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Abstract 

 

In difficult listening situations, (e.g. in a busy café), listeners may expend more listening 

effort (LE) but only if they are motivated to achieve listening success. The Framework for 

Understanding Effortful Listening (FUEL) and other models predict that listening demands 

and motivation are key factors which determine how much LE in individual exerts. A general 

model of effort, Cognitive Energetics Theory (CET) posits that inter-individual differences in 

resource capacity and personality also influence how much effort is exerted. This thesis 

aimed to further investigate the influence of these factors on LE.  

 

Several subjective, behavioural, and physiological measures have been suggested to index 

LE. These different measures may differ in their sensitivity to listening demands and 

motivation (Pichora-Fuller et al., 2016).  A systematic review and meta-analysis of previous 

literature on motivation and LE was carried out. This identified several motivational factors 

(e.g., financial reward, evaluative threat, perceived competence, individual traits, and 

feedback) and showed that certain motivational factor/LE outcome combinations yield larger 

effect sizes than others. Results informed the choice of motivational factors and outcomes 

investigated in three experimental studies included in this thesis. 

 

In these experimental studies, a speech recognition task was designed which used prior 

knowledge (perceptual ‘pop out’) of tone-vocoded speech sentences to manipulate listening 

demands.  This approach was chosen to dissociate the perceptual effects of changes in 

speech intelligibility and LE from (bottom-up) acoustical differences which may influence 

physiological measures of LE. 

 

Twenty-four young, normal-hearing participants took part in the first study. Motivation was 

manipulated using financial reward (high/low).  Outcomes included task performance and 

subjective and behavioural indices of LE.  Results showed decreased performance and 

increased LE for subjective and behavioural LE outcomes with greater listening demands.  

Only self-rated LE increased with greater motivation.  CET predictions were therefore only 

partially supported. 

 

The second study investigated evaluative threat as a motivational factor using the same 

speech recognition task as study one. Experiments were carried out in a laboratory and 

online (with adjustments to the listening demands of the speech recognition task following 

piloting). Thirty-seven young, normal-hearing participants took part in each experiment. In 

the laboratory, but not online, listening demands had consistent effects on subjective and 
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behavioural LE outcomes. There was a main effect of motivation on subjective LE online but 

no effects in the laboratory, where the evaluative threat manipulation may have been less 

effective. Contrary to the predictions of CET, FUEL and others, listening demands and 

motivation did not have an interactive effect on LE. This study highlighted challenges in 

performing LE experiments online.  

 

In study 3, the speech recognition task used in the previous studies was “gamified” using 

performance-based financial gains, losses, and feedback to increase participant 

engagement in the listening task. Motivation was manipulated by changing the value of the 

potential gains/losses. Subjective, behavioural and physiological measures of LE were used. 

Main effects of listening demands were recorded for all outcomes.  Gamification was found 

to be an effective way of operationalising motivation, as there were main effects of 

motivation for all outcomes except correct response rate and self-rated tiredness. Listening 

demands and motivation did not have interactive effects on any of the outcomes, 

contradicting the predictions of FUEL, CET and other models. 

 

Motivational factors varied in their effectiveness in encouraging LE and were not found to 

interact with listening demands in the way specified by CET and other theories.  Differential 

effects were found depending on the combination of LE outcome and motivational factor.  

However, gamification had broader effects across subjective, behavioural and physiological 

LE outcomes. Gamification may be a useful strategy to increase participant engagement 

with LE tasks. Further research could aim to identify which aspects of gamified tasks (e.g. 

potential for losses/gains, feedback) are most effective in promoting listener engagement. 

Progress in understanding of motivation and LE may be useful for hearing rehabilitation, for 

example, by identifying motivational factors which would encourage individuals with hearing 

impairment to overcome listening challenges in everyday life.   
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Chapter One 
Introduction 

 
 



 
 

 

INTRODUCTION 

 

1. Background  

 

When listening becomes challenging, individuals can choose whether to expend listening 

effort (LE) in an attempt to increase the likelihood of overcoming listening challenges.  

Models of effort emphasise motivation as a key factor influencing the decision to exert effort:  

According to the Framework for Understanding Effortful Listening (FUEL), LE involves the 

deliberate allocation of resources and only occurs in pursuit of a particular goal (Pichora-

Fuller et al. 2016). Cognitive Energetics Theory (CET; Kruglanski et al. 2012), a model from 

wider field of effort research, predicts that effort depends on additional factors such as 

resource capacity and personality traits which affect the tendency to withhold resources.  

Both FUEL and CET predict that the amount of LE exerted depends upon an interaction 

between motivation and listening demands: a listener increases LE to meet demands, but 

only if motivated by the listening goal.  This thesis aimed to further understanding of how LE 

is impacted by listening demands, motivation and inter-individual differences in 

personality/cognitive skills.  

 

Chapter 2 provides a background on the literature of listening effort and motivation. The 

chapter discusses models of LE and motivation, some of which predict that motivation is a 

modifier of the relationship between listening demands and LE.  Different ways of measuring 

LE are then discussed in detail, as well as evidence suggesting that LE is a multi-

dimensional construct (Alhanbali et al., 2019; McMahon et al., 2016; Miles et al., 2017; 

Strand et al., 2018). 

 

In chapter three, results from a systematic review/meta-analysis of previous literature is 

presented.  The review aimed to evaluate all existing studies investigating motivation and 

LE.  The FUEL also posits that putative subjective, behavioural, and physiological LE 

outcomes may differ in their sensitivity to listening demands and motivation.  Therefore, 

nested analyses were carried out to compare effect sizes for various motivational factors on 

different LE outcomes. 

 

The review aimed to answer the following research questions (RQs): 

 RQ1: What differences in effect sizes exist between different motivational factors? 

 RQ2: What differences in effect sizes exist between different types of LE outcomes?  
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 RQ3: Which motivational factor/LE outcome combinations measure the 

largest/smallest effects?  

 

The systematic review was published in Trends in Hearing: 

Carolan, P. J., Heinrich, A., Munro, K. J., & Millman, R. E. (2022). Quantifying the Effects of 

Motivation on Listening Effort: A Systematic Review and Meta-Analysis. Trends in Hearing, 

26, 23312165211059982. doi: 10.1177/23312165211059982 

 

The Portable Document Format (PDF) of the publication is used in the chapter.  

Supplementary materials (Risk of Bias Tool, search terms, Risk of Bias scores for individual 

studies, and funnel plots are provided in Appendix E to P) or can be accessed at https://doi-

org.manchester.idm.oclc.org/10.1177%2F23312165211059982 

 

2. Experimental studies 

 

The results of the review/meta-analysis informed the operationalisation of motivation of the 

three experimental studies, which are presented in chapters four, five and six. Table 1 

provides a description of the main research questions addressed in each study in addition to 

a description of the methods used in each study, including sample size, independent 

variables, covariates, outcome measures and summary of main results. 

https://doi-org.manchester.idm.oclc.org/10.1177%2F23312165211059982
https://doi-org.manchester.idm.oclc.org/10.1177%2F23312165211059982


 
 

Table 1. Details of studies in the thesis. LE = listening effort; MTQ = Motivational Trait Questionnaire; PPD = peak pupil dilation; RT = reaction time 

Study Research questions/aims Sample 

size 

Independent 

variables/covariates 

Outcomes Main results 

1  To investigate how listening demands and 

motivation (operationalised as financial 

reward) regulate LE in a speech recognition 

task 

 To investigate the possible moderating 

influence of resource conservation and 

resource pool capacity 

N = 24  Listening demands (tone 

vocoded sentences) 

 Motivation (Financial reward) 

 Resource conservation (Need 

for Closure; MTQ 

Competitiveness, Personal 

Mastery) 

 Resource pool capacity 

(backwards digit span, lexical 

decision-making ability) 

 Performance 

(correct 

response rate) 

 RTs 

 Self-rated 

work 

 Self-rated 

likelihood of 

giving up 

 Poorer performance and greater LE (all 

outcomes) with higher listening demands 

 Higher ratings of self-rated work with higher 

motivation 

 Fixed effects of resource conservation 

(competitiveness) on RTs.  Fixed effects of 

resource pool capacity (lexical decision 

making ability, backwards digit span) on 

RTs and performance 

2  Does motivation (operationalised as 
evaluative threat or evaluative feedback) 
interact with listening demands to affect task 
performance (performance accuracy) and 
LE (RTs, self-rated work) as well as reduced 
fatigue (self-rated tiredness) in a speech 
recognition task? 

 Is resource capacity (backwards digit span) 
associated with performance on a speech 
recognition task and indices of LE? 

 What impact does experimental setting 
(online/laboratory) have on performance and 
indices of LE on a speech recognition task? 

2a 

(online)  

N = 37 

 

2b (lab)  

N = 37 

 

2c 

(online)  

N = 37 

 Listening demands (tone 

vocoded sentences) 

 Motivation (2a, 2b evaluative 

threat; 2c evaluative 

feedback) 

 Resource pool capacity 

(backwards digit span) 

 Performance 

(correct 

response rate) 

 RTs 

 Self-rated 

work 

 Self-rated 

tiredness 

 2a (online/evaluative threat) longer RTs with 

greater listening demands, no other 

significant effects. Higher ratings of work 

with motivation. Fixed effects of resource 

capacity (backwards digit span) on RTs. 

 2b (laboratory/evaluative threat) poorer 

performance and greater LE (all outcomes) 

with higher listening demands 

 2c (online/evaluative feedback) shorter RTs 

with motivation. Fixed effect of resource 

capacity (backwards digit span) on 

performance, RT and work. 

3  Does motivation (operationalised as financial 
losses/gains with feedback) interact with 
listening demands to affect performance 
accuracy and indices of LE (RTs, self-rated 
LE, PPD) on a speech recognition task? 

 How does motivation affect self-rated fatigue 
in a speech recognition task?  

 Is there an association between personality 
(achievement motivation), performance 
accuracy and indices of LE? 

N = 33  Listening demands (tone 

vocoded sentences) 

 Motivation (gamification: 

financial reward, losses, 

feedback) 

 Resource conservation (MTQ 

Competitiveness, Personal 

Mastery) 

 Performance 

(correct 

response rate) 

 RTs 

 Self-rated 

work 

 Self-rated 

tiredness 

 PPD 

 Higher listening demands decreased 

performance and PPD and increased RTs 

and self-rated work. 

 Motivation increased self-rated work, PPD 

and RTs. 
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Study 1 

 

The main aim of study 1 (chapter four) was to investigate the effects of listening demands 

and motivation on LE in a novel speech recognition task. Secondary aims were to 

investigate whether the relationship between listening demands and motivation is moderated 

by resource conservation (operationalised as need for closure and individual differences in 

achievement motivation) and resource pool capacity (operationalised as working memory 

span and lexical decision-making ability). Listening demands were manipulated using prior 

knowledge (“perceptual pop out”) to modify the intelligibility of tone vocoded sentences. In 

each trial, a vocoded speech sentence was presented twice.  In the moderate listening 

demands condition, the first presentation (‘cue’) of the sentence was processed for moderate 

intelligibility using a 3-band vocoder.  Following presentation of the cue sentence, there was 

a second (‘target’) presentation at low intelligibility (vocoded using a 2-band vocoder). In the 

high listening demands condition, the intelligibility was always low, i.e. both ‘cue’ and ‘target’ 

sentences were processed for low intelligibility (using a 2-band vocoder). This approach 

dissociates the perceptual effects of changes in speech intelligibility and LE from (bottom-up) 

acoustical differences that are typically used to manipulate listening demands. 

 

Motivation was operationalised as financial reward. For low motivation trials, participants 

were informed that they would receive 20p for achieving a correct response rate of ≥60% per 

every 10 trials. For high motivation trials, the reward offered was £2.50 for achieving ≥60% 

per every 10 trials.  

 

The outcomes were performance (correct response rate), behavioural (RTs) and subjective 

(self-rated work, self-rated likelihood of giving up) indices of LE. Overall effort was also 

measured using the NASA Task Load Index (NASA-TLX; Hart & Staveland, 1988). Need for 

closure and achievement motivation were measured using the Need for Closure Scale 

(Roets & van Hiel, 2011) (see Appendix A) and the Motivational Trait Questionnaire 

(Heggestad & Kanfer, 2000) (see Appendix B) respectively. The NASA-TLX (Hart & 

Staveland, 1988) is included in Appendix C. The participant information sheet for study 1 is 

in Appendix D. 

 

Hypotheses: 

 Listening demands are predicted to show a main effect on LE, with higher demands 

resulting in a lower correct response rate, longer RTs and higher subjective ratings of LE 

(work) and likelihood of giving up. 
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 A main effect of motivation (financial reward) on LE is predicted, with high value reward 

expected to motivate participants more than low, and result in higher correct response 

rates, longer RTs, higher self-rated LE and lower self-rated likelihood of giving up. 

 Interactions between listening demands and reward are predicted for the correct 

response rate, RTs and subjective ratings of LE and likelihood of giving up, driven by a 

greater motivational influence of financial reward under higher listening demands. 

 It is expected that differences in the resource pool capacity (measured by working 

memory span and lexical decision-making ability) and in the resource conservation 

aspect of the restraining force of CET (need for closure and individual differences in 

achievement motivation) will predict the correct response rate and subjective and 

behavioural measures of LE.   

 Resource conservation and measures of resource pool capacity are predicted to interact 

with listening demands and reward for behavioural and self-report LE outcomes. 

 

This study was published in the International Journal of Audiology:  

Carolan, P. J., Heinrich, A., Munro, K. J., & Millman, R. E. (2021). Financial reward has 

differential effects on behavioural and self-report measures of listening effort. International 

Journal of Audiology, 60(11), 900-910. doi: 10.1080/14992027.2021.1884907 

 

The Portable Document Format (PDF) of the publication is used in the chapter.  

The Participant Information Sheet for the study is included in appendix D. 

 

Study 2 

 

Study 2 (chapter five) aimed to explore the feasibility of conducting LE research online by 

comparing results from a speech recognition task performed online with results from a 

speech recognition task carried out in a laboratory.   This study also applied the CET 

framework in the context of LE to investigate the influence of listening demands, motivation 

and inter-individual differences in resource capacity.   

 

The study used the same speech recognition task from study 1.  Listening demands were 

operationalised using prior knowledge (“perceptual pop-out”). Motivation was operationalised 

using evaluative threat, i.e. informing participants in the high motivation condition that they 

must reach a certain performance threshold for their data to be useable. Experiment 2a was 

performed online (with adjusted listening demand settings following piloting) with 37 normal-

hearing participants.  Experiment 2b was carried out in a laboratory with a different set of 37 
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normal-hearing participants. An additional experiment (2c) is presented in the supplementary 

materials. This was performed online but investigated a different motivational factor: 

evaluative feedback.  

 

The outcomes were performance (correct response rate) and behavioural (RTs) and 

subjective (self-rated work) indices of LE. Self-rated tiredness was also measured. 

 

Hypotheses: 

 Listening demands: Decreased performance accuracy, longer RTs (suggesting 

greater LE) and increased self-rated work when listening demands are predicted for 

high compared to moderate listening demands. 

 Motivation: Decreased self-rated tiredness is expected with higher motivation. 

 Working memory: positive associations between working memory (backwards digit 

span), performance accuracy and indices of LE are predicted.  

The following interactions between motivation and listening demands are also predicted: 

 Moderate listening demands*motivation: performance accuracy is expected to be 

unaffected by differences in motivation and no influence of motivation on RTs and 

self-rated work.  

 High listening demands*motivation: performance accuracy is expected to be lower 

and higher self-rated work and longer RTs (suggesting greater effort) is expected in 

conditions of low motivation compared to high motivation.   

The experimental setting (online/laboratory) is also predicted to impact results. 

The format for submitting the manuscript to Frontiers in Psychology is used.  Participant 

Information Sheets are included in Appendices Q and R. 

 

Study 3 

 

In Study 3 (chapter six), the CET framework and other models of effort were applied in the 

context of LE to probe the effects of listening demands, motivation and inter-individual 

differences in resource capacity. The study used the same speech recognition task from 

study 1.  Listening demands were operationalised in the same way as study 1. Motivation 

involved gamification of the speech recognition task.  Participants began with £5 and were 

rewarded with extra money for correct answers and fined for incorrect answers.  Feedback 

was provided for each trial and the amount of money earned was displayed between trials. 
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The outcomes were performance (correct response rate), behavioural (RTs), subjective 

(self-rated work) and physiological (Peak Pupil Dilation; PPD) indices of LE. Self-rated 

tiredness was also measured. 

 

Hypotheses: 

 

 Taking into account the FUEL and CET frameworks, a main effect of listening demands 

with lower performance accuracy and greater LE in the high compared to the moderate 

listening demands condition is predicted.  

 An interaction between listening demands and motivation is also predicted, with a larger 

effect of motivation on performance accuracy and LE outcomes in the high, compared to 

the moderate, listening demands condition. Greater LE is expected to result in longer 

RTs, higher ratings of self-rated LE and a greater PPD in the high listening demands 

condition. 

 Higher ratings of fatigue in the low compared to high motivation condition are predicted. 

 A significant positive association between the Personal Mastery and Competitive scales 

of the MTQ (indexing the resource conservation aspect of CET) and performance 

accuracy/indices of LE is predicted. 

The format for submitting the manuscript to Hearing Research is used.  Patient Information 

Sheets are included in Appendix S. 

 

3. Thesis format 

 

The research carried out in this thesis led to novel findings and two chapters have already 

been published in peer-reviewed journals. A “journal format” is therefore appropriate for the 

presentation of the thesis.  The first author of each study is always the author of this thesis.  

For chapters three and four, the PDF of the reprint is used. There is a page before each 

manuscript with the manuscript title and publication information. Chapters 3 and 4 have their 

own pagination which does not follow the pagination of the rest of the thesis. For chapters 3, 

4, 5 and 6, references cited are provided at the end of each chapter.  For chapters 1, 2 and 

7, references cited are provided at the end of the thesis. All references follow American 

Psychological Association format. 

 

For the systematic review (chapter 3) and the experimental studies (chapter 4, 5 and 6), co-

authors Rebecca Millman, Antje Heinrich and Kevin Munro advised on the design, analysis, 

interpretation of results and revised the manuscripts. For the systematic review, parts of the 
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review were also carried out independently by Rebecca Millman (see chapter 3 for details). 

In study 3 (chapter 6), Ronan McGarrigle advised on the processing and interpretation of 

pupillometry data. 
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Chapter Two: 
Background 

 



 
 

 

1. Introduction 

 

Speech can become difficult to understand in everyday life for many reasons.  These 

can be classified as external to the listener (e.g. if the speaker uses complex language or the 

background is noisy) or internal (e.g. if the listener has a hearing impairment) (Mattys et al., 

2012). Under such conditions, a listener is often required to mobilise mental resources to 

make sense of the degraded input.  The ‘dictionary’ definition of LE is “the mental exertion 

required to attend to and understand an auditory message” (McGarrigle et al. 2014, p. 434), 

but there is currently no universally agreed definition.  For people living with hearing 

impairment, excessive LE may contribute to reduced quality-of-life (Fellinger et al., 2007), 

mental fatigue (Hétu et al., 1988), emotional strain (Alhanbali et al., 2018) and a greater 

incidence of distress-related sick leave compared to people with normal hearing (Kramer et 

al., 2006).   

 

In addition to listening demands, motivation may also influence a listener’s decision 

to expend LE (Pichora-Fuller et al., 2016).  It has been suggested that in some situations the 

intellectual and social benefits of listening may outweigh the costs in terms of mental 

exertion (Matthen, 2016). For example, in a noisy environment, a listener may strain to 

understand speech if they are motivated by the topic of conversation (Pichora-Fuller et al., 

2016).  

  

There are a number of putative subjective, behavioural and physiological measures 

of LE.  These measures may vary according to their responsiveness to changes in LE as a 

function of listening demands or motivation, and some measures may be sensitive to both 

listening demands and motivation (Pichora-Fuller et al., 2016). A reliable measure of LE 

would offer people with hearing impairment a more complete picture of their disability and 

may assist clinicians and patients in discriminating between hearing devices and settings, 

thereby reducing the likelihood of negative outcomes associated with excessive LE (Miles et 

al., 2017). However, further work is required to understand the relationship between listening 

demands, motivation and LE. In addition, clarification is needed on which motivational 

factors influence LE and the sensitivity of putative measures of LE to motivational factors.  

 

This chapter discusses models of LE and motivation.  Several of these models posit 

that motivation modifies the relationship between listening demands and LE.  Different ways 

of measuring LE are then discussed in detail, as well as evidence suggesting that LE is a 

multi-dimensional construct (Alhanbali et al., 2019; McMahon et al., 2016; Miles et al., 2017; 
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Strand et al., 2018).  Further investigation of how motivational factors interact with aspects of 

this multi-dimensional construct is essential for advancing our understanding of LE.  This 

could help guide hearing rehabilitation e.g. by identifying factors that can increase the 

motivation to overcome listening challenges in everyday life for people with hearing 

impairment (Pichora-Fuller et al., 2016).   

 

2. Models of Listening Effort 

 
There are a number of models which can be applied to LE.  Many of the models 

share core features. For example, both Cognitive Energetics Theory (CET) (Kruglanski et al., 

2012) and the Framework for Understanding Effortful Listening (FUEL) (Pichora-Fuller et al., 

2016) build upon Motivational Intensity Theory (MIT) (Brehm & Self, 1989).  The models 

discussed here include unique aspects (e.g. CET includes personality traits as a factor 

influencing LE) and differ in terms of the emphasis placed on motivation.  The FUEL will be 

discussed first, followed by the models which are integrated into the framework (MIT, the 

Ease of Language Understanding Model (ELU) (Rönnberg, 2003; Rönnberg et al., 2019; 

Rönnberg et al., 2016; Rönnberg et al., 2013; Rönnberg et al., 2008; Rönnberg et al., 2010) 

and the Motivational Control Model (MCM) (Hockey, 2013). A more recent model, the Model 

of Listening Engagement (MoLE) (Herrmann & Johnsrude, 2020), which complements the 

FUEL, will then be outlined.  Finally, CET, a model from the wider field of effort research that 

can be applied to LE, will be discussed. 

 

2.1 The Framework for Understanding Effortful Listening 

 

The Framework for Effortful Listening (FUEL) (Pichora-Fuller et al., 2016) posits that 

effort allocation involves an active decision-making process on the part of a listener. The 

FUEL definition of LE as the “deliberate allocation of mental resources to overcome 

obstacles in goal pursuit when carrying out a [listening] task” (Pichora-Fuller et al., 2016, p. 

10S) highlights motivation as a factor influencing LE exertion.  According to the FUEL, the 

allocation of mental resources in demanding situations is not an automatic response, but 

occurs only if listening is necessary to achieve a particular goal.  Thus the allocation of LE is 

predicted to depend upon both listening demands and motivation.   

 

The FUEL is informed by Kahneman’s Capacity Model of Attention (Kahneman, 

1973), a cognitive-behavioural model of attention.  According to the Capacity Model of 

Attention, as a task becomes more cognitively demanding, there is an increased need for 

mental activity to compensate for the increased difficulty level.  Pichora-Fuller et al. (2016) 
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incorporate this cognitive ‘supply and demand’ relationship as the foundation of the FUEL.  

The FUEL considers mental resources to be limited in capacity, with size varying between 

individuals.  Drawing upon the ELU model (e.g. Rönnberg et al., 2019), the FUEL identifies 

working memory as an important type of explicit processing that could be deployed to 

understand speech in challenging situations.  The FUEL consists of the core elements of the 

Capacity Model of Attention including the available cognitive capacity (which varies with 

arousal) and a component which allocates capacity to competing activities.  

 

The FUEL was also developed in recognition that an individual’s willingness to 

overcome listening challenges affects their effort expenditure, in other words, expending LE 

depends on the listener’s motivation to achieve goals and receive personal and/or social 

rewards.  The FUEL proposes that listeners perform a cost/benefit analysis, weighing the 

potential benefits of goal achievement versus the required cost in mental resources.  

Pleasurable tasks are assumed to act as a motivator, offsetting the cost in terms of cognitive 

energy (Matthen, 2016).  This may account for why some people with hearing impairment 

disengage whilst others persist despite the challenges (Matthen, 2016).  However, individual 

differences in the type of listening goals people have, and the strategies they may employ to 

overcome listening challenges, are not fully recognised by the FUEL.  Additionally, 

personality traits may affect how LE is expended, e.g. some people may be motivated to 

achieve success and others avoid failure (McClelland et al., 1953), but this is not a 

prominent part of FUEL. 

 

LE may fluctuate over the course of a listening activity due to changes in both 

demands (e.g. the amount of background noise) or motivation (e.g. the importance of 

success to the listener). These factors are predicted to interact: the amount of LE expended 

increases to meet the listening demands, but only if the individual is sufficiently motivated.  

This aspect of the FUEL draws upon MIT (Brehm & Self, 1989).  Reduced motivation but 

high demands may lead to reallocation of effort to another task or fatigue.  Fatigue is 

proposed to signal to the individual that the reward for completing the task may not be worth 

the energy expenditure, prompting a reduction in LE. This understanding of fatigue is based 

on the MCM (Hockey, 2013).  The models which the FUEL integrates i.e. MIT, ELU and 

MCM, will now be discussed in more detail. 

 

2.2 The Ease of Language Understanding Model 

 

As mentioned above, the FUEL highlights working memory as a resource which 

listeners may deploy under challenging listening demands (Pichora-Fuller et al., 2016).  This 
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aspect of the FUEL draws upon the ELU model (e.g. Rönnberg et al., 2019), which posits 

that LE reflects the degree of working memory engagement in a task. 

  

The ELU describes how listeners process linguistic input to achieve understanding, 

taking into account phonology, semantics, syntax and prosody.  Central to the model is a 

phonological buffer (which facilitates the Rapid, Automatic, Multimodal Binding of 

PHOnology; RAMBPHO) which combines multimodal input (typically audio-visual) into 

representations in working memory, which then feed forward into long-term memory.  If a 

match is found between the buffer output and stored phonological representations, then 

lexical access will be achieved.  In ideal circumstances, this is a rapid and automatic 

process, but under challenging conditions (e.g. if input is degraded, the speaker has an 

unfamiliar accent or the listener has hearing loss) a mismatch may occur which can lead to 

inappropriate or unsuccessful lexical activation.   

 

The most recent version of the ELU model (Rönnberg et al., 2019) proposes that 

working memory is deployed to try and resolve mismatches between the buffer output and 

stored phonological representations, as part of “pre-dictive” or “post-dictive” processing.  

Post-dictive processing involves attempting to resolve the mismatch by piecing together 

fragmentary information in working memory, or using contextual information to inform 

inferences and decisions.  This is a slow and deliberate process since the mismatch needs 

to have already occurred to activate post-dictive processes.  Pre-dictive processing, on the 

other hand, is fast, implicit and automatic.  It involves priming and pre-tuning the buffer and 

attention on the basis of contextual information.  Post-dictive processing relies mainly on 

working memory for inference-making whereas pre-dictive processing involves both working 

memory and long-term memory, as in order to prime attention, representations must be 

“loaded” in long-term memory. 

 

According to the ELU model, working memory is the primary cognitive resource 

recruited to understand speech in challenging circumstances.  LE is proposed to reflect the 

extent to which working memory resources are taxed.  Individuals with higher working 

memory capacity therefore should have greater resource availability and hence experience 

less effort in comparison to individuals with a relatively small capacity.  This predicted 

association between working memory capacity and LE is supported by a number of studies 

(Koelewijn et al., 2012; Rudner et al., 2012; Rudner et al., 2011; Sörqvist et al., 2012; Souza 

et al., 2015) including Strand et al. (2018) who found greater working memory capacity 

(measured with reading span) was associated with reduced levels of LE across a number of 

measures.  
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The results of some studies contradict the ELU, e.g., in Koelewijn et al. (2012), 

working memory capacity was associated with greater performance on a speech recognition 

task with single-talker babble and larger (suggesting greater effort) pupil dilation. A possible 

explanation for these findings, which warrants further investigation, is that the relationship 

between working memory and LE is mediated by motivation. Unlike the FUEL (Pichora-

Fuller et al., 2016), the ELU does not make predictions about how listening demands, 

motivation and their interaction influence LE, although the ELU proposes that the listener’s 

goals shape their speech processing priorities through the pre-dictive role of working 

memory.   

 

2.3 Motivational Intensity Theory 

 

The notion that listening demands and motivation interact to influence LE in the 

FUEL builds upon MIT, from the wider effort literature.  MIT (Brehm & Self, 1989) posits that 

the function of effort mobilisation is to enable goal attainment.  The amount of effort 

expended varies as a function of both task difficulty and motivation (success importance), 

which ensures the efficient use of resources.  An individual decides on the maximum amount 

of effort they are willing to expend to complete a task; this is referred to as “potential 

motivation”.  Up until this level of effort is reached, the amount of effort expended will 

increase in line with task difficulty, which ensures that resources are only allocated for goals 

in which the importance of success justifies the effort expenditure.  An individual disengages 

if the effort demanded by the task breaches the level specified by their potential motivation, 

as the task is deemed to not be worth the energy consumption.  This has been termed a 

“principle of motivational intelligence” (Gendolla & Richter, 2010, p. 213).  According to MIT, 

potential motivation is primarily determined by goal importance.  If a goal is perceived by a 

person to be valuable, their potential motivation will be relatively high and hence they will be 

willing to engage in more difficult tasks in pursuit of that goal.   

 

MIT is supported by research showing interactions between task demands and 

motivation (success importance) (Gendolla & Wright, 2012; Richter et al., 2012; Wright, 

1996), but the principles of MIT do not always hold. For example, in some circumstances 

individuals may exert more effort than is required (Richter, 2015; Stanek & Richter, 2016; 

Stanek & Richter, 2021) and may not disengage for tasks under high difficulty and low 

reward conditions (Stanek & Richter, 2021).  Extensions to the theory, including ego 

involvement and mood, might explain these results, as these factors may influence 

perceived task difficulty (Richter et al., 2016). 
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2.4 Motivational Control Model 

 

The Motivational Control Model (MCM) (Hockey, 2013) extends the relationship 

between motivation and LE to fatigue, which is described as an adaptive state which 

ensures the efficient allocation of effort.  This definition of fatigue is incorporated into the 

FUEL.  Like the FUEL, the MCM consists of three executive control functions: 1) a goal 

regulation mechanism, which selects and maintains an active goal from other competing 

goals, 2) a performance evaluation mechanism, which coordinates regulatory activity and 3) 

a mechanism which regulates effort.  If high listening demands result in suboptimal 

performance, the performance evaluator signals to the effort regulation mechanism that 

more effort is required.  Effort may be increased if the task goal has high utility to the 

individual.  Otherwise, a reduction in effort may result in a new goal being selected. Fatigue 

is proposed to be a consequence of repeated calls to the effort regulator to increase effort.  It 

is therefore likely to occur in situations which require a high amount of effort and are 

perceived to be unrewarding.  Fatigue signals to individuals that they need to redirect 

resources towards alternative actions which have greater utility (e.g. higher rewards or lower 

effort costs).  Increasing the utility of a task may therefore reduce fatigue.   

 

2.5 The Model of Listening Engagement (MoLE) 
 

One of the aims of The Model of Listening Engagement (MoLE) (Herrmann & 

Johnsrude, 2020) is to provide a framework which may help clinicians identify individuals 

with hearing impairment who are at risk of social isolation due to disengagement from 

listening.  The MoLE defines a “resource” as “a neurophysiological competence that 

supports task engagement” (Herrmann & Johnsrude, 2020, p. 5). Resources involve the use 

of neural circuits which may relate to psychological constructs e.g. working memory, 

attention, cognitive control.  The MoLE argues that the mental act of allocating cognitive 

resources is separate from the subjective experiences associated with challenging listening 

(e.g. work, frustration, boredom). “Listening engagement” is defined as “the (automatic or 

volitional) recruitment of executive and other cognitive resources, when speech 

comprehension serves a valued communication goal” (Herrmann & Johnsrude, 2020, p. 2), 

while “listening effort” relates to “a person’s experience during listening” (Herrmann & 

Johnsrude, 2020, p. 3) and is the consequence of recruiting cognitive resources during a 

challenging listening task. Listening experiences (e.g.  boredom, effort, frustration) are 

determined by the available amount of a resource and its interaction with engagement and 

motivation. 
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The MoLE critiques the way other models, such as the FUEL (Pichora-Fuller et al., 

2016), use definitions that conflate listening effort with listening engagement and suggest 

this makes operationalising LE in research more challenging (Herrmann & Johnsrude, 2020).  

This distinction between listening engagement and listening experiences offers an 

explanation for why poor correlations between different LE methods are often found when 

utilised simultaneously, as some may relate to listening engagement and others experience 

(Alhanbali et al., 2019; McMahon et al., 2016; Miles et al., 2017; Strand et al., 2018). The 

MoLE suggests that physiological measures, such as pupil dilation. may index listening 

engagement, whereas subjective measures, such as questionnaires, may index listening 

experiences (Herrmann & Johnsrude, 2020).   

 

In contrast to the FUEL (Pichora-Fuller et al., 2016) and the ELU (e.g. Rönnberg et 

al., 2019) which focus primarily on working memory, the MoLE acknowledges a wider array 

of cognitive processes which might be utilised during effortful listening.  Multiple resources 

may be utilised depending upon the type of task.  For example, if speech is masked 

energetically (i.e. by interfering noise which has overlapping components at the same 

frequency) semantic and working memory may be recruited to infer the meaning of any 

missed information. Alternatively, if speech is masked by another speaker (speech-on-

speech masking), the listener is more likely to utilise cognitive control and distractor 

suppression to achieve understanding.   

 

The MoLE shares commonalities with the FUEL in emphasising motivation, defined 

as “forces that drive and direct the recruitment of resources” (Herrmann & Johnsrude, 2020, 

p. 4). In addition, and consistent with MIT, the MoLE predicts that resource recruitment 

increases in proportion with the demands of the listening task, but only if the individual is 

sufficiently motivated to achieve understanding.   

 

The MoLE further suggests that participant engagement needs to be considered 

when designing laboratory experiments.  It criticises the use of simple sentence stimuli in 

many LE studies, which are not very narratively engaging. In contrast, listening in everyday 

life involves sharing stories, which are detailed and engage our emotions. The MoLE 

suggests that active listening is motivated by narrative engagement: Stories and other 

discourses are rewarding as they help us to understand ourselves and the world and allow 

us to connect socially with others (Bamberg, 2011; Dunlop & Walker, 2013; Graesser et al., 

2002; Mar & Oatley, 2008).  However, there are practical limitations associated with using 

more engaging materials e.g. audiobooks, in a laboratory setting as these tend to be longer 
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and participants may differ on what materials they find engaging.  Sentence sets, such as 

those developed in the Hearing in Noise Test (Nilsson et al., 1994), may not be as 

narratively engaging, but they are ideal to use in laboratory speech recognition tasks as they 

are uniform in length, designed to represent natural speech and widely used in previous LE 

research showing the effects of listening demands on LE (e.g. Hodgetts et al., 2018; Wu et 

al., 2016).  

 

2.6 Cognitive Energetics Theory 

 

Both MoLE, the ELU and FUEL conceptualise engagement of mental resources in 

response to listening, CET (Kruglanski et al., 2012), on the other hand, offers a wider and 

more general picture, which is not restricted to listening but applies to “all instances of goal-

directed behaviour” (Kruglanski et al., 2012, p. 4). Goal-directed activity is assumed to arise 

from an interaction between “psychological” forces (Kruglanski et al., 2012, p. 5), rather than 

the allocation of cognitive resources as in the FUEL (Pichora-Fuller et al., 2016), the MoLE 

(Herrmann & Johnsrude, 2020) and the ELU (e.g. Rönnberg et al., 2019).  The theory 

describes a potential driving force, which reflects the maximum amount of energy a person 

will exert in order to attain a given goal, and an effective driving force, which reflects the 

actual energy exerted. In order to carry out a goal-directed activity, the individual must a) 

have sufficient skill to carry out the task and b) the strength of their effective driving force 

must match the strength of a restraining force.  The relative strengths of the driving and 

restraining forces are proposed to vary dynamically over time, thus goal-directed behaviour 

is characterised as a constant interaction between two opposing forces.   

 

The potential driving force consists of two main components: goal importance and 

the individual’s pool of available resources.  Goal importance arises from both the value that 

the individual places on achievement and their assessment of the likelihood in achieving the 

goal (Atkinson & Birch, 1970).  Resources within CET are assumed to be self-regulatory, 

finite and exhaustible, thus the total size of the resource pool informs the maximum 

resources that could be invested in goal pursuit.  The magnitude of the potential driving force 

is determined by the importance of the goal: the more important the goal, the more 

resources will be mobilised, within the limits of the person’s resource pool.  A prediction that 

follows from the driving force aspect of the model is that modulating the availability of 

resources should have the same effect as modulating goal importance.  Although the FUEL 

recognises the importance of resource availability and motivation, the prediction that these 

are interchangeable factors influencing effort is unique to CET. 
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The magnitude of the restraining force is defined in reference to three constraining 

components a) resource conservation: this varies as a function of how likely the individual is 

to seek to withhold resources, b) task demands: as perceived by the individual and c) 

alternative goals: which compete with the target activity for resources.  The magnitude of the 

restraining force is determined additively. Unlike the potential driving force, no single 

component is essential to overcome the driving force.  For example, very difficult task 

demands may overpower the driving force, even if there are no competing goals.  Unique to 

CET is the prediction that an increase in strength of one of the aspects of the driving force 

can be offset by a decrease in one of the other aspects. 

 

CET also posits that individual traits affect the likelihood of resource conservation, 

e.g. individuals who enjoy mental activity (a strong “need for cognition”) are predicted to be 

more likely to choose more effortful, but potentially more effective, strategies to attain goals 

(Cacioppo & Petty, 1982; Kruglanski et al., 2012).  Personality traits also play a role in effort 

regulation (Smillie et al., 2006; van Doorn & Lang, 2010; Wallace & Newman, 1997). 

Extraverts are suggested to have lower levels of cortico-reticular arousal compared to 

introverts (Doucet & Stelmack, 2000; Eysenck, 1967, 1990), which may lead extraverted 

individuals to expend greater effort to compensate for suboptimal arousal conditions (Brocke 

et al., 1996). Some personality traits may hinder effort expenditure for the task on hand, e.g. 

individuals with high trait neuroticism may direct effort to mental processes associated with 

negative thoughts at the expense of task-relevant activity (Wallace & Newman, 1997, 1998). 

 

CET is also raises the possibility of individuals using different strategies to cope with 

listening demands, which in the case of effortful listening might include using semantic and 

working memory to work out missing words based on the surrounding context.  If the 

potential driving force is strong relative to the restraining force, especially when due to high 

availability of resources, individuals are more likely to choose strategies which are more 

effective (even if these carry a greater cost) and hence the likelihood of achieving a goal 

increases with the strength of the potential driving force.  On the other hand, if the potential 

driving force is weak relative to the restraining force, individuals are more likely to choose 

low-demand strategies which may be less effective.   

