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disengage. We use the term “listening engagement” to describe the recruitment of executive and other
cognitive resources in the service of a valued communication goal. Listening engagement, listening
motivation, and listening experiences are closely interconnected: motivation and other factors determine
the degree to which resources are recruited during listening, which in turn influences subjective

ﬁa‘:’;ﬁg’engagemem listening experiences such as enjoyment, effort, frustration, and boredom. We anticipate that this model
Motivation will help researchers assess more accurately whether a person with hearing difficulties is at risk of
Experience disengagement and social withdrawal. It is further useful to more comprehensively characterize a per-
Listening effort son’s listening experiences in laboratory settings when rich, engaging stimulus materials, such as spoken
Cognitive resources stories, are used. We hope this model will allow new questions in applied and basic hearing science and
auditory cognitive neuroscience to be asked and answered.
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1. Introduction

Social connectedness and engagement in communication are
key factors for healthy aging (WHO, 2002). However, a large mi-
nority of people aged over 45 years have some difficulty hearing
(Cruickshanks et al., 1998; Feder et al., 2015; Helfer et al., 2017):
Clinical hearing loss is typically diagnosed decades after people first
experience real-life issues such as trouble understanding speech in
the presence of background sound (Pichora-Fuller and Levitt, 2012;
Pichora-Fuller et al., 2016). These issues with hearing make
communication more difficult (Pichora-Fuller, 2003; Pichora-Fuller
et al., 2016), increasing the risk for social isolation (Weinstein and
Ventry, 1982; Mick et al., 2014; Shukla et al., in press), which, in
turn, contributes to other poor health outcomes (Nicholson, 2009),
including an increased risk of cognitive decline (Fratiglioni et al.,
2000; Lin and Albert, 2014; Chern and Golub, 2019).

People with hearing impairment may differ in how they cope
with it. One person may actively use a hearing aid or adaptive
communication strategies, minimizing effects on social engage-
ment, whereas another person may disengage in demanding
listening situations, by temporarily zoning out, or electing not to
participate in conversation when listening conditions are chal-
lenging (Demorest and Erdman, 1987; Hallberg and Carlsson, 1991;
Heffernan et al., 2016). The latter person is likely the most at risk for
social isolation. Mitigating the psychosocial burden of hearing loss
requires a conceptual foundation within which we can understand
listening engagement for the purpose of communication. Here, we
propose a model of listening engagement that integrates different
lines of research to provide such a conceptual foundation.

Hearing impairment is related to a variety of pathologies in the
ear, such as hair cell damage (Moore, 2007; Plack, 2014), metabolic
changes to the stria vascularis (Gratton and Vazquez, 2003; Gates
and Mills, 2005), degeneration of spiral ganglion cells (Bao and
Ohlemiller, 2010), and degradation of synaptic connections be-
tween inner hair cells and auditory nerve fibers (Kujawa and
Liberman, 2009; Liberman and Kujawa, 2017). Beyond the periph-
ery, physiological changes to auditory circuits, such as a loss of
inhibition (Caspary et al., 2008; Salvi et al., 2017) and increased
hyperresponsiveness to sound (Hughes et al., 2010; Herrmann
et al,, 2018) are also evident. Hearing impairment is usually asso-
ciated with diminished sensitivity to sound (degrading the input
signal) and diminished acuity. Poorer acuity means that acousti-
cally similar sounds are less discriminable: the signal is harder to
segregate from other sounds. As a consequence, hearing loss im-
poses greater demands on a host of processes involved in percep-
tual closure, selective attention, and perceptual segregation
(Gatehouse and Noble, 2004). For this reason, applied researchers
increasingly realize that, in addition to sensory dysfunction,
cognitive factors are key to understanding the impact of hearing
impairment (Davis and Johnsrude, 2007; Johnsrude and Rodd,
2016; Pichora-Fuller et al., 2016; Peelle, 2018).

Audiometric thresholds and speech intelligibility in noisy situ-
ations may be similar for two people, but one may experience
substantial effort comprehending speech, whereas the other finds
speech comprehension nearly effortless (McGarrigle et al., 2014;
Hornsby et al., 2016). Despite substantial enthusiasm in the audi-
ology community for measuring listening effort (Johnsrude and
Rodd, 2016; Pichora-Fuller et al., 2016; Peelle, 2018), progress in
this area has been limited for at least two reasons. First, “listening
effort” is poorly defined. Some use the term to mean a listener’s
subjective experience of difficulty (Johnsrude and Rodd, 2016;
Krueger et al., 2017), whereas others use it to refer to a mental
process or act in which effort is “invested” or “exerted” (McGarrigle
et al.,, 2014; Pichora-Fuller et al., 2016; Peelle, 2018). This conflation
of a subjective experience with a mental act has made it difficult to

operationalize listening effort. Second, in everyday life, listeners
encounter rich speech materials such as gossip, anecdotes, and
personally relevant event descriptions in form of narratives or
stories. The simple, isolated sentences that are typically used to
measure speech intelligibility and listening effort (e.g., “They are
buying some bread.”) are not very interesting and may not motivate
active listening in the same way.

Although listening effort is experienced commonly by people
with hearing impairment (Pichora-Fuller et al., 2016), additional
factors likely contribute to why one individual with hearing diffi-
culty disengages and withdraws from demanding listening situa-
tions whereas another continues to engage despite challenges.
Affective responses (Francis and Oliver, 2018; Schneider et al., 2019;
Francis and Love, 2020) — enjoyment in particular (Matthen, 2016)
— are likely critical, but questions about what cognitive, experien-
tial, and motivational factors contribute to a person enjoying a
conversation or wishing to engage in communication-mediated
activities have not been sufficiently explored thus far. Moreover,
empirical and conceptual work commonly focuses on the recruit-
ment of resources for or engagement in a listening task, but what
happens when a person disengages — including boredom experi-
ences (Elpidorou, 2018a; Westgate and Wilson, 2018) — has been
less studied in the hearing sciences.

