘clear’ group, but only
for the first of four stories (FDR-thresholded).
Moreover, listeners in the ‘noise’ group rated effort
higher for the first three stories compared with listeners
in the ‘clear’ group—first: #(43)=15.783, p=7.57 x 10°";
second: #(43)=2.633, p=.0117; third: #(43)=2.823,
p=.0072; FDR-thresholded. Other tests were not signif-
icant. The data suggest that motivation, absorption, and
enjoyment while listening to stories in multitalker babble
increases over the course of four different stories
(40 min), whereas effort decreases.

To examine changes in rating scores over time, a
linear function was fit to ratings as a function of story
number (first, second, third, and fourth story), indepen-
dently for the ‘clear’ and ‘noise’ group. The slopes relat-
ing story number to motivation, #(22)=3.728, p=.001;
absorption, #(22)=2.568, p=.018; and enjoyment, ¢
(22)=2.601, p=.016, ratings were significantly larger
and effort ratings significantly smaller, #(22) =-3.4151,
p=.003, than zero for the ‘noise’ group (FDR-thresh-
olded). Slopes were not significantly different from zero
for the ‘clear’ group and for story comprehension in
either group (Figure 7). The slope was significantly
more positive for motivation, #(43)=23.682, p=.0006,
and absorption, #(43) =2.704, p =.0098; marginally sig-
nificant for enjoyment, #(43)=1.807, p=.0777; and
more negative for effort, #(43)=-3.1550, p=.0029, for
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Figure 6. Rating Scores for Listening to Four Stories in Succession Under Clear or Background Babble Conditions. Between-group (clear
vs. +4 dB SNR) effects were tested using regression analysis with Nativeness, Sex, and Age as additional regressors. FDR correction was
used to account for multiple comparisons (Benjamini & Hochberg, 1995; Genovese et al., 2002). Error bars reflect the standard error of

the mean. *p <.05.
SNR = signal-to-noise ratio; n.s. = not significant.
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Figure 7. Slopes From Linear Fits Relating Story Number to Rating Scores. Positive values mean that rating scores increased with the
number of stories, whereas negative values mean that rating scores decreased with the number of stories. Slopes were tested against zero
using a one-sample t test (indicted below the box plots; FDR-thresholded; Benjamini & Hochberg, 1995; Genovese et al., 2002). Between-
group effects were tested using regression analysis with Nativeness, Sex, and Age as additional regressors. Dotted lines mark a slope of

zero. *p <.05.
SNR = signal-to-noise ratio; n.s. = not significant.

(Figure 7), when nuisance variables (Nativeness, Sex,
and Age) were accounted for (the pattern of results
was similar for nonparametric analyses and for analyses
limited to data from native English speakers; see
Supplemental Materials). In other words, motivation
and absorption increased, and effort decreased over sto-
ries for individuals listening to masked stories compared
with individuals listening to clear stories.

These results suggest that the effort of listening to
speech in 12-talker babble is reduced and story absorp-
tion increased when the listener has had time to get used
to the noise. In addition, the results depicted in Figure 6
are consistent with those of Experiment 2b, showing that
absorption, enjoyment, and comprehension do not seem
to be adversely affected by a moderate level of interfer-
ing multitalker babble, even when individuals find listen-
ing more effortful in babble compared with clear stories
(second and third story presentation in Figure 6).

General Discussion

In the experiments presented here, we used engaging,
spoken stories to investigate how a moderate level of
an interfering babble masker, resulting in an estimated
intelligibility level of >94% (native English speakers)
and >87% (nonnative English speakers), affects positive
(absorption, enjoyment) and negative (effort) listening

experiences. We also examined how thematic knowledge
and prolonged listening changes these experiences. We
show that story absorption and enjoyment are only min-
imally affected (if at all) by decreasing speech-to-masker
levels, whereas listening effort clearly increases. We fur-
ther demonstrate that thematic knowledge about a story
presented in multitalker babble helps to increase absorp-
tion and enjoyment and to reduce listening effort.
Finally, we were surprised to discover that absorption
and enjoyment increase and listening effort decreases
over time as individuals listen to several successive sto-
ries in multitalker babble, over a ~40-min period.

NAS Is Sensitive to Spoken Stories

The results of Experiment 1 (Figure 1) show that moti-
vation, absorption, and enjoyment are higher for stories
from The Moth podcast compared with a section from
the Sleep With Me podcast. The Moth stories have broad
appeal and are meant to engage the listener. The Sleep
With Me podcast, in contrast, aims to help listeners fall
asleep, that is, the goal is to disengage listeners. That we
find higher rating scores for The Moth stories compared
with the Sleep story for almost every participant indi-
cates that the NAS developed for written narratives
(Kuijpers et al., 2014), and that we modified for
spoken stories, is valid. This work provides the
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justification for using the scale in our other experiments.
Moreover, our work may also be interesting to scholars
in the fields of literature and media studies who tradi-
tionally do not focus on spoken narratives, but may
begin to, given the increasing number of spoken narra-
tives available as podcasts.