 

Compared to the FUEL, CET has a much broader understanding of motivational 

influences, incorporating multiple factors into the driving force (resource availability and goal 

importance) as well as factors which may heighten resistance to effort expenditure such as 

the individual’s tendency towards resource conservation.  CET may therefore be more useful 

when considering how different aspects of motivation affect goal attainment and effort. 
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3. Measuring Listening Effort 

 

A number of possible measures of LE have been put forward, which are assumed to 

capture the subjective, behavioural or physiological consequences of allocating cognitive 

resources in response to increased listening demands and/or motivation to overcome 

listening challenges.  Whether (and how) these measures respond to changes in a listener’s 

motivation level is currently not well understood (Pichora-Fuller et al., 2016). 

 

3.1 Self-rated methods 

 

Self-report outcome measures index the subjective feelings of mental work or strain 

when trying to understand speech (Picou & Ricketts, 2018).  Self-report scales and 

questionnaires are a practical and convenient means of assessing LE (McGarrigle et al., 

2014).   

 

A number of self-report questionnaires have been used to assess LE, although very 

few assess perceived daily LE explicitly i.e. as it occurs in everyday communication and 

listening situations. These questionnaires of perceived daily LE include the Listening Effort 

Questionnaire-Cochlear Implant (LEQ-CL) (Hughes et al., 2019) and the Effort Assessment 

Scale (EAS) (Alhanbali et al., 2017). One commonly used questionnaire that has been used 

to assess LE is the Speech, Spatial and Qualities of Hearing Scale (Gatehouse & Noble, 

2004) (SSQ), although it is intended to capture individuals’ experiences of hearing 

disabilities in day-to-day life.  The questionnaire includes three questions pertinent to LE: ‘Do 

you have to concentrate very much when listening to someone or something?’, ‘Can you 

easily ignore other sounds when trying to listen to something?’ and ‘Do you have to put in a 

lot of effort to hear what is being said in conversation with others?’ Ratings are given 

between 0 and 10 with lower ratings indicting greater effort/difficulty. The SSQ has been 

used to explore the effects of hearing devices on LE, e.g. Lopez et al. (2021) found a 

significant reduction of ratings of LE on the SSQ in new cochlear implant users compared to 

their preoperative levels.   

 

However, perceived daily LE may be qualitatively different to transitory LE elicited by 

laboratory-based tasks (c.f. Alhanbali et al., 2017; Mackersie et al., 2015). In laboratory-

based studies, questionnaires such as the National Aeronautics and Space Administration 

Task Load Index (NASA-TLX) (Hart & Stavenland, 1988) (see Appendix C), may be more 

useful, since it is designed to index how much LE participants used after completing a 
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specific task. However, the NASA-TLX does not capture fluctuations in LE over the course of 

a listening task.  Self-rating scales have been used within laboratory experiments instead, 

e.g. asking participants to rate on a scale of 0—10 (with 0 meaning very and 10 meaning not 

at all): How hard did you work to understand what was said? How likely would you be to try 

to do something else to improve the situation (e.g. move to a quiet room, ask the speaker to 

speak louder)? How likely would you be to give up or just stop trying? How tired of listening 

do you feel? (Picou et al., 2017; Picou & Ricketts, 2014b, 2018).  

 

Associations between self-rated responses and objective measures, i.e. 

behavioural/physiological methods (see below), are inconsistent in some studies (e.g. Wendt 

et al., 2016; Zekveld et al., 2011). This may in part be due to the limitations of self-rated 

methods.  Instead of providing ratings of LE, some participants may report how difficult they 

perceived the task to be, or how they think they performed rather than the actual effort they 

exerted (McGarrigle et al., 2014; Moore & Picou, 2018).  The choice and wording of the self-

rated scale also requires careful consideration, as differential effects of motivation on LE 

have been recorded depending upon the type of self-rated outcome (Picou & Ricketts, 

2014b). In a sentence recognition task using audio-visual stimuli, Picou and Ricketts (2014b) 

found a significant increase in self-rated work and a significant decrease in self-rated 

likelihood of giving up (in the easy listening demands condition only) with motivation. When 

audio-only stimuli were used, there was a significant increase in self-rated work (in the hard 

listening demands condition only) with motivation but no changes in self-rated avoidance 

and control (i.e. willingness to try to improve the situation, e.g. by asking the person to 

repeat the phrase or speak louder).  A possible reason for the differences in results may be 

that auditory-visual stimuli enhanced engagement with the task resulting in increased 

sensitivity to the influence of motivation on LE (Picou & Ricketts, 2014b). Therefore, as well 

being aware of the type of LE they are attempting to measure (i.e. perceived LE in everyday 

life over a broad timescale versus transitory LE elicited by a laboratory-based task), 

researchers also need to consider the sensitivity of the self-rated measure to motivation.  

 

3.2 Behavioural methods 

 
In addition to performance on a speech task, three other behavioural indices have been 

used to index LE: response times, secondary task performance and types of errors. 

 

3.2.1 Speech perception measures 
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Performance on a speech perception task (SRTs, corrrect response rates) indexes 

correctly identified words/number of keywords and is often considered separately to LE. 

Wendt et al. (2018) comment that listeners may achieve the same correct response rate but 

differ in the amount of effort used. For example, a listener with hearing impairment may exert 

considerable LE and achieve the same performance level as a listener with normal hearing 

who expended much less LE. However, speech inteligibility scores can sometimes be used 

to make inferences about LE.  Furthermore, CET (Kruglanski et al., 2012) predicts that a 

strong driving force (high motivation and resource availability) will allow access to more 

effective means of goal attainment, which have a higher effort cost.   

 

3.2.2 Response times 

 

RTs in listening tasks are assumed to reflect the extent to which an individual 

engages in cognitive processing to make sense of a stimulus.  Under optimal conditions (e.g. 

when the stimulus is clear and the listener has no hearing impairment), meaning can be 

extracted with minimal processing, however, in challenging circumstances achieving 

comprehension requires serial, slow and effortful processing (Zijlstra, 1993), resulting in 

longer RTs.  It is important to note, however, that RTs are not a “process pure measure” 

(Pichora-Fuller et al., 2016, p. 19S). RTs may be influenced by mood (Gendolla, Abele, & 

Krusken, 2001) and individual differences/age-related changes in manual dexterity (Winn et 

al. 2018). How RTs respond to changes in LE may also depend upon the experimental 

context. For instance, in a rapid judgement task, an increase in effort may result in faster 

RTs due to increased arousal (Carrillo-de-la-Pena & Cadaveira, 2000; Hackley & Valle-

Inclán, 1998). 

 

Changes in LE due to a listener’s motivation level can also impact RTs.  Using a tone 

discrimination task, Carrillo-de-la-Pena & Cadaveira, (2000) found faster RTs for targets 

when participants were given “motivational instructions” (i.e. asked to improve on their 

previous performance level).  Also using a tone discrimination task, Weis et al. (2013) found 

a significant interaction for RTs depending upon whether participants received financial 

rewards (“positive reinforcement”) or financial penalties (“negative reinforcement”) and the 

value of the reinforcement (high: 50 cents, or low: 10 cents). RTs were significantly slower 

for high compared to low value penalties and significantly faster for high compared to low 

value rewards.  The participants in this study may have been motivated by gaining rewards 

in the “positive reinforcement” session, in which they started with 0 Euros and gained money 

for correct answers, therefore they exerted more effort which led to faster RTs.  In the 

“negative reinforcement” session, where participants started with 25 Euros and incurred high 
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or low penalties for incorrect answers, participants may have found the task disengaging and 

exerted less effort, resulting in slower RTs. Thus, although evidence suggests RTs can index 

motivation-related changes in LE, further understanding is needed on how RTs respond to 

change in LE for different types of tasks and different operationalisations of motivation.   

 

3.2.3 Secondary task performance 

 

Dual tasks, which require participants to perform two tasks concurrently, can be used 

to examine the allocation of resources and hence LE.  When the difficulty of the primary 

listening task is increased, participants must expend more mental resources to meet the 

increased demands in order to maintain an equivalent performance level.  As a 

consequence, fewer resources are available to allocate to the secondary task.  In a number 

of studies utilising dual-task paradigms, increasing the difficulty of a primary listening task 

resulted in performance deficits on a secondary task e.g. reduced accuracy or longer RTs 

(Gagne et al., 2017; Picou & Ricketts, 2014a, 2018; Sarampalis et al., 2009; Seeman & 

Sims, 2015; Wu et al., 2014; Wu et al., 2016), indicative of greater LE allocation to the 

primary task. The dual task paradigm has some limitations – it relies upon participants fully 

engaging with the primary task and devote any spare capacity to the secondary task 

(McGarrigle et al., 2014).  In practice, participants may devote more attention to the 

secondary task if this is easier, or more enjoyable, than the primary task, which may 

confound results (Styles, 2006). 

 

3.2.4 Types of errors 

 

Some types of errors in speech perception may require more effort to mentally 

correct than others.  Winn and Teece (2021) developed a taxonomy of errors for sentence 

recognition tasks, supported by experimental evidence.  For incorrectly perceived words, it is 

argued that a higher amount of effort is used by a listener who responds with a similar-

sounding word (since they may have mentally considered a number of different options to 

construct a plausible sentence) compared to a listener who used context to correct an error. 

Tracking the types of errors participants make on a speech recognition task may therefore 

allow inferences to be made about how much effort a listener expended (Winn & Teece, 

2021). 

 

3.3 Physiological measures 
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Physiological measures such as pupillometry, cardiac reactivity and 

electroencephalography (EEG) and the galvanic skin response have been proposed as 

measures of LE (Dimitrijevic et al., 2017; Gendolla & Wright, 2012; Mackersie et al., 2015; 

Winn et al., 2018; Zekveld et al., 2018).  Many physiological measures provide information 

on how LE changes over the course of a listening task (Miles et al., 2017), although the 

temporal resolution varies between measures and this is an important consideration as 

cognitive processing during listening tasks may be distributed over time rather than only at 

the end of a stimulus (Winn et al., 2018). 

3.3.1 Pupil dilation 

 

Pupil size is determined by two antagonistic muscles, the sphincter pupillae which 

constricts the pupil and the dilator pupillae which dilates the pupil (Liem, 2004).  An increase 

in pupil size may reflect stimulation of the sphincter muscles from the sympathetic (fight or 

flight) branch of the autonomic nervous system (ANS) and/or inhibition from the 

parasympathetic branch of the ANS via inputs from the oculomotor nucleus in the midbrain 

(Francis & Oliver, 2018).  According to the FUEL (Pichora-Fuller et al., 2016), increased 

arousal during effortful listening is reflected in ANS activation, which can be indexed by 

measuring pupil size. Pupil size is thought to scale with cognitive load during listening tasks 

(Kahneman & Beatty, 1967; Koenig et al., 2017; Siegle et al., 2003).  

 

Previous LE research has measured various parameters of the pupil response. Peak 

pupil dilation (PPD) is defined as the maximum task-evoked pupil diameter within a specified 

period. Mean pupil dilation (MPD) is the average pupil diameter over a specified period.  

Fluctuations in pupil dilation in the absence of stimuli i.e. baseline pupil dilation (BPD) has 

also been identified as a potential measure of listening-related fatigue (Alhanbali et al., 2020; 

Wu et al., 2016).  On a speech in noise task, PPD increased with greater listening demands 

(Zekveld et al., 2010). In addition, Winn et al. (2015) found a systematic increase in the 

change in pupil size relative to baseline when increasing the spectral degradation of spoken 

sentences i.e. processing speech stimuli with fewer vocoder channels.  However, when PPD 

was measured in a speech recogntion task performed at a number of SNRs (Ohlenforst et 

al. 2018), the response followed an inverted U-shape curve, suggesting a reduction in LE 

when the task was performed at very high listening demands (where extremely high LE 

requirements may have led to disengagement) and low listening demands (where relatively 

little LE was required).  Although these studies suggest pupil size may be a proxy for LE, the 

pupil dilation response represents a complex mix of interrelated cognitive phenomena 

including attentional capacity (Kramer et al., 2016), cognitive load (Zekveld et al., 2011), 
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engagement, arousal and anxiety (Winn et al., 2018; Zekveld et al., 2018), which can make 

interpreting results based on pupil dilation challenging.  Other factors such as fatigue 

(McGarrigle et al., 2021; Wang et al., 2018), memory load (Ahern & Beatty, 1979; Bijleveld et 

al., 2009; Cabestrero et al., 2009; Karatekin, 2004), the emotional valance of stimuli 

(Fletcher et al., 2015; Jin et al., 2015) and intra-individual differences, such as age, also 

impact upon the pupil response and should be considered as part of the experimental design 

(see Zekveld et al., 2018 for a review).   

 

Changes in a listener’s motivation level may be reflected in the pupil response.  For 

example, Koelewijn et al. (2018) carried out an SRT task with two levels of listening 

demands (easy and hard, tracking 85 and 50% intelligibility respectively) and quiet.  

Financial reward was used to manipulate motivation, with participants able to receive a high 

(5 euro) or low (0.20 euro) reward for repeating 70% or more sentences correctly in each 

block of 25 sentences.  There was a small but significant main effect of financial reward on 

PPD, but no other behavioural, subjective or physiological effects and no interactions, which 

is contrary to MIT predictions (Brehm & Self, 1989), FUEL (Pichora-Fuller et al. 2016) and 

other studies showing interactive effects (Bijleveld et al., 2009; Knapen et al., 2016; Richter, 

2016). In a follow-up study using the same task (Koelewijn et al., 2021), there were no 

significant effects of financial reward, or any listening demand*motivation interactions, for 

any of the behavioural or pupillometry outcomes.  Post-hoc time course analysis (using non-

linear regression) showed a significant effect of financial reward in the “retention interval” 

defined as the time period after the PPD until the response (Winn & Moore, 2018). More 

sophisticated analyses that take into account the timing of the pupil response may therefore 

be necessary to identify robust effects of motivation on pupil dilation. 

 

3.3.2 Cardiac reactivity 

 

Behavioural changes in response to task difficulty are associated with cardiovascular 

changes, suggested to be mediated by sympathetic nervous system (beta-adrenergic) 

activity (Wright, 1996; Wright & Kirby, 2001).  Systolic blood pressure (SBP), defined as the 

blood pressure value at the peak of a pulse after a heartbeat, is thought to be more sensitive 

to sympathetic nervous system activity than diastolic blood pressure (blood pressure in the 

trough between pulses) and heart rate (Wright & Kirby, 2001).  SBP depends upon the force 

of the contraction of the heart (Wright & Kirby, 2001) and has been shown to be sensitive to 

changes in task demands (Gendolla & Richter, 2010; Gendolla & Krusken, 2002) suggesting 

that SBP may indirectly index effort. 
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The heart’s pre-ejection period (PEP) has also been interpreted as an indicator of 

effort-related myocardial sympathetic activity (Richter, 2016).  PEP is a systolic time-interval 

measure, calculated by measuring the time between commencement of left heart ventricle 

excitation and ejection of blood through the aortic valve (Richter, 2016).  PEP is purported to 

be a reliable measure of the sympathetic influence on the heart (Harris et al., 1967).  In a 

tone discrimination task, Richter (2016) found an interactive effect of financial reward and 

listening demands on PEP, in keeping with MIT predictions (Brehm & Self, 1989).  However, 

in a further study using a speech-in-noise task (Plain et al., 2021) in which participants could 

earn a low or high reward for obtaining a target level of performance, no effect of financial 

reward on PEP and no interactions between financial reward and listening demands were 

found, although task performance was significantly better with high compared to low reward.  

Granular aspects of the study design, e.g., the amount of reward offered, session duration, 

were suggested by the authors to account for the contrasting results between the two 

experiments (Plain et al. 2021). A time interval after the presentation of stimuli (a “retention 

period”) may also have been needed as there may be a delay before effort-related changes 

occur in the PEP response (Plain et al. 2021).  Further research is needed to establish the 

optimal parameters for using PEP in laboratory studies as a measure of the effects of 

motivation on LE.  

 

3.3.3 Electroencephalography (EEG) 

 

Neural oscillations 

 

Changes in neuronal oscillations, as recorded using EEG, are proposed to index the 

processing required to exert LE (Dimitrijevic et al., 2017; Wisniewski et al., 2017).  

Oscillations are typically grouped into canonical frequency bands e.g., delta (1–4 Hz), theta 

(4–8 Hz) or alpha (8–12 Hz) bands (Saby & Marshall, 2012).  Activity within these frequency 

bands are associated with specific cognitive processes relevant to listening under 

challenging conditions (e.g. Dimitrijevic et al., 2017; Francis & Love, 2020; Jensen et al., 

2018; Obleser & Weisz, 2012; Petersen et al., 2015; Wisniewski et al., 2017; Wostmann et 

al., 2017).  For example, an increase in alpha activity (8–12 Hz) is proposed to indicate 

suppression of irrelevant stimuli e.g. backround noise, during effortful listening via an 

inhibition network (Jensen & Mazaheri, 2010; Osipova et al., 2008).  This type of processing 

may have a cost in terms of mental resources and may therefore be a physiological correlate 

of LE (Francis & Love, 2020).  EEG has relatively good temporal resolution compared to 

techniques such as pupillometry, which is advantageous for studying LE.  However, further 
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research is needed to clearly map out how different factors (e.g. type of task, type of 

degradation, listener’s motivation) affect alpha oscillations (McMahon et al., 2016). 

 

3.3.4 Event Related Potentials (ERPs) 

 

Changes in ERPs evoked by auditory stimuli have been considered as potential 

markers of LE. For example, the P3 component is posited to be associated with attention 

and memory processing (Polich, 2007).  The P3 is a positive ERP component with a peak 

between 250 to 500 ms after stimulus onset (Polich, 2007).  The amplitude and latency of 

the P3 is demonstrated to be sensitive to task demands, with smaller P3 amplitude and 

longer peak latency for tasks requiring greater attentional resources (Kok, 2001; Okusa et 

al., 1999; Polich, 2007).  The P3 component may also show sensitivity to motivation.  

Providing evaluative threat (i.e. instructing participants that they must improve on their 

previous task performance) resulted in significant larger P3 amplitudes in an auditory 

discrimiation task (Carrillo-de-la-Pena & Cadaveira, 2000).   

 

Certain individual traits, which are posited to influence the amount of LE used on a 

task, have been associated with the P3, e.g. Enge et al. (2008) found a significant effect of 

conscientiousness on P3 amplitude during an auditory oddball task, suggesting greater LE. 

The need for cognition, which has been identified by CET (Kruglanski et al., 2012) as a trait 

which might decrease resource conservation, has also been found to be associated with the 

P3 response (Enge et al., 2008). 

 

4. Listening Effort as a Multidimensional Construct 

 

The FUEL (Pichora-Fuller et al., 2016) argues that LE is a multidimensional 

construct.  Effort is proposed to manifest in two types of responses: a) automatic arousal 

responses, which includes pupil dilation, skin conductance and heart rate changes and b) 

attention-related responses, which includes cognitive-behavioural responses, brain and ANS 

changes or self-reported changes.  If there are two distinct types of effort-related response, 

then divergence between measures may occur: according to the FUEL framework, EEG 

alpha power reflects an attention-related response whilst pupil dilation is included both in 

attention-related and automatic arousal-related responses.   

 

There is empirical evidence to support the notion that LE is a multidimensional 

construct.  Some studies have used purported subjective, behavioural and physiological 
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measures simultaneously within the same listening task (Alhanbali et al., 2019; McMahon et 

al., 2016; Miles et al., 2017; Strand et al., 2018). These studies have shown a lack of 

correlation between different measures of LE, suggesting that the measures tap different 

aspects of a multidimensional construct.  To further investigate the possible multidimensional 

nature of LE and to rule out the possibility that LE measures are unreliable, Alhanbali et al. 

(2019) used a digits-in-noise perception task employing a number of simultaneous measures 

of LE within the same participants. These included EEG alpha activity during baseline, 

stimulus presentation and retention period, pupillometry (MPD and PPD), galvanic skin 

response, the NASA TLX (Hart & Stavenland, 1988)) and listening-related fatigue using the 

VAS-F (Lee et al., 1991).  The results of Alhanbali et al. (2019) showed that the different 

measures of LE were only weakly correlated, raising the possibility that they indexed 

different components of LE.  Alhanbali et al. (2019) also found four factors after conducting a 

factor analysis, with pupil dilation parameters (MPD and PPD) and EEG alpha power during 

speech presentation and during the retention period loading on to separate factors.  

Repeating testing with the same participants one week later showed that MPD, PPD and the 

NASA TLX had good-to-excellent reliability (based on intraclass correlations). EEG and RTs 

had fair-to-excellent reliability. Skin conductance had poor-to-fair reliability and this measure 

may be influenced by factors other than effort, such as emotion (Hogervorst et al., 2014).   

 

This study, and others showing a lack of correlations between LE measures 

(McMahon et al., 2016; Miles et al., 2017; Strand et al., 2018) highlight the need for a clear, 

testable framework which maps out how physiological measures index related aspects of 

LE.  Another possibility is that motivation may have modified the relationship between task 

demands and LE in these studies, with the candidate measures of LE differing in sensitivity 

to this modification (Pichora-Fuller et al., 2016).  Further comparison of LE measures is 

needed to investigate this possibility, whilst varying both task demands and the motivation 

level of the listener in a controlled manner. 

 

5. Summary  

 

 This review discussed models of LE, along with an overview of subjective, 

behavioural and physiological measures used in previous research. 

 The FUEL (Pichora-Fuller et al., 2016) posits that motivation is a key variable 

affecting the decision to expend LE, alongside task demands. 
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 The FUEL incorporates the ELU (Rönnberg et al., 2019), which focuses on the 

utilisation of working memory resources by listeners in challenging auditory 

environments. 

 MIT (Brehm & Self, 1989) also provides a foundation for the FUEL. MIT posits a 

resource conservation principle governing effort expenditure, which ensures the 

efficient use of resources.  Effort is predicted to increase in line with task demands to 

an upper limit which is determined by success importance. 

 Another model informing the FUEL is the MCM (Hockey, 2013).  According to the 

MCM, fatigue is an adaptive response that signals the need to reallocate effort to an 

alternative task.  

 A recent model, MoLE (Herrmann & Johnsrude, 2020), makes a distinction between 

listening engagement and listening experiences. The MoLE posits multiple cognitive 

resources may be recruited during effortful listening.  The authors emphasise the 

need to use engaging materials within research to further our understanding of LE.   

 CET (Kruglanski et al., 2012) represents effort in terms of competing forces: a driving 

force which must overcome a resisting force if action is to occur.  Goal importance 

and available resources make up the driving force, whilst alternate goals, task 

demands and the tendency to withhold resources provide a resisting force.   

 Various subjective, behavioural and physiological measures are suggested to index 

LE.     

 Previous studies using putative subjective, behavioural and physiological LE 

measures simultaneously within the same listeners found only weak correlations 

between measures of LE (Alhanbali et al., 2019; McMahon et al., 2016; Miles et al., 

2017; Strand et al., 2018). LE may be a multidimensional construct, with different 

measures tapping into different aspects (Pichora-Fuller et al., 2016). 

 Differences in the sensitivity of LE measures to motivation may also account for 

differential findings in previous research (Pichora-Fuller et al., 2016). 

6. Gaps in knowledge and objectives of the present PhD: 

 

 Further investigation is needed to identify what motivates listeners to exert effort.  In 

order to do this, a systematic review and meta-analysis is proposed, with the aim of 

identifying and reviewing all existing research looking at the impact of motivation on 

LE and identifying factors which encourage or discourage effortful listening. 

 The present PhD project will focus on developing an effective speech recognition 

paradigm for manipulating both listening demands and motivation level, guided by 

the results of the systematic literature review and meta-analysis. 
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 In light of theories positing the key role of motivation and research suggesting LE is 

multi-dimensional, there is a need to test the sensitivity of putative LE measures to 

motivational factors.  The PhD project will therefore manipulate both listening 

demands and motivation within a speech recognition task and measure the effects on 

LE using self-rated, behavioural and physiological measures. 

 The results of this PhD may assist clinicians in understanding how motivation affects 

LE and gain insight into what motivates people with hearing impairment to expend 

the LE needed to communicate. This may help improve outcomes for people with 

hearing impairment. 
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Chapter Three:  
Quantifying the Effects of Motivation on Listening Effort 

 

 

 

 

This chapter is a systematic review/meta-analysis which evaluated the effects of motivation 

on LE in previous studies.  Based on previous research suggesting the multidimensional 

nature of LE, nested analyses were carried out to compare effect sizes for various 

motivational factors on different subjective, behavioural and physiological LE outcomes. 

 

This manuscript was published in Trends in Hearing. 

 

Carolan, P. J., Heinrich, A., Munro, K. J., & Millman, R. E. (2022). Quantifying the Effects of 

Motivation on Listening Effort: A Systematic Review and Meta-Analysis. Trends in Hearing, 

26, 23312165211059982. doi: 10.1177/23312165211059982 
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Quantifying the Effects of Motivation
on Listening Effort: A Systematic Review
and Meta-Analysis
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Abstract
Motivation influences the amount of listening effort (LE) exerted or experienced under challenging conditions, such as in

high-noise environments. This systematic review and meta-analysis is the first to quantify the effects of motivation on LE.

The review was pre-registered in PROSPERO, and performed in accordance with PRISMA guidelines. Eligible studies examined

the influence of motivation or individual traits (related to motivation) on LE in adults. Motivational factors, coded as indepen-

dent variables, included financial reward, evaluative threat, perceived competence, feedback, and individual traits. LE outcomes

were categorized as subjective, behavioral, or physiological. The quality of evidence was assessed using an adaptation of the

Cochrane Collaboration Risk of Bias Tool. Nested random-effects meta-analyses were performed to quantify and compare the

influence of motivational factors across LE outcomes. After assessing 3,532 records, 48 studies met the inclusion criteria and

43 were included in the meta-analyses. Risk of bias was high, for example, many studies lacked sample size justification.

Motivational factors had a small-to-medium effect (mean Cohen’s d= 0.34, range: 0.11–0.72) on LE. When LE outcomes

were considered collectively, an external manipulation of motivation (perceived competence) produced a larger mean effect

size compared with individual traits. Some combinations of motivational factors and LE outcomes produced more robust

effects than others, for example, evaluative threat and subjective LE outcomes. Although wide prediction intervals and

high risk of bias mean that significant positive effects cannot be guaranteed, these findings provide useful guidance on the selec-

tion of motivational factors and LE outcomes for future research.
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Introduction
Listening can be effortful in adverse conditions (see Mattys
et al., 2012 for a review), especially if the listener has a
hearing impairment (Alhanbali et al., 2017, 2018; Hornsby,
2013; Petersen et al., 2015), and this can lead to disengage-
ment from listening and social withdrawal (Herrmann &
Johnsrude, 2020). However, some individuals are motivated
to exert listening effort (LE) under challenging conditions if
the benefits outweigh the cost (Matthen, 2016). To date, the
influence of motivation on LE has not been systematically
reviewed and quantified.

The Framework for Understanding Effortful Listening
(FUEL; Pichora-Fuller et al., 2016) defines LE as the delib-
erate allocation of mental resources to overcome obstacles
in goal pursuit when carrying out a [listening] task.
According to FUEL, the allocation of limited-capacity

mental resources is influenced by a listener’s motivation as
well as other factors such as working memory capacity and
fatigue. FUEL applies a general theory of motivation,
Motivation Intensity Theory (Brehm & Self, 1989) to listen-
ing effort. Within MIT, effort investment is predicted to
increase in line with task demands, provided there is motiva-
tion to succeed at the task and the goal is attainable.
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Resources are only allocated to achievable goals for which
the importance of success justifies the required effort
expenditure. In the context of listening tasks, MIT (Brehm
& Self, 1989) predicts an interactive effect between task (lis-
tening) demands and motivation: maximal effort is invested
when the listener is sufficiently motivated and listening is
demanding enough to require effort but not so demanding
that the effort is perceived as being wasted.

An alternative (but not mutually exclusive) model, the
Cognitive Energetics Theory (CET) (Kruglanski et al.,
2012), considers how an individual’s ability level and per-
sonality traits influence effort. The CET is intended to
apply to all instances of goal-directed thinking, not only
deliberate resource allocation (cf. FUEL) and proposes that
goal-directed activity results from a dynamic interaction of
two forces: for goal-directed activity to occur, a “driving
force” must overcome a “restraining force”. The driving
force consists of two main components: the individual’s
pool of available resources and goal importance, which is
determined by the value and likelihood of attaining the
goal. The magnitude of the restraining force is defined in
reference to three constraining components (a) the task
demands—as perceived by the individual, (b) alternative
goals—which compete with the target activity for resources,
and (c) resource conservation—which varies as a function of
how likely the individual is to seek to withhold resources.
According to CET, individual differences in personality
traits affect resource conservation and hence influence
effort investment. Here we review different motivational
factors and different methods of measuring LE.

Categorization of Motivational Factors
Motivation refers to the energization and direction of beha-
vior (Elliot, 2006), that is, motivation underlies why people
decide to behave in a certain way and how intensely they
conduct that behavior. The five factors below represent dif-
ferent categories of motivation in experimental LE research.
Four factors (financial reward, evaluative threat, perceived
competence and feedback) rely on extrinsic manipulations
of motivation, whereas individual traits are inherent to a
person. How different motivational factors influence effect
sizes when measuring the experience or expenditure of LE
is currently unknown.

Financial Reward
Consistent with predictions of cost-benefit analysis when
allocating effort, previous work suggests that financial
reward can motivate participants to increase LE (e.g.,
Carolan et al., 2021; Koelewijn et al., 2018; Mirkovic
et al., 2019; Plain et al., 2020; Richter, 2016). Some
studies support MIT predictions of a greater effect of motiva-
tion at higher compared to lower levels of listening demands,
(e.g., Mirkovic et al., 2019; Richter, 2016), whereas other

studies did not find a significant listening demand/motivation
interaction (e.g., Carolan et al., 2021; Koelewijn et al., 2021;
Plain et al., 2020). Furthermore, it is difficult to determine the
range of difficulty levels within which the proportional rela-
tionship between task difficulty and effort holds, according to
MIT predictions. For example, in Plain et al. (2020), high
levels of LE (measured using cardiac reactivity) and low self-
rated giving up were measured in the most demanding listen-
ing condition, suggesting that participants continued to
engage despite high levels of task difficulty, at least in the
absence of performance feedback (see also Zhang et al.,
2019).

Evaluative Threat
Arousal is posited to increase the amount of resources an indi-
vidual is able to allocate towards a listening task (Kahneman,
1973; Pichora-Fuller et al., 2016). Manipulations which
increase arousal include evaluative threat (sometimes under-
stood as “evaluative stress”), for example, informing partici-
pants of an upcoming performance assessment. These
manipulations often include an element of social pressure,
for example, in Zekveld et al. (2019) participants were
informed that their data would be unusable if they failed to
perform the task at a particular level. Evaluative threat may
motivate greater effort investment in order to protect self-
esteem from potential negative evaluations (Gendolla &
Richter, 2010). Evaluative threat has been shown to increase
LE (e.g., Carrillo-de-la-Pena and Cadaveira, 2000; Picou and
Ricketts, 2014; Zekveld et al., 2019). Picou and Ricketts
(2014) carried out a sentence recognition task using evaluative
threat as a motivating factor and found differential effects
depending upon the type of stimuli (audio-only vs. audio-
visual) and the type of self-rated outcome measure. For audio-
only stimuli, a significant increase in self-rated effort was
observed in the hard SNR condition only and evaluative
threat had a non-significant effect on self-rated avoidance
and control (i.e., willingness to improve the situation). For
audio-visual stimuli, evaluative threat increased self-rated
effort and control in both SNR conditions and the likelihood
of giving up decreased significantly only in the easy SNR con-
dition. Self-rated fatigue increased significantly with evalua-
tive threat in both the easy and hard SNR conditions for
both audio-only and audio-visual stimuli.

Perceived Competence
Competence refers to the basic need to build skills for acting
in or on the world (Dweck, 2017). Individuals may seek to
maximize their performance through greater effort invest-
ment in order to demonstrate competence (Nicholls, 1984).
Increasing perceived competence experimentally may
increase LE, for example, informing self-identified musicians
that they should perform well on a novel auditory task
because of their musical skills (McAuley et al., 2012) or
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that they have been specifically selected due to their qualifications
(Petrie & Carrel, 1976). Perceived competence may also be
manipulated by informing participants that a listening task will
be easy or hard (Hodgetts et al., 2018).

Feedback
Participants who receive feedback are posited to increase
effort to improve their performance (Kluger & DeNisi,
1996); negative feedback highlights the gap between
current behavior and the desired goal (Burgers et al., 2015;
Kluger & DeNisi, 1996) and positive feedback enhances feel-
ings of competence (Cusella, 1982; Henderlong & Lepper,
2002). Generally, feedback encourages participants to set
higher goals (Krenn et al., 2013; Mumm & Mutlu, 2011)
and acts as a verbal reward (Deci et al., 1999), although neg-
ative feedback may prompt participants to give up if they per-
ceive the task as too difficult (Brehm & Self, 1989).
Performance feedback may influence an individual’s motiva-
tion to exert LE (Gilzenrat et al., 2010).

Individual Traits
Individual traits are potentially important factors in influenc-
ing effort and performance level as they give rise to distinc-
tive, recurrent patterns of goal selection and pursuit (Dweck,
2017; McCabe & Fleeson, 2012, 2016). Extraversion and
neuroticism may be relevant to effort regulation (Eysenck,
1990; Eysenck & Derakshan, 2011) as these traits relate to
psychological needs for affiliation and social recognition,
respectively (Costa & McCrae, 1988; John et al., 2008).
Extraversion is associated with physiological differences
that may affect effort regulation, for example lower levels
of cortico-reticular arousal compared to introverts (Doucet
& Stelmack, 2000; Eysenck, 1967, 1990), which may lead
to greater levels of effort to compensate for suboptimal
arousal conditions (Brocke et al., 1996). Neuroticism may
also disrupt effort regulation (Smillie et al., 2006; van
Doorn & Lang, 2010; Wallace & Newman, 1997) by directing
effort to mental processes associated with negative thoughts at
the expense of task-relevant activity (Wallace & Newman,
1997, 1998). Conscientiousness refers to the willingness to
complete a task to the best of one’s ability (Lee & Ashton,
2012) and this trait has been associated with electrophysiolog-
ical measures of effortful processing, for example, the P3 com-
ponent. Enge et al. (2008) found a significant effect of
conscientiousness on P3 amplitude during an auditory
oddball task, which may indicate increased LE (see
Measures of LE below). Francis et al. (2021) included self-
rated conscientiousness in a PCA dimension (along with neu-
roticism and openness) and found this dimension to be a sig-
nificant predictor of heart rate. CET (Kruglanski et al., 2012)
proposes that individual traits influence the tendency to con-
serve resources, for example, individuals who find mental
activity enjoyable and appealing (i.e., a strong “need for

cognition”) are more likely to choose resource-heavy,
though potentially more successful, strategies towards goal
achievement (Cacioppo & Petty, 1982; Kruglanski et al.,
2012). Previous studies suggest that extraversion (Bakan,
1959; Beauducel et al., 2006; Brocke et al., 1996; Daruna
et al., 1985; Ortiz & Maojo, 1993), neuroticism (Tune et al.,
2018) and the need for cognition (Enge et al., 2008; Zhang,
2017) influence LE regulation.

Measures of LE
LE may be measured using a variety of outcomes. These can
be categorized as subjective (e.g., self-rated questionnaires),
behavioral [e.g., performance accuracy and reaction times
(RTs)] and physiological outcomes [e.g., pupillometry,
cardiac reactivity, electroencephalography (EEG) and func-
tional magnetic resonance imaging (fMRI)].

Pupil size has been shown to be sensitive to changes in
arousal and cognitive load (Kahneman & Beatty, 1966;
Koenig et al., 2017; Siegle et al., 2003) and thus has been pro-
posed to be an indirect measure of LE when listening to speech
under demanding listening conditions (see Winn et al. (2018)
and Zekveld et al. (2018) for further details on the physiological
mechanisms controlling pupil size). Another potential physio-
logical measure of listening effort is EEG. At least one
event-related potential (ERP), the P3, has been suggested to
reflect effortful processing. Both the amplitude and latency of
the P3 have been shown to be sensitive to the amount of atten-
tional and memory resources required in listening tasks (Kok,
2001; Okusa et al., 1999; Polich, 2007). In addition, changes
in EEG alpha band power have also been suggested to index
LE (McMahon et al., 2016; Obleser & Weisz, 2012; Petersen
et al., 2015; Wisniewski et al., 2017). Specifically, greater
alpha activity may indicate suppression of irrelevant back-
ground noise during effortful listening tasks (Sauseng &
Klimesch, 2008) or index working memory load (Petersen
et al., 2015). Pupillometry and EEG are proposed to index
changes in the autonomic and central nervous system related
to LE, respectively (Pichora-Fuller et al., 2016).

Behavioral measures, such as RTs, may also indicate when
an individual’s resource capacity is under strain or exceeded,
allowing inferences to be made about LE (Pichora-Fuller
et al., 2016). Increased effort may manifest as slower RTs due
to increased processing time (Marslen-Wilson & Tyler, 1980;
Pisoni & Tash, 1974). However, how RTs respond to changes
in LE may depend upon the experimental context. For instance,
in a rapid judgement task, an increase in effort may result in
faster RTs due to increased arousal (Carrillo-de-la-Pena &
Cadaveira, 2000; Hackley & Valle-Inclán, 1998).

When multiple LE outcomes are measured simultaneously
in a within-participants design, only weak correlations are
found between measures, suggesting that the measures are
either unreliable, or that LE is a multidimensional concept
(Alhanbali et al., 2019; Herrmann & Johnsrude, 2020;
McMahon et al., 2016; Miles et al., 2017; Pichora-Fuller

Carolan et al. 3



et al., 2016; Strand et al., 2018), or both. Moreover, even if
LE outcomes are within the same category, they may not
relate to the same underlying processes. For instance,
results from two physiological LE outcomes (pupillometry
and EEG) showed differential loading in a Factor Analysis
(Alhanbali et al., 2019). FUEL recommends categorizing
LE measures according to whether they are more responsive
to listening demands, motivation or are responsive to both.
Cardiac reactivity is proposed to be most sensitive to motiva-
tion, since it indexes the sympathetic nervous system (Brehm
& Self, 1989). The FUEL suggests that behavioral measures
are most responsive to listening demands, while pupillometry
is hypothesized to be responsive to both listening demands
and motivation (Pichora-Fuller et al., 2016).

Aims of the Review
This review aims to evaluate all existing studies investigating
motivation and LE. Within a nested analysis, we will
compare effect sizes for various motivational factors on dif-
ferent LE outcomes. We will also compare effect sizes within
categories of LE outcomes, for example, accuracy versus
RTs for behavioral outcomes, and EEG versus pupillometry
for physiological outcomes. It is unclear whether some com-
binations of LE outcomes and motivational factors produce
more robust effects than others, for example, physiological
outcomes may measure larger effects of individual traits on
LE due to the proposed biological differences underlying
traits such as extraversion (Doucet & Stelmack, 2000;
Eysenck, 1967, 1990). This approach to systematically
reviewing the existing literature will clarify the influence of
motivational factors within a multidimensional construct of
LE (Alhanbali et al., 2019; Herrmann & Johnsrude, 2020;
McMahon et al., 2016; Miles et al., 2017; Pichora-Fuller
et al., 2016; Strand et al., 2018).

The review aims to answer the following research ques-
tions (RQs):

• RQ1:What differences in effect sizes exist between differ-
ent motivational factors?

• RQ2:What differences in effect sizes exist between differ-
ent types of LE outcomes?