In this paper, we develop a model of listening engagement
(MoLE) that accommodates these factors. We define “listening
engagement” as the (automatic or volitional) recruitment of exec-
utive and other cognitive resources, when speech comprehension
serves a valued communication goal: engagement enables cogni-
tive control and maintains ongoing conscious or explicit involve-
ment in a listening activity such as a conversation. The MoLE
captures a wide range of experiences associated with listening (dis)
engagement, such as listening effort, enjoyment, frustration, and
boredom. The model can be used to predict when individuals who
experience hearing difficulty may disengage from listening and
may help us understand why. The MoLE further aims to advance
hearing science as researchers move towards using richer, more
natural stimulus materials, including stories (e.g., Dmochowski
et al.,, 2014; Silbert et al., 2014; Cohen and Parra, 2016; Crosse
et al.,, 2016; Ki et al., 2016; Presacco et al., 2016; Broderick et al.,
2018; Fiedler et al., 2019). In what follows, we first review con-
cepts that may illuminate aspects of how individuals engage and
what factors may contribute to disengagement. We then introduce
the main terms of the MoLE and outline the model. Finally, we
discuss future research avenues motivated by this model.

2. Frameworks related to engagement and disengagement
2.1. Listening effort

The concept of listening effort has been enthusiastically adopted
by applied and basic hearing-science researchers (IMcGarrigle et al.,
2014; Eckert et al., 2016; Johnsrude and Rodd, 2016; Lemke and
Besser, 2016; Pichora-Fuller et al., 2016; Strauss and Francis, 2017;
Peelle, 2018), because it can explain variance in behavior that may
not be captured by standard hearing assessment tools such as pure-
tone audiometry or speech-in-noise intelligibility tests (McGarrigle
et al., 2014). Listening effort likely arises as the interaction between
a person’s hearing status and their cognitive profile (i.e., listener-
related factors) and the demands imposed by the specific
listening situation (Johnsrude and Rodd, 2016; Lemke and Besser,
2016) such as the nature of the background noise, the spatial
configuration of target and maskers, the nature of the target speech
material, and other factors (Mattys et al., 2009; Johnsrude and
Rodd, 2016). However, establishing a widely accepted definition
of the term ‘listening effort’ has been challenging, despite (or
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perhaps because of) the intuition most people have about what is
meant by it.

Listening effort is a complex psychological construct that may
either refer to a mental act or an experience. A person may invest
effort (act) in order to understand degraded speech or alternatively
find listening to degraded speech effortful (experience). Effort
conceptualized as a mental act involves the recruitment of cogni-
tive/mental resources such as attention and memory (Brehm and
Self, 1989; Richter, 2013; McGarrigle et al., 2014; Pichora-Fuller
et al., 2016; Francis and Oliver, 2018; Peelle, 2018; van der Wel
and van Steenbergen, 2018). Effort has been defined as “the delib-
erate allocation of mental resources to overcome obstacles in goal
pursuit when carrying out a task” (p. 5S, Pichora-Fuller et al., 2016),
“the resources or energy actually used by a listener to meet
cognitive demands” (p. 205, Peelle, 2018), “the mental exertion
required to attend to, and understand, an auditory message” (p.
434, McGarrigle et al., 2014), or as “energy investment” (p. 6, Brehm
and Self, 1989; Richter, 2013, 2016). Some authors do not separate
the recruitment of cognitive resources from the experience of
effort, whereas others use the term explicitly to refer to both
(Lemke and Besser, 2016) or distinguish between resource
recruitment and the experience of having to commit resources
(Francis and Love, 2020).

One issue with defining listening effort as a mental act is that
cognitive resources are not monolithic: different challenges are met
in different ways. For example, when speech is masked energeti-
cally (i.e., by a meaningless noise with components that are suffi-
ciently intense and overlapping in frequency with the target speech
to physically obliterate some of it) then the missing information
must be inferred from what was perceived. Important cognitive
abilities to mitigate this challenge would include inferencing based
on context, which requires semantic memory and working mem-
ory, particularly for longer utterances (Johnsrude and Rodd, 2016).
In contrast, speech-on-speech masking involves relatively little
energetic masking — both speech signals are perceptible in the
sound mixture. This challenge requires that two meaningful
streams of sound are perceptually segregated and distinguished so
that one can be selectively attended. Relevant cognitive functions
would include cognitive control and distracter suppression (IMattys
et al., 2009; Johnsrude and Rodd, 2016).

In the current work, we restrict the term ‘listening effort’ to refer
to a person’s experience during listening (cf. Westbrook and Braver,
2015; Johnsrude and Rodd, 2016; Krueger et al., 2017). This expe-
rience is the consequence of the recruitment of cognitive and other
resources, is assumed to be conscious and explicit, and may be
operationalized as subjective ratings after introspection (Larsby
et al,, 2005; Desjardins and Doherty, 2013; Alhanbali et al., 2017;
Krueger et al., 2017)! or assessed using qualitative methods. We
suggest using the broader term ‘listening engagement’ to describe
the recruitment — explicit and conscious or not — of executive and
other cognitive processes in the service of a communication goal.
Limiting “listening effort” to experience acknowledges that a per-
son may recruit cognitive resources, while not subjectively expe-
riencing effort, particularly when resource recruitment is relatively
modest. Empirical evidence further supports this, showing that
subjective and objective (e.g., physiological) measures of listening
effort may not always correlate (Miles et al., 2017; Strand et al.,

! Subjective reports and introspection can be biased (Althubaiti, 2016) and
certain populations may underreport experiences (Kamil et al., 2015). Introspection
may further be challenged by the limited access to higher level mental processes
(Nisbett and Wilson, 1977; Francis and Love, 2020). Nevertheless, we consider the
subjective nature of listening experiences — the “feel” — an important factor that
contributes to whether a person engages in or disengages from listening.

2018; Alhanbali et al., 2019; Lau et al., 2019) and that conscious
access to mental processes is limited (Nisbett and Wilson, 1977;
Francis and Love, 2020). We propose that listening effort may be
viewed as one subjective experience among many during engage-
ment: others include enjoyment and frustration.” As well, when
engagement fails, listeners may experience mind wandering and
boredom (Westgate and Wilson, 2018). Different experiences (such
as effort and enjoyment) may even be experienced simultaneously
when listening conditions are challenging.