Masking Increases Listening Effort but Influences
Story Absorption and Enjoyment Much Less

In Experiment 2, we acoustically masked a spoken story
and speech snippets derived from it by adding 12-talker
babble at SNRs of +12dB and +4dB to the speech
stimuli. These SNRs are typical of those encountered
in real-world settings such as schools, restaurants, trans-
port, and public spaces (Olsen, 1998; Smeds et al., 2015).

A 12-talker babble masker at +12dB SNR and +4 dB
SNR reduced intelligibility for speech snippets presented
in random order by about 0.6% and 3.7% (native
English speakers) and 1% and 9.3% (nonnative
English speakers), respectively, relative to clear speech.
Speech intelligibility was generally reduced for nonnative
compared with native English speakers (Figure 2).
Intelligibility scores for speech snippets may not fully
reflect the intelligibility of the same sentences during
story listening because of the extended context the
story provided; the intelligibility of stories degraded
the same way is probably even higher. Nevertheless, rat-
ings for comprehension during story listening decreased
and effort increased with decreasing SNRs (Figure 3).
Story comprehension was also rated lower by nonnative
compared with native English speakers. These results for
story listening mirror intelligibility results for speech
snippets. Our results were expected given similar obser-
vations in previous speech intelligibility and listening
effort studies using isolated sentences (Duncan &
Aarts, 2006; Krueger et al., 2017a, 2017b; Obleser &
Kotz, 2010; Obleser et al.,, 2007, van Wijngaarden
et al., 2002).

Story absorption was unaffected by masking,
although story enjoyment was lower for the story in
12-talker babble compared with the story presented
clearly. However, neither absorption nor enjoyment dif-
fered between stories presented at +12dB SNR and
+4dB SNR, or between native and nonnative English
speakers. In contrast, intelligibility of speech snippets
(Figure 2) and rated effort during story listening were
higher for +4 dB SNR compared with +12dB SNR con-
ditions (Figure 3). Experiment 4 further demonstrates
that effort is higher for masked stories, whereas motiva-
tion, absorption, and enjoyment do not differ (Figure 6,
i.e., for the second and third story presentation). The
current results are consistent with cognitive control
and neuroeconomic accounts positing that a person is
willing to exert cognitive resources to engage in a task

and, as a result, may experience effort, if the task (here,
listening to an engaging story) is rewarding (Eckert
et al., 2016; Shenhav et al., 2017; Westbrook & Braver,
2015). Our results may thus indicate that under the
masking conditions used here, in which intelligibility
was verified to be high, listening to speech is still reward-
ing, despite measurable effort.

Absorption, enjoyment, as well as effort varied highly
across individuals, particularly for stories presented in
multitalker babble (Figure 3). Correlations between
absorption and effort and between enjoyment and
effort (Figure 4) indicate that 8% and 17% of this var-
iance, respectively, is shared among these dimensions.
Higher absorption and enjoyment were associated with
reduced listening effort. Although less listening effort
may enable individuals to find stories more absorbing
and enjoyable, the source of the shared variance is
unclear. Our observation introduces the intriguing pos-
sibility that individuals who enjoy hearing stories told by
friends, family, or colleagues may experience less effort
and, in turn, are more willing to engage in listening sit-
uations such as bars, cafes, and restaurants despite
acoustic demands. Alternatively, a person may also
report less effort despite experiencing it when listening
is absorbing and enjoyable. The low proportion of
shared variance also implies that listening effort, absorp-
tion, and enjoyment are independent enough that they
should all be considered (cf. Matthen, 2016) to under-
stand why people engage in listening and why they may
not.

Thematic Knowledge Increases Story Absorption and
Enjoyment and Reduces Listening Effort

The current study demonstrates that thematic knowl-
edge is associated with increased absorption in a story,
as well as increased enjoyment and comprehension, and
reduced listening effort. Engagement is thought to
require the integration of story information with world
and thematic knowledge (Busselle & Bilandzic, 2008,
2009; Gerrig & Mumper, 2017), and expertise with the
Harry Potter universe may have fostered engagement
with the 6-min audio summary of the movies used
here. The summary poses challenges to creating and
updating a mental model for listeners who are unfamiliar
with the Harry Potter series because of its fast pace: It
necessarily skips details which a listener with thematic
knowledge may be able to fill in. That listeners with
higher Harry Potter scores find the summary more
absorbing and enjoyable is consistent with previous
work using written narratives, indicating that thematic
knowledge can increase engagement (Green, 2004).
Research using brief sentences has shown that speech
intelligibility under acoustic challenges increases with
semantic context (Cohen & Faulkner, 1983; Dubno
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et al., 2000; Miller et al., 1951; Obleser & Kotz, 2010;
Obleser et al., 2007; Pichora-Fuller et al., 1995; Signoret
et al., 2011). Our Harry Potter score assessed knowledge
that provides a thematic thread between sentences, not
simply context within a sentence. The current data thus
demonstrate that broad thematic knowledge spanning
discrete sentences can increase speech comprehension
(see also Holmes et al., 2018).