• RQ3: Which motivational factor/LE outcome combina-
tions measure the largest/smallest effects?

Methods

Review Guidelines
The procedure and reporting of this systematic review and
meta-analyses was informed by guidelines for conducting
systematic reviews in healthcare, including guidance issued
by the Centre for Research and Dissemination (2009), the
Cochrane Handbook for Systematic Reviews (Higgins
et al., 2019) and the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) checklist
(Moher et al., 2009). The protocol was registered with
PROSPERO (record number: CRD42019160953)

https://www.crd.york.ac.uk/prospero/display_record.php?
RecordID=160953.

PICOS Screening Criteria
The pre-registered PICOS (Population, Intervention,
Comparator, Outcome, Study design) criteria (Table 1) were
used to screen all studies. Studies were initially assessed for
inclusion based on their titles. P. C. carried this out
independently. R. M. independently assessed 10% of study
titles and there was full agreement on suitability for inclusion.
155 studies were taken forward for screening of abstracts,
which was carried out by P. C. Studies for which a decision
on inclusion could not be made based on the title and abstract
were screened by reading the full text. This was carried out
independently by P. C. and R. M. In one case there was a dis-
crepancy, which was resolved through discussion between
P. C., R. M. and A. H.

Assessment of Risk of Study Bias
Risk of bias was assessed using the scoring system developed
by Dryden et al. (2017). This scoring system was developed
based upon risk of bias assessment for clinical trials (Higgins
et al., 2011) but includes only generic criteria as reporting
requirements for experimental research are generally not as
rigorous as those for clinical trials. Nevertheless, it is impor-
tant to highlight quality issues as these reduce the reliability
of effect size estimates in meta-analyses, for example, studies
with low power may measure inaccurate or inconsistent
effect sizes (see Caveats section). Supplementary Table S1
shows the four risk of bias questions and the score key.
These questions relate to (i) sample size justification, (ii)
exclusion of participant data, (iii) outcome reporting, and
(iv) conflict of interest. For (i) a study was deemed high
risk when no power analysis was included, unclear when
complete information was not provided or low risk when a
full power analysis was included. For (ii) studies at high
risk excluded participants without providing details, posed
an unclear risk when reporting exclusions were incomplete
or low risk when details for excluding participants were
fully reported. If no participants were excluded, the study
was given a “not applicable” rating. For (iii) studies were
deemed to be high risk when outcomes listed in the
methods were not reported in the results, or unclear risk
when reporting was incomplete (e.g., not including beha-
vioral results, full statistical results or unjustified selection
of a subset of parameters for a physiological outcome).
Note that the research question(s) for some studies were
not aligned with the aims of the present meta-analysis,
which may account for bias in outcome reporting. For (iv)
studies with a stated conflict of interest were high risk,
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unclear risk where conflicts of interest were uncertain or low
risk if there were no reported conflicts of interest. All studies
included in the systematic review were independently
assessed for risk of bias by P. C. and R. M. In all cases, it
was possible to reach agreement without the need to
involve an additional author. To assess risk of publication
bias, a funnel plot was generated using the dmetar package
(Harrer et al., 2019) in R (R Core Team, 2018).

Search Strategy
This review considered all relevant literature published in
English to February 23, 2021. This included research

published in peer-reviewed journals, conference papers/
proceedings containing research data, book chapters, dis-
sertations and theses. A systematic search of the data-
bases PubMed, Web of Science, Scopus, PsycINFO and
Google Scholar was carried out. Search terms related to
“listening effort”, “motivation” and “personality” were
entered into the title, abstract and keyword fields
(see Supplementary Table S2 for detailed search criteria).
The search criteria were modified after registering
with PROSPERO to exclude studies containing
“children” in the title. After performing the search, records
were transferred to Endnote and then Microsoft Excel for
screening.

Table 1. PICOS Screening Inclusion and Exclusion Criteria for the Literature Search.

Inclusion criteria Exclusion criteria

Population (i) Age: 18+ or

description as adults.

(ii) Hearing: normal (either self-described or measured using

pure-tone audiometry to appropriate British Society of

Audiology standards) or hearing loss (with or without the

use of hearing aids).

(i) Visual impairment

(ii) Cognitive impairment

(iii) Neurological or psychiatric disorders.

Intervention (i) Independent variable that manipulated the participant’s

motivation to invest LE and/or increase their listening

task performance level. This could include tangible

rewards, feedback, evaluative threat or perceived

competence enhancing interventions.

(ii) Personality trait with relevance to effort measured using a

validated questionnaire (e.g., extraversion measured using

the Eysenck Personality Questionnaire).

Studies examining

(i) emotional valence for example stimuli that elicit strong

emotions

(ii) mood or emotional state.

Comparator (i) Comparisons between motivated/demotivated group and a

control group. Comparisons between a strong versus weak

manipulation of motivation (e.g., high vs. low levels of

performance-based financial reward) or between a

motivated and unmotivated condition (e.g., a condition in

which a performance-based reward is offered vs. passive

listening).

(ii) Comparison between groups based on personality traits

(e.g., comparison between introverts and extraverts).

Correlations between questionnaire scores and LE

outcomes.

Outcome Self-rated, behavioral or physiological measures of LE. Subjective outcomes not directly related to LE (e.g., quality

of life ratings). Ratings of tiredness/fatigue were

excluded.

Study design All study designs published in English in peer-reviewed or

non-peer-reviewed journals, including original research data;

conference papers/proceedings containing research data;

book chapters; dissertations; and theses. Grey literature will

also be included. The study may have been published at any

date.

Exclusion criteria: Research not published in English. Case

reports, systematic reviews will not be included in the

analysis but may be used to source research. Interviews

and clinical protocols will not be included.
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Meta-Analysis Strategy
Cohen’s d was used as an effect size metric, which represents
the standardizedmean difference score in LE between high and
low motivation conditions (either repeated-measures or
between-groups comparisons). A positive Cohen’s d repre-
sents an increase in LE in response to motivation. Effect
sizes were calculated directly usingmeans, standard deviations
and the sample size, where this information was provided by
the author(s). Where this was not possible F ratios, t tests or
correlation coefficients were used. For seven studies
(Asbjörnsen et al., 1992; Bijleveld et al., 2009; DeWall et al.,
2011; Ditraglia & Polich, 1991; Hodgetts et al., 2018;
Mirkovic et al., 2019; Picou&Ricketts, 2014), means and stan-
dard deviations were estimated from figures using
WebPlotDigitizer (Rohatgi, 2020).Where insufficient informa-
tion was included in published articles, attempts were made to
contact the author(s) for further information.Where studies had
“easy” and “hard” listening demands (or other task difficulty
manipulations), the effect size was based on the interactive
effect between listening demands and motivation. If this infor-
mation was not provided by the author(s), the effect size for the
most demanding listening condition was used. This approach
was necessary as (i) there may be null results for low-demand
conditions due to low LE requirements and (ii) the effect of
motivation on LE is posited to be greater for higher listening
demands (Brehm & Self, 1989). Signs of effect sizes were
reversed for the individual trait neuroticism as higher neuroti-
cism was expected to lower LE (see Categorization of motiva-
tional factors: Individual traits). As RTs may feasibly
accelerate or decelerate with greater effort (see Measures of
LE), the absolute value of the effect size was taken for RTs.

The Measure of the Effect (MOTE) package (Buchanan
et al., 2017) in R (R Core Team, 2018) was used to calculate
effect sizes and 95% confidence intervals (CI) for each study.
For repeated-measures studies, the following equation
(adapted from Lakens, 2013) was used to calculate Cohen’s d:

drm = M1 − M2���������������������������������������
(SD2

1 + SD2
2)− (2 × r × SD1 × SD2)

√
×

�������������
2 × (1− r)

√
(1)

whereM1 andM2 refer to the means for each motivation con-
dition, SD1 and SD2 are the standard deviation of the mean for
the unmotivated and motivated conditions, respectively, and r
is the Pearson’s correlation coefficient between conditions.
Where the correlation coefficient was not provided (as is
often the case in experimental designs), the methods outlined
by Hullett and Levine (2003) were used to estimate the corre-
lation coefficient from the t-statistic (t) and F-statistic (F )
(where dferror is the degrees of freedom for the error term):

r =
��������

t2

t2 + df

√
(2)

r =
�����������

F

F + dferror

√
(3)

If F and t were not provided, an alternate equation
(Cumming & Calin-Jageman, 2017), which does not require
the correlation coefficient, was used to calculate Cohen’s d
(where Mdiff is the difference in the means between motiva-
tion conditions):

dav = Mdiff

SD1 + SD2

2

( ) (4)

The following formula (Rosenthal, 1991) was used to cal-
culate Cohen’s d from t where means were unavailable for
repeated-measures studies (where n is the sample size):

dz = t��
n

√ (5)

For between-groups studies, Cohen’s d was calculated as
follows (Cumming, 2012) (where SDpooled is the pooled stan-
dard deviation):

ds = Mdiff

SDpooled
(6)

Wheremeans were not available, the formula adapted from
Lakens (2013) was used (where N is the sample size):

ds = t��
N

√ (7)

For studies involving correlations, the 95% CI for
Pearson’s correlation coefficients were calculated using the
Meta-Essentials workbook (Suurmond et al., 2017). To aid
comparison with other studies, these values were converted
to Cohen’s d using a web-based effect size calculator
(Lenhard & Lenhard, 2016).

A random-effects meta-analysis was carried out using the
Meta package (Schwarzer, 2007) in R (R Core Team, 2018).
Due to potential covariates not considered here (e.g., partic-
ipants hearing level), a random-effects rather than a
fixed-effects meta-analysis model was applied (Thompson
& Higgins, 2002). A summary effect size (Cohen’s d ),
95% CI around this effect size, Z-statistic and p-value were
calculated to provide a test of whether the summary effect
size differed significantly from zero. The inconsistency
measure, I2, and its 95% CI was calculated as a measure of
heterogeneity, expressed as a percentage (Higgins et al.,
2019). Prediction intervals (PIs) were calculated using the
Hartung-Knapp-Sidik-Jonkman method (Hartung & Knapp,
2001; Sidik & Jonkman, 2003) within the Meta package
(Schwarzer, 2007).

In order to address the individual research questions, a
nested approach to data analysis was taken: Subgroup analy-
ses using random-effects models were performed using the
Meta package (Schwarzer, 2007) and effect sizes, 95% CIs,
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Z-statistics, p-values, I2, and PIs for subgroups were calcu-
lated. Apart from subgroup analysis E, which explored the
effect of financial reward on LE (discussed below), all anal-
yses included at least 10 observations, which is considered
the minimum for performing this type of analysis (Higgins
et al., 2019).

Motivational factors were grouped into five categories:
financial reward, perceived competence, feedback, evalua-
tive threat, and individual traits (see Categorization of moti-
vational factors). Outcomes of LE studies were categorized
as subjective, behavioral, or physiological (see Measures of
LE).

Seven sets of meta-analyses were conducted:

• First, a meta-analysis of all studies was carried out to
determine the overall effects of motivational factors on
LE outcomes.

• To address RQ1, which asked whether there are differ-
ences in LE dependent upon the type of motivational
factor, we conducted subgroup analysis A (Table 3) to
compare effect sizes of motivational factors on all LE
outcomes.

• RQ2 asked whether effect sizes differ depending upon the
type of LE outcome measure (i.e., subjective, behavioral,
or physiological) and whether certain exemplars of LE
outcome measurement categories capture larger effects
than others. Subgroup analysis B (Table 5) compared
the effect sizes captured using different types of LE
outcomes.

• Subgroup analyses C and D (Table 5) compared effect
sizes for specific behavioral and physiological measures.
An insufficient number of outcomes (i.e., fewer than 10
observations) precluded a subgroup analysis of subjective
measures.

• Finally, to address RQ3, which asked which combinations
of motivational factors/LE outcomes produced the largest/
smallest effects, a series of subgroup analyses were
carried out (subgroup analyses E to G) (Table 6), compar-
ing effect sizes for different types of LE outcomes for spe-
cific motivational factors.

An alpha level of .05 was used throughout, except for post
hoc analyses where a Bonferroni adjustment was made for
the number of comparisons. For post hoc analyses, the
dmetar package (Harrer et al., 2019) in R (R Core Team,
2018) was used to test for differences in effect sizes
between subgroups in a random-effects model, following
the procedure of Borenstein and Higgins (2013) to calculate
a Q statistic and its associated p-value. These analyses
included only two categories of interest (e.g., individual
traits and perceived competence to compare effect sizes for
specific motivational factors).
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Results

Screening Results
Figure 1 shows the PRISMA flowchart for the literature
search. The search returned 4,639 studies. After removing
duplicates, 3,504 studies remained. After screening titles
and abstracts, the full text of 64 studies were assessed for eli-
gibility. An additional 28 studies were sourced by checking
the reference list of studies selected for full-text screening
and checking citations to these studies. After screening the
full text of the total 92 studies, 44 studies were excluded:
19 were excluded because studies did not include an LE
outcome, 19 did not manipulate motivation or measure per-
sonality traits, 3 did not manipulate motivation or measure
LE, 1 was a qualitative study, 1 study used visual rather
than auditory stimuli and 1 study combined results for an
auditory task with results from a visual task. Forty-eight
studies were eligible for inclusion in the review. A
summary of the 48 included studies is provided in Table 2.
This summary includes sample size, demographic informa-
tion (ages, hearing status), details of the stimuli used, motiva-
tion manipulation/personality trait considered, listening
demand manipulations and main findings for each LE
outcome.

Of the 48 included studies, only 43 of these studies were
suitable for inclusion in the meta-analysis (see Meta-analysis
strategy). Four articles (Cahill & Polich, 1992; Cox et al.,
1999; Pritchard, 1989; Sewell, 1985) did not provide relevant
data to be included with the meta-analysis. A further study
(Beatty et al., 1980) was not included in the meta-analysis
as this study involved the use of course credit for students
as a performance-based reward, rather than financial
reward. Included studies often contained multiple outcome
measures, leading to a total of 187 outcomes from 43
studies that were included in the meta-analysis.

Table 4. Post Hoc Tests for Subgroup Analysis A, Averaged Over

all Types of LE Outcome Measurements.

LE

outcome Post hoc test Q-statistic p-value

All Financial reward/Evaluative

threat

0.14 .711

All Financial reward/Perceived

competence

3.55 .059

All Financial reward/Individual

traits

2.97 .084

All Evaluative threat/Perceived

competence

2.18 .140

All Evaluative threat/Individual

traits

3.07 .080

All Perceived competence/

Individual traits

8.81 .003*

Bold and *p< .007 (adjusted alpha level for number of comparisons).
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Risk of Bias Assessment
The results of the overall risk of bias assessment are displayed
in Figure 2. A breakdown of scores for individual studies is
included in the supplemental materials (see Supplementary
Table S3). The vast majority of the studies did not include a
sample size justification, presenting a high risk of bias. The
majority of studies either did not exclude any participants or
gave adequate justification for exclusion, presenting a low
risk of bias. Reporting of outcomes presented a high risk of
bias for ∼20% of the studies, and there were some concerns
for ∼50%. Bias related to outcome reporting may have been
present for the following reasons: statistical analyses were
not reported for some outcomes, behavioral data were
missing from the results, or physiological data were not fully
reported. Some studies did not justify conducting analyses on
subgroups of participants only. No studies reported conflicts
of interest (Q4). The funnel plot of effect sizes (see
Supplementary Figure S1) is roughly symmetrical, suggesting
no publication bias.

Qualitative Synthesis
Five studies were not included in the meta-analyses (see
Screening results for details). The influence of motivation
on LE in these studies was mixed.

Beatty et al. (1980) compared comprehension of a lecture
about computer music in students who were, or were not,
offered performance-based course credit as a reward. They
found significantly greater comprehension for students in
the reward compared to no reward group but no significant
listening demand/reward group interaction. Sewell (1985)
compared listening comprehension of a “scholarly speech”
between students who were told the speech would be
similar to other classroom lectures (“boring”) or that the
speech was on an interesting and relevant topic (“interest-
ing”). Some participants in the interesting group were also
offered a financial reward for achieving high levels of listen-
ing comprehension (>90%). The effect of group and financial
reward was not statistically significant.

Cahill and Polich (1992) compared event-related potential
(ERP) components of “extreme groups” of introverts and
extraverts during an auditory discrimination task (tones).
The listening task contained four difficulty conditions,
based upon the probability of the presentation of the target
stimulus. The P3 amplitude showed a significant effect of
the interaction between personality, probability and gender.
No effects were observed for P3 latency. Using a similar
auditory discrimination task, Pritchard (1989) found (i) a sig-
nificant correlation between P3 amplitude and scores on the
Lie scale of the Eysenck Personality Questionnaire and (ii)
a significant negative correlation between P3 latency and
the Neuroticism scale of the Eysenck Personality
Questionnaire. These effects were seen in male but not
female participants; combined results were not reported.
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Cox et al. (1999) investigated personality traits and self-
reported ease of communication in adult hearing aid users.
Extraversion-introversion and locus of control did not
predict ease of communication when participants were aided
or unaided. Extraversion-introversion predicted the change
scores (i.e., difference between unaided and aided ratings),
accounting for 9.5% of the variance.

Meta-Analyses
Meta-Analysis of Motivational Factors on all LE Outcome
Measurements. A meta-analysis of all studies was conducted
to determine the effect of motivational factors (collectively)

on all LE outcomes. The results revealed an overall positive
effect (i.e., LE increased with greater motivation). The
random-effects model predicted a small-to-moderate effect
size of d= .34 (95% CI= [.28, .40], Z= 17.75, PI= [−.30,
.99] p< .001). Note that heterogeneity was in the
moderate-to-high range for the majority of nested analyses
(Tables 3–6).

The Influence of Motivational Factors
Table 3 shows the results of subgroup analysis A, which
compared the effects of motivational factors on each LE
outcome. The type of motivational factor significantly

Figure 1. PRISMA flowchart showing the identification, screening, eligibility, and inclusion phases of the literature search.
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influenced LE (Q(3)= 11.91; p= .008, PI= [−.33, 1.00]). To
investigate the significant effect of motivational factor type,
post hoc analyses were carried out (see Table 4 and
Figure 3). A significantly smaller effect size for individual
traits was found when compared to perceived competence
(Q(1)= 8.81, p= .003). No other post hoc comparisons
were significant.

The Influence of LE Outcome Measurement
Table 5 shows the results of subgroup analysis B, which
investigated the influence of LE outcome type. While a pos-
itive effect of motivation on LE was found for every LE
outcome, the size of the effect did not differ between out-
comes (Q(2)= 1.92; p= .383, PI= [−.33, .99]). The
results of subgroup analysis C, which compared effect

sizes for specific behavioral measures, are reported in
Table 5. Motivation had a similar-sized small effect, regard-
less of whether studies measured LE as performance accu-
racy or RTs (Q(1)= .01, p= .911, PI= [−.38, .97]).
Table 5 also shows the results of subgroup analysis D,
which compared effect sizes for specific physiological out-
comes. Again, motivation had a similar-sized small positive
effect when LE was measured using EEG or pupillometry
(Q(1)= .11, p= .743, PI= [−.24, .92]).

Nested Analyses for Specific Motivational Factors Comparing
Types of LE Outcomes. Table 6 shows the results of subgroup
analyses used to address RQ3, which asked whether there are
differences in effect sizes for different combinations of moti-
vational factors and LE outcomes. Subgroup analysis E
(Table 6) compared effect sizes measured with different
types of LE outcomes when studies operationalized motiva-
tion as financial reward. This analysis showed significant
positive effect sizes for studies using behavioral (d= .34,
95% CI= [.16, .52], Z= 3.66, p < .001, PI= [−.39, 1.06]),
physiological (d= .58, 95% CI= [.37, .80], Z= 5.35, p<
.001, PI= [−.24, 1.41]) and subjective measures (d= .11,
95% CI= [−.10, .32], Z= 1.05, p= .03, PI= [−.19, .41]).
When motivation was operationalized as financial reward,
there was a significant difference in effect sizes depending
upon the type of LE outcome (Q(2)= 9.53, p= .009, PI=
[−.29, 1.09]). To investigate the source of this difference,
post hoc analyses were carried out to compare effect sizes

Figure 2. Summary of risk of bias scores for all included studies. Full details of the scoring questions and descriptions of the response

categories are shown in Supplementary Table S1. Q1: Did the authors include a sample size justification? Q2: If any participant data is

excluded from the analysis is a clear justification given? Q3: Were all the outcome measures in the methods included in the results? Q4:

Were there any conflicts of interest? Overall percentage scores were calculated for each level of bias, with green indicating low bias, yellow

some concerns, red high and white not-applicable.

Figure 3. Effect sizes (Cohen’s d ) for the influence of specific

motivational factors on listening effort. Error bars represent 95%

confidence intervals for the effect size. Perceived competence

had a significantly larger effect compared to individual traits

(p= .003).

Table 7. Post Hoc Tests for Subgroup Analysis E.

Motivational factor Post hoc test Q-statistic p-value

Financial reward Behavioral/

Physiological

2.98 .084

Financial reward Behavioral/Subjective 2.54 .110

Financial reward Physiological/Subjective 9.53 .002*

Bold and *p< .017 (adjusted alpha level for number of comparisons).
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measured by each type of LE outcome (Table 7 and
Figure 4). A significantly larger effect of financial reward
was found for physiological measures of LE when compared
to subjective measures (Q(1)= 9.53, p= .002).

Subgroup analysis F (Table 6) compared effect sizes mea-
sured with different types of LE outcomes for studies investigat-
ing individual traits. Subjective outcomes were not included in
this analysis due to limited numbers of eligible studies. All types
of LE outcomes captured positive effects, but the size of the
effect depended upon the type of LE outcome (Q (1)= 5.91,
p= .020, PI= [−.34, .89]): a significantly greater effect was
seen for physiological (d= .34, 95% CI= [.25, .44], Z= 7.05,
p< .001, PI= [−.29, .98]) compared to behavioral (d= .15,
95% CI= [.03, .27], Z=2.46, p= .014, PI= [−.44, .74])
outcomes.

Finally, subgroup analysis G (Table 6) considered studies
operationalizing motivation as evaluative threat. Due to
limited numbers of eligible studies, behavioral outcomes
were omitted from this analysis. Again, positive effects
were captured using all types of LE outcomes, but the type
of LE outcome influenced the size of the effect (Q(1)=
7.42, p= .006, PI= [−.16, 1.01]): a significantly greater pos-
itive effect was seen for subjective (d= .72, 95% CI= [.43,
1.01], Z= 1.61, p < .001, PI= [−.15, 1.59]) compared to
physiological outcomes (d= .24, 95% CI= [.07, .38], Z=
2.88, p= .004, PI= [−.18, .65]).

Discussion
A systematic review and meta-analysis was carried out to quan-
tify the relationship between motivational factors and types of
LE outcomes for the first time. We used random-effects
meta-analyses with subgroups to investigate differences in
effect sizes for different motivational factors and types of LE
outcomes on the expenditure or experience of LE. When LE
outcomes were considered collectively, nested analyses
showed differences in effect sizes for motivational factors (per-
ceived competence cf. individual traits). When all motivational
factors were combined, similar effect sizes were measured
using subjective, behavioral and physiological LE outcomes.
Comparisons of specific exemplars of LE outcome measure-
ments (where permitted due to study numbers) revealed
similar effect sizes. However, for certain motivational factors
(financial reward, individual traits and evaluative threat), the
type of LE outcome influenced the size of the measured effect.

Quality of Evidence
The risk of bias was generally high due to lack of sample size
justification. Concerns were also raised about missing or
incomplete outcome reporting. These quality issues reduce
confidence in the effect sizes presented here.

The Influence of Motivational Factors on LE
The primary meta-analysis (which considered all motiva-
tional factors and all LE outcomes) suggested that listeners
expended or experienced greater effort if motivation was
high. This supports a role of motivation in the allocation of
resources to listening tasks, as outlined by several models
and frameworks for example FUEL (Pichora-Fuller et al.,
2016), MIT (Brehm & Self, 1989), CET (Kruglanski et al.,
2012), and the Model of Listening Engagement (Herrmann
& Johnsrude, 2020).

In our meta-analysis, all motivational factors showed posi-
tive effects on LE outcomes. This result may have occurred
because these motivational factors increase LE investment by
appealing to basic psychological needs (Dweck, 2017).
Need-press theory (Murray, 1938) predicts that environmental
factors, or “presses”, influence how psychological needs regu-
late behavior. The motivational factors considered in this
review may activate different underlying needs, for example
financial reward and perceived competence may “press” upon
needs in the domains of materialism and human power, respec-
tively, leading to increased LE. Individual traits are also posited
to be related to underlying psychological needs, which give rise
to characteristic styles of goal pursuit (Dweck, 2017).

Studies operationalizing motivation as individual traits
captured significantly smaller effect sizes compared to extrin-
sic manipulations of motivation, that is, perceived compe-
tence. As variability in individual traits within participant
samples can be low, some of the studies (Beauducel et al.,
2006; Brocke et al., 1996; Cahill & Polich, 1992; Daruna
et al., 1985; Ditraglia & Polich, 1991; Enge et al., 2008;
Ortiz & Maojo, 1993; Rammsayer & Stahl, 2004; Schmidt
et al., 2004; Tune, 1966) compared participants at the

Figure 4. Effect sizes (Cohen’s d ) measured using different types

of LE outcome measurements when motivation is operationalized

as financial reward. Error bars represent 95% confidence intervals

for the effect size. Physiological measures indexed significantly

larger effects compared to subjective measures of LE (p= .002).
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extreme ends of the distribution (usually those scoring in the
upper and upper lower quartiles). This procedure is com-
monly used within personality research to increase statistical
power (see Preacher et al., 2005 for discussion of the
strengths and limitations of this approach). For researchers
interested in the connection between motivational trait differ-
ences and LE, an extreme group procedure is worth consid-
ering to increase the likelihood of producing robust results.

The Influence of Outcome Selection on LE
An overall positive effect of motivational factors was
detected using subjective, behavioral and physiological LE
outcome measurements, with no significant differences in
effect sizes between outcome types. However, there may
be differences in sensitivity to motivation for the different
types of LE outcomes which are not apparent in the subgroup
analyses presented here due to the broad categorization of
subjective, behavioral, or physiological LE outcomes. The
inclusion of different measures within the same LE
outcome domain may contribute to the high heterogeneity
in the subgroup analyses (see Caveats).

Finer-grained comparison was limited due to the small
numbers of studies, however, we were able to compare
effects measured using two behavioral (RT and performance
accuracy) and two physiological LE outcomes (pupillometry
and EEG). Motivation produced a similar-sized small increase
in LE when measured by either performance accuracy or RTs.
The FUEL posits that when an individual’s resource capacity
is under strain or exceeded, performance errors and a reduction
in processing speed may occur, which can allow inferences
about LE. The FUEL also notes that RTs are not a process
pure measure (Pichora-Fuller et al., 2016) as they may also
index other aspects of cognition such as memory. Improved
speech recognition accuracy may be interpreted as an increase
in LE (e.g., DeWall et al., 2011; Plain et al., 2020; Zhang et al.,
2019), However, performance accuracy may also be consid-
ered as a measure of achievement, rather than effort
(Gendolla & Richter, 2010). Some studies found that perfor-
mance accuracy remained stable while other measures of LE
changed, for example an increase in RTs but no change in
task accuracy in response to greater listening demands
(Sarampalis et al., 2009; Strand et al., 2020). The divergence
between task accuracy and RTs in these studies supports a the-
oretical distinction between performance effectiveness (i.e.,
quality of task performance) and processing efficiency (effec-
tiveness in relation to effort) (Eysenck & Calvo, 1992). In the
present meta-analysis, similar sized positive effects were mea-
sured with both performance accuracy and RTs, but these out-
comes may not necessarily index the same LE construct.

Similar positive effect sizes were also measured using
pupillometry and EEG. Studies which contributed towards
the overall positive effect for EEG outcomes (e.g., Brocke
et al., 1996; Carrillo-de-la-Pena and Cadaveira, 2000; Enge
et al., 2008; Ortiz and Maojo, 1993) found an increased P3

amplitude with motivation or motivational traits. For pupillo-
metry, the overall positive effect reflects results showing
increased pupil dilation in high compared to low motivation
conditions (e.g., Bijleveld et al., 2009; Koelewijn et al., 2018;
Zekveld et al., 2019; Zhang et al., 2019). P3 amplitude and
pupil dilation may both index activity in the locus coeruleus
noradrenergic system, which is associated with regulation of
task engagement (Murphy et al., 2011). Due to a limited
number of outcomes in the included studies, only these two
specific physiological measures could be compared in the
present study. Notably, a few studies found physiological
effects of motivation (change in pupil size or cardiac response)
in the absence of behavioral and/or subjective effects
(Koelewijn et al., 2018; Richter, 2016). Increased physiologi-
cal arousal may reflect the “cost” required to maintain perfor-
mance under increased task demands (Kahneman, 1973).
However, concurrent changes in behavioral and/or subjective
measures would increase confidence that the physiological
changes reflect the influence of motivation on LE as physio-
logical measures of LE may index multiple processes. For
example, Zekveld et al. (2018) discuss the sensitivity of the
pupil dilation response to various task manipulations and
intra-individual differences.

Combinations of Motivational Factors and Types of LE
Outcomes Influence LE Effect Sizes
Subgroup analyses investigated combinations of motiva-
tional factors and types of LE outcomes. These analyses
revealed significant differences in effect sizes for financial
reward, evaluative threat and individual traits, depending
upon the type of LE outcome. These differential effects
may help inform research planning decisions when investi-
gating motivation and LE. For instance, if researchers are
interested in the effect of evaluative threat on LE, using sub-
jective rather than physiological measures would be advis-
able, based on the results of the meta-analyses presented
here. When investigating individual traits or financial
reward, physiological measures may be optimal compared
with behavioral and subjective measures, respectively.
However, note that the effect size associated with subjective
measures was based on only six outcomes. At least 10 obser-
vations are recommended for subgroup analyses (Higgins
et al., 2019). However, 10 observations would be insufficient
if covariates are distributed unevenly across studies and, in
general, subgroup analyses should be interpreted cautiously
where the number of observations is low (Higgins et al.,
2019). Although certain combinations of motivational
traits/LE outcomes may produce bigger effect sizes than
others, it is important to note that PIs encompassed zero for
all factor/outcome type combinations and therefore null or
negative effects may be observed in future studies.

Differences in effect sizes are consistent with the notion
that LE is a multi-factorial construct (Alhanbali et al.,
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2019; Herrmann & Johnsrude, 2020; Hughes et al., 2018;
McMahon et al., 2016; Pichora-Fuller et al., 2016; Strand
et al., 2018; Strauss & Francis, 2017). However, here we
quantified differences between types of LE outcomes only
when considering specific motivational factors. Particular
types of LE outcomes may be sensitive to certain motiva-
tional factors for several reasons. For example, biological dif-
ferences may underlie trait behaviors, for example relative to
introverts, extraverts are suggested to have lower levels of
cortical arousal (Eysenck, 1967) and this may explain why
larger effect sizes were measured for individual traits using
physiological outcomes. The finding of larger effect sizes
for subjective compared to physiological LE outcomes,
when motivation is operationalized as evaluative threat,
may be due to the small number of studies that used
cardiac reactivity to measure LE: cardiac reactivity is
posited to be particularly sensitive to increases in effort due
to fear of social evaluation (Gendolla & Richter, 2010).
The large effect size for subjective LE outcomes suggests
that evaluative threat elicits a range of effort-related listening
experiences, as the studies included in the meta-analysis used
questions gauging effort, likelihood of quitting and desire to
control the situation (Picou & Ricketts, 2014; Zekveld et al.,
2019). However, evaluative threats may increase anxious
thoughts which can occupy working memory (Eysenck
et al., 2007; Putwain et al., 2014) and effortful listening
may rely on working memory capacity (Rönnberg et al.,
2019). High levels of anxiety may lead to reduced processing
capacity for the task at hand and result in poorer performance
(Eysenck et al., 2007; Eysenck & Calvo, 1992).

Caveats
Heterogeneity was in the moderate-to-high range for the
subgroup analyses included in this systematic review.
Inconsistencymeasures of 25%, 50%, and 75% are usually inter-
preted as low, moderate and high levels of heterogeneity, respec-
tively (Higgins & Thompson, 2002). The high levels of
heterogeneity in the meta-analyses presented here are compara-
ble with other systematic reviews of experimental psychology
research (e.g., Hirst et al., 2018; Rung and Madden, 2018).
Within audiology research, a meta-analysis of experimental
studies investigating whether probe-tube verification of real-ear
hearing aid amplification characteristics improves outcomes in
adults identified high heterogeneity (I2 : 61–100%) for a
number of subgroup analyses (Almufarrij et al., 2021).
Heterogeneity in the present analysis may have arisen due to
between-study differences in participant characteristics (age,
gender, hearing level, etc.), variation in the operationalization
of listening demands (e.g., single or dual tasks, vocoded
speech or speech presented in a noise background) and stimulus
complexity (e.g., tones, digits, or spoken sentences). There is
also variation in how motivational factors were operationalized
within each category. For instance, studies using financial
reward to motivate participants offered different amounts of

financial reward, for example in the high motivation condition
Bijleveld et al. (2009) offered 50 Euros, Koelewijn et al.
(2018) offered 5 Euros. Some studies compared effects of
“high” and “low” levels of financial reward (Asbjörnsen et al.,
1992; Bijleveld et al., 2009; Carolan et al., 2021; Kahneman
et al., 1968; Kahneman & Peavler, 1969), other designs com-
pared a financial reward condition to a no financial reward con-
dition (Kang et al., 2017; Snyder & Snyder, 1956) or required
strategic allocation of LE to maximize reward (Gilzenrat et al.,
2010; Zhang, 2017; Zhang et al., 2019).

As the practical implications of the observed heterogene-
ity, expressed as I2, are not always clear, we also calculated
PIs, which show the range of effect sizes that researchers
can expect when planning future studies using similar para-
digms to those included in the meta-analysis. Where there
is substantial heterogeneity in a meta-analysis, the prediction
interval has a wider range than the 95% CI of the standar-
dized mean difference; thus it may be misleading to only
present the standardized mean difference and its CI, since
the PIs may reveal potential values on both sides of the
null (IntHout et al., 2016). All the PIs in the present
meta-analysis contained values on both sides of the null,
thus inconsistent results are possible using the same motiva-
tional factor/LE outcome. For example, this could explain
why Richter (2016) found a significant increase in LE mea-
sured using cardiac reactivity (pre-ejection period, PEP)
when participants were offered performance-based financial
reward, while Plain et al. (2020), found null results for the
effects of financial reward on PEP reactivity.

As discussed above, the majority of studies in this review
did not include a power analysis. Regardless of the size of a
statistical effect, the occurrence of both type S and type M
errors is substantially inflated when statistical power is low
(Gelman & Carlin, 2014). A type S error is the probability
that the estimated effect has the wrong sign, that is that the esti-
mate indicates a positive effect when in fact the true effect is
negative or vice versa (Kirby & Sonderegger, 2018). Type S
errors may explain inconsistencies within the literature for
some measures, for example these errors may account for
the differential effects of motivation on RTs reported in the
included studies (Carolan et al., 2021; Carrillo-de-la-Pena &
Cadaveira, 2000; Kang et al., 2017; Strand et al., 2018;
Weis et al., 2013). A type M error is the extent to which the
magnitude of an effect of interest is exaggerated, based on
the estimated effect size of the study. It is possible that type
M errors may account for outliers in the meta-analyses (see
Supplementary Figure S1). We therefore urge researchers in
the field to ensure that future studies of the effects of motiva-
tion on LE are adequately powered and that the results of
power calculations are fully reported.

The effect of motivation is proposed to be greatest when
tasks are demanding (Brehm & Self, 1989). If listening is per-
ceived to be too difficult then participants may decide to dis-
engage, which may have impacted upon the results of the
meta-analyses presented here: we decided to include either
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an effect size for the interaction, or if not available, the effect
size from the most demanding conditions, when studies uti-
lized multiple listening demand conditions (see Methods:
Meta-analysis strategy).

Conclusion
All motivational factors considered here, in the first
meta-analysis of motivation and LE, increased the experience
and/or exertion of LE. Therefore it is important to consider
motivational context when designing and interpreting LE
studies. External manipulations of motivation (e.g., per-
ceived competence) elicited more robust effect sizes com-
pared to individual traits. For certain motivational factors
(individual traits, evaluative threat, financial rewards),
effect sizes were dependent upon LE outcome measurement.
Further research into the relationship between motivation and
LE should be guided by this review, which, for the first time,
highlights combinations of LE outcomes and motivational
factors that are likely to produce the most robust effects on
LE.
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Chapter Four:  
Financial Reward has Differential Effects on Behavioural and Self-report Measures of 

Listening Effort 
 
 
 
 

This chapter is a report of an experimental study investigating the influence of listening 

demands and motivation on listening effort in a novel speech recognition task. Listening 

demands were manipulated using prior knowledge (“perceptual pop out”) to modify the 

intelligibility of tone vocoded sentences. Motivation was operationalised as financial reward. 

Behavioural (RTs, correct response rate) and subjective (self-rated work, likelihood of giving 

up) LE outcomes were measured.  

 

This study was published in the International Journal of Audiology. 
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ORIGINAL ARTICLE

Financial reward has differential effects on behavioural and self-report measures
of listening effort

Peter J. Carolana,b , Antje Heinricha,b , Kevin J. Munroa,b and Rebecca E. Millmana,b

aManchester Centre for Audiology and Deafness, School of Health Sciences, University of Manchester, Manchester, UK; bNIHR Manchester
Biomedical Research Centre, Manchester University Hospitals NHS Foundation Trust, Manchester Academic Health Science Centre,
Manchester, UK

ABSTRACT
Objectives: To investigate the effects of listening demands and motivation on listening effort (LE) in a
novel speech recognition task.
Design: We manipulated listening demands and motivation using vocoded speech and financial reward,
respectively, and measured task performance (correct response rate) and indices of LE (response times
(RTs), subjective ratings of LE and likelihood of giving up). Effects of inter-individual differences in cogni-
tive skills and personality on task performance and LE were also assessed within the context of the
Cognitive Energetics Theory (CET).
Study sample: Twenty-four participants with normal-hearing (age range: 19� 33 years, 6 male).
Results: High listening demands decreased the correct response rate and increased RTs, self-rated LE and
self-rated likelihood of giving up. High financial reward increased subjective LE ratings only. Mixed-effects
modelling showed small fixed effects for competitiveness on LE measured using RTs. Small fixed effects
were found for cognitive skills (lexical decision RTs and backwards digit span) on LE measured using RTs
and correct response rate, respectively.
Conclusions: The effects of listening demands on LE in the speech recognition task aligned with CET,
whereas predictions regarding the influence of motivation, cognitive skills and personality were only par-
tially supported.

Abbreviations: CET: Cognitive Energetics Theory; ELU: Ease of Language Understanding; FUEL:
Framework for Understanding Effortful Listening; LE: Listening effort; MIT: Motivational Intensity Theory;
MSE: Mean square error; NH: Normal hearing; RAU: Rationalised arcsine unit; RT: Response time; SNR:
Signal-to-noise ratio
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Introduction

Listening effort (LE) has been defined as ‘the mental exertion
required to attend to, and understand, an auditory message’
(McGarrigle et al. 2014, p 434). A number of subjective (e.g. the
NASA task load index (NASA-TLX; Hart and Staveland 1988),
behavioural (e.g. RTs) and physiological (e.g. cardiac reactivity)
measures of LE have been proposed (see McGarrigle et al. 2014
for a review). The Framework for Understanding Effortful
Listening (FUEL), defines LE as the ‘deliberate allocation of men-
tal resources to overcome obstacles in goal pursuit when carrying
out a [listening] task’ (Pichora-Fuller et al. 2016, p. 10 S).
According to this definition, the allocation of cognitive resources
is not an automatic response to increased listening demands, but
occurs only when a listener is motivated to achieve a particu-
lar goal.