2.2. Motivation and effort

Motivation refers to “the forces that drive and direct behavior”
(p. 697, Dweck, 2017). A person’s motivation to understand what is
spoken — the importance to them of comprehending what is said —
is prerequisite to the recruitment of executive and other cognitive
resources (Mitchell, 1982; Picou and Ricketts, 2014; Baumeister,
2016; Pichora-Fuller et al., 2016; Peelle, 2018). Motivation in-
tensity theory (Brehm and Self, 1989; Gendolla and Richter, 2013;
Richter, 2013) assumes such a goal, and states that the degree to
which executive and other cognitive resources are recruited is
determined by the interaction between the experienced (or antic-
ipated) difficulty, one’s own abilities, and the importance of being
successful. As long as the goal (e.g., speech comprehension) is
somewhat realizable, and as long as the necessary effort is justified
by the potential outcome (e.g., the listener wishes to comprehend),
resource recruitment will increase with increasing listening chal-
lenges, such as increasing level of background noise in a crowded
restaurant.

2.3. Narrative engagement

Diminished auditory sensitivity and acuity (Moore, 2007; Plack,
2014), hyperacusis (Baguley, 2003; Tyler et al., 2014), and listening
effort (Pichora-Fuller et al., 2016) are aversive listening experiences.
However, focusing on aversive factors may not be sufficient to
predict whether a person disengages from listening or continues
despite challenges (Matthen, 2016), or whether a person fitted with
a hearing aid will wear it (Solheim et al., 2012; Hickson et al., 2014;
Matthen, 2016). Individuals are not only driven to avoid aversive
factors, but also seek positive experiences such as enjoyment and
interest (Madsen and Moore, 2014; Matthen, 2016; Duchesne et al.,
2017; Westgate and Wilson, 2018). It is thus necessary to consider
these listening experiences as well as aversive ones.

The assessment of listening engagement poses challenges to
current research approaches. Empirical work often relies on the
presentation of brief, isolated sentences that lack a broader context,
do not follow a topical narrative, and are not relevant to the listener
(e.g., Zekveld et al., 2010; Desjardins and Doherty, 2013; Alhanbali
et al.,, 2017; Krueger et al., 2017). Individuals may listen to such
isolated sentences when extrinsically motivated (e.g., by monetary
incentives) but may be less motivated to do so intrinsically (for
reviews about extrinsic and intrinsic motivation see Ryan and Deci,
2000; Benabou and Triole, 2003). Individuals are more likely to be
intrinsically motivated to engage with gossip, anecdotes, and event
descriptions in form of narratives and stories that are embedded in
a broader context, follow a topical thread, and are meaningful to the
person.’ Narratives, stories, and other kinds of spoken language are
instrumental for everyday life as they shape our understanding of

2 1t is theoretically possible to measure experiences objectively, but there must
be a clear link between the experience and the measure. For example, the time a
person smiles may be a proxy for how good a person feels.

3 Extrinsic and intrinsic motivation likely interact synergistically (Amabile, 1993).
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the world and ourselves, convey cultural history, and enable social
connectedness (Graesser et al., 2002; Ryan, 2007; Mar and Oatley,
2008; Bamberg, 2010; Dunlop and Walker, 2013).

The study of how individuals engage with narratives and stories
is the traditional purview of literature and media studies (e.g.,
Albrecht and O’Brien, 1993; Oatley, 1999; Green et al., 2004;
Busselle and Bilandzic, 2008, 2009; Kuijpers et al., 2014; Bilandzic
and Busselle, 2017), and this work provides a helpful starting
point to understand the benefits of listening — such as enjoyment —
that contribute to maintenance of a listening goal, and hence
listening engagement. Narrative engagement frameworks integrate
several psychological and folk-psychological constructs (Busselle
and Bilandzic, 2009; Kuijpers et al., 2014). These include atten-
tional factors, such as losing awareness, losing a sense of time, and
being deeply focused (Kuijpers et al., 2014), or being in a state of
“flow” (Csikszentmihalyi, 1990); mental imagery, such as gener-
ating images about surroundings, characters, and situations in
one’s mind (Kuijpers et al., 2014; Scheibe and Barrett, 2017);
emotions and empathy, such as feeling with and for characters, and
identifying with others (Cohen, 2001); and “transportation”,
meaning the experience of entering a story world (Green et al,,
2004). These experiences are rewarding and so have motivational
consequences for listening. Given the increasing number of
cognitive-neuroscience studies that utilize audio books and spoken
narratives (Lalor and Foxe, 2010; Ki et al., 2016; Keitel et al., 2017;
Puvvada and Simon, 2017; Broderick et al., 2018; Fiedler et al.,
2019), this area is of substantial potential relevance.

2.4. Boredom and cognitive engagement

Research on boredom and cognitive engagement is directly
concerned with understanding when, and why, a person disen-
gages from an activity; this research has not received much
attention in the hearing science community. Boredom involves
feeling restless, unchallenged, and that the situation serves no
purpose (Tilburg and Igou, 2012), and that engaging in a satisfying
way is not possible (Eastwood et al., 2012; Westgate and Wilson,
2018). Boredom incorporates two constructs: boredom proneness
and boredom state (Farmer and Sundberg, 1986; Fahlman et al.,
2013; Chin et al., 2017). Boredom proneness refers to a disposi-
tion or trait of a person (Farmer and Sundberg, 1986; Chin et al.,
2017) and is associated with frequent experiences of boredom
(Elpidorou, 2014). Boredom state, in contrast, refers to boredom
experienced in a specific situation (Fahlman et al., 2013; Chan et al.,
2018; Elpidorou, 2018b, a). Here, we focus on boredom state.

Several factors have been proposed to contribute to boredom
(reviewed in Westgate and Wilson, 2018). In brief, boredom may
result from (a) inadequate environmental inputs such as under-
stimulation, non-optimal arousal, and constrained choices (e.g.,
repetitive or vigilance tasks; Westgate and Wilson, 2018); (b) a
failure of a person to maintain attention on an activity (Eastwood
et al., 2012); and (c) a lack of meaning (Chan et al., 2018). The
Meaning and Attentional Components Model of Boredom in-
tegrates these different factors (Westgate and Wilson, 2018) and
posits that a person may not engage in an activity if it bears low
meaning to the person and is incongruent with the person’s goals.
This mirrors the critical role of success importance in Motivation
Intensity Theory (Brehm and Self, 1989; Gendolla and Richter, 2013;
Richter, 2013). The Meaning and Attentional Components Model of
Boredom proposes that the right level of stimulation is required for
a person to engage in an activity, and that the degree to which a
person recruits resources for the activity determines their experi-
ence of enjoyment and interest (Westgate and Wilson, 2018).
Hence, a person may not engage in an activity if situational de-
mands exceed an individual’s resources (overstimulation) or if very

few resources are required to cope with the situational demands
(understimulation) (Westgate and Wilson, 2018).