We also demonstrate that thematic knowledge can
reduce listening effort. Individuals likely draw substan-
tially on autobiographical, thematic, and world knowl-
edge when engaging with stories in everyday listening
situations (Gerrig & Mumper, 2017), particularly in
social contexts with friends, families, or colleagues.
Isolated-sentence measures of speech intelligibility and
listening effort, which do not draw on the same sources,
may not fully capture what listeners experience in real
life. The work here highlights the possibilities afforded
through use of engaging, naturalistic materials and
assessing positive and aversive listening experiences to
better understand who is at risk of disengagement and
social withdrawal.

Story Motivation and Absorption Increase and
Listening Effort Decreases Over Time

The duration of spoken stories in real life may vary sub-
stantially depending on whether these are short anec-
dotes or gossip, or extended event descriptions.
Experiments 2 and 3 assessed listening experiences for
relatively short stories with durations of 5 to 6min.
Experiment 4 was designed to investigate whether listen-
ing experiences change when individuals listen to
degraded speech over a longer period, here about
40 min (although with short 2-3 min breaks after each
of the four stories). We observed that motivation and
absorption increased and listening effort decreased over
time as participants listened to four successive stories in
multitalker babble.

We had originally anticipated that story listening in
babble over an extended period would result in
decreased absorption and enjoyment and increased
effort. This hypothesis was based on the idea that listen-
ers may become fatigued over time due to the continuous
cognitive investment required to understand degraded
speech (Hess & Ennis, 2014; McGarrigle et al., 2014;
Phillips, 2016; Reitan & Wolfson, 2000, 2004). Instead,
our data suggest that listeners adapt to speech in multi-
talker babble. The observed increase in motivation and
absorption and decrease in effort are consistent with
reports of speech intelligibility improvement when indi-
viduals listen to degraded speech for an extended period
(Davis et al., 2005; Eisner et al., 2010; Erb et al., 2013;
Erb & Obleser, 2013; Huyck & Johnsrude, 2012; Samuel
& Kraljic, 2009). These previous studies suggest listeners

undergo perceptual learning when exposed to at least
some kinds of degraded speech materials. Notably, the
observed reduction of effort and increase in absorption
cannot be due to familiarity with the speaker’s voice
because each story was spoken by a different narrator.
Noise-vocoding was used to degrade speech in previous
work, however, and it is not clear whether listeners can
learn to hear speech in the presence of masking multi-
talker babble—our data suggest that perhaps they can.

There may be a few reasons why the results of
Experiment 4 did not reveal an increase in effort or a
decrease in absorption and enjoyment as individuals lis-
tened to multiple spoken stories masked by babble.
First, stories from The Moth podcast have broad
appeal and aim to engage. Our student participant
pool may have realized over the course of the experiment
that the stimulus materials are interesting, which, in
turn, may have motivated them to listen. Second, par-
ticipants were young, normal-hearing individuals, and
the 40 min of story listening in multitalker babble at
+4dB SNR (with 2-3min breaks) may not have been
demanding enough to result in disengagement and
fatigue. We expect that such effects may become more
apparent for older people and people with hearing
impairment (Hess & Ennis, 2014). Lastly, the 12-talker
babble used in the current study provided relatively pre-
dictable masking of the story because the amplitude
envelope of the babble noise was relatively flat—such
consistency in the masker may not have been as distract-
ing as a more variable, or more intelligible, masker, and
thus less detrimental to story engagement (Busselle &
Bilandzic, 2009; Kuijpers et al., 2014).

Conclusions

In the current study, naturalistic, spoken stories, masked
with multitalker babble at a level that still afforded high
intelligibility (with effort), were used to investigate a
variety of concurrent listening experiences. We investi-
gated how moderate masking affects both positive
(absorption, enjoyment) as well as negative (effort) lis-
tening experiences. Our results show that although lis-
tening effort certainly increases with acoustic challenges,
at the same time, individuals continue to find a story
absorbing and enjoyable. This pattern of results high-
lights the unique experiences with naturalistic stories
that may not be observed with the isolated sentence
materials that are typically used to test speech recogni-
tion. We also demonstrate that thematic knowledge
makes story listening more enjoyable and absorbing
and less effortful. Finally, we show that effort experi-
enced by individuals who listen to several stories in
babble noise decreases over time. These results indicate
that under masking conditions, in which intelligibility is
high, listening to speech is still rewarding, despite effort.
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This work provides an important step toward under-
standing listening challenges and benefits in real-world
listening situations and opens new avenues to better
understand why some people disengage from listening
whereas others persist despite challenges.
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