The conceptual understanding of motivation outlined by
FUEL builds upon Motivational Intensity Theory (MIT; Brehm
and Self 1989), which posits that effort expenditure is influenced
by both motivation and task demands. Most importantly, MIT
predicts an interaction between listening demands and motiv-
ation. For relatively easy tasks, resource conservation limits the
influence of motivation, such that the amount of effort expended

never exceeds that required, regardless of motivation level. In
contrast, for relatively hard tasks, effort is mobilised in line with
motivation; the greater the importance of success, the more
effort is exerted. Thus, MIT predicts an interaction between lis-
tening demands and motivation driven by a greater influence of
motivation at higher demands, as seen in some previous LE
studies (e.g. Kahneman and Beatty 1966; Richter 2016; Mirkovic
et al. 2019; Zhang et al. 2019).

Nevertheless, there are inconsistencies both within and
between studies that do not fit with MIT predictions based solely
on task demands and motivation. When multiple LE measures
are used within the same study, these do not always show con-
sistent effects of listening demands and motivation, for example,
a tone discrimination task resulted in changes in cardiac reactiv-
ity but no effects on performance accuracy or response times
(RTs; Richter 2016). These differential effects may be due to the
multi-dimensionality of LE, with different outcome measures
tapping into interrelated aspects of the LE construct (McMahon
et al. 2016; Strauss and Francis 2017; Hughes et al. 2018; Strand
et al. 2018; Alhanbali et al. 2019; Herrmann and Johnsrude
2020). Moreover, additional factors may moderate the relation-
ship between task difficulty and motivation such as different
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ways of operationalising motivation (Picou and Ricketts 2014;
c.f. Koelewijn et al. 2018; Richter 2016). For instance, no signifi-
cant effect on RTs was found when motivating participants with
financial reward (Richter 2016), but ‘threat of evaluation’
decreased RTs in an auditory oddball task (Carrillo de la Pe~na
and Cadeveira 2000). Evaluative threat may increase arousal, a
factor which has been demonstrated to result in faster RTs
(Hackley and Valle-Incl�an 1998); in other task designs increased
LE may be reflected in slowed responses due to greater cognitive
processing (Pisoni and Tash 1974; Marslen-Wilson and Tyler
1980). The slowing of RTs with increased listening demands has
been interpreted as reflecting increased LE (Houben, van Doorn-
Bierman, and Dreschler 2013). However, RTs are not a ‘process
pure measure’ (Pichora-Fuller et al. 2016, 19S); therefore,
changes in RT may also reflect other aspects of cognition, such
as memory.

One aspect that is not considered by FUEL/MIT but which
may well influence motivation and effort expenditure is personal-
ity traits, such as the need for closure. Need for closure refers to
the strength of an individual’s preference for clear, ordered and
stable knowledge compared to confusion, uncertainty and ambi-
guity (Kruglanski and Webster 1996; Roets and van Hiel 2008;
Viola et al. 2015). Participants with high need for closure, meas-
ured using the Need for Closure Scale (Kruglanski and Webster
1996), tend to choose less effortful means to achieve closure (see
Kruglanski (2004) for an overview), but may exert greater effort
when only effortful means to achieve closure are available
(Kruglanski, Peri, and Zakai 1991; Kruglanski, Webster, and
Klem 1993; Klein and Webster 2000; Richter, Baeriswyl, and
Roets 2012; Sankaran, Szumowska, and Kossowska 2017).
Another personality trait that may be important is achievement
motivation, which refers to an individual’s desire to achieve suc-
cess and accomplish challenging goals (Capa, Audiffren, and
Ragot 2008). The strength of this motive relative to an individu-
al’s desire to avoid failure determines resultant achievement
motivation (McClelland et al. 1953). Individuals who are high in
resultant achievement motivation may exert more effort than
those who are low in achievement motivation (Beh 1990; Capa,
Audiffren, and Ragot 2008; Hinsz and Jundt 2005; Humphreys
and Revelle 1984).

A model from the wider field of effort research, the Cognitive
Energetics Theory (CET) (Kruglanski et al. 2012), accommodates
many of the aspects of motivation discussed above, and may
thus be particularly well suited to elucidate current inconsisten-
cies in LE research. Although also building upon MIT, CET
incorporates personality factors and individual differences in
resource capacity into a theory of effort and performance. CET
therefore offers a more comprehensive model of motivation and
effort compared to FUEL (Pichora-Fuller et al. 2016). In add-
ition, CET is intended to apply to ‘all instances of goal-directed
thinking’ (Kruglanski et al. 2012, p. 3), whereas FUEL posits that
LE involves the ‘deliberate’ allocation of resources. Thus, CET is
applicable to subjective effort associated with goal pursuit (which
may be measured using self-rated outcomes), objective effort
(which may be indexed using behavioural and physiological out-
comes) and performance accuracy.

CET describes the underlying decision-making process behind
effort investment in terms of opposing forces: a ‘driving force’
towards exerting effort (which depends upon goal importance,
i.e. how motivated a person is to succeed in the task, and
resource availability) and a ‘restraining force’ towards restricting
effort (which depends upon task demands but also an individu-
al’s tendency to conserve resources). The balance between these

forces is assumed to govern how much effort is exerted. CET
makes a distinction between the maximum energy an individual
is willing to mobilise to achieve a specific goal and the actual
energy used, which depends upon several factors, including indi-
vidual differences in the tendency towards resource conservation.

Application of CET to a speech recognition task

In CET, the individual’s assessment of the importance of goal
achievement, and the size of their resource pool, determines the
magnitude of the ‘potential’ driving force (Kruglanski et al. 2012).
Within a speech recognition task, we propose that the resource
pool relates to two types of cognitive skills that have received
particular scrutiny in the context of speech perception: working
memory resources (R€onnberg 2003; R€onnberg et al. 2013;
R€onnberg, Holmer, and Rudner 2019) and linguistic skills opera-
tionalised as lexical decision-making ability (Kaandorp
et al. 2016).

In CET, actual effort expenditure is limited by a restraining
force consisting of three additive components: (a) task demands,
(b) alternative goals, which compete with the target activity for
resources, and (c) resource conservation (Kruglanski et al. 2012).
Resource conservation is high in individuals who have a high
need for closure (Kruglanski and Webster 1996; Roets and van
Hiel 2008; Viola et al. 2015), and based on previous studies (e.g.
Beh 1990; Hinsz and Jundt 2005; Capa, Audiffren, and Ragot
2008), may be low in individuals who have a motivational style
more focussed on achieving success (i.e. achievement motiv-
ation). Hence, considering these personality traits may help to
account for differences in LE studies.

Another advantage of using CET over FUEL is that it makes
quantifiable predictions about the likely effects of manipulating
task demands and motivation on effort and performance in the
context of driving and restraining forces. A strong driving force,
for example, is expected to permit the use of more effective
means to goal attainment and lead to better performance, though
at a cost in terms of effort. A strong restraining force, on the
other hand, restricts the use of these resource-heavy strategies
and hence results in poorer performance. In the present study,
our main aim was to investigate how listening demands and
motivation (operationalised as financial reward) regulate listening
effort in a speech recognition task, in the context of CET. Our
secondary aims were to investigate the possible moderating influ-
ence of (i) resource conservation (operationalised as need for
closure and individual differences in achievement motivation)
and (ii) resource pool capacity (operationalised as working mem-
ory span and lexical-decision-making ability) on the relationship
between motivation and listening demands. We chose different
types of outcome measures to reflect the multidimensionality of
LE and to test whether CET predictions apply to the subjective
(self-reported ratings of LE and likelihood of ‘giving up’, or
avoidance, as described in Picou and Ricketts (2014)) and object-
ive (correct response rate, RT) outcome measures used in the
present study. We made the following predictions:

We predicted that listening demands would show a main
effect, with higher demands resulting in lower correct response
rates, longer RTs and higher subjective ratings of LE and likeli-
hood of ‘giving up’. We also predicted a main effect of reward,
with high value reward expected to motivate participants more
than low, and result in higher correct response rates, longer RTs,
higher self-rated LE and lower self-rated likelihood of giving up.
Interactions between listening demands and reward were pre-
dicted for the correct response rate, RTs and subjective ratings
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of LE and likelihood of giving up, driven by a greater motiv-
ational influence of financial reward under higher listening
demands. In addition, we hypothesised that differences in the
resource pool capacity (measured by working memory span and
lexical-decision making ability) and in the resource conservation
aspect of the restraining force (need for closure and individual
differences in achievement motivation) would predict the correct
response rate and subjective and behavioural measures of LE.
We expected measures of resource conservation and measures of
resource pool capacity to interact with listening demands and
reward for behavioural and self-report LE outcomes.

Methods

Participants

To be eligible, participants needed to be between 18 and 35 years
old, with normal hearing, normal or corrected-to-normal vision
and no previous neurological issues or speech problems. Twenty-
four (18 female) NH native-English speaking adults participated
in the study, ranging from 19 to 33 years of age (median ¼ 23).
This sample size is sufficient to achieve 80% power (1 - b ¼ .80,
a ¼ .05) for a medium effect size (f ¼ .25) for a 2� 2 repeated-
measures factorial design (Faul et al. 2009) for each of the four
main outcome measures (see Procedures and Data Analysis).
Prior to taking part, participants were informed that the purpose
of the study was to understand whether a person’s motivation to
complete a listening task changes the amount of effort they use.
Participants were compensated for their time with a £15 honor-
arium and were informed that they would have the chance to
earn additional performance-based rewards by answering the
questions correctly, in order to incentivise maximal effort exer-
tion throughout the task (see Speech Recognition Task section
below). The study was reviewed and approved by the University
of Manchester Research Ethics Committee (approval number:
2019-6493-10583) and pre-registered with the Open Science
Framework https://osf.io/6x7pd?view_only=d91bf9c111124fc2ab
1fc6c52893182f.

Hearing screening

Each participant was screened using otoscopy, tympanometry
and pure-tone audiometry to ensure they met the eligibility crite-
ria for participation. All participants had bilateral NH (�20 dB
HL for test frequencies of 250, 500, 1000, 2000, 4000 and
8000Hz) (British Society of Audiology (BSA) 2017) and reported

no recent ear infections or surgery, previous neurological issues
or speech problems.

Materials

Speech recognition task: Stimuli
A speech recognition task using degraded sentences was chosen
as these types of tasks are effective in eliciting LE that can be
measured using RTs (e.g. Gatehouse and Gordon 1990; Pals
et al. 2015). Ninety Harvard IEEE sentences (Rothauser et al.
1969), spoken by a male speaker, were used as the speech mate-
rials. Speech intelligibility was modified using vocoding, an
effective way to manipulate the intelligibility of speech in a con-
trolled manner (Drullman, Festen, and Plomp 1994; Shannon
et al. 1995). Vocoding has been shown to affect subjective and
objective measures of LE (McMahon et al. 2016; Winn 2016).

Vocoded stimuli were created using a custom algorithm in
Matlab (The Mathworks R 2018a). Speech stimuli were processed
using a 2-band (high listening demands) or a 3-band (moderate
listening demands) tone vocoder, with the frequency of each
vocoder band logarithmically spaced between 80 and 8000Hz.
Two and 3 bands were chosen based on pilot testing that
resulted in mean correct response rates of around 80% for the
moderate listening demands condition and around 50% for the
high listening demands condition, using the speech recognition
task described below. The carrier frequencies were 225, 1047 and
4861Hz for the 3-band vocoder and 440Hz and 4440Hz for the
2-band vocoder. The temporal envelope of the output of each
channel was extracted using half-wave rectification and smooth-
ing (using a low-pass filter with a cut-off frequency of 300Hz)
and used to modulate a sinusoidal carrier with a frequency equal
to the centre frequency of the vocoder band. The signals within
each band were then summed to produce tone-
vocoded sentences.

Speech recognition task: Procedure
Figure 1 shows that in each trial of the speech recognition task,
the sentence was presented twice. In the moderate listening
demands condition, the first presentation (‘cue’) of the sentence
was vocoded to produce a moderate degree of intelligibility (3-
band vocoder) followed by a second presentation (‘target’)
vocoded for low speech intelligibility (2-band vocoder). In the
high listening demands condition, the sentence was always pre-
sented (both ‘cue’ and ‘target’) at a low intelligibility level (2-
band vocoder). Thus, the second presentation (‘target’) of the
speech sentence was always generated with a 2-band vocoder

Figure 1. Depiction of a typical ‘high’ reward trial. In ‘low’ reward trials the pre-trial screen informed participants that the reward was £0.25 rather than £2.50.
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and was therefore identical in terms of its physical properties in
both the high and moderate listening demands conditions, with
only the ‘cue’ sentence changing in terms of its physical proper-
ties and perceived intelligibility. Our approach dissociates the
perceptual effects of changes in speech intelligibility and LE from
acoustical differences that can be used to vary listening demands.
This is achieved by manipulating the perceived intelligibility of
identical speech stimuli through prior exposure, that is, vocoded
speech that is initially relatively unintelligible can become more
intelligible after participants are exposed to an intelligible version
of the same speech stimulus (e.g. Davis et al. 2005; Millman,
Johnson, and Prendergast 2015). The use of identical speech
stimuli that manipulate listening demands and LE could be par-
ticularly advantageous in interpreting changes in objective
(physiological) measures of LE.

To future-proof the design for potential physiological testing,
an assessment method for speech intelligibility was chosen that
minimised movement-related noise caused by overt verbal
responses. A test word from the sentence was selected randomly
from either the beginning, middle or end of the sentence to
ensure participants had to listen to the entire sentence. Of the 80
test words, 27 were selected from the beginning, 27 from the
middle and 26 from the end of the sentence. Participants were
asked to select, using a mouse, which word they had heard
within the preceding sentence from amongst five foils presented
as a 6-word visual grid (see Figure 1). The mouse cursor
returned to the middle of the screen when the visual grid was
displayed. The location of the test word varied randomly within
the 6-word grid, with an equal chance of the test word appearing
in any of the 6 positions. All five foils were either phonologically
or semantically related to the test word or other foils. For
instance, the sentence ‘The loss of a second ship was hard to
take’ and the test word ‘take’ had the following foils: phono-
logical foils related to ‘take’ (‘talk’, ‘tale’); a semantic foil for
‘take’ (‘accept’); phonological or semantic foils for other foils
(‘except’, ‘tell’). An online rhyming dictionary, rhymezone.com,
was used to select phonologically and semantically related foils
(>90 similarity rating). The six options were presented immedi-
ately after the speech presentation to minimise memory
requirements.

Main outcome measures

Correct response rate and RTs
Participants were asked to respond as accurately and quickly as
possible. The percentage of correct responses (correct response
rate) and the average speed of responses (RTs) were measured.
Mean RTs were computed inclusive of incorrect trials to avoid
data loss (Houben, van Doorn-Bierman, and Dreschler 2013).
Mean RTs for incorrect trials were 3.1 s longer than RTs for cor-
rect trials (t(748) ¼ 16.48, p < .001), but excluding incorrect tri-
als from the analysis did not change the overall pattern
of results.

Subjective ratings of LE and likelihood of giving up

After each trial in the speech recognition task (see Figure 1), the
monitor displayed two consecutive questions to gauge subjective
LE and the likelihood of giving up: ‘How hard did you work to
understand what was said?’ and ‘How likely would you be to give
up or just stop trying?’ We will refer to these measures as self-
rated ‘work’ and ‘giving up’, respectively. The wording used to
elicit these self-report ratings was almost identical to the wording

used by Picou and Ricketts (2014, 2018) and is based upon ques-
tions from the Speech, Spatial and Qualities Hearing Scale
(Gatehouse and Noble 2004). Participants provided subjective
ratings, using a mouse, on a visual scale between 0 (‘not at all’)
to 100 (‘very’).

Other outcomes measures

NASA task load index
In the NASA Task Load Index (NASA-TLX; Hart and Staveland
1988), participants are asked to rate how mentally, physically
and temporally demanding they found a recently completed task.
Additionally, participants were asked to give ratings on their per-
ceived performance level, how much effort they used and how
frustrating they found the task. Rating scales run between 1
(‘very low’) and 20 (‘very high’), except for self-rated perform-
ance for which the scale runs from 1 (‘failure’) to 20 (‘perfect’).
Participants completed the NASA-TLX immediately after com-
pleting all trials. These ratings were collected to gain an overall
picture of effort levels and perceptions of the task to aid inter-
pretations of other analyses.

Visual search task
A target word was displayed visually and participants were
instructed to select the target word in the 6-word grid as quickly
as possible. The mean visual search RT was calculated based on
20 trials. As items within the 6-word response grid used for the
speech recognition task were not equally spaced (i.e. selection of
the outer items required a slightly greater mouse movement), the
mean visual search RT for each participant was used to account
for physical differences in the spacing of the items in the 6-
word grid.

Covariate measures

Motivational personality traits
Achievement motivation was measured using the Personal
Mastery and Competitive Excellence subscales of the
Motivational Trait Questionnaire (Heggestad and Kanfer 2000).
Both of these sub-scales index achievement-orientated traits:
individuals scoring high in personal mastery strive to maximise
their performance even for challenging tasks, whilst individuals
high in competitive excellence strive to achieve a level of success
above their peers. The personal mastery section has 16 items,
and statements include: ‘I set goals as a way to improve my per-
formance’. The competitive excellence section has 13 items, and
statements include ‘Even in non-competitive situations, I find
ways to compete with others’. Statements were rated between 1
(very untrue of me) and 6 (very true of me).

Need for closure was measured using the Need for Closure
Scale (Roets and van Hiel 2011, updated from the original ver-
sion written by Webster and Kruglanski 1994), which indexes a
person’s closed-mindedness, dislike of uncertainty and preference
for order and predictability (Roets et al. 2015). The scale has 15
items, example items include ‘I don’t like situations that are
uncertain’. Participants rated these statements between 1
(strongly disagree) and 6 (strongly agree).

Cognitive tests
All cognitive tests were carried out using Inquisit 5 (Millisecond
Software 2015). Working memory was assessed using an auditory
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version of the backwards digit span test. Participants were pre-
sented with a series of digits and asked to recall them in reverse
order. Responses were recorded using a computer keyboard.
Participants received two practice trials prior to the main assess-
ment. Participants were initially presented with a 2-digit
sequence. Subsequently, the sequence length was adjusted based
on performance. Correct recall increased the length of the
sequence by 1; failing to recall the sequence correctly after two
attempts reduced the sequence length by 1. The backwards digit
span was defined as the maximal sequence length of correctly
recalled digits after 14 trials.

Linguistic ability was assessed using a lexical decision-making
task. Participants were presented with 4 or 5 letter strings and
had to indicate whether the strings made up words or non-words
as quickly and accurately as possible. Participants recorded their
responses via a computer keyboard to yield the lexical decision
RT. The task consisted of a practice block containing 6 trials (3
non-words and 3 words in random order), followed by 52 test
trials (consisting of 26 words and 26 non-words presented ran-
domly). In each trial, a fixation cross was presented for 700ms,
followed by the stimulus for 250ms and then a blank screen.
The mean RT was calculated for correct trials only.

Procedures
All tasks were completed in a single testing session, which lasted
around 1 hour. For the speech recognition task, participants were
seated in a sound-attenuated booth facing a computer monitor
and given task instructions. During each trial, vocoded sentences
were presented diotically at a fixed level of 65 dB(A) via loud-
speakers at ±45� azimuth.

After a practice block consisting of 10 trials, 80 test trials
were presented in 8 blocks of 10 trials each. There were four
high-reward (£2.50) and four low-reward (£0.25) blocks pre-
sented in random order. No explanation as to why some trials
were worth more than others was provided. Prior to each block,
participants were informed that they would receive a financial
bonus for answering 6 or more items correctly over the next
block of 10 trials. Each block consisted of five trials with moder-
ate listening demands and five trials with high listening
demands, presented in random order. Feedback on the perform-
ance and the associated award was not given until the end of the
experiment, to disassociate the effects of financial reward from
mood-related changes in effort, which may occur when partici-
pants are given trial-by-trial feedback (Carver 2006; Koelewijn
et al. 2018).

After the speech-recognition task, participants completed the
visual search task. Following this, participants were asked to
complete the NASA-TLX (Hart and Staveland 1988) and the
personality questionnaires. Finally, participants were asked to
complete the backwards digit span and the lexical decision-mak-
ing tasks.

Data analyses
Prior to statistical analysis, correct response rates, self-rated
‘work’ and self-rated ‘giving up’ were converted to rationalised
arcsine units (RAU) (Studebaker 1985). To remove outliers from
the RT data, RTs further than three standard deviations from the
mean for each participant were removed (Picou, Charles, and
Ricketts 2017). A log10 transformation was then applied to the
RTs to meet the assumption of normality for parametric statis-
tics. For each dependent variable (correct response rate, RT, self-
rated ‘work’, self-rated ‘giving up’), a repeated-measures analysis

of variance (ANOVA) with two within-subject factors, listening
demands (moderate/high) and financial reward (low/high)
was conducted.

Linear mixed modelling was carried out to investigate
whether cognitive skills and personality traits predicted outcomes
from the speech recognition task. Statistical analyses were run in
R version 3.5.1 (R Core Team 2018), using RStudio 1.1.453 and
the nlme package (Pinheiro et al. 2020). For each outcome meas-
ure from the speech recognition task (correct response rate, RTs,
self-rated “work” and self-rated “giving up”) exploratory mixed
models were fitted. Eight fixed effect predictors were included:
listening demands, financial reward, an interaction term for lis-
tening demands and financial reward, backwards digit span,
mean lexical decision RT, mean need for closure score, and total
scores on the Personal Mastery and Competitive Excellence sub-
scales of the Motivational Trait Questionnaire. Participants were
included as a random effect in all mixed models. We used a
backwards stepwise procedure (Pinheiro and Bates 2000) to
prune the initial model in such a way that higher-level inter-
action terms only remained if they improved the model fit.1

For each significant cognitive and personality main effect in
the exploratory models, we conducted further analyses to investi-
gate whether these predictors interacted with financial reward or
listening demands. The full model included main effects for lis-
tening demands, reward and the cognitive or personality effect
under investigation, plus all first- and second-level interaction
effects and was subsequently pruned in the manner
described above.

Results

Speech recognition and LE measures

Figure 2 shows the results of the speech recognition task and the
associated measures of LE. The correct response rates (% correct)
for the speech recognition task are shown in Figure 2(a). A
repeated-measures ANOVA with two factors (moderate/high lis-
tening demands and low/high financial reward), showed a sig-
nificant effect of listening demands (F(1,23) ¼ 53.76, MSE ¼
146.49, p < .001, gp

2 ¼ .70) on the correct response rate, with a
higher mean correct response rate in the moderate compared
with the high listening demands condition collapsed across
reward condition (moderate: mean ¼ 69.6%, SEM ¼ .020; high:
mean ¼ 50.2%, SEM ¼ .031). There was no significant effect of
financial reward on the correct response rate (F(1,23) ¼ .296,
MSE ¼ 115.49, p ¼ .592, gp

2 ¼ .013) and no significant inter-
action between listening demands and financial reward (F(1,23)
¼ .015, MSE ¼ 85.55, p ¼ .902, gp

2 ¼ .001).
Figure 2(b) shows mean RTs (log10(s)) for the speech recogni-

tion task. A repeated-measures ANOVA conducted on the RTs
showed a significant effect of listening demands (F(1,23) ¼
18.02, MSE ¼ .01, p < .001, gp

2 ¼ .44) with a slower mean RT
in the high listening demands condition, compared with the
moderate listening demands condition collapsed across reward
condition (high: mean ¼ .788 log10(s), SEM ¼ .023; moderate:
mean ¼ .714 log10(s), SEM ¼ .024). There was no significant
effect of financial reward on RTs (F(1,23) ¼ 1.83, MSE ¼ .01, p
¼ .190, gp

2 ¼ .074) and the interaction between listening
demands and financial reward was non-significant (F(1,23) ¼
.250, MSE ¼ .01, p ¼ .622, gp

2 ¼ .011). To control for physical
differences in the spacing of items in the 6-word grid, we calcu-
lated a mean visual search RT for each participant (see Visual
Search Task in Methods) and subtracted this value from the
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mean RTs gathered in the listening task in each condition.
Running the ANOVA on the adjusted listening task RTs revealed
the same pattern of results (i.e. a significant effect of listening
demands (F(1,23) ¼ 19.17, MSE ¼ 22.99, p <.001, gp

2 ¼ .455),
a non-significant effect of motivation (F(1,23) ¼ 1.77, MSE ¼
2.64, p ¼ .197, gp

2 ¼ .071) and a non-significant interaction
(F(1,23) ¼ .29, MSE ¼ .27, p ¼ .594, gp

2 ¼ .013)).
Figs. 2C and 2D show ‘work’ and ‘giving up’ self-report rat-

ings (0–100%) for the speech recognition task, respectively. For
self-rated ‘work’, a repeated-measures ANOVA showed a signifi-
cant effect of listening demands (F(1,23) ¼ 21.74, MSE ¼ 57.67,
p <.001, gp

2 ¼ .49) with a higher mean ‘work’ rating when lis-
tening demands were high compared with moderate, collapsed
across reward condition (high: mean ¼ 65.59%, SEM ¼ 3.858;
moderate: mean ¼ 58.50%, SEM ¼ 4.076). There was a signifi-
cant main effect of financial reward (F(1,23) ¼ 6.94, MSE ¼
23.85, p ¼ .015, gp

2 ¼ .23) with a higher mean “work” rating
for high reward compared to low reward collapsed across listen-
ing demand conditions (high: mean ¼ 63.43%, SEM ¼ 3.829;
low: mean ¼ 60.67%, SEM ¼ 3.829). No significant interaction
between reward and listening demands was measured for ‘work’
ratings (F(1,23) ¼ .258, MSE ¼ 13.32, p ¼ .616, gp

2 ¼ .011). A
significant main effect of listening demands was measured for
self-rated ‘giving up’ (F(1,23) ¼ 24.51, MSE ¼ 25.87, p < .001,
gp

2 ¼ .52), driven by a higher mean ‘giving up’ rating for high
compared to moderate listening demands collapsed across
reward conditions (high: mean ¼ 31.94%, SEM ¼ 5.001; moder-
ate: mean ¼ 27.73%, SEM ¼ 4.644). Financial reward did not
have a significant effect on self-rated ‘giving up’ (F(1,23) ¼ .942,
MSE ¼ 77.65, p ¼ .342, gp

2 ¼ .039) and the interaction between
financial reward and listening demands was not significant
(F(1,23) ¼ .710, MSE ¼ 10.44, p ¼ .408, g2 ¼ .030).

NASA-TLX
Figure 3 shows mean ratings for each subscale of the NASA-TLX
(Hart and Staveland 1988). Participants reported high levels of
effort, mental demand and frustration after completing the
speech recognition task, suggesting that participants engaged
with the task and expended LE.

Cognitive and personality measures

Group means, standard deviations and ranges for motivational
traits and cognitive abilities are shown in Table 1. Based on
means/ranges in previous studies (e.g. Viola et al. 2015), all par-
ticipants would be classified as low in need for closure. Means
and standard deviations for the Motivational Trait Questionnaire
subscales were similar to Hinsz and Jundt (2005). Means and
standard deviations for backwards digit span were very similar to
those recorded for young NH participants in Woods et al.
(2011). Means and standard deviations for lexical decision RTs
were similar to the NH young participants in Strand et al.
(2018). Pearson’s correlation coefficients between motivational
traits (need for closure, competitive excellence and personal mas-
tery) and cognitive skills (backwards digit span and lexical deci-
sion RT) were non-significant and small (all r <.2 except
competitive excellence and need for closure where r ¼ .44, data
not shown).

Multi-level modelling of cognitive and personality factors

Table 2 shows exploratory mixed models for each outcome
measure, which included listening demands, reward, demand�re-
ward interaction, backwards digit span, lexical decision RT and
totals for the Competitive Excellence and Personal Mastery sub-
sections of the Motivational Trait Questionnaire and the Need
for Closure Scale as fixed effects. For correct response rate,
alongside a significant effect of listening demands (F(1, 1893) ¼
81.23, p < .001, gp

2 ¼ .04) we found a significant fixed effect of

Figure 2. (a) Correct response rates (RAU) (b) Mean RTs (log10(s)) (c) Mean self-
rated work (RAU) and (d) Mean self-rated likelihood of giving up (RAU) as a func-
tion of financial reward for the speech recognition task (��p <.001; �p < .05).
Circles represent the moderate listening demands condition, squares represent
the high listening demands condition. Error bars represent ±1 standard error of
the mean. Results within reward conditions are offset to aid visualisation.

Figure 3. Mean ratings post speech-recognition task using the NASA-TLX ques-
tionnaire (higher values indicate greater demands) Error bars represent ±1 stand-
ard error of the mean.
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backwards digit span (F(1, 18) ¼ 7.87, p¼ 0.01, gp
2 ¼ .01). Our

analysis showed that the best fitting model for the correct
response rate consisted of listening demands, reward and back-
wards digit span, of which listening demands (F(1, 1894) ¼
81.27, p <.001, gp

2 ¼ .02) and backwards digit span (F(1,22) ¼
6.62, p¼ 0.02, gp

2 ¼ .01) were individually significant fixed
effects. Hence, backwards digit span did not interact with either
listening demand or financial reward to affect correct
response rate.

For RTs, in addition to a significant fixed effect of listening
demands (F(1, 1870) ¼ 41.29, p < .001, gp

2 ¼ .02), we found
significant fixed effects for competitive excellence (F(1, 18) ¼
5.74, p¼ 0.03, gp

2 ¼ .02) and lexical decision RT (F(1,18) ¼
6.53, p¼ 0.02, gp

2 ¼ .02). When exploring potential interaction
effects of competitive excellence on RTs, the best-fitting model
showed individually significant fixed effects for listening
demands (F(1, 1871) ¼ 41.28, p <.001, gp

2 ¼ .02) and competi-
tive excellence (F(1,22) ¼ 4.27, p¼ 0.05, gp

2 ¼ .02) only. When
exploring potential interaction effects of lexical decision RTs on
RTs, the best-fitting model showed that only listening demands
(F(1, 1871) ¼ 41.29, p <.001, gp

2 ¼ .02) and lexical decision RT
(F(1,22) ¼ 5.23, p¼ 0.03, gp

2 ¼ .02) were individually significant
fixed effects.

Only fixed effects of listening demands and reward were
found for self-rated work (demands: F(1, 1893) ¼ 65.61, p
<.001, gp

2 ¼ .02; reward: F(1, 1893) ¼ 11.30, p < .001, gp
2 ¼

.003) and giving up (demands: F(1, 1893) ¼ 56.51, p <.001, gp
2

¼ .01; reward: F(1,1893) ¼ 7.40, p ¼ .01, gp
2 ¼ .001). Therefore

no further interactions were explored.

Discussion

This study evaluated the relationship between listening demands
and motivation in a speech recognition task in the context of a
multi-factorial model from the wider field of effort research, i.e.
CET (Kruglanski et al. 2012). We manipulated motivation by
varying financial reward and listening demands by varying the
degree of degradation of the vocoded speech presented to listen-
ers. We measured the effects of these manipulations on four
main outcomes (correct response rate, RTs, self-rated work, self-
rated giving up). We also considered the modulating effects of
personality factors and cognitive skills. The manipulations and
co-varying factors, as well as the resulting hypotheses, reflect pre-
dictions made by CET.

The prediction of a main effect of listening demands was sup-
ported. Varying prior knowledge of tone-vocoded speech was
found to be an effective way of manipulating listening demands:
high listening demands led to significantly decreased correct
response rates, increased RTs and increased self-rated “work”
and “giving up”. These findings are consistent with CET
(Kruglanski et al. 2012) and are also in line with FUEL (Pichora-
Fuller et al. 2016).

We also found the predicted main effect of reward, consistent
with CET, which stipulates that financial reward increases

motivation, resulting in a stronger driving force and greater
mobilisation of effort to counteract the restraining force. It is
important to note, however, that according to the mixed model
(Table 2), the effects of financial reward were limited to self-
rated work and giving up and did not extend to increased cor-
rect response rates or changes in RTs. It is possible these results
did not reflect LE but instead were due to demand characteristics
of the experiment, that is, participants realising that greater effort
was expected in high reward trials.

Although we cannot rule out demand effects, we propose two
alternate interpretations for why financial reward affected only
self-rated but not behavioural outcomes. First, LE may be a
multi-dimensional concept (McMahon et al. 2016; Strauss and
Francis 2017; Hughes et al. 2018; Strand et al. 2018; Alhanbali
et al. 2019) where some measures, for example, self-report, show
an effect of LE and others, for example, behavioural outcomes,
do not. In a similar vein, other studies have shown physiological
effects in response to increased LE under conditions of high
financial reward but no significant behavioural effects (e.g.
Richter 2016; Koelewijn et al. 2018). Self-rated LE measures may
also be more sensitive to the effects of motivation than behav-
ioural measures (Pichora-Fuller et al. 2016; Herrmann and
Johnsrude 2020), which might explain why RTs did not appear
to be sensitive to the financial reward manipulation used in this
study. Second, RTs are sensitive to how motivation is operation-
alised: Weis et al. (2013) found differential effects on RTs in an
auditory discrimination task depending upon whether the finan-
cial motivator was presented to participants as a reward (starting
from zero and gaining money for correct answers) or a punish-
ment (starting from maximum and losing money for incor-
rect responses).

The interaction between listening demands and financial
reward was non-significant cf. CET, FUEL and MIT. Richter,
Gendolla, and Wright (2016) suggest a number of extensions to
MIT (Brehm and Self 1989) that may limit the greater influence
of motivation at higher demands, some of which may explain
the lack of interactive effects in this study. These extensions
include fatigue level, mood, and participant perceptions of their
ability to succeed at a task. In the present study, despite scoring
well above chance (�50% correct) in the high listening demands
condition, some participants may have perceived the task as too
difficult and hence offering greater reward would have little
impact upon effort investment. This may also account for the
very high levels of frustration recorded on the NASA-TLX
(Figure 3). Coupled with differences in task design, this may also
explain why our results conflict with Zhang et al. (2019) who
found an interaction between demands and reward on perform-
ance in NH listeners at high correct response rates (�70-85%).

We predicted that differences in the resource pool capacity
(measured by backwards digit span and lexical decision RTs) and
in the resource conservation aspect of the restraining force (i.e.
need for closure and inter-individual differences in achievement
motivation) would impact upon the correct response rate and
subjective and behavioural measures of LE in our speech recog-
nition task. A significant main effect of backwards digit span was
found for the correct response rate. This result suggests that par-
ticipants with greater resources performed better, consistent with
the driving force component of CET. This finding also supports
the ELU model (R€onnberg 2003; R€onnberg et al. 2013;
R€onnberg, Holmer, and Rudner 2019), that is, working memory
resources are recruited during effortful listening to resolve mis-
matches between input and representations stored in long-term
memory. However, note that individual differences in backwards

Table 1. Group means, standard deviations and ranges for personality traits/
cognitive abilities.

Mean (S.D.) Range

Competitive excellence (total) 45.67 (10.50) 26� 65
Personal mastery (total) 74.25 (11.33) 51� 96
Need for closure (average) 3.80 (.46) 2.87� 4.80
Backwards digit span 6.42 (.97) 4� 8
Lexical decision RT (ms) 694.51 (176.73) 512.60� 1121.26
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digit span did not predict behavioural (RT) or self-rated LE, a
result that we discuss further in the limitations section
(see below).

In contrast, lexical decision RT predicted only RTs from the
speech recognition task and not correct response rate. Moreover,
the direction of this association did not follow CET predictions.
Specifically, CET predicts greater resources (here we assumed
lexical decision–making ability) would strengthen the driving
force. Yet in the present study, greater LE appeared to be exerted
by participants who were slower at lexical decision-making. Our
results are also inconsistent with previous suggestions (Larsby,
H€allgren, and Lyxell 2008; R€onnberg et al. 2008; Kaandorp et al.
2016; Lyxell and R€onnberg 1992) that lexical decision RT is
related to the correct response rate in a speech task. The signifi-
cant predictive effect we found for RTs in the speech recognition
task and the lexical-decision-making task may simply be due to
both tasks measuring information processing speed.

Personality traits (need for closure, competitive excellence and
personal mastery) were included in the multi-level models as
these traits may influence the tendency to conserve resources as
part of the restraining aspect of CET. CET specifically identifies
need for closure as a trait that affects resource conservation. We
also expected that individuals with higher Motivational Trait
Questionnaire scores (indicating greater achievement motivation)
would show a stronger interaction between listening demands
and motivation as these individuals may be less conservative in
the allocation of their resources (Beh 1990; Capa, Audiffren, and
Ragot 2008; Hinsz and Jundt 2005). The only outcome measure
for which the exploratory modelling showed a significant effect
for competitive excellence was RT. There, more competitive indi-
viduals tended to have longer RTs, suggestive of greater LE exer-
tion. However, this main effect did not interact with motivation
or listening demands and did not moderate the interaction
between these two factors.

Based on CET, we would have expected a significant inverse
relationship between participants’ tendency to need closure and
effort exertion. The null effect for need for closure goes against
CET predictions regarding resource conservation. Moreover,
need for closure did not interact with motivation or listening
demands or moderate the interaction between these two factors,
as was expected based on CET. However, this null-effect may be
due to a lack of variability in need for closure within our sample,
as, based on previous research (e.g. Viola et al. 2015), all our
participants would be classified as having low need for closure.
Previous research finding a significant effect of need for closure
on effort investment (e.g. Richter, Baeriswyl, and Roets 2012)
screened a large number of participants and conducted an
experiment only with the participants who scored in the upper
and lower quartiles, i.e. an ‘extreme group’ approach which
increases statistical power (Cohen 1998). We, on the other hand,
measured need for closure as a continuous covariate. Since the
effect of personality on LE outcomes in a speech recognition task
appears to be small, employing an extreme group approach and/

or enlarging the sample size of the present study may have
revealed an effect of personality in line with CET.

Limitations of the present study

We did not find a consistent effect of financial reward on the
main outcome measures in the present study, whereas research
which informed CET predictions includes experiments where
motivation in a listening task was manipulated using financial
reward (e.g. Bijleveld, Custers, and Aarts 2009). However, the
effectiveness of extrinsic rewards when manipulating motivation
has been questioned. Previous meta-analyses have concluded that
offering tangible rewards undermines a person’s intrinsic motiv-
ation, that is, their desire to engage with interesting tasks to the
best of their ability (Rummel and Feinberg 1988; Wiersma 1992;
Tang and Hall 1995; Deci, Koestner, and Ryan 1999). A per-
formance-contingent reward may erode a person’s perceived
autonomy and competence at a task if they attribute their per-
formance to be due to the reward rather than their own interest
(Lepper, Greene, and Nisbett 1973; Deci and Ryan 1985). It is,
therefore, possible that financial reward may have demotivated
some participants in the present study.