3. A model of listening engagement (MoLE)

In this section, we introduce the Model of Listening Engagement
(MoLE) that aims to provide a conceptual basis to understand how
individuals engage in listening and communication and what they
experience during listening. We start with a brief description of the
relevant terms of the MoLE (see Table 1) that also reflect variables
in the mathematical implementation of the MoLE (see Appendix).

The MoLE assumes that a person is equipped with a variety of
cognitive resources that enable the person to adapt to their
listening environment. Individual resources may or may not
interact. In a given listening situation, a required resource is
recruited (recruited amount) up to a theoretic maximum (resource
limit). The required amount of a resource refers to the amount that
is (or would be) needed in order to comprehend what is being
heard. The available amount of a resource is the amount that is left
over and could be used for other, unrelated tasks after situational
demands are accounted for. A person’s motivation refers to the
forces that drive and direct the recruitment of resources, for
example, by the success importance and personal relevance of
speech comprehension in a given situation. If a person’s motivation
is low, resources may not be recruited, even if the resource limit is
higher than the required amount. We define engagement as the
recruitment of resources during listening. A person will only
maintain engaged in the face of listening challenges when the
person is motivated and sufficient resources are available. Experi-
ences such as enjoyment, boredom, effort, and frustration are
determined by the interaction between the available amount of a
resource, engagement, and motivation.

3.1. Resource, resource limit, required resource, and available
resource

The MoLE shares the common assumption with other infor-
mation processing and cognitive control models that individuals
are equipped with cognitive resources (Kahneman, 1973; Norman
and Bobrow, 1975; Hockey, 1997; Lavie, 2005; Lavie et al., 2014;
Lemke and Besser, 2016; Pichora-Fuller et al., 2016; Wingfield,
2016). We assume the existence of multiple, differentiable, cogni-
tive resources (cf. Navon and Gopher, 1979; Wickens, 2002, 2008),
since (partially) different neural circuits are recruited for different
cognitive challenges, although some neural circuits may be com-
mon to several cognitive processes (Kanwisher and Wojciulik,
2000; Scott and Johnsrude, 2003; Eckert et al., 2016; Zanto and
Gazzaley, 2017; Peelle, 2018). We assume that these cognitive re-
sources are common to most people, and that the endowment
differs across resources and varies across people: we each have a
unique cognitive profile. We are, however, agnostic about what
constitutes a cognitive ‘resource’, since the taxonomy of mental
functions is still not clear (Poldrack and Yarkoni, 2016): we do not
assume that these are necessarily the functional constructs to
which psychologists give names (such as working memory, atten-
tion, cognitive control, goal maintenance), since this may not be
how nature carves up cognition ‘at its joints’ (cf. Summerfield and
Egner, 2009; Gazzaley and Nobre, 2010; for a discussion about
resource concepts see Sanders, 1997). Moreover, how cognitive
processing emerges from neural anatomy and function is not well
understood: current perspectives include the activation of specific
brain regions or networks of regions (Eckert et al., 2016; Peelle,
2018), synchronized oscillations that dynamically form neural en-
sembles (Fries, 2005; Miller and Buschman, 2015), and the deple-
tion of astrocytic glycogen to fuel sustained neuronal activity
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Table 1
Terms and descriptions of the Model of Listening Engagement (MoLE).
Terms Description
Resource A neurophysiological competence that supports task engagement.

Resource limit
Required amount
Available amount
Recruited amount
Motivation
Engagement
Experience

The maximum amount of a resource that can be utilized at a given time.
The amount of a resource that is required to meet the situational demands.

The amount of a resource that is available (or is anticipated to be available) after the required amount of the resource is recruited.

The amount of a resource that is actually utilized.

The forces that drive and direct the recruitment of resources.
The recruitment of resources to participate in an activity.
Subjective, qualitative state depending on all other variables

(Gailliot, 2008; Christie and Schrater, 2015), among others. Func-
tional substrates and implementations may even differ for different
cognitive resources.

Cognitive processing must operate within biological constraints
(Christie and Schrater, 2015; Miller and Buschman, 2015), and the
MoLE thus shares the view with other models that the maximum
amount of a resource that a person can utilize (the resource limit) is
finite (Kahneman, 1973; Norman and Bobrow, 1975; Wickens,
2002; Lavie, 2005; Lavie et al., 2014; Lemke and Besser, 2016;
Pichora-Fuller et al., 2016; Wingfield, 2016; for a detailed discus-
sion of resource limits see Shenhav et al., 2017; see also Inzlicht
et al., 2014). Greater resource limits increase the probability that
an individual can listen and behave effectively across a variety of
situations. How resource limits are implemented neurally is not
well understood (suggestions involve synchronized oscillation;
Miller and Buschman (2015); or storage capacity of astrocytic
glycogen (Gailliot, 2008; Christie and Schrater, 2015). Whereas
resource limits are often considered to be relatively stable over an
extended period — from one situation to the next (Lemke and
Besser, 2016) — there may be some degree of elasticity in
resource limits under high task demands (Kahneman, 1973).
Resource limits may also be reduced by fatigue and other tempo-
rary states (Wright, 2014; Richter et al., 2016). Larger changes in
resource limits may occur over longer periods in healthy in-
dividuals, for example, as individuals mature and then senesce
(Glisky, 2007; Park and Reuter-Lorenz, 2009; Lindenberger, 2014;
Phillips, 2016), or more suddenly in individuals with brain injury or
disorders (Reitan and Wolfson, 2000, 2004).