More granular aspects of study design may also impact upon
the effectiveness of the motivating variable. We presented a high
(£2.50) versus low (£0.25) reward for achieving a correct
response rate of �60% per every 10 trials. Other studies used a
much higher reward threshold e.g. 90% (Richter 2016) which
may have encouraged greater effort, although setting the thresh-
old to gain a reward too high may discourage effort investment
if the goal is perceived as impossible (Brehm and Self 1989). In
addition, participants could feasibly exert high effort in every
trial, regardless of reward condition, to maximise the overall
amount of reward they received. Introducing the need to stra-
tegically allocate resources (e.g. Zhang et al. 2019), may result in
a more effective manipulation of motivation.

The lack of significant interactions between listening demands
and financial reward, and the null effects for the resource pool
and resource conservation covariates on our main outcome
measures, may be explained by a lack of statistical power and/or
a lack of variability in our resource pool measures. Our sample
size reflects the number of participants needed to identify main
effects on the main outcome measures. The current results will
inform appropriate sample sizes in future studies to investigate
the interactions predicted by CET/MIT. Such future research can
then clarify whether the current null effects were due to meth-
odological limitations of the present study (e.g. lack of extreme
groups for personality traits, the possibility that participants per-
ceived the listening task to be too hard), or whether CET is not
appropriate for predictions in this particular context.

Conclusions

The present study shows that manipulating prior knowledge by
using vocoded speech is a feasible way of varying speech

Table 2. Summary of mixed models.

Demands Reward
Demands�
Reward

Backwards
Digit Span

Lexical decision
RT

Competitive
excellence

Personal
mastery

Need for
Closure

Correct response rate 81.23** 0.34 0.04 7.87* 3.77 1.46 1.18 1.73
RT 41.29** 2.55 1.29 <0.01 6.53* 5.79* 0.69 4.16
Work 65.61** 11.30** 0.15 1.91 0.59 <0.01 0.09 1.61
Give Up 56.51** 7.40* 0.53 1.54 1.66 1.17 0.09 1.32

Bold and ��p < .001; �p < .05.
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intelligibility and associated measures of LE (RTs, self-ratings) in
young, NH listeners. The effects of offering financial reward on
LE were more complex: changes in subjective ratings of ‘work’
and ‘giving up’ with increased financial reward were not mir-
rored by increased correct response rates or greater LE invest-
ment, as measured by RTs. We found only partial support for
CET predictions which are intended to apply to ‘all instances of
goal-directed thinking’ (p. 3, Kruglanski et al. 2012). It is unclear
whether this is due to the limitations of financial reward as a
manipulator of motivation or the multi-dimensional nature of
LE (McMahon et al. 2016; Pichora-Fuller et al. 2016; Strauss and
Francis 2017; Hughes et al. 2018; Strand et al. 2018; Alhanbali
et al. 2019). The results of the exploratory analyses presented
here suggests the influence of personality and cognitive skills on
effortful listening and their interaction with listening demands
and motivation is small.

Note
1. The Akaike Information Criterion (AIC) was used to estimate the fit of

each model. Comparisons were made between the AIC of a model
containing a particular interaction effect and a model excluding this
interaction term while keeping all other terms identical. The pruned
model with the lowest AIC value was then compared with the unpruned
model for this level. If the AIC of the pruned model was lower, the
pruned model was carried forward to the next stage of analysis and set
as the new base model for pruning. If the AIC of the pruned model was
higher than the unpruned model, indicating a worse fit, an ANOVA was
conducted to compare both model fits. If the pruned model was not
significantly worse, it was carried forward as the new base model for
pruning. Following this procedure, interaction terms were progressively
eliminated, until only one remained. The final model was established by
using ANOVA to compare this model to a model consisting of only the
three main effects. ML (maximum likelihood) estimation was used for
the stepwise comparisons and upon establishing the final model, fixed
effects were calculated using REML (restricted maximum likelihood)
estimation i.e. a modelling approach similar to Heinrich, Ferguson, and
Mattys (2019) and Knight and Heinrich (2017, Knight and
Heinrich 2018).
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Chapter Five:  
Divergent Effects of Listening Demands and Evaluative Threat on Listening Effort in 

Online and Laboratory Settings  

 
 
 
This chapter is a report of an experimental study which aimed to investigate the influence of 

listening demands, motivation and experimental setting (i.e. online or laboratory 

environment) on LE. The same speech recognition task from study 1 was used. Listening 

demands were operationalised using “perceptual pop-out”. Motivation was operationalised 

as “evaluative threat”, a factor identified in chapter two (systematic review/meta-analysis) as 

having the largest effect size on LE.  

 

Two versions of the experiment were carried out: 

 Experiment 2a was performed online (with adjusted vocoder settings following 

piloting) with 37 participants using the prolific.co platform.   

 Experiment 2b was carried out in a laboratory with an additional 37 participants.  

 

A further experiment (2c) is presented in the supplementary materials. This was performed 

online but investigated a different motivational factor: evaluative feedback. The outcomes 

were performance (correct response rate), behavioural (RTs) and subjective (self-rated 

work) indices of LE. Self-rated tiredness was also measured. 

 

The format for submitting the manuscript to Frontiers in Psychology is used.   
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Abstract 

 

In challenging listening situations, such as noisy environments, listeners often need to 

expend extra effort.  Several models propose that listening effort (LE) varies as a function of 

both listening demands and motivation.  Motivation is posited to have a greater influence 

under high compared to low listening demands. To test these predictions, we manipulated 

the listening demands of a speech recognition task using tone vocoders to create moderate 

and high listening demand conditions.  Motivation was manipulated using evaluative threat 

i.e. informing participants that they must reach a particular ‘score’ for their results to be 

usable.  Indices of LE, including reaction times (RTs), self-rated work) and self-rated 

tiredness were measured in addition to task performance (correct response rates).  

 

An experiment was performed online using the Prolific.co platform. Conducting research 

online is increasingly popular, with fast data collection and access to a diverse range of 

participants. However, the impact of the loss of control over stimuli presentation and the 

participant’s listening environment on results is currently unclear.  We therefore planned a 

separate experiment with different participants in a laboratory setting.  Thirty-seven 

participants completed the experiment under laboratory conditions, and another 37 

participants carried out the study online.  Linear mixed model analyses showed that listening 

demands affected all outcome measures except self-rated tiredness under laboratory 

conditions. Specifically, greater listening demands significantly decreased the correct 

response rate and increased RTs and self-rated work but there was no effect of motivation in 

the laboratory study.  In the online study, there was no effect of listening demands on correct 

response rate or self-rated tiredness but greater listening demands increased RTs and 

greater motivation increased self-rated work.  Greater cognitive resources increased RTs 

overall. 
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The controlled environment of a laboratory setting may be necessary to observe all expected 

behavioural effects of listening demands.  Participants recruited online using Prolific.co may 

have perceived their participation payment to be at risk due to the platform’s rules on 

minimum performance standards, strengthening the motivation manipulation in the online 

study. These results highlight the importance of experimental context, as laboratory and 

online versions of similar experiments may lead to differential results. 

 

Keywords: Listening effort, Motivation, Speech Perception, social pressure, remote testing  

 



5 
 

 

Introduction 

 

There has been a recent surge in interest in performing experiments online (Bianco 

et al., 2021; Anwyl-Irvine et al., 2020; Backx et al., 2020; Hartshorne et al., 2019; Shapiro et 

al., 2020).  This is partly due to restrictions on research during the COVID-19 lockdowns but 

also due to the advantages of carrying out experimental tasks online.  Advantages include 

access to a larger and more varied group of participants compared to laboratory-based tasks 

and often rapid data collection (Bianco et al. 2021; Casey et al., 2017). However, reduced 

experimenter control over the participants’ environment (e.g. poor quality 

headphones/speakers, noisy backgrounds) and participant engagement may be 

disadvantageous (Chandler & Paolacci, 2017; Clifford & Jerit, 2014). The potential for 

reduced participant engagement is particularly relevant for tasks involving effortful listening, 

as motivation is posited to be a key factor in determining the decision to continue listening in 

challenging circumstances (Pichora-Fuller et al., 2016). 

 

Listening effort (LE) refers to the mental work required to understand speech in challenging 

situations, such as when struggling to hear a conversation in a busy café.  LE is not always 

an aversive experience, however; the social benefits of listening may motivate individuals 

with hearing impairment to continue to exert effort (Hughes et al., 2018; Matthen, 2016).  To 

emphasise the pivotal role of motivation in effortful listening, the Framework for 

Understanding Effortful Listening (FUEL) defines LE as “the deliberate allocation of mental 

resources to overcome obstacles in goal pursuit when carrying out a [listening] task” 

(Pichora-Fuller et al., 2016, p. 10S).  Drawing upon Motivational Intensity Theory (MIT), the 

FUEL posits that LE varies as a function of the listening demands of the task and the 

listener’s motivational arousal.   

 

file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_9
file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_10
file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_11
file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_22
file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_30
file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_35
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A model from the wider field of effort research, Cognitive Energetics Theory (CET), 

(Kruglanski et al., 2012) may be useful to apply to LE, as the theory aims to further define 

the interactive relationship between task demands (i.e. listening demands) and motivation 

outlined by MIT.  Within a listening task, an individual’s motivation to achieve a task goal and 

their resource availability is predicted to act as a “driving force” that leads to an increase in 

LE.  The listening demands of the task, the individual’s tendency to conserve resources and 

alternative goals competing for resources combine to form a “restraining force” against 

exerting LE.  Aligning with MIT and FUEL, CET predicts an interaction between motivation 

and task difficulty, with motivation posited to be a more important factor for harder (though 

not impossible) tasks compared to easier ones. For relatively hard tasks, the amount of effort 

exerted is predicted to be determined by motivation. For relatively easy tasks, CET applies 

the resource conservation principle from MIT, i.e. the amount of effort exerted never exceeds 

that required, regardless of the listener’s motivation level.   

 

Motivation may also play a role in mitigating listening fatigue, defined as “extreme tiredness 

resulting from effortful listening” (McGarrigle et al., 2014, p. 434). According to the 

Motivational Control Model (MCM; Hockey, 2013), fatigue is an adaptive state which ensures 

the efficient allocation of effort. Fatigue signals to individuals that they need to reduce effort 

on the current task and redirect resources towards alternative actions which have greater 

utility (e.g., higher rewards or lower effort costs).  Increasing motivation may increase the 

utility of the task, reducing the strength of the fatigue signal which may prevent reduction in 

LE.  

 

Motivation, as a CET driving force, can be manipulated externally.  In a meta-analysis 

investigating the influence of motivational factors (financial reward, evaluative threat, 

perceived competence, individual traits) on LE, the largest effect size was found when 

motivation was operationalised as evaluative threat (Carolan et al., 2022).  Evaluative threat 

may increase LE investment due to participants seeking to avoid negative evaluation (Picou 

file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_28
file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_31
file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_21
file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_7
file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_37
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& Ricketts, 2014; Zekveld et al., 2019).  Previous studies utilising evaluative threat informed 

participants that they would be tested on stimuli presented to them (Picou & Ricketts, 2014), 

or that their performance would be compared to their peers (Carrillo-de-la-Pena & 

Cadaveira, 2000).  Evaluative threat resulted in greater subjective ratings of LE (i.e. self-

rated work) (Picou & Ricketts, 2014; Zekveld et al., 2019), faster RTs (interpreted as greater 

arousal) (Carrillo-de-la-Pena & Cadaveira, 2000) and reduced ratings of fatigue (self-rated 

tiredness) (Picou & Ricketts, 2014).  

 

According to CET, a strong effective driving force (i.e. high motivation, resource availability, 

low task demands) allows for the use of more effective cognitive strategies, increasing the 

likelihood of goal attainment. Task performance may therefore increase with greater LE 

expenditure. Longer RTs with higher listening demands have been found in speech 

recognition tasks (Gatehouse & Gordon, 1990; Pals et al., 2015).  Longer RTs are generally 

attributed to greater cognitive processing (Marslen-Wilson & Tyler, 1980; Pisoni & Tash, 

1974).   Subjective methods, such as asking participants to provide ratings of work and 

tiredness, have been used to measure increased LE and listening fatigue under higher 

listening demands (Carolan et al., 2021; Picou & Ricketts, 2014). 

 

We planned to carry out an online experiment to measure of the effects of listening demands 

and evaluative threat on LE. However, we were aware of limitations of online studies. Online 

studies do not currently offer the same accuracy and precision as laboratory-based systems 

in terms of audio stimuli presentation and RTs (Bridges et al. 2020).  In a less-controlled 

environment, participants may also be more prone to distractions and less engaged 

(Chandler & Paolacci, 2017; Clifford & Jerit, 2014).  These factors may account for 

discrepancies between results of experiments carried out online and in a laboratory, e.g. 

Bianco et al. (2021) found poorer performance on a speech-in-noise task in an online 

compared to a laboratory cohort.  We therefore conducted a separate experiment with 
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different participants in a laboratory setting to compare the effects of experimental context 

(online vs. laboratory) on LE outcomes. 

 

Study aims 
 

In the current study, we applied the CET framework to a speech recognition task to 

understand how listening demands and motivation, operationalised as evaluative threat, 

influence listening effort.  Speech stimuli were degraded using tone vocoders to create 

moderate and high listening demand conditions, as in Carolan et al., (2021). Vocoded stimuli 

are effective in measuring effects of LE when using both subjective and objective measures 

(McMahon et al., 2016; Winn, 2016; Winn & Moore, 2018).  To manipulate motivation, we 

informed participants that they needed to score above a certain threshold for their results to 

be usable i.e. evaluative threat using mild deception. CET (Kruglanski et al., 2012) includes 

resource availability as a key component of the driving force towards exerting effort.  As the 

current study involves listening, we assessed resource availability in terms of auditory verbal 

working memory, which is posited to be a key mechanism that enables speech perception 

under challenging listening conditions (Rönnberg et al., 2019). We estimated the size of an 

individual listener’s working memory by means of measuring their backwards digit span 

(Woods et al., 2011) because Carolan et al. (2021) found that performance on the 

backwards digit span test was a significant predictor of performance in the same speech 

recognition task as used in the present study (i.e. tone-vocoded speech, intelligibility 

manipulated through prior exposure) . 

 

We asked: 

1. What impact does experimental setting (online/laboratory) have on performance 

and indices of LE on a speech recognition task? 

To probe CET in the context of LE, we also asked the following questions: 

file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_6
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2. Does motivation interact with listening demands to affect task performance 

(performance accuracy) and LE (RTs, self-rated work) as well as reduced fatigue 

(self-rated tiredness) in a speech recognition task? 

3. Is resource capacity (backwards digit span) associated with performance on a 

speech recognition task and indices of LE? 

We predicted that the experimental setting (online/laboratory) would impact results. Some 

studies show a reduction in performance online. For example, Bianco et al. (2021) found 

poorer performance in a speech-in-noise task (the Co-ordinate Response Matrix) in an 

online study compared with a laboratory-based study. Furthermore, Harrison & Müllensiefen 

(2018) found a decrease in beat perception performance using the computerised adaptive 

beat alignment test in an online compared to a laboratory setting. However, Hauser & 

Schwarz (2016) found that online participants were more likely to pass instructional 

manipulation checks (i.e. trick questions to ensure participants are paying attention) than 

laboratory participants, suggesting that online participants were in fact more attentive.  

 

Based on previous work we predict the following main effects: 

 Listening demands: Decreased performance accuracy, longer RTs (suggesting 

greater LE) and increased self-rated work when listening demands are high 

compared to moderate. 

 Motivation: Decreased self-rated tiredness with higher motivation. 

 Working memory: positive associations between working memory (backwards digit 

span), performance accuracy and indices of LE.  

Furthermore, we predicted the following interactions between motivation and listening 

demands: 

 Moderate listening demands*motivation: we expected performance accuracy to be 

unaffected by differences in motivation and no influence of motivation on RTs or self-

rated work.  
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 High listening demands*motivation: We expected performance accuracy to be lower 

and higher self-rated work and longer RTs (suggesting greater effort) in conditions of 

low motivation compared to high motivation.   

 

Experiment 1: Online setting 

Methods 
 

Participants 

Thirty-seven (26 female) normal-hearing native speakers of English between the 

ages of 18 to 35 years old (median = 23 years) participated in the online experiment. These 

participants were recruited via the website Prolific.co. Participants were paid via the online 

platform at Prolific’s standard rate of £6.50 per hour.  Eligible participants had normal or 

corrected-to-normal vision and no previous neurological issues or speech problems.   

The study was reviewed and approved by the University of Manchester Research Ethics 

Committee (approval number: 2021-10372-17457) and the protocol pre-registered with the 

Open Science Framework (https://osf.io/gcvkd).  

 

Materials 
 

Speech recognition task: Stimuli 

The speech recognition task was based on that used in Carolan et al. (2021). Ninety-five 

Harvard IEEE sentences (Rothauser et al., 1969) spoken by a male speaker, were used in 

the speech recognition task, including 15 sentences that were used during training.  Tone 

vocoders were used to modify speech intelligibility in a controlled fashion (Drullman et al., 

1994; Shannon et al., 1995). See Carolan et al. (2021) for further details of the processing 

procedure. The number of vocoder bands used in the online setting were set to 3 and 4 

vocoder bands, which was more than the 2 and 3 vocoder bands used previously in a 

laboratory-based experiment (Carolan et al., 2021). The modification to the parameters of 

the vocoded speech stimuli cf. Carolan et al. (2021) was necessary as pilot data indicated a 

https://osf.io/gcvkd
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much lower correct response rates in the high listening demands condition in the online 

study (29% correct) compared to the laboratory-based high listening demands condition 

(50.2% correct) of Carolan et al. (2021). 

 

Motivation manipulation 

Motivation was manipulated using evaluative threat.  Prior to each high motivation block, 

participants were informed “It is really important that you correctly answer at least 5 of the 

next trials, otherwise I will not be able to use your results, which would be a pity.”  The 

wording of this manipulation is based on Zekveld et al. (2019).  Prior to each low motivation 

block, participants were informed “I can use the data collected in this next batch of 

sentences as long as you answer a few correctly.” 

 

Outcome measures 
 

Correct response rate and RTs 

The percentage of correct responses (correct response rate) as well as the mean 

response time (RT), inclusive of incorrect trials, were measured. 

 

Subjective ratings 

Self-rated work: After each trial in the speech recognition task (see Figure 1), participants 

were asked “How hard did you work to understand what was said?” to measure subjective 

LE.   

 

Self-rated tiredness: After every 10th trial, participants were asked “How tired of listening are 

you?” Participants were asked to provide ratings (0-100%) using a visual scale. The wording 

of these questions is similar to that used by Picou & Ricketts (2014; 2018) to gauge 

subjective ratings of LE and fatigue and is based upon questions from the Speech, Spatial 

and Qualities Hearing Scale (Gatehouse & Noble, 2004).  

file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_17
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Backwards Digit Span 

In a backwards digit span task, a series of digits are presented and participants are asked to 

recall the digits in reverse order, as described in Woods et al. (2011). Two practice trials 

were presented to familiarise participants with the task prior to the main assessment. In the 

main assessment, participants were initially presented with a 2-digit sequence. The 

sequence length was subsequently increased by one if the participant recalled the sequence 

correctly. If incorrect, the participant was given two more chances with new sequences of the 

same length.  After three unsuccessful attempts, the sequence length was decreased by 

one.  The longest sequence correctly repeated after 14 trials was used as a participant’s 

backwards digit span. 

 

Procedures 

 
All tasks were completed online.  Participants were instructed to wear headphones 

throughout the study session.  

 

Hearing screening 

The hearing status of participants was checked using the HearWHO smartphone app 

(https://www.who.int/health-topics/hearing-loss/hearwho).  The HearWHO is an online digits-

in-nose test designed to allow individuals to check and monitor their hearing status.  A 

HearWHO score of 50 or more was considered as “normal hearing”.  The HearWHO app 

advises individuals scoring less than 50 to seek professional testing/advice regarding a 

possible hearing loss.  

 

Headphone check 

All participants completed a headphone check designed by Woods and colleagues (2017). In 

this task, participants must correctly detect an acoustic target in an intensity-discrimination 

file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_49
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file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_50


13 
 

task.  All participants answered at least 5 out of 6 trials correctly, indicating that they were 

using headphones appropriately. 

 

Speech recognition task 

Participants were instructed to carry out the speech recognition task on a laptop or desktop 

computer.  Figure 1 shows an outline of a trial in the speech recognition task. In each trial, 

the vocoded speech sentence is presented twice.  In the moderate listening demands 

condition, the first presentation (‘cue’) of the sentence was processed to produce a moderate 

level of intelligibility (4-band vocoder) followed by a second presentation (‘target’) processed 

for low speech intelligibility (3-band vocoder).  In the high listening demands condition, the 

intelligibility was always low, i.e. both ‘cue’ and ‘target’ sentences were processed to 

produce low speech intelligibility (3-band vocoder).  The ‘target’ sentence was always 

processed with a 3-band vocoder and was therefore physically identical in both the high and 

moderate listening demands conditions. 

 

Speech intelligibility was assessed using the same method as Carolan et al. (2021).  A test 

word was randomly selected from either the beginning, middle or end of the sentence to 

ensure that participants needed to listen to the entire stimulus.  Participants were asked to 

select, using their mouse, which word they had heard within the preceding sentence from 

amongst five foils presented as a 6-word visual grid (see Figure 1).  The visual grid was 

arranged so that each option was roughly equidistant from the centre of the screen. 

Participants were asked to return the mouse cursor to the middle of the screen during 

stimulus presentation.  The location of the test word varied randomly within the 6-word grid, 

with an equal chance of the test word appearing in any of the 6 positions.  Foils were either 

phonologically or semantically related to the test word or other foils.  For example, for the 

sentence “tend the sheep while the dog wanders” and the test word “sheep”, we used foils 

phonologically related to ‘sheep’ (e.g. “sheet”, “shoot”) a semantic foil for “sheep” (e.g. 

“cattle”) and foils which were phonologically or semantically related to other foils (e.g. 



14 
 

“kettle”, “blanket”). Participants were requested to respond as accurately and quickly as 

possible. To ensure motivation was only influenced by evaluative threat, no feedback on the 

participant’s response was provided during the speech recognition task. 

 

Prior to beginning the test blocks, participants completed a practice block consisting of 15 

trials: 5 trials using clear (unprocessed) speech to familiarise participants with the procedure, 

5 trials using 4-band vocoded speech for the cue sentence (i.e. moderate listening demands) 

and then 5 trials using 3-band vocoded speech for the cue sentence (i.e. high listening 

demands). After participants had completed the practice sentences, they were informed that 

“based on your performance on the practice sentences, you should be able to give the 

correct answer for around 5 out of every 10 sentences."   

 

After the practice block, 80 test trials were presented in 8 blocks of 10 trials each.  There 

were four blocks with high motivation and four blocks were low motivation, presented in a 

random order.  Each block consisted of 5 trials with high listening demands and 5 trials with 

moderate listening demands, presented in a random order.  After completing the speech 

recognition task, participants were debriefed as to why the mild deception was necessary.  

Participants then completed the backwards digit span test.  

 

Data analyses: 

 
The required sample size was calculated using the Simr software package (Green & 

MacLeod, 2016) in R (R Core Team, 2018), which estimates sample size based on mixed-

effects analyses. The power calculation used the effect size of financial reward on self-rated 

work reported in Carolan et al. (2021) . The calculations aimed to find the sample size 

required to detect a slope of 0.07, equivalent to a medium effect (Cohen’s f2 = 0.15) of 

motivation on the correct response rate and self-rated work in the speech recognition task 

with 80% power where α = 0.05 using 1000 simulations.  
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Correct response rates, self-rated work and self-rated tiredness were converted to 

rationalised arcsine units (RAU) (Studebaker, 1985) prior to statistical analysis.  Outliers 

(further than three standard deviations from the mean for each participant) were removed 

from the RT data (Picou et al., 2017).  A log10 transformation was applied to RTs to ensure 

data met the assumption of normality for parametric statistics.  

 

Linear mixed models were used to investigate predictors of the correct response rate and LE 

outcomes. Full models included main effects for listening demands (high/moderate listening 

demands), motivation (high/low), an interaction term for listening demands*motivation and 

backwards digit span score. Participants were modelled as random effects. Since ratings of 

tiredness were collected at the end of each motivation block, rather than on a trial-by-trial 

basis, a one-way ANOVA was used to compare mean ratings of tiredness for high motivation 

and low motivation conditions. 

 

Results  

 
Figure 2 shows the results of the online speech recognition task for each outcome measure 

(correct response rate, RT, self-rated work and self-rated tiredness).  Table 1 shows the 

statistical parameters for the mixed models for each outcome measure, with the predictor 

variables coded as fixed effects.  

 

In terms of correct response rate, none of the predictors (i.e. listening demands, motivation, 

listening demands*motivation or backwards digit span) had a significant effect. 

Listening demands affected RT (F(1,2568) = 7.67, p = .006, ηp
2 = .003), with longer RTs 

under higher listening demands (moderate: mean = .53, SEM = .007; hard: mean = .56, 

SEM = .007).  Motivation and listening demands*motivation were not significant predictors of 

RT.   

file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_45
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There was a significant increase in self-rated work under conditions of high motivation 

(F(1,2604) = 6.54, p = .011, ηp
2 = .003) (low motivation: mean = 69.61, SEM = .80; high 

motivation: mean = 72.31, SEM = .79).  None of the other variables showed an effect. There 

was no effect of any variable on self-rated tiredness. 

 

Backwards digit span also had a significant effect on RTs (F(1,31) = 4.24, p = .048, ηp
2 = 

.120).  Greater resource availability (larger backwards digit span) was associated with 

greater LE (longer RTs). 

 

Interim Discussion 
 

 

In Experiment 1, a small but significant increase in self-rated work was found under 

conditions of high motivation, but motivation did not interact with listening demands for any 

of the outcomes.  The lack of interactions contradicts CET (Kruglanski et al., 2012) (and 

other models such as MIT, (Brehm & Self, 1989) and FUEL (Pichora-Fuller et al., 2016) 

which predict that motivation has a greater influence on LE under conditions of relatively 

high (but not impossible) listening demands compared to relatively low listening demands, 

resulting in an interactive effect. 

 

Unexpectedly, in the online study (Experiment 1), the correct response rate in the 

moderate listening demands condition was almost identical to the high demands condition 

(moderate: 67.5 RAU, high: 67.2 RAU).  The lack of interactive effects was therefore likely 

due to insufficient differences in difficulty level between demand conditions. The listening 

demand manipulation may not have been as effective as expected due to the loss of control 

over stimuli presentation or the participant’s listening environment, as the experiment was 

carried out in an online context. We subsequently repeated Experiment 1 in a laboratory 

setting with different participants and compared the results.   

file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_2
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Experiment 2: Laboratory setting 

Methods 

 

Participants 

 
Thirty-seven (18 female) normal-hearing native speakers of English between the 

ages of 18 to 35 years old (median = 23) participated in the study. Participants who 

completed the online study (Experiment 1) were excluded.  Eligible participants had normal 

or corrected-to-normal vision and no previous neurological issues or speech problems. The 

study was reviewed and approved by the University of Manchester Research Ethics 

Committee (approval number: 2021-12598-19975) and the protocol pre-registered with the 

Open Science Framework (https://osf.io/3vbtx).  

 

Materials 

 
Participants completed an almost identical speech recognition task to that used in 

Experiment 1 (see Fig. 1a and Experiment 1: Methods for details). However, listening 

demands were different as results from a laboratory setting (Carolan et al. 2021) suggest 

that 2-band vocoded speech corresponds to a high listening demands condition (mean = 

50.2% correct) and 3-band vocoded speech corresponds to a moderate listening demands 

(mean = 69.6%) condition. Furthermore, Carolan et al. (2021) found using significant effects 

of listening demands on the correct response rate when 2-band and 3-band vocoders were 

used to process the stimuli for the speech recognition task. Motivation was manipulated 

using evaluative threat in an identical manner to Experiment 1 (see Fig. 1). 

 

Procedures 

 
All participants had bilateral normal hearing according to pure-tone audiometry (PTA) 

hearing thresholds (≤20 dB HL for test frequencies of 250, 500, 1000, 2000, 4000 and 8000 

https://osf.io/3vbtx)
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Hz) (British Society of Audiology, 2018).  None of the participants reported any recent ear 

infections or surgery, previous neurological issues or speech problems.   

 

All tasks were completed in a single testing session which lasted around 1 hour.  

Participants were paid £15 for participation. For the speech recognition task and backwards 

digit span task, participants were seated in a sound-attenuated booth facing a computer 

monitor and were given written instructions.  During each trial, vocoded sentences were 

presented diotically at a fixed level of 65 dB(A) via loud speakers at ±45° azimuth.   

 

Data analysis 

 
The sample size of N=37 provided >80% adequate power to detect a slope of 0.07, 

which is equivalent to a medium-sized effect (Cohen’s f2 = 0.15), of motivation on the correct 

response rate and self-rated work in the speech recognition task (see Methods section of 

Experiment 1 for further details). 

 

Data was pre-processed before statistical analyses in the same way as described for 

Experiment 1 (see Methods: Data Analysis).  As in Experiment 1, linear mixed models were 

used to investigate predictors of the correct response rate and LE outcomes. A one-way 

ANOVA was used to compare mean ratings of fatigue (self-rated tiredness) for high 

motivation and low motivation conditions.   

 

We compared results of Experiment 1 (performed online) and Experiment 2 (performed in a 

laboratory) by fitting an additional linear mixed model for each outcome measure.  This 

model included main effects for listening demands, motivation and an interaction term for 

listening demands*motivation.  We also included main effects of setting (i.e. performed 

online or in the laboratory) and interaction terms for listening demands*setting, 

motivation*setting and listening demands*motivation*setting. 

file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_3
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Results  
 

Figure 3 shows the effects of listening demands and motivation on performance 

(correct response rate) and indices of LE/fatigue. Table 2 shows the results of mixed models 

for each outcome measure, with the predictor variables (listening demands, motivation, 

backwards digit span) coded as fixed effects.  

 

The correct response rate was significantly higher in the moderate listening demands 

condition compared to the high listening demands condition (F(1, 2920) = 108.57, p <.001, 

ηp
2 = .036) (moderate: mean = .62, SEM = .013; high: mean = .43, SEM = .013). Motivation, 

listening demands*motivation and backwards digit span had no significant effect on the 

correct response rate.  

 

RTs were significantly affected by listening demands (F(1, 2883) = 55.22, p <.001, ηp
2 = 

.018), with longer RTs under higher listening demands (moderate: mean = .58, SEM = .007; 

high: mean = .65, SEM = .007). Motivation, listening demands*motivation and backwards 

digit span showed no significant effect on RTs. RTs were significantly longer for incorrect 

trials (t(1376) = -13.39, p <.001) (incorrect trials: mean = .70, SEM = .007; correct trials: 

mean = .55, SEM = .007).   

 

Self-rated work was higher in the high compared to moderate listening demands condition 

(F(1, 2920) = 173.90, p <.001, ηp
2 = .056) (moderate: mean = 65.90, SEM = .81; high: mean 

= 76.69, SEM = .72). Motivation, listening demands*evaluative threat and backwards digit 

span had no significant effect on self-rated work.  

 

The effect of motivation on self-rated tiredness was not significant. 
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Comparison of online and laboratory results 

 
Table 3 shows the results of mixed models comparing Experiment 1 (online) and 

Experiment 2 (laboratory). When results were collapsed across both experiments, the 

correct response rate was higher in the moderate compared to high demands listening 

demands condition (F(1,5840) = 57.50, p <.001, ηp
2 = .009) (moderate: mean = .65, SEM = 

.009; high: mean = .55, SEM = .009). RTs were longer when listening demands were high 

compared to moderate (F(1,5761) = 53.80, p <.001, ηp
2 = .009) (moderate: mean = .56, SEM 

= .005; high: mean = .61, SEM = .005). Self-rated work was greater in the high compared to 

moderate listening demands condition (F(1,5840) = 103.69, p <.001, ηp
2 = .017)  (moderate: 

mean = 68.11, SEM = .57; high: mean = 74.15, SEM = .54). Self-rated work was also greater 

for high motivation compared to low (F(1,5840) = 6.29, p = .012, ηp
2 = .001) (low motivation: 

mean = 70.39, SEM = .56; high motivation: mean = 71.87, SEM = .55). Motivation was not 

significant for any other outcomes. 

 

Regarding differences between the online and laboratory settings, the correct response rate 

was higher in Experiment 1 (online) compared to Experiment 2 (laboratory) (F(1,72) = 32.65, 

p <.001, ηp
2 = .312) (online: mean = .68, SEM = .009; laboratory: mean = .52, SEM = .009) 

and RTs were longer overall in the laboratory compared to online (F(1,72) = 7.32, p = .009, 

ηp
2 = .092) (online: mean = .55, SEM = .005; laboratory: mean = .62, SEM = .005).  Self-

rated work did not significantly differ overall between experiments.  

 

Listening demands significantly interacted with the experimental setting for the correct 

response rate, RT and self-rated work. Table 4 shows means and SEM for each outcome. 

Increasing listening demands resulted in a lower correct response in Experiment 2 

(laboratory) but the correct response rate did not significantly differ between listening 

demand conditions online (F(1,5840) = 58.34, p<.001, ηp
2 = .009).  RTs slowed to a greater 

extent with higher listening demands in the laboratory versus online (F(1,5761) = 9.845, p = 
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.002, ηp
2 = .001).  High listening demands increased self-rated work to a greater extent in the 

laboratory compared to the online setting (F(1,5840) = 64.05, p <.001, ηp
2 = 011).  

 

There was a significant interaction between motivation and experimental setting for self-

rated work but no other outcomes. Table 5 shows means and SEM. High motivation 

increased self-rated work to a greater extent in the online than in the laboratory study 

(F(1,5840) = 4.163, p = .041, ηp
2 = .001).  No significant listening 

demands*motivation*setting interactions were found.   

 

Discussion 

 
We investigated the relationship between listening demands, motivation and 

resource availability (backwards digit span) in a speech recognition task in both online and 

laboratory settings. Motivation was manipulated using evaluative threat and listening 

demands by varying the extent of degradation of vocoded speech presented to participants.  

We considered the effects of listening demands and motivation on performance accuracy 

and indices of LE and included resource availability (backwards digit span) as an additional 

fixed factor.  We also measured the effect of motivation on fatigue (self-rated tiredness).  

These variables and covariates were chosen to test the predictions of CET (Kruglanski et al., 

2012).  Our predictions regarding resource availability and fatigue also drew upon the ELU 

(Rönnberg et al., 2019) and the MCM (Hockey, 2013), respectively. We carried out the 

speech recognition task online (Experiment 1) and repeated the experiment in a controlled 

laboratory setting (Experiment 2). 

 

Comparison of Online and Laboratory settings 
 

The experimental setting (online/laboratory) impacted the results of the speech 

recognition task.  Higher listening demands lowered the correct response rate in the 

laboratory but not the online study.  Listening demands also had a larger effect on RTs and 
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self-rated work in the laboratory than the online setting.  Advantages of online studies 

include rapid data collection and easy access to a wide range of participants, but these 

come at the expense of less control over the participants’ listening environments, listener 

engagement and the equipment needed for listening tasks (e.g. quality of headphones) 

(Bianco et al. 2021, Chandler & Paolacci, 2017; Clifford & Jerit, 2014).  Online studies do not 

currently offer the same accuracy and precision as laboratory-based systems in terms of 

audio presentation and RTs (Bridges et al. 2020).  Our results suggest that online delivery 

may not always provide the highly controlled stimuli presentation needed for some listening 

tasks.  Similarly, Bianco et al. (2021) found poorer performance on a speech-in-noise task 

performed by an online cohort compared to a group of age-matched participants who 

completed the same speech task in a laboratory setting.   

 

Two caveats to our results are that a) the vocoder parameters used to manipulate listening 

demands parameters were different (easier) in the online compared to the laboratory study 

(see Methods) and b) independent groups of participants carried out each experiment, 

although both groups were young (18–35) listeners with normal hearing (assessed using the 

HearWHO online and with PTA in the laboratory). For greater clarity regarding the feasibility 

of conducting listening tasks that were developed in the laboratory in online settings, further 

research (ideally involving within-groups comparisons using the same task) is 

recommended.   

 

For self-rated work, there was a larger effect of motivation in the online than in the laboratory 

study. This may be due to the different recruitment strategies that were used for online 

versus laboratory experiments. The Prolific.co platform was used to recruit and compensate 

participants for the online setting in Experiment 1. It is possible that participants in the online 

setting were additionally motivated by the potential loss of financial payment and exclusion 

from other research studies on this platform:  Prolific.co makes participants aware that 

payments for participation may be withheld if the researcher deems the data generated from 
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their participation to be of low quality (e.g. if they fail basic attention checks or provide 

inconsistent responses), whereas participants in the laboratory-based experiment were 

informed in the participant information sheet that they would receive an honorarium payment 

with no mention of data quality. Additionally, Prolific.co informs users that submitting low 

quality data may preclude them from further participation opportunities.  These factors may 

have increased the effectiveness of the evaluative threat manipulation online, although 

effects of motivation were found for self-rated work only.  Evaluative threat may need to be 

combined with other motivational factors e.g. evaluative feedback (see Zekveld et al. 2019) 

to measure larger and broader effects of motivation on LE outcomes.  Other motivational 

factors may also be more effective in an online setting, e.g. Bianco et al. (2021) suggest that 

financial reward may be particularly motivating in research conducted online as they found 

that offering a performance-related financial bonus improved performance in an online 

setting.   

 

Our second research question asked whether motivation interacts with listening demands to 

affect task performance (performance accuracy) and indices of LE (RTs, self-rated work) in a 

speech recognition task.  According to CET, motivation should have a greater influence on 

effort exertion under high (but not impossible) compared to low listening demands, resulting 

in an interactive effect.  In Experiment 1 (online), no significant listening demand by 

motivation interactions were found for any of the outcomes.  These results contrast with 

Picou and Ricketts (2014) who report a significant effect of evaluative threat on subjective 

ratings of LE under conditions of “hard” but not “easy” listening demands.  In Experiment 1, 

performance accuracy was almost identical in the moderate and high listening demands 

conditions and the predicted effect of greater LE with higher listening demands was found for 

one LE outcome measure only: RTs. Thus, there were likely insufficient differences in 

intelligibility between the listening demand conditions to elicit interactive effects.  The lack of 

significant effects of listening demands was unexpected since large effects of listening 

demands were found in our previous laboratory study using the same speech recognition 
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task (Carolan et al. 2021). To investigate further, we repeated a similar experiment online 

(with identical listening demands but using evaluative feedback rather than evaluative threat 

as a motivational factor). This version of the experiment did not show significant effects of 

listening demands either (see Supplementary Materials 1).  Collectively, these results 

illustrate the challenges of adapting laboratory-based LE experiments to online settings, 

where experimenters have less control over participants’ listening environments, the 

equipment used for listening and participants’ engagement in the listening task. 

  

Despite the null effects of listening demands, and the interaction between motivation and 

listening demands, a small main effect of motivation on self-rated work was found in 

Experiment 1. This aligns with previous work finding main effects of evaluative threat on 

subjective measures of LE ( Zekveld et al., 2019).   