In contrast to resource limits, which are relatively fixed for a
given individual, the required amount of a resource reflects the
degree to which the demands of a situation — that is, external
factors — draw on or are anticipated to draw on a resource
(Gendolla, 2000; Gendolla and Kriisken, 2001; Richter et al., 2006,
2016; Mattys et al., 2012; Johnsrude and Rodd, 2016). Different
situations may differ in their demands (Mattys et al., 2012;
Johnsrude and Rodd, 2016): Listening to a friend talk about their
kids in a quiet restaurant requires little resource recruitment from a
healthy, normal-hearing person to comprehend (Fig. 1A, case 2).
Listening to the friend while background music is played in the
restaurant and other people talk loudly requires the recruitment of
more resources to comprehend (Fig. 1A, case 3). If the dinner
companion in a noisy restaurant is someone who the listener has
only just met and who speaks very fast and with a strong accent,
the resources required to comprehend may exceed the listener’s
resource limits, and the listener may zone out and disengage
(Fig. 1A, case 4); particularly if the listener is in a group of people,
where active participation is not required as much. A listener may
also disengage from listening if resource recruitment is relatively
modest; for example, when a friend slowly tells a long, tedious
story about a person the listener does not know (Fig. 1A, case 1).
Since listening situations are dynamic, the required amount of re-
sources also varies continuously and is thus also dynamic.

A Requirement, limit, and recruitment of resources
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Fig. 1. Predictions of the Model of Listening Engagement (MoLE). A: Resource limits,
required amounts, and recruited amounts for four sample cases: (1) Required and
recruited resource amounts are negligible; speech comprehension is easy. (2) Required
and recruited resource amounts are nonzero, but well below resource limits; speech
comprehension is not perceived as effortful. (3) Required and recruited resource
amounts approach resource limits; speech comprehension is perceived as effortful. (4)
Required resource amounts exceed the resource limit and are not recruited; the
listener does not engage. Note that, for simplicity, resources are in arbitrary units. Units
could in principle differ for different resources. B: Relation between available resource
amount and engagement. The available resource amount reflects (one minus) the
proportion of the required amount relative to the resource limit. Engagement is the
factor that determines the extent (i.e., proportion) to which the required resources in
panel A are actually recruited. In cases 2 and 3, a person recruits resources and is
engaged (engagement factor of one). In case 4, a person does not recruit the required
resource amounts and is disengaged (engagement factor of zero). Even when speech
comprehension is easy, a person may also disengage; for example, when listening to a
long, tedious monologue (case 1; engagement factor approaching zero).

The available amount of a resource is the amount that is not
required by the listening situation, and could be used for other,
unrelated, tasks. We operationalize the available amount of a
resource as the proportion of the resource limit that is not required
(i.e., one minus the proportion of the required amount relative to
the resource limit; see Appendix). The available amount is calcu-
lated for each resource separately. However, a person may not have
independent access to different resources during listening in
everyday life (Nisbett and Wilson, 1977). We therefore calculate a
unique available resource amount as the minimum available
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Fig. 2. Motivation influences engagement. A person may engage or disengage under
similar situational demands (i.e., when the required amount of resources is similar)
depending on the person’s motivation. The grey vertical line in the right-hand plot
indexes the available resource amount for the sample cases on the left (same as case 3
in Fig. 1). Under high motivation, a person engages and recruits resources for the ac-
tivity (engagement factor of one). Under low motivation, a person does not engage and
does not recruit resources for the activity even if resource amounts would be available
(engagement factor of zero).

resource amount across different resources (see Appendix). We
assume that the resource for which the least amount is available —
is most influential for a person’s subjective experience. The avail-
able resource amount is positive when the required amount is
within the resource limits and negative when the required amount
exceeds the resource limits (Fig. 1B).

3.2. Engagement, motivation, and recruited resource amounts

Engagement regulates whether, and to what extent, resources
are recruited for an activity. In the MoLE, we operationalize this as
shown in Fig. 1B (for details see Appendix), where the amount of
available resources determines the degree of engagement, that is,
the engagement factor. The engagement factor is bounded by zero
and one. Zero indexes the absence of engagement (i.e., disengage-
ment), where no resources are recruited for the activity. One in-
dexes maximal engagement, where the recruited amount matches
the required amount (Fig. 1B). In other words, the engagement
factor determines the proportion of the required resources that are
actually recruited (cf. Brehm and Self, 1989; Richter et al., 2016), but
we posit that, in real life, the engagement factor will be either zero
or one, making engagement essentially binary.

The recruitment of resources is energetically and metabolically
expensive (Westbrook and Braver, 2015; Shenhav et al,, 2017). A
person will recruit resources to comprehend speech only if
comprehension is a valued outcome (Brehm and Self, 1989; Richter,
2013). Motivation can be defined as “the forces that drive and direct
behavior” (p. 697, Dweck, 2017), speaking to the willingness of a
person to recruit resources for and engage in an activity (Mitchell,
1982; Baumeister, 2016). Motivation depends on the value of the
anticipated outcome. Motivation is higher if the activity is mean-
ingful and/or personally relevant (Brehm and Self, 1989; Heine
et al., 2006; Gendolla and Richter, 2013; Richter, 2013). As such,
motivation is considered fundamental to all aspects of human
cognition, emotion, and behavior (Baumeister, 2016; Dweck, 2017).

In the MoLE, motivation drives the relation between the avail-
able resources amount and the engagement factor, and hence
engagement (Fig. 2, cf. Pichora-Fuller et al., 2016; Peelle, 2018).
When motivation is high, a person will recruit one or several re-
sources and engage even when the activity requires recruitment of
resources up to the limit (engagement factor of one; Fig. 2). When
motivation is low, a person may not engage in listening even if
resources are or would be available (engagement factor of zero;
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Fig. 3. Interaction between resources. Left-hand pair of bars: no interaction. The two
bars are identical to case 4 in Fig. 1. The required amount (red) of resource 1 exceeds
the person’s resource limit (black). The person would not engage (vertical black bar in
graph on right of the figure) nor recruit resources (blue). Right-hand pair of bars: A
compensatory interaction between resources may help extend resource limits in the
same listening situation. Recruiting more of resource 2 may temporarily increase the
limit of resource 1 (to match the required resource amount), enabling the listener to
engage (vertical gold bar in graph at right of the figure) and recruit sufficient resources
(blue). (For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

Fig. 2). The relation between motivation and resource recruitment
(engagement) is consistent with Motivation Intensity Theory
(Brehm and Self, 1989; Richter, 2013); models of cognitive control
(Westbrook and Braver, 2015); and concepts of listening effort
(Picou and Ricketts, 2014; Pichora-Fuller, 2016; Peelle, 2018).

We propose that, in addition to a valued communication goal,
motivation at any particular point in time reflects the integration of
two factors. One is the quality of the experience the listener is
currently having (e.g., whether they are interested and energized,
or bored, or frustrated; see Section “Experience” below). The other
is the likelihood of successful comprehension; whether the lis-
tener’s resources and the listening conditions enable some level of
intelligibility. Only if comprehension is possible and motivation is
sufficiently high will the listener engage and recruit resources.
Motivation (and engagement) will shift dynamically as a function of
these two factors, which are changing over time.

3.3. Interaction between resources

Resource constructs such as working memory or attention are
often studied in isolation (in theory) and we have thus far assumed
that they are independent (but see Summerfield and Egner, 2009;
Gazzaley and Nobre, 2010 for exceptions). But of course, the human
brain has evolved to work as an integrated whole, with conceptu-
ally different systems naturally interacting (Wickens, 2002, 2008);
and this is most likely the case in the real-world listening situations
that concern us here. Structurally similar, concurrent tasks may
interfere with each other by requiring amounts of the same
resource (Wickens, 2002, 2008). Speech comprehension under
situational demands requiring different resources may benefit from
interaction between resources. Resources may compensate one for
another under challenging listening conditions such that additional
amounts may be recruited for one resource in order to increase the
limit of another resource (Fig. 3; other strategies may rely on filling
in missing information based on predictions and redundancy in
acoustic streams; Shinn-Cunningham, 2008). This may be accom-
plished through increased neural activity in common networks —
such as cingulo-opercular and fronto-parietal systems (Eckert et al.,
2016; Peelle, 2018). We assume that such compensation may be
possible only temporarily, only when the resources are not entirely
independent, and only under challenging conditions.



B. Herrmann, LS. Johnsrude / Hearing Research 397 (2020) 108016 7

==xs Low motivation === High motivation

EXPERIENCES o
& S LS
S € & F ST S
& R & S @ @
P & & &L f
1 samanadaansannannaaaansensfinn,
€ 4 . :
£ s H :
s HS I
SEe | : .
i 1 2 134
0%} i ~eef I
1 075 0.5 0.25 0 025  -05

Available resource amount

Fig. 4. Samples of experiences in the MoLE. The grey vertical lines mark the available
resource amounts for cases 1—4 in Fig. 1. A listener highly motivated to comprehend
speech may engage and experience enjoyment (case 2) or effort and possibly frus-
tration (case 3), but may disengage and experience boredom in cases 1 and 4. A less
motivated listener may disengage and be bored in case 3, although the required re-
sources do not exceed the listener’s resource limits.

3.4. Experience

In previous sections, we have described the factors that influ-
ence whether a person engages or disengages in a listening situa-
tion: A person with sufficient available resources will engage and
recruit resources if anticipated comprehension is valued. This
engagement or disengagement is potentially accompanied by a
variety of subjective experiences.

In the MoLE, listening experiences depend on motivation and
available resource amounts (cf. Westgate and Wilson, 2018, Fig. 4).
Listening effort may be experienced when recruited amounts
approach resource limits (Johnsrude and Rodd, 2016; see also
Brehm and Self, 1989; Pichora-Fuller et al., 2016; Peelle, 2018).
Frustration may be experienced when motivation is high, and
required resource amounts just exceed resource limits and
recruited amounts approach or are at resource limits (Garcia-Leon
et al., 2003; Francis and Oliver, 2018). Boredom may be experienced
when a person is disengaged from listening either because required
resources exceed resource limits (overstimulation) or because
recruited resources are very low (understimulation) (Westgate and
Wilson, 2018) either because they are not required or because
motivation is low. Although often not a focus of hearing-related
research, enjoyment may be experienced when an individual is
motivated to listen and is therefore engaged, even if resource
recruitment is considerable (cf. Matthen, 2016).

Indeed, a listener’s motivation has a strong effect on listening
experiences (Fig. 4). For example, a highly motivated listener may
engage and experience effort and possibly enjoyment or frustration
(depending on success) in a highly demanding listening situation,
such as a crowded restaurant, but may not engage, and so experi-
ence boredom, in the same situation if less motivated (Fig. 4, case
3).

We propose that a person’s experiences, motivation, and
engagement in a listening situation are inter-connected (Fig. 5; cf.
Hockey, 1997; Matthen, 2016; Pichora-Fuller et al., 2016; Richter
et al., 2016; Peelle, 2018; Schneider et al., 2019). Experiences and
the associated affect may influence a listener’s motivation to
engage (Wright et al., 2003; Schneider et al., 2019; Francis and Love,
2020). The degree of engagement, in turn, affects a person’s expe-
riences. For example, a person experiencing enjoyment may be
motivated to continue to engage, which, in turn, may foster
enjoyment (Green et al., 2004). A person experiencing effort or
frustration in a challenging listening situation may lose motivation
and disengage. The experience of boredom may motivate a person
to engage and listen (in order to avoid boredom) or to find another,

more meaningful activity (Elpidorou, 2018b, a; Westgate and
Wilson, 2018). We further suggest that motivation can directly
affect the quality of a listening experience (Fig. 5), for example, by
setting an affective tone when a listener is highly motivated (pos-
itive influence on experience) or very unmotivated (negative in-
fluence on experience). The interdependence of engagement,
motivation, and experience makes listening dynamic.

3.5. A broader view of experience

“Experience” has been referred to as “an elusive concept that
resists specification” (p. 44, Wright et al., 2003). It can be thought of
as reflecting the integration of affective, cognitive, and behavioral
sources of information (Nabi and Krcmar, 2004). As such, “experi-
ence” has been described as a holistic sense-making process
(Wright et al., 2003) that combines contextual elements and their
relations (e.g., experiences during a conversation in a restaurant
may be affected by the table size, distance to other tables, and chair
comfort), sensual elements (such as the ‘feel’ of a situation; e.g.,
welcoming or hostile communication partners), emotional ele-
ments (such as anger, joy, satisfaction, fulfillment), and spatio-
temporal elements (such as losing a sense of time during engage-
ment or perceiving space as confined during frustration; Wright
et al., 2003). Hence, the quality of a listening experience may vary
depending on these factors.