 

In Experiment 2 (Laboratory) main effects of listening demands on performance and indices 

of LE were found, with large effects measured with all LE outcomes.  Higher listening 

demands led to a significant reduction in the correct response rate, slower RTs and higher 

self-rated work.  This replicates our previous laboratory study using the same task (Carolan 

et al. 2021). Our predictions of an interaction between listening demands and motivation 

(evaluative threat) were not supported. There were also no main effects of motivation for any 

of the outcomes.  This is in contrast with previous studies reporting effects of evaluative 

threat on subjective and behavioural measures of LE (Carrillo-de-la-Pena & Cadaveira, 

2000; Picou & Ricketts, 2014; Zekveld et al., 2019).  The evaluative threat manipulation, 

which was displayed on the computer screen, may not have been effective enough to 

increase motivation.  In Zekveld et al. (2019), the researchers stopped the experiment, 

entered the testing room and communicated the evaluative threat verbally. This procedure 

was repeated twice.  In addition, in Zekveld et al. (2019), participants received false 

feedback on their performance to further motivate them to exert LE.  Picou & Ricketts 

(2014), who also found significant effects of evaluative threat, tested participants verbally, 
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gave feedback and used longer passages, which may have heightened anxiety. Using more 

effective methods of motivating participants based on evaluative threat may have led to 

significant effects on LE outcomes in the present study. 

 

Neither experiment provided evidence in support of the notion that motivation reduces 

fatigue (self-rated tiredness) in a speech recognition task.  The effect of evaluative threat on 

self-rated tiredness was non-significant in both Experiment 1 and Experiment 2, 

contradicting the MCM (Hockey, 2013) and a previous study finding a reduction in self-rated 

tiredness when participants are informed of an upcoming test (Picou & Ricketts, 2014).  A 

longer/more demanding speech recognition task may be needed to elicit listening fatigue.  In 

Picou & Ricketts (2014), testing is described as lasting “no longer than two hours” (p 421), 

whereas here the speech recognition task lasted around 40 minutes.  

 

Our third research question asked whether the availability of working memory resources 

(measured using backwards digit span) affects performance and indices of LE on a speech 

recognition task.  Backwards digit span was a significant fixed effect in only one mixed 

model (RTs) in Experiment 1 and was not a significant fixed effect in any of the fitted models 

in Experiment 2. However, in an additional online experiment, backwards digit span was a 

significant predictor of all included measures (see Supplementary Material, Table S2).  CET 

includes resource availability as an aspect of the driving force towards exerting effort.  In 

addition, the ELU model proposes that LE involves the utilisation of working memory 

resources to resolve mismatches between input and representations in long-term memory 

(Rönnberg et al., 2019).  Associations between resource availability and behavioural 

performance or indices of LE are reported in some studies (Koelewijn et al., 2021; Wendt et 

al., 2016; Zekveld et al., 2012), but others show weak/lack of associations (Brown & Strand, 

2018; Hunter, 2021; Koelewijn et al., 2018).  Statistical power may not have been adequate 

in the present study and in addition, variability in backwards digit span was also higher in 

Experiment 1 (performed online) than in Experiment 2 (laboratory setting) (see Table 6). Low 
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power and variability reduces the likelihood of finding statistically significant effects and can 

result in inconsistent findings.  Additionally, the choice of working memory task may not have 

been optimal.  Measuring working memory capacity using more complex tasks such as the 

reading span and size comparison tasks may lead to stronger associations than digit span 

tasks (Hannon and Daneman, 2001; Rönnberg et al., 2019).  The sentence final word 

identification and recall (SWIR) test, a complex auditory-based task, may also be a better 

method of indexing working memory resource capacity in the context of LE (Bönitz et al. 

2021; Ng et al 2013; 2015).  

 

Conclusions 

 
Based on the predictions of CET and other models (e.g. FUEL), motivation and 

listening demands were expected to have an interactive influence on performance and 

indices of LE on a speech recognition task. No interactions were found in this study. Most 

effects of listening demands found in the laboratory setting were not replicated online.  We 

found a small effect of motivation, operationalised as evaluative threat, on LE (self-rated 

work) in the online setting only. There are benefits to using online platforms (e.g. rapid data 

collection, access to wide range of participants) but also drawbacks (e.g. lack of control over 

the participants’ listening environment, headphones and engagement with the task).  Future 

research is needed to directly compare results from online and laboratory settings, ideally 

using a within-participants design, to understand how these contextual factors influence the 

effects of listening demands and motivation on listening effort. 

https://www.tandfonline.com/doi/full/10.1080/14992027.2018.1551631
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Tables and figures: 

 

 

Figure 1: (a) Diagram of a typical “threat” trial.  In “no threat” trials, the pre-trial screen informed participants that “I can use your results for this 

next group of 10 sentences as long as you answer at least a few of them correctly.”. 
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Figure 2: Results from the online setting. a) Correct response rate (RAU), b) Mean RTs 

(log10(s)), c) Mean self-rated work (RAU) and d) Mean self-rated tiredness as a function of 

evaluative threat for the speech recognition (Experiment 1 performed online) (**p <.001; *p 

<.05). Circles (blue) represent the moderate listening demands condition; squares (red) 

represent the high listening demands condition.  Error bars represent ±1 standard error of 

the mean. Results within motivation conditions are offset to aid visualisation.  
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Figure 3: Results from the laboratory setting. a) Correct response rate (RAU), b) Mean RTs 

(log10(s)), c) Mean self-rated work (RAU) and d) Mean self-rated tiredness as a function of 

evaluative threat for the speech recognition (Experiment 2 performed in a laboratory) (**p 

<.001; *p <.05). Circles (blue) represent the moderate listening demands condition; squares 

(red) represent the high listening demands condition.  Error bars represent ±1 standard error 

of the mean. Results within motivation conditions are offset to aid visualisation. 
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 Demands Motivation Demands*Motivation Backwards  

digit span 

Correct response rate 0.129 0.811 1.150 2.233 

RT 7.667* 0.891 2.755 4.236* 

Work 2.542 6.538* 0.044 0.138 

Table 1. Summary (F values) of models for Experiment 1: evaluative threat (online) * = p <.05 ** = p <.001. 

 

 

 

 Demands Motivation Demands*Motivation Backwards  

digit span 

Correct response rate 108.571** 1.134 0.208 1.429 

RT 55.218** 1.569 0.030 0.545 

Work 173.903** 0.115 0.054 0.472 

Table 2. Summary (F values) of models for Experiment 2: evaluative threat (laboratory) * = p <.05 ** = p <.001. 
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 Demands Motivation Demands* 
Motivation 

Setting Demands* 
Setting 

Motivation* 
Setting 

Demands* 
Motivation* 

Setting 

Correct response 

rate 

57.495** 0.130 0.65 32.648** 58.340** 1.426 2.167 

RT 53.796** 2.529 1.495 7.316* 9.845* 0.031 0.962 

Work 103.689** 6.294* 0.006 0.005 64.051** 4.163* 0.152 

Table 3.  Summary of models comparing results from Experiment 1 (online) and Experiment 2 (laboratory). The experimental context 

(online/laboratory) was coded as “Setting”. * = p <.05 ** = p <.001. 

 

 

 

 Online Laboratory 
 High  

demands 
Moderate  
demands 

High  
demands 

Moderate 
demands 

 

Correct response 
rate 

.68 (.012) .68 (.012) .43 (.013) .62 (.013) 
 

RTs .56 (.007) .53 (.007) .65 (.007) .58 (.007) 
 

Work  71.61 (.799) 68.75 (.789) 76.69 (.721) 65.90 (.812) 
 

Table 4.  Means and SEM for outcomes from Experiment 1 (online) and Experiment 2 (laboratory) grouped by listening demands condition. 
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 Online Laboratory 
 High motivation Low motivation High motivation Low motivation 

 

Correct response rate .68 (.012) .67 (.012) .51 (.013) .53 (.013) 
 

RTs .55 (.007) .54 (.007) .62 (.007) .61 (.008) 
 

Work  72.31 (.793) 69.61 (.801) 71.44 (.772) 71.16 (.789) 
 

Table 5. Means and SEM for outcomes from the Experiment 1 (online) and Experiment 2 (laboratory) grouped by motivation condition. 

 

 

 Mean Standard deviation Range 

Backwards digit span (online) 7.16 1.69 4–12 

Backwards digit span (laboratory) 6.86 1.03 5–12 

Table 6. Mean, standard deviation and range for the backwards digit span task carried out online (Experiment 1) and in a laboratory 

(Experiment 2). 

 



References 

 

Anwyl-Irvine, A. L., Massonnié, J., Flitton, A., Kirkham, N., & Evershed, J. K. (2020). Gorilla 

in our midst: An online behavioural experiment builder. Behaviour Research Methods, 

52(1), 388-407. https://doi.org/10.3758/s13428-019-01237-x 

Backx, R., Skirrow, C., Dente, P., Barnett, J. H., & Cormack, F. K. (2020). Comparing Web-

Based and Lab-Based Cognitive Assessment Using the Cambridge 

Neuropsychological Test Automated Battery: A Within-Subjects Counterbalanced 

Study. Journal of medical Internet research, 22(8), e16792. 

https://doi.org/10.2196/16792 

Bianco, R., Mills, G., de Kerangal, M., Rosen, S., & Chait, M. (2021). Reward Enhances 

Online Participants’ Engagement with a Demanding Auditory Task. Trends in hearing. 

https://doi.org/10.1177/23312165211025941 

Brehm, J. W., & Self, E. A. (1989). The intensity of motivation. Annual Review of 

Psychology, 40, 109-131. https://doi.org/10.1146/annurev.ps.40.020189.000545 

British Society of Audiology. (2018). Recommended Procedure: Pure-tone air-conduction 

and bone conduction threshold audiometry with and without masking: BSA. 

Bönitz, H. , Lunner, T. , Finke, M. , Fiedler, L. , Lyxell, B. , Riis, S. , Ng, E. , Valdes, A. , 

Büchner, A. & Wendt, D. (2021). How Do We Allocate Our Resources When Listening 

and Memorizing Speech in Noise? A Pupillometry Study. Ear and Hearing, 42 (4), 846-

859. https://doi.org/10.1097/AUD.0000000000001002. 

Bridges D, Pitiot A, MacAskill MR, Peirce JW. 2020. The timing mega-study: comparing a 

range of experiment generators, both lab-based and 

online. PeerJ 8:e9414 https://doi.org/10.7717/peerj.9414 

Brown, V., & Strand, J. (2018). Noise increases listening effort in normal-hearing young 

adults, regardless of working memory capacity. Language, Cognition and 

Neuroscience, 34, 1-13. https://doi.org/10.1080/23273798.2018.1562084 

Burgers, C., Eden, A., Engelenburg, M., & Buningh, S. (2015). How feedback boosts 

motivation and play in a brain-training game. Computers in Human Behavior, 48, 94-

103. https://doi.org/10.1016/j.chb.2015.01.038 

Carolan, P. J., Heinrich, A., Munro, K. J., & Millman, R. E. (2021). Financial reward has 

differential effects on behavioural and self-report measures of listening effort. 

International Journal of Audiology, 1-11. 

https://doi.org/10.1080/14992027.2021.1884907 

Carolan, P. J., Heinrich, A., Munro, K. J., & Millman, R. E. (2022). Quantifying the Effects of 

Motivation on Listening Effort: A Systematic Review and Meta-Analysis. Trends in 

hearing. https://doi.org/10.1177/23312165211059982 



34 
 

Carrillo-de-la-Pena, M. T., & Cadaveira, F. (2000). The effect of motivational instructions on 

P300 amplitude. Clinical Neurophysiology, 30(4), 232-239. 

https://doi.org/10.1016/s0987-7053(00)00220-3 

Casey, L. S., Chandler, J., Levine, A. S., Proctor, A., & Strolovitch, D. Z. (2017). 

Intertemporal Differences Among MTurk Workers: Time-Based Sample Variations and 

Implications for Online Data Collection. SAGE Open, 7(2), 

https://doi.org/10.1177/2158244017712774 

Chandler, J. J., & Paolacci, G. (2017). Lie for a Dime:When Most Prescreening Responses 

Are Honest but Most Study Participants Are Impostors. Social Psychological and 

Personality Science, 8(5), 500-508. https://doi.org/10.1177/1948550617698203 

Clifford, S., & Jerit, J. (2014). Is There a Cost to Convenience? An Experimental Comparison 

of Data Quality in Laboratory and Online Studies. Journal of Experimental Political 

Science, 1(2), 120-131. https://doi.org/10.1017/xps.2014.5 

Cusella, L. P. (1982). The effects of source expertise and feedback valence on intrinsic 

motivation. Human Communication Research, 9(1), 17-32. 

https://doi.org/10.1111/j.1468-2958.1982.tb00680.x 

Deci E., Koestner R., & Ryan R. (1999). A meta-analytic review ofexperiments examining the 

effect of extrinsic rewards on intrinsic motivation. Psychological Bulletin, 125(6), 627–

692. https://doi.org/10.1037/0033-2909.125.6.627 

Drullman, R., Festen, J. M., & Plomp, R. (1994). Effect of reducing slow temporal 

modulations on speech reception. Journal of the Acoustical Society of America, 95(5 

Pt 1), 2670-2680. https://doi.org/10.1121/1.409836 

Francis, A. L., Bent, T., Schumaker, J., Love, J., & Silbert, N. (2021). Listener characteristics 

differentially affect self-reported and physiological measures of effort associated with 

two challenging listening conditions. Attention, Perception, & Psychophysics. 

https://doi.org/10.3758/s13414-020-02195-9 

Füllgrabe, C., & Rosen, S. (2016). On The (Un)importance of Working Memory in Speech-in-

Noise Processing for Listeners with Normal Hearing Thresholds. Front Psychol, 7, 

1268. https://doi.org/10.3389/fpsyg.2016.01268 

Gatehouse, S., & Gordon, J. (1990). Response times to speech stimuli as measures of 

benefit from amplification. British Journal of Audiology, 24(1), 63-68.  

Gatehouse, S., & Noble, W. (2004). The speech, spatial and qualities of hearing scale 

(SSQ). International Journal of Audiology, 43(2), 85-99. 

https://doi.org/10.1080/14992020400050014 

Gilzenrat, M. S., Nieuwenhuis, S., Jepma, M., & Cohen, J. D. (2010). Pupil diameter tracks 

changes in control state predicted by the adaptive gain theory of locus coeruleus 



35 
 

function. Cognitive, Affective & Behavioural Neuroscience, 10(2), 252-269. doi: 

10.3758/cabn.10.2.252 

Green, P., & MacLeod, C. J. (2016). SIMR: an R package for power analysis of generalized 

linear mixed models by simulation. Methods in Ecology and Evolution, 7(4), 493-498. 

https://doi.org/10.1111/2041-210X.12504 

Hartshorne, J., Leeuw, J., Goodman, N., Jennings, M., & O'Donnell, T. (2019). A thousand 

studies for the price of one: Accelerating psychological science with Pushkin. 

Behaviour Research Methods, 51. https://doi.org/10.3758/s13428-018-1155-z 

Harrison, P., & Müllensiefen, D. (2018). Development and Validation of the Computerised 

Adaptive Beat Alignment Test (CA-BAT). Scientific Reports, 8. 

https://doi.org/10.1038/s41598-018-30318-8 

Hauser, D. J., & Schwarz, N. (2016). Attentive Turkers: MTurk participants perform better on 

online attention checks than do subject pool participants. Behavior Research Methods, 

48(1), 400-407. https://doi.org/10.3758/s13428-015-0578-z 

Henderlong, J., & Lepper, M. R. (2002). The effects of praise on children's intrinsic 

motivation: A review and synthesis. Psychological Bulletin, 128(5), 774-795. 

https://doi.org/10.1037/0033-2909.128.5.774 

Hockey, R. (2013). The Psychology of Fatigue: Work, Effort and Control.: Cambridge: 

University Press. 

Hughes, S. E., Hutchings, H. A., Rapport, F. L., McMahon, C. M., & Boisvert, I. (2018). 

Social Connectedness and Perceived Listening Effort in Adult Cochlear Implant Users: 

A Grounded Theory to Establish Content Validity for a New Patient-Reported Outcome 

Measure. Ear and Hearing, 39(5), 922-934. 

https://doi.org/10.1097/AUD.0000000000000553 

Hunter, C. R. (2021). Dual-Task Accuracy and Response Time Index Effects of Spoken 

Sentence Predictability and Cognitive Load on Listening Effort. Trends in hearing, 25, 

23312165211018092. https://doi.org/10.1177/23312165211018092 

Johnson, D. A. (2013). A Component Analysis of the Impact of Evaluative and Objective 

Feedback on Performance. Journal of Organizational Behavior Management, 33(2), 

89-103. https://doi.org/10.1080/01608061.2013.785879 

Kluger A. N.,&DeNisi A. (1996). The effects of feedback interventions on performance: A 

historical review, a meta-analysis, and a preliminary feedback intervention theory. 

Psychological Bulletin, 119(2), 254–284. https://doi.org/10.1037/0033-2909.119.2.254 

Koelewijn, T., van Haastrecht, J. A. P., & Kramer, S. E. (2018). Pupil Responses of Adults 

With Traumatic Brain Injury During Processing of Speech in Noise. Trends in hearing, 

22. https://doi.org/10.1177/2331216518811444 



36 
 

Koelewijn, T., Zekveld, A. A., Lunner, T., & Kramer, S. E. (2021). The effect of monetary 

reward on listening effort and sentence recognition. Hearing Research, 406, 108255. 

doi: https://doi.org/10.1016/j.heares.2021.108255 

Krenn, B., Würth, S., & Hergovich, A. (2013). The impact of feedback on goal setting and 

task performance. Swiss Journal of Psychology, 72(2), 79-89. 

https://doi.org/10.1024/1421-0185/a000101 

Kruglanski, A. W., Belanger, J. J., Chen, X., Kopetz, C., Pierro, A., & Mannetti, L. (2012). 

The energetics of motivated cognition: a force-field analysis. Psychological Review, 

119(1), 1-20. https://doi.org/10.1037/a0025488 

Marslen-Wilson, W., & Tyler, L. K. (1980). The temporal structure of spoken language 

understanding. Cognition, 8(1), 1-71. https://doi.org/10.1016/0010-0277(80)90015-3 

Matthen, M. (2016). Effort and displeasure in people who are hard of hearing. Ear and 

Hearing, 37, 28S-34S. https://doi.org/10.1097/Aud.0000000000000292 

McGarrigle, R., Munro, K. J., Dawes, P., Stewart, A. J., Moore, D. R., Barry, J. G., & Amitay, 

S. (2014). Listening effort and fatigue: What exactly are we measuring? A British 

Society of Audiology Cognition in Hearing Special Interest Group 'white paper'. 

International Journal of Audiology, 53(7), 433-440. 

https://doi.org/10.3109/14992027.2014.890296 

McMahon, C. M., Boisvert, I., de Lissa, P., Granger, L., Ibrahim, R., Lo, C. Y., Miles, K., & 

Graham, P. L. (2016). Monitoring alpha oscillations and pupil dilation across a 

performance-intensity function. Frontiers in psychology, 7, 1-12. 

https://doi.org/10.3389/fpsyg.2016.00745 

Mumm, J., & Mutlu, B. (2011). Designing motivational agents: The role of praise, social 

comparison, and embodiment in computer feedback. Computers in Human Behavior, 

27(5), 1643-1650. https://doi.org/10.1016/j.chb.2011.02.002 

Ng E. H. N., Rudner M., Lunner T., Pedersen M. S., Rönnberg J. Effects of noise and 

working memory capacity on memory processing of speech for hearing-aid users. Int J 

Audiol, (2013). 52, 433–441. 

Ng E. H. N., Rudner M., Lunner T., Rönnberg J. Noise reduction improves memory for target 

language speech in competing native but not foreign language speech. Ear Hear, 

(2015). 36, 82–91. 

Pals, C., Sarampalis, A., van Rijn, H., & Başkent, D. (2015). Validation of a simple response-

time measure of listening effort. Journal of the Acoustical Society of America, 138(3), 

El187-192. https://doi.org/10.1121/1.4929614 

Pichora-Fuller, M. K., Kramer, S. E., Eckert, M. A., Edwards, B., Hornsby, B. W., Humes, L. 

E., Lemke, U., Lunner, T., Matthen, M., Mackersie, C. L., Naylor, G., Phillips, N. A., 



37 
 

Richter, M., Rudner, M., Sommers, M. S., Tremblay, K. L., & Wingfield, A. (2016). 

Hearing Impairment and Cognitive Energy: The Framework for Understanding Effortful 

Listening (FUEL). Ear and Hearing, 37 Suppl 1, 5S-27S. 

https://doi.org/10.1097/AUD.0000000000000312 

Picou, E. M., Charles, L. M., & Ricketts, T. A. (2017). Child-Adult Differences in Using Dual-

Task Paradigms to Measure Listening Effort. American Journal of Audiology, 26(2), 

143-154. https://doi.org/10.1044/2016_Aja-16-0059 

Picou, E. M., & Ricketts, T. A. (2014). Increasing motivation changes subjective reports of 

listening effort and choice of coping strategy. International Journal of Audiology, 53(6), 

418-426. https://doi.org/10.3109/14992027.2014.880814 

Picou, E. M., & Ricketts, T. A. (2018). The relationship between speech recognition, 

behavioural listening effort, and subjective ratings. International Journal of Audiology, 

57(6), 457-467. https://doi.org/10.1080/14992027.2018.1431696 

Pinheiro, J., Bates, D., & Team, R. C. (2022). nlme: Linear and Nonlinear Mixed Effects 

Models.  

Pisoni, D. B., & Tash, J. (1974). Reaction times to comparisons within and across phonetic 

categories. Perception & Psychophysics, 15(2), 285-290. 

https://doi.org/10.3758/BF03213946 

R Core Team. (2018). The R Foundation for Statistical Computing Platform. Retrieved from 

http://www.R-project.org 

Rönnberg, J., Holmer, E., & Rudner, M. (2019). Cognitive hearing science and ease of 

language understanding. International Journal of Audiology, 58(5), 247-261. 

https:/doi.org/10.1080/14992027.2018.1551631 

Rothauser, E. H., Chapman, W. D., Guttman, N., Hecker, M. H. L., . , Nordby, K. S., Silbiger, 

H., Urbanek, G. E., & Weinstock., M. (1969). IEEE Recommended Practice for Speech 

Quality Measurements. IEEE Transactions on Audio and Electroacoustics, 17(3), 255-

246.  

Shannon, R. V., Zeng, F. G., Kamath, V., Wygonski, J., & Ekelid, M. (1995). Speech 

Recognition with Primarily Temporal Cues. Science, 270(5234), 303-304. 

https://doi.org/10.1126/science.270.5234.303 

Shapiro, M. L., Norris, J. A., Wilbur, J. C., Brungart, D. S., & Clavier, O. H. (2020). TabSINT: 

open-source mobile software for distributed studies of hearing. International Journal of 

Audiology, 59(sup1), S12-S19. https://doi.org/10.1080/14992027.2019.1698776 

Studebaker, G. A. (1985). A "Rationalized" Arcsine Transform. Journal of Speech, 

Language, and Hearing Research, 28(3), 455-462. doi: doi:10.1044/jshr.2803.455 



38 
 

Wendt, D., Dau, T., & Hjortkjaer, J. (2016). Impact of Background Noise and Sentence 

Complexity on Processing Demands during Sentence Comprehension. Frontiers in 

psychology, 7. https://doi.org/10.3389/fpsyg.2016.00345 

Winn, M. B. (2016). Rapid Release From Listening Effort Resulting From Semantic Context, 

and Effects of Spectral Degradation and Cochlear Implants. Trends in hearing, 20. 

https://doi.org/10.1177/2331216516669723 

Winn, M. B., & Moore, A. N. (2018). Pupillometry Reveals That Context Benefit in Speech 

Perception Can Be Disrupted by Later-Occurring Sounds, Especially in Listeners With 

Cochlear Implants. Trends in hearing, 22. https://doi.org/10.1177/2331216518808962 

Woods, D. L., Kishiyama, M. M., Yund, E. W., Herron, T. J., Edwards, B., Poliva, O., Hink, R. 

F., & Reed, B. (2011). Improving digit span assessment of short-term verbal memory. 

Journal of Clinical and Experimental Neuropsychology, 33(1), 101-111. 

https://doi.org/10.1080/13803395.2010.493149 

Woods, K. J. P., Siegel, M. H., Traer, J., & McDermott, J. H. (2017). Headphone screening 

to facilitate web-based auditory experiments. Attention, Perception, & Psychophysics, 

79(7), 2064-2072. https://doi.org/10.3758/s13414-017-1361-2 

Zekveld, A. A., Rudner, M., Johnsrude, I. S., Heslenfeld, D. J., & Rönnberg, J. (2012). 

Behavioral and fMRI evidence that cognitive ability modulates the effect of semantic 

context on speech intelligibility. Brain Lang, 122(2), 103-113. 

https://doi.org/10.1016/j.bandl.2012.05.006 

Zekveld, A. A., van Scheepen, J. A. M., Versfeld, N. J., Veerman, E. C. I., & Kramer, S. E. 

(2019). Please try harder! The influence of hearing status and evaluative feedback 

during listening on the pupil dilation response, saliva-cortisol and saliva alpha-amylase 

levels. Hear Res, 381, 107768. https://doi.org/10.1016/j.heares.2019.07.005 

  



39 
 

 

Supplementary Material 

Rationale 
 

In our previous study (Carolan et al. 2021), we found large effects of listening 

demands on a speech recognition task carried out in a laboratory.  We were unable to 

replicate these effects with participants performing the same task online (see main text: 

Experiment 1 Methods).  To further investigate, we repeated Experiment 1 (evaluative threat 

online) with a different set of participants.  The listening demands of the task were the same 

as Experiment 1, but we used a different motivational factor: evaluative feedback. 

Evaluative feedback (e.g. you did well to answer correctly) has been shown to be more 

effective in improving performance than simple descriptive feedback (e.g. you answered 

correctly) (Johnson, 2013). In previous studies, providing participants with evaluative 

feedback resulted in greater LE investment (Gilzenrat et al., 2010; Zekveld et al., 2019).  

 

In this experiment, participants completing a speech recognition task were given written 

feedback on whether their responses were correct or incorrect.  The feedback also included 

an evaluative element (e.g. ‘well done’, ‘try harder’). Receiving positive feedback may act as 

a reward (Deci et al. 1999), increasing the enjoyment factor of the task.  Negative feedback, 

on the other hand, may encourage participants to invest more LE to reach a target 

performance level (Burgers et al., 2015; Kluger & DeNisi, 1996).   

 

Online setting: effects of evaluative feedback in a speech recognition task 

Methods 
 

Thirty-seven (20 female) normal-hearing Native-English speaking adults participated, 

ranging in age from 18 to 35 years old (median = 28 years).  Prolific.co was used to recruit 

participants.  Participants who took part in Experiment 1 (evaluative threat online) were 

excluded from this experiment.  
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Figure S1 shows a diagram of a trial in the speech recognition task.  Listening demands 

were manipulated in the same way as Experiment 1 (see main text: Methods).  Motivation 

was manipulated using evaluative feedback based on Burgers et al. (2015).  Prior to each 

high motivation block, participants were informed that they would receive feedback for the 

next group of 10 sentences. Prior to each trial, participants were reminded that they would 

receive feedback. The feedback given depended upon whether the participant answered 

correctly or not.  If the participant answered correctly, a happy face emoji was displayed with 

the message "Well done! You answered correctly. Keep it up!"  If the participant answered 

incorrectly, a sad face emoji was displayed with the message “Oh dear! You answered 

incorrectly.  Try harder next time!"  The wording of the evaluative feedback was adapted 

following a Public Patient Involvement (PPI) panel with hearing aid users. No feedback on 

the participant’s correct response rate was provided at the end of each block. 

In the low motivation condition, neither trial-by trial nor end-of-block feedback was given.  

Prior to each block of 10 trials, participants were informed that they would not receive 

feedback for the next group of 10 sentences and were reminded of this again at the start of 

each trial. 

 

Results 

Discussion 

 
Null effects of listening demands were found for all outcomes, similar to Experiment 1 

(see main text).  This contrasts with our previous study with a similar task in a laboratory 

setting (Carolan et al. 2021) where large effects of listening demands were found. 

The effect of evaluative feedback was in the opposite direction than predicted and coincided 

with non-significant effects of listening demands on all LE outcomes and fatigue (self-rated 

tiredness).  Shorter RTs, suggesting less LE, were found when feedback was provided.  This 

does not align with previous studies where evaluative feedback was associated with 

improved performance (Johnson, 2013), enhanced feelings of competence (Cusella, 1982; 

file:///C:/Users/peter/Downloads/5%20Evaluative_MS_090722.docx%23_ENREF_5
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Henderlong & Lepper, 2002) and more ambitious goal setting (Krenn et al., 2013; Mumm & 

Mutlu, 2011). In the present experiment, participants may have perceived the listening 

demands, which are harder for researchers to control in an online environment, as too 

difficult.  This may have led to frustration and disengagement in the evaluative feedback 

condition, as the negative feedback may have eroded participants’ feelings of competence 

when performing the task.  It is possible that presenting stimuli in a more controlled 

environment, i.e. in a laboratory would yield larger and broader effects on LE outcomes, as 

this would ensure more consistent levels of speech intelligibility and reduce the possibility of 

participants being distracted. 
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Tables and figures 

 

 

Figure S1: Diagram of a typical correct “feedback” trial.  In an incorrect feedback trial, participants were informed “Oh dear! You answered 

incorrectly.  Try harder next time.”  In “no feedback” trials, the pre-trial screen informed participants that they would not receive feedback for the 

next 10 trials. 



 

 

Figure S2: a) Correct response rate (RAU), b) Mean RTs (log10(s)), c) Mean self-rated work 

(RAU) and d) Mean self-rated tiredness as a function of evaluative feedback for the speech 

recognition task (performed online) (**p <.001; *p <.05). Circles (blue) represent the 

moderate listening demands condition; squares (red) represent the high listening demands 

condition.  Error bars represent ±1 standard error of the mean. Results within motivation 

conditions are offset to aid visualisation. 
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 Demands Feedback Demands*Feedback Backwards digit 

span 

Correct response 

rate 

1.173 1.532 1.011 4.272* 

RT 0.030 5.194* 1.824 1.159 

Work 2.017 1.524 3.055 0.190 

Tiredness - 0.022 - - 

Table S1. Summary of models for evaluative feedback (online) * = p <.05 ** = p <.001 

 

 

 

 Demands Feedback Demands*Feedback Backwards digit 

span 

Correct response 

rate 

.003 .056 .002 18.580** 

RT .021 .020 2.303 13.488** 

Work .595 .202 1.071 4.331* 

Table S2. Summary of models for evaluative feedback (online) when including participant 

number and feedback valance as a random factor * = p <.05 ** = p <.001 

 



Chapter Six 
Gamification of a Speech Recognition Task Influences Multimodal Measures of 

Listening Effort 
 
 
 

Chapter six is an experimental report of a study evaluating the effects of listening demands 
and motivation on LE. The experiment used the same task as previous chapters.  
 
Listening demands were operationalised using prior knowledge “perceptual pop-out”. This 
approach was chosen to dissociate the perceptual effects of changes in speech intelligibility 
and LE from (bottom-up) acoustical differences which may influence physiological measures 
of LE. 
 
Motivation was operationalised using “gamification”: participants could gain or lose money 
depending upon performance level and were given feedback on their earnings throughout 
the session.  
 
To reflect the possible multidimensional nature of LE, subjective, behavioural and 
physiological LE outcomes were measured.  
 
The format for submitting the manuscript to Hearing Research is used.  
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Abstract 

Under cognitively demanding listening situations, listeners may expend more listening effort 

(LE) but only if they are motivated to achieve listening success. We aimed to evaluate 

aspects of gamification (by using performance-based financial rewards, financial penalties 

and feedback) as agents to motivate young (18-35 years) listeners with normal hearing to 

exert LE during a speech recognition task.  

 

In addition to a standard remuneration, participants were given £5 at the start of the speech 

recognition task and informed that correct responses would be rewarded via financial gain 

whereas incorrect responses would incur a financial penalty. Feedback on performance (i.e. 

correct/incorrect responses) and the amount of financial reward retained was provided at the 

end of each trial.  The listening demands of the speech recognition task were manipulated 

using prior knowledge (perceptual ‘pop out’) of tone-vocoded speech sentences. We 

measured multimodal LE outcomes on a trial-by-trial basis, including performance accuracy 

on the speech task (correct response rates), response times (RTs), self-rated work and pupil 

diameter (peak pupil dilation, PPD).  

 

Results revealed that high listening demands decreased correct response rates as well as 

PPD, and increased RTs and self-rated work. High motivation (high rewards/penalties) 

increased self-reported listening effort, PPD and RTs but had no effect on correct response 

rates. Motivation had no effect on self-rated fatigue measured at the end of each block of 

trials. Interactions between listening demands and motivation were not found. 

 

The use of game design elements in our novel speech recognition task captured the effects 

of motivation and listening demands on multimodal measures of listening effort. The 

operationalisation of financial reward through performance-based rewards/penalties and 

feedback on a trial-by-trial basis may be a more effective and robust motivational agent than 

simply offering financial rewards based on achieving a target performance level over a block 
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of trials. Application of gamification elements to “conventional” speech recognition tasks may 

improve listener experience and engagement, highlighting the importance of listener 

motivation in LE research. 

 

Keywords: Listening effort, Motivation, Financial Reward, Speech Perception, Pupillometry. 
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Highlights 

 

 The effect of motivation on effort in a speech recognition task was investigated 

 Participants received financial rewards and penalties dependent on performance 

 Motivation affected self-rated, behavioural and physiological indices of effort 

 Results suggest listening effort is sensitive to listening demands and motivation 

 

  



50 
 

1. Introduction 

Understanding speech in challenging circumstances, for instance, in a noisy 

environment, often requires extra effort from a listener.  However, a listener will only 

increase effort if they are motivated to do so (Pichora-Fuller et al., 2016), e.g., they may only 

strain to listen to a conversation if the topic is important to them.  

 

Emphasising the role of motivation in effort regulation, the Framework for Understanding 

Effortful Listening (FUEL) defines listening effort (LE) as the “deliberate allocation of mental 

resources to overcome obstacles in goal pursuit when carrying out a [listening] task” 

(Pichora-Fuller et al., 2016, p. 10S).  According to the FUEL, the allocation of cognitive 

resources is not an automatic response to increased listening demands but only occurs 

when a listener is motivated to achieve a particular listening goal.  As cognitive resources 

are assumed to be limited in capacity, the influence of motivation on effort expenditure 

results in an efficient use of resources (Pichora-Fuller et al., 2016).   

 

The role of motivation within the FUEL draws upon Motivational Intensity Theory (MIT).  MIT, 

a general theory of effort, predicts that an interaction between demands and motivation 

determines how much effort is allocated to a task.  For relatively difficult tasks, the amount of 

effort exerted is posited to be determined by motivation; for relatively easy tasks, a resource 

conservation principle applies, such that the amount of effort exerted never exceeds that 

required, no matter the motivation level of the listener. Motivation may therefore have a 

larger effect on effort exertion in relatively difficult, compared to easy, listening tasks. 

Cognitive Energetics Theory (CET: Kruglanski et al., 2012), from the wider field of effort 

research, expands upon the relationship between effort and motivation outlined by MIT and 

FUEL.  CET is intended to apply to “all instances of goal-directed thinking” (pg. 3) and is 

therefore relevant to LE (Carolan et al., 2021).  In CET, effort investment is governed by the 

interaction of two opposing forces: a “driving force” towards investing effort and a “restraining 

force” towards restricting effort.  The strength of the driving force depends upon the 

file:///C:/Users/peter/Downloads/6%20Gamification%20of%20a%20speech%20recognition%20task%20influences%20multimodal%20measures%20of%20listening%20effort%20090722.docx%23_ENREF_40
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individual’s motivation to achieve the task’s goal and resource availability, while the strength 

of the restraining force depends upon the demands of the task, the individual’s tendency to 

conserve resources and other competing goals.  The balance between these opposing 

forces determines how much effort is exerted. Thus, participants with high motivation and 

high availability of resources are expected to invest more effort.  CET also predicts an 

interaction between motivation and task demands, based upon MIT. 

 

The relative strength of the driving and restraining forces outlined in CET can be 

manipulated experimentally, for example, the restraining force can be increased by 

increasing the difficulty of a listening task (e.g. by presenting speech mixed with background 

noise or degrading speech stimuli using vocoders). Motivation can also be manipulated 

experimentally to increase the driving force, with increased effort predicted with greater 

motivation, at least for relatively difficult tasks.  There are a number of motivational factors 

(e.g. financial reward, evaluative threat, perceived competence, feedback and individual 

traits) which may influence LE (Carolan et al., 2022).  

 

Another important aspect of CET’s restraining force is the individual’s tendency to conserve 

resources, which is suggested to be influenced by certain personality traits.  Resource 

conservation may be low in individuals who value success (i.e. are high in achievement 

motivation) (Beh, 1990; Capa et al., 2008; Hinsz & Jundt, 2005). The Motivational Trait 

Questionnaire (MTQ) (Heggestad & Kanfer, 2000) can be used to measure achievement 

motivation using two subscales: Personal Mastery and Competitiveness.  Previously we 

found an association between scores on the Competitiveness section of the MTQ and RTs in 

a speech perception task (Carolan et al., 2021), with longer RTs for more competitive 

individuals, suggesting greater LE expenditure. 

 

According to the Motivational Control Model (MCM: Hockey, 2013), motivational priorities are 

maintained by the experience of fatigue.  Fatigue triggers the reassessment of the costs and 

file:///C:/Users/peter/Downloads/6%20Gamification%20of%20a%20speech%20recognition%20task%20influences%20multimodal%20measures%20of%20listening%20effort%20090722.docx%23_ENREF_8
file:///C:/Users/peter/Downloads/6%20Gamification%20of%20a%20speech%20recognition%20task%20influences%20multimodal%20measures%20of%20listening%20effort%20090722.docx%23_ENREF_2
file:///C:/Users/peter/Downloads/6%20Gamification%20of%20a%20speech%20recognition%20task%20influences%20multimodal%20measures%20of%20listening%20effort%20090722.docx%23_ENREF_6
file:///C:/Users/peter/Downloads/6%20Gamification%20of%20a%20speech%20recognition%20task%20influences%20multimodal%20measures%20of%20listening%20effort%20090722.docx%23_ENREF_19
file:///C:/Users/peter/Downloads/6%20Gamification%20of%20a%20speech%20recognition%20task%20influences%20multimodal%20measures%20of%20listening%20effort%20090722.docx%23_ENREF_7
file:///C:/Users/peter/Downloads/6%20Gamification%20of%20a%20speech%20recognition%20task%20influences%20multimodal%20measures%20of%20listening%20effort%20090722.docx%23_ENREF_20


52 
 

benefits of the currently selected goal, which may lead to resources being redirected towards 

alternative goals with greater utility (i.e., higher rewards or lower effort costs).  Increasing the 

motivation to complete a task is predicted to reduce fatigue, as the task will have a higher 

utility and so greater effort will be allocated. Increased motivation has been shown to result 

in greater LE (self-rated work) and decreased listening-related fatigue (self-rated tiredness) 

(Picou & Ricketts, 2014). In speech recognition tasks in which participants were motivated 

by financial reward, greater need for recovery has been associated with greater LE 

investment, as measured using cardiac reactivity (Plain et al., 2021), and self-rated 

likelihood of quitting (Koelewijn et al., 2018). 

 

1.1 Operationalisation of financial reward as a motivational agent 

Performance-based financial rewards are commonly used to motivate participants to expend 

LE (Carolan et al., 2021; Koelewijn et al., 2018; Koelewijn et al., 2021; Plain et al., 2021; 

Richter, 2016).  However, the operationalisation of the financial reward used as a motivator 

may influence the results of LE studies.  Some previous studies offered reward on a trial-by-

trial basis (Horne & Pettitt, 1985; Kang et al., 2017; Weis et al., 2013), in other studies 

reward was received achieving a target performance level over a block of trials (Carolan et 

al. 2021; Koelewijn et al., 2018; Richter, 2016).  A trial-by-trial approach may be beneficial to 

ensure that participants do not disengage if they perceive that they have already achieved, 

or failed to meet, the target performance level within a block of trials.  Some studies have 

used financial penalties (“losses”) in addition to financial reward (“gains”) (Horne & Pettitt, 

1985; Kubanek et al., 2015; Weis et al., 2013). This approach may add an element of 

‘gamification’ to listening tasks. Lumsden & Edwards (2016) reported systematic evidence 

that adding gamification to standard cognitive tasks enhanced participant engagement and 

motivation, although this did not always result in greater performance accuracy. 
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1.2 Outcome measures 

LE can be measured using several different outcomes, which may be classified as 

behavioural (e.g., RTs), subjective (e.g., self-rated questionnaires) or physiological (e.g., 

pupillometry, electroencephalography, functional magnetic resonance imaging).  These LE 

outcomes may index different aspects of a complex construct (Alhanbali et al., 2019; 

Herrmann & Johnsrude, 2020; McMahon et al., 2016; Miles et al., 2017; Pichora-Fuller et al., 

2016; Strand et al., 2020; Visentin et al., 2021).  The FUEL proposes that certain LE 

outcomes may be more sensitive to changes in listening demands, some may be more 

sensitive to motivation, and others sensitive to both. This differential sensitivity in LE 

outcome measures may explain the influence of financial reward on physiological LE 

outcomes in the absence of effects on self-rated and behavioural outcomes (Koelewijn et al., 

2018; Plain et al., 2021; Richter, 2016).  A meta-analysis of reported effects of motivational 

factors on LE outcomes showed that financial reward had a significantly larger effect on 

physiological in comparison with subjective LE outcomes (Carolan et al., 2022). 

 

In the present study, we used performance-based financial gains, financial losses, and 

feedback (applied on a trial-by-trial basis) to motivate listeners to exert effort during a speech 

recognition task. We measured both performance accuracy and RTs for the speech 

recognition task. Longer RTs, which are associated with greater cognitive processing 

(Marslen-Wilson & Tyler, 1980; Pisoni & Tash, 1974), have been found in speech recognition 

tasks involving degraded sentences (Carolan et al., 2021; Gatehouse & Gordon, 1990; Pals 

et al., 2015). We also measured the subjective experience of LE using trial-by-trial self-report 

ratings of work (Carolan et al., 2021; Picou & Ricketts, 2014) and self-reported fatigue at the 

end of a block of trials (Picou & Ricketts, 2014; 2018). 

 

In addition to subjective and behavioural outcomes, we included pupillometry as a 

physiological measure of LE.  The pupil response is thought to be influenced by cognitive 

load and other arousal-related responses due to sympathetic nervous system activity 
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(Zekveld et al., 2018; Winn et al. 2018), thus may be an indirect measure of LE. Koelewijn, 

et al. (2018) manipulated both listening demands and motivation (financial reward) and 

found no effect of reward on speech perception, as reflected by the SRT.  PPD showed a 

significantly larger response for high compared to low motivation condition, for both the 

“easy” (SRT 85%) and “hard” (SRT 50%) listening demands conditions.  In a follow-up study, 

Koelewijn et al. (2021) found a null effect of motivation (financial reward) on PPD, however, 

a more sophisticated time course analysis showed an increase in the pupil response with 

motivation in the hard listening demands condition, consistent with CET and other models 

(e.g., MIT, FUEL).  

 

We also measured achievement motivation using the Personal Mastery and 

Competitiveness scales of the MTQ (Heggestad & Kanfer, 2000) to test the CET hypothesis 

that individual differences in resource conservation are a covariate of LE.  

 

1.3 Research questions  

We posed the following research questions (RQs) and hypotheses: 

 

RQ1. Does motivation interact with listening demands to affect performance accuracy and 

indices of LE (RTs, self-rated LE, PPD) in a speech recognition task? 

 

On the basis of the FUEL and CET frameworks, we predict a main effect of listening 

demands with lower performance accuracy and greater LE (longer RTs, higher ratings of 

self-rated LE and greater PPD) in the high compared to the moderate listening demands 

condition. We also predict an interaction between listening demands and motivation, with a 

larger effect of motivation on performance accuracy and LE outcomes in the high, compared 

to the moderate, listening demands condition.  

 

RQ2. How does motivation affect self-rated fatigue in a speech recognition task?  
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We predict higher ratings of fatigue in the low compared to high motivation condition, based 

on the MCM (Hockey, 2003). 

 

RQ3. Is there an association between personality (achievement motivation), performance 

accuracy and indices of LE? 

 

We predict a significant positive association between the Personal Mastery and Competitive 

scales of the MTQ (indexing the resource conservation aspect of CET) and performance 

accuracy/indices of LE (Carolan et al., 2021). 

 

2. Material and methods 

 
2.1 Participants 

 Thirty-three (19 female) normal-hearing, native speakers of English between the 

ages of 18 to 35 years old (median = 26) participated in the study.   

 

The appropriate sample size was determined through use of the Simr software package 

(Green & MacLeod, 2016) in R (R Core Team, 2018), a package used to estimate power in 

mixed effects analyses. We considered the sample size required to detect a slope of 0.07, 

estimated via the effect sizes reported in Carolan et al. (2021) for self-rated work, where 

either high or low financial rewards were offered to participants, with 80% power where α = 

0.05 using 1000 simulations. In Carolan et al., (2021), the effect of motivation on LE only 

reached significance for one outcome (self-rated work) whereas listening demands had large 

effects on all LE outcomes. Therefore, different sample sizes would be required, depending 

on the manipulation (i.e. motivation/listening demands) and outcome measure of interest.   
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Based on the effect sizes reported in Carolan et al. (2021) for financial reward 

(operationalised as offering a reward for achieving a target performance level over a block of 

trials), a sample size of 19 participants would provide 81.5% power to detect a main effect of 

motivation on self-rated work, whereas a sample size of 37 participants would provide 81.5% 

power to detect a main effect of motivation on performance accuracy. For RT, a sample size 

of 68 participants would be needed to provide 80.5% power to detect a main effect of 

motivation. Carolan et al. (2021) did not include pupillometry as a measure of LE. 

 

Eligible participants had normal or corrected-to-normal vision and no previous neurological 

issues or speech problems. The study was reviewed and approved by the University of 

Manchester Research Ethics Committee (approval number: 2021-13050-21217) and the 

protocol pre-registered with the Open Science Framework (https://osf.io/m76pu/). 

 

2.3 Materials 

 
Speech recognition task: stimuli 

The speech task was the same as that used in our previous work (Carolan et al., 2021). 

One-hundred and fifteen Harvard IEEE sentences (Rothauser et al., 1969) spoken by a male 

speaker, were used in the speech recognition task, including 15 sentences that were 

presented during a practice session. Vocoding was used to manipulate speech intelligibility 

in a controlled manner (Drullman et al., 1994; Shannon et al., 1995).  Speech stimuli were 

processed using a 2-band (high listening demands) or a 3-band (moderate listening 

demands) tone vocoder to induce perceptual ‘pop out’ (Millman et al., 2015) i.e. prior 

knowledge of physically identical vocoded speech was used to vary the amount of LE 

needed to perform the speech recognition task (Carolan et al., 2021). The use of perceptual 

‘pop-out’ may be advantageous for the interpretation of effects of listening demands and/or 

motivation on objective measures of LE. This is because ‘pop out’ eliminates the potential 

confounding effects of acoustical differences in the stimuli that are typically used to create 
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“easy” and “hard” listening demands conditions in LE studies e.g., presenting speech at 

different SNRs. Further details about the methods used for vocoding can be found in 

Carolan et al. (2021).  

 

2.4 Procedures 

All tasks were completed in a single testing session which lasted around 1 hour and 40 

minutes, including optional breaks of varying duration (up to 1 hour).   

 

2.5 Hearing screening 

Participants were screened using air conduction pure-tone audiometry to ensure they met 

the inclusion criteria for participation.  All participants had normal hearing thresholds 

bilaterally (≤20 dB HL for test frequencies of 250, 500, 1000, 2000, 4000 and 8000 Hz) 

(British Society of Audiology, 2018).  None of the participants reported any recent ear 

infections or surgery.   

 

2.6 Motivation manipulation 

All participants received a base remuneration of £15, regardless of task performance, for 

taking part in this study.  

 

Motivation was manipulated using financial losses and gains on a trial-by-trial basis. 

Participants were informed that they had been given an additional bonus of £5 at the start 

the speech recognition task and that they would gain further financial reward for correct 

responses, but incorrect responses would incur a financial penalty (see Fig. 1). Prior to each 

high motivation block, participants were informed that, for every correct response, they 

would receive 50p and, for every incorrect response, they would lose 25p. Prior to each low 

motivation block, participants were informed that, for every correct response, they would 

receive 10p and, for every incorrect response, they would lose 5p. Once the additional £5 

had been lost, further penalties for incorrect responses were not applied.  
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2.7 Speech recognition task 

The speech recognition task was performed in a sound-attenuated booth.  Participants were 

seated facing a computer monitor and given written instructions.  During the task, vocoded 

sentences were presented diotically at a fixed level of 65 dB(A) via loud speakers at ±45° 

azimuth. 

 

Fig. 1 outlines a trial in the speech recognition task.  In each trial, a vocoded speech 

sentence was presented twice.  In the moderate listening demands condition, the first 

presentation (‘cue’) of the sentence was processed for moderate intelligibility using a 3-band 

vocoder.  Following presentation of the cue sentence, there was a second presentation of 

the ‘target’ sentence, which was vocoded using a 2-band vocoder to generate speech with 

low intelligibility. In the high listening demands condition, the intelligibility was always low, i.e. 

both ‘cue’ and ‘target’ sentences were processed to create speech with low intelligibility 

using a 2-band vocoder.  The ‘target’ sentence was always processed with a 2-band vocoder 

and was therefore physically identical in both the high and moderate listening demands 

conditions. 

 

Speech intelligibility was assessed in the same manner as Carolan et al. (2021).  A test word 

was selected randomly from either the beginning, middle or end of the sentence to ensure 

participants needed to listen to the entire stimulus. Participants were asked to use a mouse 

to select which word they had heard within the preceding sentence from amongst five foils 

presented within a 6-word grid (see Fig. 1).  The grid was arranged to ensure each option 

was roughly equidistant from the centre of the screen.  The location of the test word varied 

randomly within the 6-word grid, with an equal chance of the test word appearing in any of 

the 6 positions. Foils were either semantically or phonologically related to the test word or 

other foils.  For example, for the sentence “coax the young calf to drink from a bucket” and 

the test word “calf”, we used foils phonologically related to “calf”, (e.g. “carp”, “laugh”), a 
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semantic foil for “calf”, (e.g. “cattle”) and foils which were phonologically or semantically 

related to other foils (e.g. “castle”, “smile”).  Participants were requested to respond as 

accurately and as quickly as possible.  

 

Prior to starting the test blocks, participants received a practice block of 12 trials: 2 trials 

using clear (unprocessed) speech to familiarise participants with the procedure, 5 trials using 

3-band vocoded speech for the cue sentence (i.e. moderate listening demands) and then 5 

trials using 2-band vocoded speech for the cue sentence (i.e. high listening demands). 

After the practice block, 100 test trials were presented in 10 blocks of 10 trials each.  There 

were four blocks with high motivation and four blocks with low motivation presented in 

random order.  Each block consisted of five trials with high listening demands and five trials 

with moderate listening demands, which were also presented in random order.  After 

responses were recorded for each trial, participants received simple feedback (i.e. “correct”, 

“incorrect”) and a running total of their ‘earnings’ (see Fig. 1). 

 

2.8 Outcome measures 

 

2.8.1 Correct response rate and RTs 

 The correct response rate (percentage of correct responses) and RTs, inclusive of 

trials where participants gave incorrect responses, were measured. 

 

2.8.2 Subjective ratings of LE and fatigue (self-rated work and tiredness) 

After participants had selected the word that they thought they had heard from the target 

sentence, they were asked “How hard did you work to understand what was said?” to index 

subjective LE.  After every tenth trial, participants were asked “How tired of listening are 

you?” Participants were asked to provide ratings (0-100%) using a visual scale.  The wording 

used for these self-report outcomes is similar to the wording used by Picou and Ricketts 
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(2014) and is based upon questions from the Speech, Spatial and Qualities of Hearing Scale 

(Gatehouse & Noble, 2004). 

 

2.8.3 Pupillometry 

An Eyelink 1000 was used to record pupil size with a sampling rate of 1000 Hz.  The desktop 

mount of the Eyelink 1000 was used and the eye tracker was placed just below the computer 

monitor.  The speech recognition task took place in a sound-attenuated booth with soft 

lighting (approx. 100 lux), as recommended in Winn et al. (2018). Room lighting and screen 

brightness were adjusted to avoid floor/ceiling effects in pupil size, following the procedure 

outlined in Zekveld et al. (2010). The right eye pupil size was measured for all participants.  

The eye tracker was calibrated prior to the start of the speech task: Participants were asked 

to fixate on a black circle that was periodically presented in nine different coordinate 

positions on the computer monitor.   

 

Prior to the speech task, participants were informed that they would need to remain relatively 

still and to minimise blinking while speech sentences were presented, in order to record 

accurate pupil size measurements. Participants used a chin rest to limit movement. The 

height of the chair used by participants and the chin rest were adjusted to the most 

comfortable position for the participant before the speech recognition task started. 

 

After participants were informed whether the upcoming trial would correspond to the high or 

low motivation condition via a message presented on the computer monitor (see Fig. 1), 

participants entered a ‘rest’ phase for 8 seconds prior to presentation of the speech 

sentences. Participants were encouraged to blink near the start of these rest periods (if 

needed). Because PPD may not be attained until roughly 1 second after the end of stimulus 

presentation (Winn et al., 2018), we included a 4-second ‘retention period’ after presentation 

of the target sentence (see Fig. 1). During the rest, speech presentation and retention 
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phases of each trial, participants were asked to fixate on a black cross that appeared in the 

centre of the computer monitor on a moderate grey background.   

 

2.9 Covariate measures 
 
 

2.9.1 Personality questionnaire 
 
The Personal Mastery and Competitive Excellence subscales of the Motivational Trait 

Questionnaire (MTQ) (Heggestad & Kanfer, 2000) were used to index achievement 

motivation.  These sub-scales measure achievement-orientated traits: People who score 

high in personal mastery endeavour to achieve maximal performance, even for difficult 

tasks, while people high in competitive excellence are motivated to out-perform their peers.  

The personal mastery subscale has 16 items and statements include: “When I am learning 

something new, I try to understand it completely.” The competitive excellence subscale has 

13 items and statements include: “I compare my performance to that of others.” Statements 

were rated between 1 (very untrue of me) and 6 (very true of me). 

 

2.10 Data analyses: 

 
2.10.1 Correct response rates, self-rated work and self-rated tiredness 

Prior to statistical analysis, correct response rates, self-rated work and self-rated tiredness 

were converted to rationalised arcsine units (RAU) (Studebaker, 1985).  

 

2.10.2 RTs 

Outliers, defined as values further than three standard deviations from the mean for each 

participant (Picou et al., 2017), were removed from the RT data.  Following outlier removal, a 

log10 transformation was applied to RTs to ensure the data met the assumption of normality 

for parametric statistics.   
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2.10.3 Pupillometry 

The GazeR (Gellar et al., 2020) and PupillometryR (Forbes, 2020) packages in R version 

3.5.1 (R Core Team, 2018) using RStudio 1.1.453 were used to process the pupil size data.  

Trials for which more than 20% of the data was missing due to blinks, saccades or artefacts 

in the time windows of interest (see below) were excluded, as recommended by Winn et al. 

(2018). A minimum of at least 20 good-quality trials per condition are recommended for 

speech perception tasks (Winn et al., 2018) and pupil data from 4 participants were excluded 

on this basis. In addition, data from 2 participants were excluded due to pupillometry 

equipment failures.  For each participant, a histogram of recorded pupil data was plotted and 

extreme values removed. This was done by visual inspection rather than using a fixed 

standard deviation criterion as recommended by Mathôt (2018). Individual trials were also 

visually inspected for artefacts.   

 

As the eye tracker recorded at a high sampling rate (1000 Hz), the pupil data were down 

sampled to 50 Hz by taking the median value in bins of 20 ms. The GazeR package was 

used to de-blink pupil data. Data points 100 ms before and after a blink were removed.  A 

rectangular ‘interest area’ was created in the centre of the visual display and fixations 

outside of this area were removed.  The pupil data were smoothed using a 5-point moving 

average at a sampling rate of 50 Hz, corresponding to a 100-ms moving average. Missing 

data points were then reconstructed using linear interpolation (smooth_interpolate_pupil 

function in GazeR). 

 

Pupil size was measured based on the number of pixels in the pupil image captured by the 

camera and then transformed from arbitrary units to millimetres by calculating the number of 

pixels in an artificial pupil of known size. To baseline correct the pupil traces, one second of 

data preceding the onset of the speech sentence in each trial was subtracted from the pupil 

data. 
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In the speech recognition task, 2 sentences were played sequentially, i.e. the cue sentence 

was followed by the target sentence, separated by a 1-second silent period (see Fig. 1). The 

presentation of 2 sentences in each trial yielded 2 ‘peaks’ in the pupil trace, corresponding to 

the presentation of the cue sentence (PPDcue) and then the target sentence (PPDtarget), 

resulting in 2 time windows of interest for the pupillometry analyses: PPDcue is defined as the 

peak occurring in the first 5 seconds after onset of the cue sentence (Time Window 1). 

PPDtarget is the peak occurring 5-10 seconds after the onset of the cue sentence (Time 

Window 2), as shown in Fig. 3. Analyses of PPDcue and PPDtarget could reveal effects of 

motivation and/or listening demands. However, PPDtarget was of particular interest, since 

listeners was presented with physically identical speech stimuli (target sentences were 

generated with a 2-band vocoder in both the ‘high’ and ‘moderate’ listening demands 

conditions) within this time window.  Statistical analysis of changes in PPD within Time 

Window 2 should enable measurement of the effects of listening demands and motivation on 

PPD, without the potential confounding influences of physically different auditory stimuli 

typically used to create “easy” and “hard” listening demands conditions.  

 

2.10.4 Statistical models 

Linear mixed modelling was carried out to investigate the influence of listening demands and 

motivation on the correct response rate and indices of LE.  Statistical analyses were run in R 

using the nlme package (Pinheiro et al., 2022). Linear mixed models were fitted for correct 

response rate, RT, self-rated work and PPD. Full models included main effects for listening 

demands (high/moderate listening demands), motivation (high/low motivation), an interaction 

term for listening demands and motivation, and total scores on the Personal Mastery and 

Competitive Excellence subscales of the Motivational Trait Questionnaire.  Participants were 

included as a random effect in all models.  For PPD, an additional model was fitted in order 

to compare the effects of listening demands and motivation on PPD within the 2 time 

windows of interest.  This included time window (i.e. the time windows in which PPDcue and 

PPDtarget were determined) as a fixed effect.  As self-rated tiredness was collected at the end 
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of each motivation block of 10 trials (which included both high and moderate listening 

demands), mean self-rated tiredness for high and low motivation conditions was compared 

using a one-way ANOVA. To investigate the relationships between outcomes, exploratory 

correlations analyses were carried out for participants with data for all outcomes (N = 27).  

 

3. Results 

 

 Figure 2 shows the effects of listening demands and motivation on performance in 

the speech recognition task and related measures of LE.  Figure 3 shows the mean change 

in pupil size relative to baseline for each condition.  Table 1 shows mixed models for each 

outcome measure, with the predictor variables coded as fixed effects.  

 

Group means, standard deviations and ranges for total scores on the MTQ are shown in 

Table 3.  Means and standard deviations for the MTQ subscales (Personal Mastery: mean: 

68.97, standard deviation: 10.93; Competitiveness: mean: 46.53, standard deviation: 11.25) 

were similar to Carolan et al. (2021) (Personal Mastery: mean: 74.23, standard deviation: 

11.33; Competitiveness: mean: 45.67, standard deviation: 10.50). 

 

3.1 Behavioural outcomes 

Listening demands (F(1,3264) = 258.27, p <.001, ηp
2 = .88) had a significant effect on correct 

response rates. The mean correct response rate was significantly higher for moderate 

compared to high listening demands (moderate: mean correct response rate 64.97 RAU, 

standard error of the mean (SEM) 1.68; high: mean correct response rate 38.42 RAU, SEM 

1.90). Motivation and the interaction between listening demands and motivation had no 

significant effects on correct response rates (ηp
2 = .001 and .09 respectively). MTQ Personal 

Mastery and MTQ Competitiveness also had no significant effects on the correct response 

rate (ηp
2 = .011 and <.001 respectively).  
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Listening demands had a significant effect on RTs (F(1,3123) = 91.48, p <.001, ηp
2 = .75), 

with longer RTs under higher listening demands (moderate: mean .69 log10 (s), SEM .023; 

high: mean RT .78 log10 (s), SEM .023). The effect of motivation on RTs was also significant 

(F(1,3123) = 6.55, p <.05, ηp
2 = .118), with longer RTs in the high motivation condition (high 

motivation: mean RT .75 log10 (s), SEM .024, low motivation: mean RT .72 log10 (s), SEM 

.022). Listening demands and motivation did not have an interactive effect on RTs (ηp
2 = 

.035). MTQ Personal Mastery and MTQ Competitiveness also had no significant effects on 

RTs (ηp
2 = .022 and <.001 respectively).  RTs were significantly longer for incorrect trials 

(t(1552) = -22.62, p <.001; mean correct RT = .62 log10 (s), mean incorrect RT = .85 log10 

(s)). 

 

3.2 Self-rated outcomes 

Listening demands had a significant effect on self-rated work (F(1,3165) = 309.23, p <.001, 

ηp2 =  .681) with higher ratings under high listening demands (moderate: mean self-rated 

work 63.09 RAU, SEM 3.44; high: mean self-rated work 75.65 RAU, SEM 2.90).  Motivation 

also had a significant effect on self-rated work (F(1,3165) = 31.26, p <.001, ηp2 = .194), with 

higher ratings in the high compared to low motivation condition (high motivation: mean self -

rated work 71.37 RAU, SEM 2.96; low motivation: mean self-rated work 67.37 RAU, SEM 

3.38).  The interaction between listening demands and motivation was not significant (ηp2 = 

.032).  MTQ Personal Mastery and MTQ Competitiveness also had no significant effects on 

self-rated work (ηp2 = .014 and .013 respectively).  Motivation did not have a significant 

effect on self-rated tiredness (F(1,32) = 1.02, p = .320, ηp2 = .031). 

 

3.3 Pupillometry outcomes  

There was a significant effect of listening demands on PPDcue (F(1,78) = 8.89, p = .004, ηp
2 = 

.100) with a higher mean PPDcue for moderate listening demands compared to high listening 

demands (moderate: mean PPDcue  .366 mm, SEM .036; high: mean PPDcue
  .291 mm, .033 



66 
 

SEM).  Motivation had a significant effect on PPDcue (F(1,78) = 4.10, p = .046, ηp
2 = .050) 

with a higher mean PPDcue in the high compared to low motivation condition (high 

motivation: mean PPDcue .354 mm, SEM .037, low motivation: mean PPDcue  .303 mm, SEM 

.030). There was no interaction effect between listening demands and motivation on PPDcue 

(ηp2 < .001). 

 

Listening demands also had a significant effect on PPDtarget (F(1,78) = 3.99, p = 0.049, ηp
2 = 

.050). The mean PPDtarget was significantly higher in the moderate compared to high 

listening demands condition (moderate: mean PPDtarget .359 mm, .036 SEM; high: mean 

PPDtarget .292 mm, SEM .040). Motivation had a significant effect on PPDtarget (F(1,78) = 7.42, 

p = 0.008, ηp
2 = .090)  with a higher mean change in PPDtarget relative to baseline in the high 

compared to low motivation condition (high: PPDtarget .386 mm, SEM .043; low: PPDtarget .286 

mm, SEM .35). There was no interaction effect between listening demands and motivation 

on PPDtarget (ηp2 = .010). 

 

We compared the effects of listening demands and motivation on PPDcue and PPDtarget by 

fitting a ‘PPD model’ which included listening demands, motivation, their interaction and 

second order interactions with time window as fixed effects (see Table 2).  Listening 

demands significantly reduced PPD (F(1,183) = 13.86, p <.001, ηp
2 = .07) and motivation 

significantly increased PPD (F(1,183) = 11.67, p <.001, ηp
2 = .06)  across both time windows.  

The interaction term for listening demands and motivation was non-significant (ηp
2 = .01). 

Interactions between demands*time window, motivation*time window and 

demand*motivation*time window were also non-significant (ηp
2 = <.001 for all).  

 

3.4 Associations between LE outcomes  

Table 4 shows Pearson’s correlation coefficients between the correct response rate, indices 

of LE and personality questionnaire totals, uncorrected for multiple comparisons.  

Correlations (two-tailed) between RT, self-rated work and the correct response rate reached 
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statistical significance in many conditions (r -.65 to -.35, p < .05).  PPDcue in the moderate 

demands/high motivation condition was negatively correlated with the correct response rate 

in the moderate demands/low motivation condition (r = -0.48, p = 0.10) and the correct 

response rate in the high listening demands/low motivation condition (r = -0.454, p = .017).    

MTQ scores were not significantly correlated with any of the other outcomes.  

 

4. Discussion 

 
This study investigated the effects of listening demands and motivation on listening 

effort induced during a speech recognition task, taking into account the interactions between 

motivation and listening demands predicted by FUEL (Pichora-Fuller et al., 2016), CET 

(Kruglanski et al., 2012) and MIT (Brehm & Self, 1989). To manipulate listening demands, 

speech sentences were degraded using tone vocoders and perceptual ‘pop out’ was used to 

generate speech that was either of low (high listening demands) or moderate (moderate 

listening demands) intelligibility.  The motivation manipulation incorporated elements of 

game design and used trial-by-trial high-value and low-value financial rewards (‘gains’) and 

penalties (‘losses’). Furthermore, participants were provided with feedback based on their 

task performance and current ‘winnings’ at the end of each trial.  We measured the effects of 

listening demands and motivation on performance on the speech recognition task (correct 

response rates), indices of LE (RTs, self-rated work, PPD) and listening-related fatigue (self-

rated tiredness). 

 

4.1 Perceptual ‘pop out’ is an effective manipulation of listening demands 

The predicted main effect of listening demands was found: Greater listening demands 

resulted in lower correct response rates, longer RTs and higher self-rated work in the high 

listening demands condition, suggesting greater LE.  These findings are consistent with 

FUEL, which predicts greater LE allocation under higher listening demands.   

A main effect of listening demands was also found for PPDcue and PPDtarget.  Greater PPD 

was recorded in the moderate listening demands condition (for both PPDcue and PPDtarget). 
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This result was contrary to our prediction of greater PPD in the high listening demands 

compared to the moderate listening demands condition.  In some previous LE studies, 

greater PPD has been observed with greater listening demands i.e. for performance tracking 

SRT50 versus SRT71 (Zekveld & Kramer, 2014; Zekveld et al., 2010). Winn et al. (2015) 

also found a systematic increase in the change in pupil size relative to baseline with greater 

spectral degradation (for sentences degraded with 4-, 8-, 16- and 32-band vocoders). 

 

When a speech recognition task is performed across a wide range of signal-to-noise ratios 

(SNRs), the greatest PPD may correspond to SNRs where speech reception thresholds are  

~50%, with significantly smaller PPD at SNRs that corresponded to both very high and very 

low performance levels (Ohlenforst et al., 2018). Thus, PPD may follow an ‘inverted U-

shaped’ function across a wide range SNRs.  Ohlenforst et al. (2018) attributed the smaller 

PPDs at low SNRs to listener disengagement due to the high difficulty level of the speech 

task.  Participant disengagement may therefore be an explanation for lower PPD in the high 

listening demands condition of the present study. However, RTs were longer and greater 

self-rated work was reported with high compared to moderate listening demands, suggesting 

participants exerted greater LE in the high listening demands condition.  Another factor 

which may result in reduced PPD is fatigue; both PPD and baseline pupil dilation have been 

found to decline in response to task-induced fatigue, without a significant effect on self-rated 

likelihood of giving up (Menase, et al. 2022). This does not seem likely in the present study, 

given participants reported an increase in self-rated work in the high listening demands 

condition.  A further explanation for the decreased PPD with higher listening demands may 

be memory load introduced by the cue sentence:  Participants may have been holding words 

recognised from the cue sentence in their working memory while listening to the target 

sentence. This memory load would have been larger in the moderate listening demands 

condition as cue sentences were more intelligible (degraded using a 3-band vocoder) 

compared to the high listening demands (degraded using a 2-band vocoder). This would be 

consistent with previous studies showing that greater memory load results in larger PPD (c.f. 
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Ahern & Beatty, 1979; Bijleveld et al., 2009; Bönitz et al. 2021; Cabestrero et al., 2009; 

Kahneman & Beatty, 1967; Karatekin, 2004; Peavler, 1974). 

 

In addition to cognitive load and other arousal-related responses, the pupil response may be 

influenced by other factors (Zekveld et al., 2018; Winn et al. 2018). Task manipulations, 

intra-individual differences and their interactions can also affect the pupil response in 

complex ways, which are not currently well understood (Zekveld et al., 2018). Only weak 

correlations have been reported in studies that measured LE using different outcomes within 

the same participants (Alhanbali et al., 2019; McMahon et al., 2016; Miles et al., 2017; 

Strand et al., 2018). In the present study, the effects of motivation on PPD coincided with 

significant effects for behavioural (RT) and subjective measures (self-rated work), 

suggesting that the increases in pupil size do indeed reflect LE. However, (exploratory) 

correlation analyses showed limited associations between PPDcue / PPDtarget and other LE 

outcomes. Without a measurable association between pupillometry outcomes and 

perceptual/cognitive indices relating to LE, it remains difficult to interpret changes in pupil 

diameter in response to listening demands and/or motivation.  

 

Perceptual ‘pop-out’ was used to manipulate listening demands, which meant the ‘target’ 

sentence was physically identical in the moderate and high listening demand conditions. 

This approach dissociates the perceptual effects of changes in speech intelligibility and LE 

from (bottom-up) acoustical differences that are typically used to manipulate listening 

demands. The results of the ‘PPD model’ showed the effects of listening demands did not 

differ significantly between PPDcue and PPDtarget, however, the statistical effect of listening 

demands was smaller for PPDtarget than PPDcue.  This smaller effect size may be a more 

accurate representation of the influence of listening demands on PPD, once acoustical 

differences between listening demands conditions have been controlled for. 
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4.2 Application of game design elements to the operationalisation of financial reward as a 

motivator influenced multiple LE outcomes 

 

Main effects of motivation were found for RTs, self-rated work, PPDcue and PPDtarget. Both 

PPDcue and PPDtarget were larger in the high motivation condition.  These effects of 

motivation on LE outcomes are also consistent with CET and FUEL, which posits a role of 

motivation in determining how much effort an individual exerts.  Our results also align with 

some previous studies showing that increasing motivation by using financial reward during a 

listening task results in greater PPD (Koelewijn et al., 2018) and mean pupil dilation (MPD) 

(Kahneman & Peavler, 1969).  In Koelewijn et al. (2021), motivation operationalised as 

financial reward had no effect on PPD, but a generalized linear mixed model revealed an 

effect of motivation on the pupil response in the harder listening condition.  

 

Unlike some previous work using financial reward to manipulate motivation based on 

performance across a block of trails (e.g. Carolan et al., 2021; Koelewijn, et al., 2018; 

Richter, 2016), main effects of motivation were found across behavioural, subjective and 

physiological measures of LE.  This may be because the potential for both financial gains 

and losses, combined with feedback, i.e., ‘gamification’ of the task (Hamari et al. 2016, 

Rigby & Ryan, 2011) increased participant engagement, and resulted in broader and larger 

statistical effect sizes of motivation. Our results align with a systematic review which found 

enhanced participant engagement and motivation for standard cognitive tasks that had been 

gamified, but inconsistent effects on task performance (Lumsden & Edwards, 2016).  In the 

present study, we found no increase in the correct response rate in the high motivation 

condition, despite evidence that motivation increased LE. 

 

Motivation did not significantly reduce self-ratings of listening fatigue, as predicted based on 

the Motivational Control Model (2013) and Picou and Ricketts (2014).  Measuring fatigue 

using a single subjective evaluation at the end of each experimental block may not 
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sufficiently capture changes in subjective fatigue over the course of a listening task. For 

example, McGarrigle et al. (2021) found an effect of listening demands on self-rated fatigue 

using multiple evaluations during a listening task, which would not have been observed by 

collecting a single rating at the end of each block.  

 

In the present study, achievement motivation was measured using the Personal Mastery and 

Competitiveness scales of the MTQ. Carolan et al. (2021) found that MTQ Competitiveness 

correlated with RTs on the same speech recognition task as used here.  However, no 

significant associations between achievement motivation and the correct response rate, or 

any of the other LE outcomes, were found, which had similar mean scores and ranges for 

MTQ Personal Mastery and Competitiveness as reported in Carolan et al. (2021).  

Personality scores were included as a covariate in our models.  A more effective approach 

might be to follow an ‘extreme group’ procedure (i.e. screening a large number of 

participants and conducting an experiment with participants scoring in the upper and lower 

quartile on the trait of interest) as this would increase statistical power (see Preacher et al. 

2005).  

 

According to CET, an individual’s tendency to conserve resources, which is proposed to be 

influenced by certain personality traits, places a restraint on effort investment. Other 

personality traits, which we did not measure here, may result in greater resource 

conservation. For individuals high in trait neuroticism, for example, effort is suggested to be 

channelled towards negative thoughts instead of task-relevant activity (Wallace & Newman, 

1997, 1998).  Another possibility is that an individual’s tendency towards resource 

conservation has a much smaller influence on effort investment than task demands and 

motivation.  This interpretation is consistent with a meta-analysis showing that individual 

traits had the smallest effect on LE compared to other motivational factors (Carolan et al., 

2022). 
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4.3 The predicted interaction between listening demands and motivation 

 
A central assumption of MIT is that the maximum amount of effort occurs when both task 

difficulty and success importance (motivation) are high. This tenet is carried through into 

FUEL and CET.  No such interactive effect was found for any of the LE outcomes used in 

the present study.  Some studies investigating the effects of motivation (operationalised as 

financial reward) found interactions with listening demands for some outcomes (Bijleveld et 

al., 2009; Kahneman et al., 1968; Koelewijn et al., 2021; Mirkovic et al., 2019; Richter, 2016; 

Weis et al., 2013b; Zhang et al., 2019), whereas other studies found main effects but no 

interactions (Carolan et al., 2021; Koelewijn et al., 2018; Plain et al., 2021). 

 

MIT predicts an interaction between listening demands and motivation but also stipulates 

that effort will not be invested if the task becomes too difficult. In the present study, the mean 

correct response rate in the high listening demands condition was 38.42 RAU. A lack of 

listening demand/motivation interactions may indicate an element of disengagement under 

conditions of high listening demands, but listeners reported that they experienced/expended 

more listening effort under the high listening demands condition (see Fig. 2c), which does 

not appear to be consistent with an explanation based on participant disengagement. 

Nevertheless, determining how difficult a listening task should be to optimise the effects of 

listening demands and/or motivation on measures of LE remains challenging. 

 

4.4 Multimodal measures of listening effort 

 

Exploratory correlation analysis (not corrected for multiple comparisons) of outcome 

measures showed significant negative correlations between the correct response rate and 

RTs under most conditions of listening demands and/or motivation. Longer RTs, suggesting 

greater LE, were associated with poorer performance.  Associations between other LE 

outcomes did not generally reach significance.  Notably, significant correlations between 
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pupillometry outcomes and other LE outcomes were seldom found. These results support 

the notion that different behavioural, subjective and physiological measures index a 

complex, multidimensional construct of LE (Alhanbali et al., 2019; McMahon et al., 2016; 

Pichora-Fuller et al., 2016; Strauss & Francis, 2017).  

 

4.5 Limitations 

 

The absence of interactive effects between listening demands and motivation may be due to 

low statistical power, which may lead to erroneous results and/or exaggerated effect sizes 

(Gelman & Carlin, 2014; Kirby & Sonderegger, 2018). Our meta-analysis of studies of 

motivation and LE (Carolan et al., 2022), identified a high risk of bias in previous LE studies 

due to missing sample size justifications.  The sample sizes needed to identify a reliable 

interaction between motivation and listening demands for behavioural and subjective LE 

outcomes, based on post-hoc analysis of the results of the present study, are given in Table 

5. 

 

RTs were measured after a 4-second retention period during which the participants were not 

able to provide a response (see Fig. 1). This approach was taken to allow for the lag in pupil 

response, e.g., PPDtarget did not occur until approximately 4 seconds after the onset of the 

stimulus. As the response was temporally misaligned from the stimulus, it is uncertain 

whether RTs measured effort related to the listening part of the task.  

 

5. Conclusions 

 

As in our previous study (Carolan et al., 2021), using vocoders to degrade spoken sentences 

was found to be an effective way of manipulating the LE requirements of a speech 

recognition task.  Greater motivation, operationalised by “gamifying” the task with 

performance-based financial rewards and penalties and feedback, increased LE when 
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measured using behavioural, self-rated and physiological outcomes. Performance-based 

rewards/penalties and feedback on a trial-by-trial basis may be a more effective and robust 

motivational agent than simply offering financial rewards based on achieving a target 

performance level over a block of trials. Application of gamification elements to 

“conventional” speech recognition tasks may improve listener experience and engagement, 

highlighting the importance of listener motivation in LE research. 



75 
 

 

6. Tables and figures 
 

 Demands Motivation Demands* 
Motivation 

Personal  
Mastery 

Competitive  
excellence 

Correct response rate 258.27** 0.05 3.46 0.27 0.001 

RT 91.48** 6.55* 1.72 0.73 0.40 

Self-rated work 309.23** 31.26** 1.17 0.37 0.32 

PPDcue 8.89* 4.10* 0.09 0.88 0.03 

PPDtarget 3.98* 7.42* 0.75 0.58 0.19 

Self-rated tiredness - 1.02 - - - 

Table 1. Summary (F values) of the effects of listening demands, motivation and their interaction on LE outcomes related to the speech 

recognition task. * = p <.05 ** = p <.001 
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 Demands Motivation Demands* 
Motivation 

Demands* 
Time window 

Motivation* 
Time window 

Demands*Motivation* 
Time window 

PPDmodel 13.86** 11.67** 1.05 0.04 0.54 0.25 

Table 2. Summary (F values) of ‘PPD model’, showing the effects of listening demands, motivation and second order effects (interaction with 

time window) on pupillometry outcomes related to the speech recognition task. * = p <.05 ** = p <.001 

 

 

 

 

 

 Mean (S.D.) Range 

Personal mastery (total) 68.97 (10.93) 41 – 91 
 

Competitive excellence (total) 46.53 (11.25) 20 - 65 

Table 3. Group means, standard deviations and ranges for personality traits (Motivational Trait Questionnaire). 
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Table 4. Correlations between outcome measures. Pearson’s r, bold = p <.05. CorrectRR = correct response rate; Work = self-rated work; 

MTQ = Motivational Trait Questionnaire; Comp = Competitive excellence; Mastery = Personal Mastery; Tired = self-rated tiredness; MH = 

moderate demand, high motivation, ML = moderate demand, low motivation, HH = high demand, high motivation, HL = high demand, low 

motivation. Shades of red indicate negative correlations between outcomes and shades of green indicate positive correlations between 

outcomes. 