Listening effort is often assessed using rating scales (Larsby
et al., 2005; Mackersie and Cones, 2011; Francis et al., 2016;
Krueger et al., 2017) or (unidimensional) physiological measures
(Zekveld et al., 2010; Strauf3 et al., 2014; Wostmann et al., 2015;
Holube et al., 2016; Wendt et al., 2016; Dimitrijevic et al., 2017). Yet,
listening effort is a rich experience that may yield different qualities
depending on a variety of factors (Marinelli, 2017) that may not be
fully captured using standardized measures. For example, effort
experienced because a listener has to inhibit distracting sounds
(e.g., a person behind the listener talking loudly) may differ quali-
tatively when the listener is highly motivated to comprehend
speech compared to effort experienced when listening is a chore,
and not a pleasure. Other experiences such as enjoyment can be
thought of as being similarly rich and complex (Nabi and Krcmar,
2004).

Experiences may also co-occur and interact. Effort and boredom
may co-occur, for example, in situations mirroring vigilance tasks
(Thackray et al., 1977; Eastwood et al., 2012). Enjoyment may co-
occur with experienced effort (Csikszentmihalyi, 1990).
Conversing with and listening to a friend in a crowded restaurant
may be somewhat effortful, but the individuals involved may feel
fulfilled, stimulated, and joyful (cf. Matthen, 2016). Considering
such interrelations and co-occurrences of listening experiences are
important for predicting whether a person will disengage from
listening or continue to engage despite challenges.

Finally, considering the social circumstances of a demanding
listening situation may be crucial for understanding engagement
and listening experiences (Caplan and Van Harrison, 1993; Pichora-
Fuller, 2016). A listener with hearing difficulty may “zone out” —
that is, temporarily disengage from communication within a social
situation (Heffernan et al., 2016; Gfeller et al., 2019) — particularly if
the listener is in a group of people, such as in a class room or at a
birthday gathering, where active participation is less required — but
still enjoy being with their friends and family (which might
enhance motivation to engage in listening, even if listening success
is low). The overall experience of this listener may be positive, and
they would consider participating in such situations in the future. If
this listener was anticipating a social situation that was not
enjoyable without active participation, they may choose to avoid
the situation entirely, or experience frustration if social norms
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Engagement
(recruitment of resources)

Motivation
(willingness to recruit)

Experiences
(Enjoyment, effort, etc.)

Fig. 5. Relation between engagement, motivation, and experiences. A person’s motivation and the relation between required resources and resource limits (i.e., available
resource amounts) determine engagement. These characteristics determine success and listening experiences, which also influences motivation.

prevent them from disengaging, and other coping strategies fail.

3.6. Listening dynamics

In a crowed restaurant (for example), motivation, engagement,
and experiences of a listener are not static, but vary over time.
Background speech may be more intense at some times than at
others, conversational topics may be more interesting at some
times than at others, the individuals involved in a conversation may
have different accents, or a person may become exhausted over
time (for factors contributing to listening challenges see Mattys
et al,, 2012; Johnsrude and Rodd, 2016). Such variations in situa-
tional demands (affecting available resources) and person-internal
states (affecting motivation) underlie listening dynamics. Conse-
quently, the MoLE indexes engagement only for one moment at a
time, but we assume that dynamic changes in engagement are the
norm, not an exception. As depicted in Fig. 5, motivation, engage-
ment, and experiences are interconnected, and dynamic changes in
any one of these factors will influence the others.

4. Consequences of the MoLE for empirical research

The MoLE aims to provide a conceptual foundation enabling us
to understand how a person engages in listening and when a per-
son may disengage. The MoLE is a work in progress and, although it
is mathematically tractable (see Appendix), it was not specifically
designed for quantitative data fitting. In the following, we briefly
lay out a few avenues for empirical research that follow from the
MoLE.

Previous operationalizations of listening effort have not been
entirely consistent: the use of subjective ratings is consistent with
effort as an experience (Gatehouse and Noble, 2004; Larsby et al.,
2005; Alhanbali et al., 2017; Krueger et al., 2017), similar to the
MOoLE, whereas physiological measures such as pupillometry are
more consistent with listening effort as a mental act (Brehm and
Self, 1989; Richter, 2013; Pichora-Fuller et al., 2016; Peelle, 2018).
Listening effort and resource recruitment are very different in our
view: We consider “effort” as one experience among many other
potential listening experiences (Westbrook and Braver, 2015;
Johnsrude and Rodd, 2016; Lemke and Besser, 2016; Krueger et al.,
2017), and use the term “engagement” to describe the act of
investing one or several resources in an activity (cf. Westgate and
Wilson, 2018). We posit that engagement is essentially binary
although degrees of engagement are theoretically possible.
Listening effort may be experienced when recruited resources
approach resource limits because of the demands of the listening
situation (Johnsrude and Rodd, 2016), but experienced effort does
not reflect such demands alone (Westbrook and Braver, 2015); it
also depends on motivation and engagement. The experimental

protocols commonly employed typically utilize context-free, iso-
lated sentences combined with parametric noise manipulations,
and these may not be sufficiently motivating to lead to full
engagement or capture the rich and complex nature of listening
experiences (Wright et al., 2003; Nabi and Krcmar, 2004).

Listening effort defined as experience further influences how to
ask and answer research questions about the underlying mecha-
nisms and behavioral consequences of listening effort. For example,
the MoLE predicts that physiological measures such as pupillom-
etry (Zekveld et al., 2010, 2018; Wendt et al., 2016; Winn et al.,
2018), neural oscillatory activity (e.g., in the alpha frequency
band; StrauR et al., 2014; Wostmann et al., 2015; Dimitrijevic et al.,
2017), electrodermal activity (Holube et al., 2016), and others, may
tap into resource recruitment, motivation, and/or engagement, but
may not reflect effort experiences to the same extent (cf. Strand
et al., 2018; Alhanbali et al., 2019). The MoLE enables us to distin-
guish among experienced effort, and the factors that may deter-
mine it, including motivation and engagement (i.e., resource
availability and recruitment).

Besides listening effort, only a few other, mostly aversive ex-
periences, such as frustration (Francis and Oliver, 2018) and fatigue
(McGarrigle et al., 2014; Hornsby et al., 2016), have been the focus
of research in hearing science. Positive experiences (e.g., enjoy-
ment, satisfaction, fulfillment, interest, etc.) are not commonly
studied (but see Matthen, 2016) or are studied only in the context of
hearing prothesis use (e.g., Madsen and Moore, 2014; Duchesne
et al., 2017). However, positive experiences will likely affect a lis-
tener’s motivation and, in turn, whether the person engages or
disengages (Fig. 5; Matthen, 2016). Ignoring the positive experi-
ences individuals seek when engaging in social, communication
activities may leave variance in behavioral tests unexplained.
Moreover, the materials typically used in speech comprehension
studies — that is, simple sentences that have little meaningful
context and are not very interesting (e.g., Nilsson et al., 1994;
Kilman et al., 2015; Wostmann et al., 2015; Wendt et al., 2016) —
may not motivate listening attentively the way that personally
relevant discourse and stories do. The MoLE predicts qualitative
differences in neural network activity and how effort is experienced
for intrinsically motivating discourses and stories compared to
isolated sentences. A research focus on aversive listening experi-
ences will limit progress, particularly if researchers turn increas-
ingly to naturalistic materials, such as stories (Silbert et al., 2014; Ki
et al., 2016; Puvvada and Simon, 2017; Daube et al., 2019; Fiedler
et al,, 2019).

We suggest that engagement, motivation, and experiences are
interrelated (Fig. 5; cf. Pichora-Fuller et al., 2016). Any of these re-
lations may be the target of empirical research. The relation be-
tween motivation and engagement (or resource recruitment;
Brehm and Self, 1989; Gendolla and Richter, 2013; Richter, 2013;
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Westbrook and Braver, 2015), and the relation between experiences
and motivation (Wright et al., 2003; Baumeister, 2016) have been
the focus of previous work, although not specifically in hearing
science. In line with previous work, the MoLE predicts that moti-
vation drives engagement (the recruitment of resources) (cf. Brehm
and Self, 1989; Pichora-Fuller et al., 2016; Richter et al., 2016).
Motivation and engagement influence the quality of listening ex-
periences, and experiences in turn influence motivation (but not
engagement). The relation between engagement and listening ex-
periences is the most underspecified. Experiences are rich (Wright
et al., 2003; Nabi and Krcmar, 2004) and inherently subjective (but
not passive; Westbrook and Braver, 2015; Bilandzic and Busselle,
2017). Whether engagement directly influences the quality of
listening experiences, or whether all influences on experience
depend only on motivation and comprehension success, is un-
known. The time scale over which experiences evolve probably
differs between experiences, and individuals may have multiple
experiences concurrently. How different time scales and co-
occurrences of listening experiences influence motivation and, in
turn, engagement is unclear.

Cognitive processing may be assessed quantitatively (e.g., using
physiological recording techniques) whereas experiences may be
more directly assessed using qualitative tools and subjective re-
ports (although indirect objective measures, reflecting subjective
states, are possible). A better understanding of the relation between
available cognitive resources and experiences would help deter-
mine the extent to which measures of cognition may provide
proxies for listening experiences. Clinical audiologists may even-
tually be more interested in qualitative experiential aspects of
listening rather than in resource recruitment, whereas an auditory
cognitive neuroscientist may focus on motivation and resource
recruitment, as the mechanisms underlying experiences. We hope
the MoLE provides fruitful conceptual distinctions that enable
research, fostering a new understanding of listening engagement.

5. Conclusions

In the current work, we describe a model of listening engage-
ment (MoLE) that aims to provide a conceptual foundation to un-
derstand how people engage (or not) in listening and
communication. This work will help assess whether a person with
hearing difficulty may be at risk of social isolation, and can be used
to more completely characterize the experiences listeners may
have in laboratory settings when listening to rich, engaging stim-
ulus materials, such as stories. The MoLE posits that motivation,
engagement and listening experiences are essentially interrelated,
and highlights potentially fruitful areas that research may target.
We hope this model will help to guide research in applied and basic
hearing science and in auditory cognitive neuroscience.
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Appendix

A MATLAB implementation of the MoLE is available for down-
load at https://osf.io/eksfq/. The MoLE assumes that a listener is
equipped with n number of executive and other cognitive re-
sources. We represent the limit for each resource as the vector I =

{l1,..., In}. The resource amounts required to meet the demands of

a given listening situation is represented as the vector r = {rq,...,
rp }. The relative resource amounts required is calculated as:

et ()

, where the division is calculated element-wise, that is ra = {ra,,
..., ranp}. The resource amount available (av) to a listener is calcu-
lated as the minimum of the relative resource amounts:

(eq. 1)

av=minra (eq. 2)

The amount of resources available (av) influences whether a
listener engages or disengages. An engagement factor e ranging
from O to 1 is calculated as follows:

e=E(av,e,71,72) (eq. 3)

, where E is the engagement function according to the following
equation:

0, av< 71 —¢

. (mav+71) T

sinf ———~+= ), 71 —e<av <7l
2e 2

E(av,e,71,72) =< 1, Tl<av<T12

0.5 cos mav+72) +05, m2<ar<1
N-712

0, 1<av

E is a window function that consists of sinusoid-based ramps
and falls and a plateau. 71 and 72 reflect the points on the x-axis at
which the ramp peaks and the fall starts, respectively. The
parameter ¢ determines the slope of the fall. The values used for 71,
72, and ¢ in Fig. 1 were 0, 0.8, and 0.05, respectively. Changes to the
parameters t1, 72, and ¢ will alter the engagement function. For
example, to implement low motivation in Fig. 2, the values of 71, 72,
and e were 0.2, 0.8, 0.05, respectively.

The recruited resource amounts ¢ = {cq, ..., ¢y} are calculated
as the required resource amounts r weighted by the engagement
factor e:

c=re (eq. 4)

In most cases the elements in c are either zero (fully disengaged)
or reflect the required resource amounts r (fully engaged). The el-
ements in ¢ can theoretically take on values between full engage-
ment and full disengagement; that is, an intermediate proportion
of the required resource amounts is recruited (this is related to the
ramp/fall parts of the engagement function E), but this may be the
exception rather than the norm.

In order to implement interactions between resources (Fig. 3), I
and r need to be replaced by I + IL and r + rR, respectively, where L
and R are square matrices whose non-zero diagonal elements mark
a proportional change in resource limits (L) and required resource
amounts (R), respectively. The following matrices were used to
implement the compensatory interaction between resources, as
displayed in Fig. 3:

01 0 00
L:{o o]a“dR:[o 0.5}

Here, the limit of resource 1 (Fig. 3) increases by 10%, whereas
the required resource amounts of resource 2 (Fig. 3) increases by
50%.
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