 

 

 

Correct 

RR (MH)

Correct 

RR (ML)

Correct 

RR (HH)

Correct 

RR (HL)

RT (MH) RT (ML) RT (HH) RT (HL) Work 

(MH)

Work 

(ML)

Work 

(HH)

Work 

(HL)

Tired (H) Tired (L) MTQ 

Mastery

MTQ 

Comp

PPDcue 

(MH)

PPDcue 

(ML)

PPDcue 

(HH)

PPDcue 

(HL)

PPDtarget 

(MH)

PPDtarget 

(ML)

PPDtarget 

(HH)

PPDtarget 

(HL)

Correct RR (MH) .18 .33 .27 -.65 -.36 -.44 -.43 -.38 -.29 -.18 -.21 -.14 -.09 -.23 -.23 .15 .17 .22 .02 .01 .08 .07 .08

Correct RR (ML) .18 .18 .47 -.36 -.51 -.38 -.22 -.42 -.58 -.36 -.39 -.16 -.12 -.07 .32 -.48 -.16 -.25 -.48 -.53 -.17 -.32 -.25

Correct RR (HH) .33 .18 .24 -.22 -.15 -.18 -.06 -.42 -.26 -.36 -.19 -.55 -.52 .26 -.05 -.03 -.05 -.03 -.36 -.11 -.11 -.06 -.30

Correct RR (HL) .27 .47 .24 -.33 -.27 -.35 -.40 -.39 -.34 -.14 -.26 -.12 -.06 -.19 -.13 -.45 -.15 -.28 -.42 -.35 -.06 -.04 -.42

RT (MH) -.65 -.36 -.22 -.33 .76 .89 .77 .41 .33 .18 .19 -.14 -.16 .10 .16 .15 .17 .09 .34 .33 .29 .16 .05

RT (ML) -.36 -.51 -.15 -.27 .76 .82 .75 .39 .47 .26 .29 -.18 -.22 .19 .02 .17 .24 .23 .47 .34 .35 .25 .09

RT (HH) -.44 -.38 -.18 -.35 .89 .82 .79 .27 .28 .10 .17 -.13 -.17 .09 .17 .24 .26 .27 .44 .40 .36 .27 .08

RT (HL) -.43 -.22 -.06 -.40 .77 .75 .79 .18 .21 .02 .19 -.30 -.32 .17 .23 .04 .21 .13 .37 .06 .27 .01 -.01

Work (MH) -.38 -.42 -.42 -.39 .41 .39 .27 .18 .89 .86 .79 .37 .35 .07 .14 .37 .17 .09 .28 .35 .19 .25 .46

Work (ML) -.29 -.58 -.26 -.34 .33 .47 .28 .21 .89 .84 .91 .39 .36 .18 .11 .33 .13 .11 .26 .27 .11 .26 .32

Work (HH) -.18 -.36 -.36 -.14 .18 .26 .10 .02 .86 .84 .88 .47 .47 .03 .10 .23 .02 -.08 .06 .24 .09 .20 .26

Work (HL) -.21 -.39 -.19 -.26 .19 .29 .17 .19 .79 .91 .88 .44 .44 .10 .17 .25 .02 -.04 .08 .13 .03 .11 .20

Tired (H) -.14 -.16 -.55 -.12 -.14 -.18 -.13 -.30 .37 .39 .47 .44 .98 -.08 .12 -.01 -.31 -.11 -.08 -.07 -.38 .05 .23

Tired (L) -.09 -.12 -.52 -.06 -.16 -.22 -.17 -.32 .35 .36 .47 .44 .98 -.14 .10 -.03 -.32 -.12 -.11 -.08 -.36 .09 .24

MTQ Mastery -.23 -.07 .26 -.19 .10 .19 .09 .17 .07 .18 .03 .10 -.08 -.14 .45 -.02 .08 .24 .04 -.03 -.14 .30 .01

MTQ Comp -.23 .32 -.05 -.13 .16 .02 .17 .23 .14 .11 .10 .17 .12 .10 .45 -.14 .04 .16 .03 -.13 -.10 .17 .02

PPDcue (MH) .15 -.48 -.03 -.45 .15 .17 .24 .04 .37 .33 .23 .25 -.01 -.03 -.02 -.14 .65 .51 .66 .88 .52 .47 .53

PPDcue (ML) .17 -.16 -.05 -.15 .17 .24 .26 .21 .17 .13 .02 .02 -.31 -.32 .08 .04 .65 .76 .70 .62 .87 .59 .58

PPDcue (HH) .22 -.25 -.03 -.28 .09 .23 .27 .13 .09 .11 -.08 -.04 -.11 -.12 .24 .16 .51 .76 .74 .53 .50 .81 .63

PPDcue (HL) .02 -.48 -.36 -.42 .34 .47 .44 .37 .28 .26 .06 .08 -.08 -.11 .04 .03 .66 .70 .74 .63 .56 .59 .62

PPDtarget (MH) .01 -.53 -.11 -.35 .33 .34 .40 .06 .35 .27 .24 .13 -.07 -.08 -.03 -.13 .88 .62 .53 .63 .62 .60 .54

PPDtarget (ML) .08 -.17 -.11 -.06 .29 .35 .36 .27 .19 .11 .09 .03 -.38 -.36 -.14 -.10 .52 .87 .50 .56 .62 .41 .50

PPDtarget (HH) .07 -.32 -.06 -.04 .16 .25 .27 .01 .25 .26 .20 .11 .05 .09 .30 .17 .47 .59 .81 .59 .60 .41 .52

PPDtarget (HL) .08 -.25 -.30 -.42 .05 .09 .08 -.01 .46 .32 .26 .20 .23 .24 .01 .02 .53 .58 .63 .62 .54 .50 .52
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 Listening demands Motivation 

 Power in the 
present study (%) 

Sample size required for  
80% power 

Power in the  
present study (%) 

Sample size required  
for 80% power 

Correct response rate 100 <4 37.5 84 

RT 100 <4 81.7 37 

Self-rated work 100 <4 100 10 

Table 5.   Statistical power observed in the speech recognition task in the present study and the sample size required to achieve 80% power for 

the independent variables correct response rate, RT and self-rated work.  
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Figure 1. Representation of a typical “high” motivation trial. In contrast, in “low” motivation trials, the pre-trial screen informed participants that 

for correct answers they will gain 10p and for incorrect answers they will lose 25p.  At the end of each block of  10 trials, participants were asked 

“How tired of listening do you feel?”. 
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Figure 2. (a) Correct response rates (RAU), (b) Mean RTs (log10(s)), (c) Mean self-rated 

work (RAU), (d) Mean self-rated tiredness (RAU), (e) mean change in PPD relative to 

baseline for PPDcue and (f) mean change in PPD relative to baseline for PPDtarget as a 

function of motivation for the speech recognition task (** p <.001; * p < .05). Circles (blue) 

represent the moderate listening demands condition; squares (red) represent the high 

listening demands condition. Error bars indicate ±1 SEM. Results within motivation 

conditions are offset to aid visualisation. 
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Figure 3.  Mean change in pupil size relative to baseline for each condition. Shading represents ±1 SEM. 
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Chapter Seven  
General Discussion 



General Discussion 

 

The aim of this thesis was to explore the influence of listening demands, motivation 

and inter-individual differences on listening effort in the context of a number of relevant 

models, including FUEL (Pichora-Fuller et al. 2016), MIT (Brehm & Self, 1989), CET 

(Kruglanski et al. 2012) and the ELU (e.g. Rönnberg et al. 2019).  In MIT, FUEL and CET, 

motivation is a vital aspect of the decision to expend effort, whereas the ELU places less 

emphasis on motivation. CET may be considered the most holistic model of effort as it 

predicts that inter-individual differences (in cognitive skills and personality) influence effort 

and posits that a strong driving force towards expending effort enables the use of a range of 

strategies to achieve goals. For this reason, the studies in this thesis were predominantly 

designed around the predictions of CET. 

 

For guidance on how to operationalise motivation and which LE outcome measure(s) to use, 

a systematic review of LE and motivation was carried out with the following research 

questions: 

 

 What differences in effect sizes exist between different types of motivational factors? 

 What differences in effect sizes exist between different types of LE outcomes? 

 Which motivational factor/LE outcome combinations measure the largest/smallest 

effects? 

Motivational factors 

 
A number of motivational factors were identified in the systematic review: financial 

reward, evaluative threat, perceived competence, feedback and individual traits.  All 

motivational factors had positive effects on LE.  With the exception of a significantly larger 

effect for perceived competence compared with individual traits, effect sizes did not differ 

significantly between motivational factors. There were no differences in effect sizes recorded 

with subjective, behavioural and physiological measures but the systematic review did reveal 
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that the combination of motivational factor(s) and outcome measure(s) was an important 

consideration in the design of LE studies.  For example, financial reward had a larger effect 

on LE when measured using physiological compared with subjective methods. This aligns 

with the FUEL prediction regarding differences in sensitivity of outcome measures to 

motivation (Pichora-Fuller et al., 2016).   

 

Experimental studies carried out as part of this thesis operationalised listening demands 

using prior knowledge (perceptual “pop out”).  Motivation was operationalised using financial 

reward (study 1), evaluative threat (study 2a and 2b), evaluative feedback (2c) and 

“gamification” (study 3), which included performance-based gains and losses, feedback on 

performance in the speech recognition task and a running total of earnings.  The following 

research questions were asked: 

 

 Does motivation interact with listening demands to affect task performance and LE in 

a speech recognition task? (studies 1–3) 

 Are inter-individual differences in cognitive skills associated with performance on a 

speech recognition task and indices of LE? (studies 1 and 2)  

 Is there an association between personality traits, performance accuracy and indices 

of LE in a speech recognition task? (studies 1 and 3)  

 How does motivation affect listening-related fatigue in a speech recognition task? 

(studies 2 and 3) 

The meta-analysis results reported in Carolan et al. (2022) informed the choice of 

motivational factor used in these studies. For example, the decision to investigate evaluative 

threat was made as evaluative threat showed the largest effect size in the meta-analysis 

(when measured using subjective methods). The operationalisation of motivation in study 3 

involved the use of financial rewards within a gamified task.  This approach was taken as the 

systematic review identified different ways of operationalising financial reward, but the 
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number of studies included was insufficient to formally compare these operationalisations.  

The decision to use subjective, behavioural and physiological measures of LE also took into 

account previous research suggesting LE is multidimensional (Alhanbali et al., 2019; 

McMahon et al., 2016; Pichora-Fuller et al., 2016; Strauss & Francis, 2017).   

 

Influences of listening demands, motivation and their interaction 

 
 

Effects of listening demands on listening effort 

 
For most outcomes, greater listening demands resulted in greater LE, with the 

exception of the experiments performed online (Studies 2a and 2c) where the listening 

demands may not have been sufficiently optimized.  These results align with FUEL (Pichora-

Fuller et al., 2016) which predicts greater LE with greater listening demands, and CET 

(Kruglanski et al., 2012) which includes task demands as an aspect of the restraining force, 

which must be overcome by a driving force towards exerting effort.   

 

Using perceptual ‘pop out’ based on different levels of vocoder degradation was a novel and 

effective means of manipulating listening demands. The use of perceptual ‘pop out’ meant 

the ‘target’ sentence was physically identical in the moderate and high listening demand 

conditions.  This approach was particularly useful for study 3, which involved a physiological 

measure of LE (PPD). As the target sentence was acoustically identical in the moderate and 

high listening demands condition, differences in the pupil response to the target stimulus 

(PPDtarget) reflected changes in LE due to prior knowledge, rather than differences in the 

physical properties of the stimulus.  In study 3, listening demands had a significant effect on 

both PPDcue and PPDtarget, with a smaller effect size for PPDtarget. Controlling for bottom-up 

effects of acoustical differences using this method may yield more accurate effect sizes of 

LE.   
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Two of the studies (2a and 2c) were performed online.  Pilot testing of the task online 

showed a lower correct response rate compared with that found in the laboratory in study 1. 

Therefore, the vocoder settings were adjusted (the number of vocoder bands used to create 

the moderate and high listening demands conditions were increased) to mitigate the 

possibility of floor effects. In study 2a and 2c, there were no significant effects of listening 

demands for any of the LE measures except for one measure in study 2c: RTs.  In contrast, 

the manipulation of listening demands using perceptual ‘pop out’ had a large effect on all LE 

outcomes measured in laboratory settings (studies 1, 2b and 3)). Comparisons of results 

from studies 2a and 2b showed that for RTs and self-rated work there was an interaction 

between listening demands and experimental setting, with greater work and longer RTs 

(suggesting greater effort) in the laboratory. Online, there were no significant effects of 

listening demands on the correct response rate, which may be explained by the lack of 

differences in intelligibility between the listening demands conditions. 

 

Listening demands need to be very carefully considered when investigating LE. In terms of 

MIT (Brehm & Self, 1989), less effort is predicted when task demands are perceived as too 

easy or too difficult.  This is due to a resource conservation principle which ensures effort 

exertion never exceeds the amount required for a task and that effort is not wasted on 

impossible tasks.  Results from study 2 highlight the challenges in finding an optimal 

difficulty level for a speech recognition task performed online. Researchers should be 

cautious when investigating LE online as the loss of control over auditory stimuli 

presentation, quality of listening equipment and potential for participant disengagement can 

outweigh the benefits afforded by online platforms e.g. convenience, rapid data collection, 

availability of large numbers of participants (Bianco et al. 2021; Casey et al., 2017; Chandler 

& Paolacci, 2017; Clifford & Jerit, 2014)).  

 

Effects of motivation on listening effort 
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The effects of motivation on LE in studies presented in this thesis did not fully align 

with our meta-analysis (Carolan et al., 2022). In study 3, significant effects of motivation 

(performance-based financial reward, losses and feedback) on LE were measured with 

subjective, behavioural and physiological outcomes. The effect size was much larger for self-

rated work than for either of the pupillometry outcomes. Additionally, in study 1, financial 

reward had a significant effect for only one of the subjective outcomes (self-rated work) but 

no behavioural effects (physiological measures were not included in study 1).  This conflicts 

with the results of the meta-analysis, which showed a significantly larger effect for 

physiological compared to subjective LE outcomes in studies operationalising motivation as 

financial reward. However, in the meta-analysis, the effect size estimate for the effect of 

financial reward on self-rated LE outcomes was based on only three studies, so it is likely 

that the effect size was underestimated.  

 

These unexpected effects should be considered in light of the prediction intervals reported in 

our meta-analysis: all prediction intervals for motivational effects on LE crossed zero, 

indicating that null or negative results can be expected in further research.  One reason for 

this variability in predicted effects, and why the studies presented here diverged from the 

meta-analysis, might be the more granular aspects of how the motivational factor is 

operationalised.  These include differences between studies on how much financial reward is 

offered, whether participants receive reward on a trial-by-trial basis or for reaching a 

specified performance level at the end of block and whether participants are able to track the 

amount of reward they will receive at the end of a task.   

 

Regarding evaluative threat, study 2a (performed online) showed an effect of evaluative 

threat on self-rated work in the absence of effects on behavioural measures of LE; in study 

2b (performed in the laboratory) no change in LE was recorded with any of the measures. 

The evaluative threat may have been more effective in the online setting because the online 
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recruitment platform made participants aware of the potential for loss of 

earnings/participation opportunities if they submitted poor quality data.  

 

Differential effects found in these studies may also relate to the LE outcome used.  There 

are currently no validated measures of LE.  Different LE outcomes have strengths and 

limitations, e.g. self-report measures are practical and convenient but are also associated 

with weaknesses e.g. with self-rated methods participants may conflate LE with perceived 

performance level (McGarrigle et al., 2014; Moore & Picou, 2018). The studies in the thesis 

were also underpowered to find effects for some of the outcomes, e.g. Study 3 was 

adequately powered to find an effect of motivation on RTs and self-rated work, but not the 

correct response rate, PPDcue or PPDtarget.  A further possibility is that LE is multidimensional, 

with different outcomes tapping into different aspects of the construct (Alhanbali et al., 2019; 

McMahon et al., 2016; Miles et al., 2017; Strand et al., 2018). The FUEL (Pichora-Fuller, 

2016) posits that LE outcomes will differ in their sensitivity to factors affecting LE; some may 

be more sensitive to listening demands, others motivation and some both listening demands 

and motivation.  The results of the meta-analysis and the studies presented in this thesis 

align with this notion but suggest a further nuance: LE outcomes differ in their sensitivity to 

different motivational factors.  

 

Based on study 3, applying gamification to tasks may be a particularly effective way of 

motivating participants.  The operationalisation of motivation in this study involved 

performance-based gains and losses, feedback on performance in the speech recognition 

task and a running total of ‘earnings’. This may have enhanced the participants’ sense of 

competence and engagement with the task (Hamari et al. 2016, Rigby & Ryan, 2011) 

resulting in larger/broader effects of motivation on LE.  Cognitive tasks have also been 

shown to be more engaging and motivating when gamified (Lumsden & Edwards, 2016).  

Engagement may also be encouraged by using tasks which require participants to use 

different strategies to achieve listening goals (Zhang et al. 2019).  The authors of the MoLE 
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(Herrmann & Johnsrude, 2020) argue that auditory stimuli used LE research should aim to 

elicit active listening in participants and criticise studies which use simplistic and unengaging 

stimuli e.g. lists of sentences used in standardised speech tests.  The MoLE recommends 

using more engaging materials (e.g. audiobooks) that are more representative of the rich 

narratives we encounter in everyday life to get a more complete picture of listening 

experiences. However, standardised sentences sets such as the IEEE are phonetically 

balanced (i.e. use specific phonemes at the same frequency they appear in English) 

(Rothauser et al. 1969), are uniform in length (advantageous when using physiological 

measures) and are widely used in research showing increased LE with greater listening 

demands (e.g. Sarampalis et al. 2009).   

 

The results of study 3 indicate that gamifying a listening task may be another option to 

increase participant engagement, and would also allow the use of standardised stimuli.  

Further investigation is needed on which aspect(s) of gamification are the most effective 

(e.g. the potential to win or lose money, using feedback/running total of earnings as a 

‘score’). The concept of “flow”, i.e. a pleasing state of engagement reported by gamers (Hsu 

& Lu, 2014), might be useful to apply in the context of LE.  Flow refers to optimal 

experiences where individuals are completely absorbed in an activity and is characterised by 

feelings of effortless control, loss of self-consciousness and losing track of time 

(Csikszentmihalyi, 1990).  Properties of game-based tasks, such as a good match between 

the participant’s level of skill and the challenge imposed by the task are predicted to promote 

flow states (Hamari & Koivisto, 2014; Hung et al., 2015; Procci et al., 2012; Wang & Chen, 

2010).  

 

The predicted interaction between listening demands and motivation 
 

Interactions between listening demands and motivation on effort were not found in 

any of the studies presented in this thesis, conflicting with the predictions of MIT (Brehm & 
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Self, 1989) and other models (e.g. CET (Kruglanski et al. 2012) and FUEL (Pichora-Fuller et 

al. 2016), which use MIT as a foundation.  MIT assumes a proportional relationship between 

task difficulty and effort and motivation is posited to specify the range of difficulty levels 

within which this relationship holds.  The LE literature is also inconsistent with regards to 

demand/motivation interactions. A number of studies found interactions (Bijleveld et al., 

2009; Kahneman et al., 1968; Koelewijn et al., 2021; Mirkovic et al., 2019; Richter, 2016; 

Weis et al., 2013; Zhang et al., 2019), whereas other studies found main effects but no 

interactions (Beatty et al., 1980; Koelewijn et al., 2018; Plain et al., 2021; Stanners et al. 

1979). Plain et al. (2021) point out that previous studies operationalising motivation as 

financial reward differed in how much reward was offered to participants and the duration of 

the task (how hard the participant had to work for the reward) and posit that differences in 

participant motivation account for inconsistencies regarding interactive effects.   

 

Another explanation might be perceived task difficulty. MIT posits that resource conservation 

will take place to avoid wasting limited resources on impossible tasks or tasks where 

success seems unlikely (Brehm & Self, 1989).  The lack of interactions in the studies 

presented in this thesis may be due to some participants perceiving that they were not 

performing well under high listening demands conditions and therefore withholding, rather 

than increasing, their LE.  Other factors that may alter an individual’s perception of task 

difficulty include fatigue and mood (Gendolla & Richter, 2016); these factors may also have 

influenced results here.  

 

In study 3, participants were given performance feedback, which should have allowed for 

more accurate perceptions of task difficulty by participants but interactions between listening 

demands and motivation were still not observed.  Conflicting with the principles of MIT, in 

some situations participants may exert more effort than necessary, e.g., a strategy to 

achieve the maximum possible reward in study 3 would be to exert a high amount of LE on 

every trial regardless of difficulty, which would result in additive, rather than interactive, 
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effects of motivation on listening demands.  Other circumstances where the resource 

conservation principle does not hold have been identified within the wider field of effort 

research. For example, priming participants with ‘action’ words resulted in increased effort, 

which should not occur if effort involves only the appraisal of task difficulty and motivation 

(Blanchfield et al. 2014; Gendolla and Silvestrini, 2010).  

 

The influence of inter-individual cognitive skills on listening effort 
 

Resource availability is an essential part of the driving force of CET and determines 

the upper limit of how much effort can be invested in a task.  The ELU (Rönnberg et al. 

2019) and the FUEL (Pichora Fuller et al. 2016) also highlight the role of working memory in 

understanding speech in challenging conditions.   

 

The backwards digit span (BDS) was used to measure resource capacity in two of 

the studies presented here (study 1 and study 2).  However, the effects of BDS on LE 

outcomes were inconsistent across these studies: BDS was a significant fixed effect for RT 

study 2a (evaluative threat online) and for all measures in study 2c (evaluative feedback 

online), but not for any measures in study 2b (evaluative threat laboratory). In part. this may 

be due to a greater variability in BDS in participants performing the online experiments 

compared to the laboratory.  There was also the potential for participants to cheat on the 

BDS online (e.g. by writing down the numbers which were presented) which may have 

affected results. In study 1, BDS predicted the correct response rate, but none of the LE 

outcomes. Overall, the results only partially support the ELU and FUEL predictions regarding 

working memory.  This may be due to limitations of the BDS to gauge working memory.  The 

use of a more complex task to measure resource capacity, such like the reading span 

(Daneman & Carpenter, 1980) or size comparison tasks (Sörqvist et al., 2010; Sörqvist and 

Ronnberg, 2012) may lead to stronger associations than digit span tasks (Hannon and 

Daneman, 2001; Rönnberg et al., 2019). Greater resource capacity as indicated by the 

https://www.sciencedirect.com/science/article/pii/S037859551830131X?via%3Dihub#bib2a
https://www.sciencedirect.com/science/article/pii/S037859551830131X?via%3Dihub#bib3a
https://www.sciencedirect.com/science/article/pii/S037859551830131X?via%3Dihub#bib3a
https://www.tandfonline.com/doi/full/10.1080/14992027.2018.1551631
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reading span and the letter memory task was found to predict performance on LE tasks 

(Strand et al., 2018).  Indexing working memory resource capacity using the sentence final 

word identification and recall (SWIR) test (Ng et al. 2013) may also be more effective in the 

context of LE, as this test is more complex than the BDS (Bönitz et al. 2021; Ng et al. 2015).  

 

Linguistic skills were also investigated in study 1 using the lexical decision task. 

Lexical decision-making ability relates to the speed in which representations in long term 

memory can be accessed (Rönnberg et al. 2019). In the ELU, lexical access is part of the 

RAMBPHO (Rapid, Automatic, Multimodal Binding of PHOnology) buffer whereby 

multimodal (usually audiovisual) input is matched with representations in long term semantic 

memory (Rönnberg et al. 2019). If lexical access is not achieved, working memory resources 

are recruited to resolve the mismatch. In study 1, longer RTs (indicating poorer linguistic 

ability) were associated with greater LE (longer RTs) in the speech recognition task. This 

may indicate that participants with poorer linguistic skills exerted greater LE to compensate 

in the speech recognition task.  However, contrary to previous research (e.g. Kaandorp et al. 

2016; Lyxell and Ronnberg, 1992), no association between linguistic ability and the correct 

response rate on the speech recognition task was found. This was an exploratory outcome 

and the study may have been statistically underpowered to reliably detect an effect of lexical 

access on LE.   

 

The influence of personality traits on listening effort 
 

Based on CET, individual traits, including achievement motivation (measured using 

scores on the Competitive Excellence and Personal Mastery scales of the Motivational Trait 

Questionnaire (MTQ) (Heggestad & Kanfer, 2000) and the need for closure (Roets et al. 

2011) were expected to be fixed effects of performance accuracy and indices of LE.  No 

significant effects of achievement motivation were found in study 3 and only MTQ 

Competitive Excellence reached significance in the RT model in study 1. CET posits 
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functional interchangeability between the elements that make up the restraining force 

(resource conservation, alternative goals and task difficulty), such that an increase in 

strength of one of the constituents may be offset by a decrease in the other elements 

(Kruglanski et al. 2012). These results would suggest that task difficulty (operationalised 

here as listening demands) plays a greater role in regulating effort.  However, it is also 

possible that other traits are more relevant for conservation of LE, such as neuroticism; 

individuals high in this trait are suggested to focus effort on task-irrelevant negative thoughts 

(Wallace & Newman,1997, 1998). In addition, variability on the traits studied in both 

experiments was low, which might explain the null findings. Employing an ‘extreme’ group 

approach may increase the statistical power needed to find effects of individual traits on LE 

(Preacher et al., 2005).  

 

Effects of motivation on listening-related fatigue 
 

No effects of motivation on fatigue were found, which may be viewed as contradicting 

the Motivational Control Model (Hockey, 2003). However, only one subjective measure of 

listening-related fatigue was used in study 2 and 3. In addition, a longer task may be needed 

to find effects of fatigue. The speech recognition task in the studies presented here lasted 

around 40 minutes. Previous studies finding a decrease in baseline pupil size (interpreted as 

fatigue) involved effortful listening for 1.5 hours (Zekveld et al. 2010) and 2 hours 

(Hopstaken et al. 2015).  

 

Some previous studies report no significant correlations between subjective fatigue 

and the pupil response (a possible physiological measure of listening fatigue) (Koelewijn et 

al., 2012; Strand et al., 2018), which suggests that listening fatigue may also be a 

multidimensional concept.  Including different fatigue measures in the studies presented 

here may therefore have uncovered an effect of motivation in line with the MCM.  Baseline 

pupil dilation, which has been shown to be associated with subjective LE (Alhanbali et al., 
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2020), may be a potential index of listening-related fatigue. Additionally, using multiple 

evaluations/physiological methods may capture fluctuations in fatigue throughout a speech 

recognition task which may not be reflected in ratings given by participants at the end of a 

block of trials (McGarrigle et al., 2021).  

 

Limitations 

 

The operationalisations of motivation used in these studies relied upon manipulating 

participants’ extrinsic motivation i.e. acting in a certain way to achieve favourable outcomes 

such as gaining money or avoiding negative evaluations. However, people are often 

intrinsically motivated to carry out effortful tasks, i.e. they may find a task inherently 

interesting and enjoyable (Deci & Ryan, 2000).  A task which is intrinsically motivating fulfils 

our need to demonstrate competence, autonomy and relatedness (Deci & Ryan, 2000). Self-

determination theory (Deci & Ryan, 2000) posits that intrinsic motivation is much more 

powerful than extrinsic motivation in shaping behaviour and in some cases offering extrinsic 

rewards may reduce intrinsic motivation towards a task. Focusing on enhancing participants’ 

intrinsic motivation may therefore have yielded larger effect sizes for motivation than in the 

studies presented in this thesis.  

 

The participants in these studies were young, normal hearing and mostly students.  This 

may reduce the generalisability of the findings. How participants respond to motivational 

factors like financial reward is likely to depend upon socioeconomic status, which was not 

measured here. 

 

CET predicts that individuals decide how much effort they are prepared to invest in a 

cognitive activity based on the importance of the goal and available resources.  The 

experiments here were designed to assess how individuals weigh up of demand and 

motivational factors.  The FUEL emphasises that LE involves the “deliberate” allocation of 
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resources to achieve goals, but unlike CET, predicts that the allocation of resources can also 

depend on “automatic attention” (e.g. responses to novel, sudden stimuli or one’s own 

name). The experiments presented here did not investigate this type of LE.  

 

Future directions 

 
As gamification was found to have broad effects on LE measures, further investigation is 

warranted to understand which aspects of gamification are most important to enhance 

motivation within an effortful listening task. Identifying which element of game design e.g. 

feedback, rewards and losses, strategy requirements, optimise participant engagement in a 

listening task may prove to be an effective approach.   

 

Concerning inter-individual differences, clarification is needed on which individual traits are 

most relevant to LE conservation, ideally using an ‘extreme group’ approach to maximise 

statistical power (Preacher et al., 2015).  

 

Any future research needs to be adequately powered: there was a high risk of bias 

associated with the studies included in the systematic review/meta-analysis as only a small 

portion provided an adequate sample size justification.  Low statistical power may contribute 

to inconsistent findings in the LE literature, as the likelihood of finding exaggerated or 

erroneous results (type M, type S errors) increases with low statistical power (Gelman & 

Carlin, 2014). As there remains uncertainty around what purported measures of LE are 

indexing and the sensitivity of outcomes to motivational factors, future research should 

include multiple LE measures (Alhanbali et al. 2019) and bear in mind that effect sizes differ 

across LE outcomes.  

 

 

Conclusions 
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• Several models of effort identify motivation as a key factor in the decision to expend 

LE.  A meta-analysis (Carolan et al., 2022) showed that LE increases with greater 

motivation.  However, for certain motivational factors, effect sizes were dependent 

upon LE outcome type.  

• Researchers should be aware of possible interactions between types of motivational 

factors and outcome measures when designing LE experiments. 

• As investigating LE requires researchers to carefully control stimuli intelligibility, 

carrying out LE research online is not recommended as experimenters have less 

control over stimuli presentation and listening equipment and participants may be 

more prone to distractions. 

• Listening demands can be effectively manipulated in laboratory conditions using the 

novel method of “perceptual pop out”.  This method is useful in controlling for 

physical differences of auditory stimuli between different listening demand conditions. 

• Variable efficacy was found for the motivational factors investigated here (evaluative 

threat, evaluative feedback, financial reward, financial reward, losses and feedback) 

Differential effects were recorded depending upon the outcome measure. A meta-

analysis (Carolan et al., 2022) also showed that some motivational factor/LE 

outcome measure combinations yield bigger effect sizes than others. 

• Motivation did not interact with listening demands in the studies presented here, 

contrary to MIT (Brehm & Self, 1989) and other models which build upon MIT (CET 

(Kruglanski et al. 2012), FUEL (Pichora-Fuller et al. 2016). These results suggest 

motivation has an additive rather than an interactive effect with listening demands. 

• Broad effects were found when motivation was operationalised as part of a gamified 

paradigm (which included financial reward, losses and feedback). Gamified tasks are 

recommended for future LE research to enhance participant engagement with 

listening tasks based on standardised speech materials. 
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Appendix A: Need for closure scale (revised) 
 

Full revised NFC scale: 

Roets, A, & Van Hiel, A (2007). Separating ability from need: Clarifying the dimensional 
structure of the need for closure scale. Personality and Social Psychology Bulletin, 33, 
266-280. 

 
Short version of the revised NFC scale: 
Roets, A. & Van Hiel, A. (2011). Item selection and validation of a brief, 15-item version 

of the need for closure scale. Personality and Individual Differences, 50, 90-94. 

------------------------------------------------------------------------------------- 

The new (revised) decisiveness items are highlighted in grey. 
Short version of the revised Need for closure scale: bold items 

 

nfc101 1. I think that having clear rules and order at work is essential for success. 

nfc502 R 2. Even after I've made up my mind about something, I am always eager to consider a 
different opinion. 

nfc403 3. I don't like situations that are uncertain. 

nfc504 4. I dislike questions which could be answered in many different ways. 

nfc205 R 5. I like to have friends who are unpredictable.  

nfc106 6. I find that a well ordered life with regular hours suits my temperament. 

nfc207 7. When dining out, I like to go to places where I have been before so that I know what to 
expect. 

nfc408 8. I feel uncomfortable when I don't understand the reason why an event occurred in 
my life. 

nfc509 9. I feel irritated when one person disagrees with what everyone else in a group 
believes. 

nfc110 10. I hate to change my plans at the last minute. 

nfc211 11. I don't like to go into a situation without knowing what I can expect from it. 

nfc312  12. When I have made a decision, I feel relieved 

nfc313 13. When I am confronted with a problem, I’m dying to reach a solution very quickly. 

nfc414 14. When I am confused about an important issue, I feel very upset. 

nfc315  15. I would quickly become impatient and irritated if I would not find a solution to a 
problem immediately. 

nfc316 16. I would rather make a decision quickly than sleep over it. 

nfc317  17. Even if I get a lot of time to make a decision, I still feel compelled to decide quickly. 

nfc218 R 18. I think it is fun to change my plans at the last moment.  

nfc219 R 19. I enjoy the uncertainty of going into a new situation without knowing what might 
happen.  
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nfc120 R 20. My personal space is usually messy and disorganized.  

nfc421 21. In most social conflicts, I can easily see which side is right and which is wrong. 

nfc322  22. I almost always feel hurried to reach a decision, even when there is no reason to do 
so. 

nfc123 23. I believe that orderliness and organization are among the most important 
characteristics of a good student. 

nfc524 R 24. When considering most conflict situations, I can usually see how both sides could be 
right.  

nfc225 25. I don't like to be with people who are capable of unexpected actions. 

nfc226 26. I prefer to socialize with familiar friends because I know what to expect from them. 

nfc127 R 27. I think that I would learn best in a class that lacks clearly stated objectives and 
requirements.  

nfc528 R 28. When thinking about a problem, I consider as many different opinions on the issue as 
possible.  

nfc429 29. I like to know what people are thinking all the time. 

nfc430 30. I dislike it when a person's statement could mean many different things. 

nfc431 31. It's annoying to listen to someone who cannot seem to make up his or her mind. 

nfc132 32. I find that establishing a consistent routine enables me to enjoy life more. 

nfc133 33. I enjoy having a clear and structured mode of life. 

nfc534 R 34. I prefer interacting with people whose opinions are very different from my own.  

nfc135 35. I like to have a place for everything and everything in its place. 

nfc436 36. I feel uncomfortable when someone's meaning or intention is unclear to me. 

nfc337 37. ITEM DELETED IN REVISED SCALE *********************************************** 

nfc538 R 38. I always see many possible solutions to problems I face.  

nfc439 39. I'd rather know bad news than stay in a state of uncertainty. 

nfc540 40. I do not usually consult many different opinions before forming my own view. 

nfc241 41. I dislike unpredictable situations. 

nfc142 R 42. I dislike the routine aspects of my work (studies). 

 
R (a) = recode 
RECODE nfc502 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6).  
RECODE nfc205 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6).  
RECODE nfc218 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6).  
RECODE nfc219 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6).  
RECODE nfc120 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6).  
RECODE nfc524 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6).  
RECODE nfc127 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6). 
RECODE nfc528 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6).  
RECODE nfc534 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6).  
RECODE nfc538 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6). 
RECODE nfc142 (6=1) (5=2) (4=3) (3=4) (2=5) (1=6). 
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compute order= 
mean(nfc101,nfc106,nfc110,nfc120,nfc123,nfc127,nfc132,nfc133,nfc135,nfc142). 
compute predictability= 
mean(nfc205,nfc207,nfc211,nfc218,nfc219,nfc225,nfc226,nfc241). 
compute decisiveness= mean(nfc312,nfc313,nfc315,nfc316,nfc317,nfc322). 
compute ambiguity= 
mean(nfc403,nfc408,nfc414,nfc421,nfc429,nfc430,nfc431,nfc436,nfc439). 
compute closedmindedness= 
mean(nfc502,nfc504,nfc509,nfc524,nfc528,nfc534,nfc538,nfc540). 
 
Compute NFC_REVISED_full = 
mean(nfc101,nfc106,nfc110,nfc120,nfc123,nfc127,nfc132,nfc133,nfc135,nfc142, 
nfc205,nfc207,nfc211,nfc218,nfc219,nfc225,nfc226,nfc241, 
nfc312,nfc313,nfc315,nfc316,nfc317,nfc322, 
nfc403,nfc408,nfc414,nfc421,nfc429,nfc430,nfc431,nfc436,nfc439, 
nfc502,nfc504,nfc509,nfc524,nfc528,nfc534,nfc538,nfc540). 
 
Compute NFC_REVISED_short = mean(nfc106, nfc132, nfc133, nfc211, nfc225, nfc241, nfc312, 
nfc313, nfc315, nfc403, nfc408,nfc430,nfc504,nfc509,nfc540). 
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Appendix B: Motivational Trait Questionnaire 
 

INSTRUCTIONS: 
This questionnaire asks you to respond to statements about your attitudes, 
opinions, and behaviors. Read each statement carefully, and decide whether or not 
the statement describes you.  Using the scale at the top of each page indicate the 
degree to which the ENTIRE statement is true of you.  Give only one answer for 

each statement. 
 

Some of the statements may refer to experiences you may not have had.  
Respond to these statements in terms of how true you think it WOULD BE of you. 

 

Look at the sample statement below. 
 

SAMPLE STATEMENT: 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

Very  
UNTRUE 

 of Me 

 
UNTRUE  

of Me 

Somewhat 
UNTRUE  

of Me 

Somewhat 
TRUE  
of Me 

 

TRUE 
 of Me 

Very  
TRUE  

of Me 

 

I like to go to parties. 
 

MARK  1  if you really dislike parties and you try to avoid them. 

  2  if you generally dislike parties and only go when you have to. 

 3  if you think parties are okay but generally prefer not to go. 

  4  if you think parties are okay and generally prefer to go. 

  5  if you generally like parties and go to most of the time. 

  6  if you really like parties and only miss one if you absolutely have to. 

 
 

PLEASE NOTE:   

 There are no right or wrong answers.  Simply describe yourself honestly and 
state your opinions accurately.  
 

 In deciding on your answer, consider your life in general and not only the last few 
weeks or months.  
 

 Deciding on an answer may be difficult for some of the statements.  If you have a 
hard time deciding, choose the answer that is MOST true of you. 

 

 Some of the items will seem repetitive.  These are not meant to be trick questions.  
Do not look back at your previous answers, simply answer each question honestly.   
 

 

DO NOT TURN TO THE NEXT PAGE UNTIL YOU ARE TOLD TO DO SO
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1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

Very  
UNTRUE 

 of Me 

 
UNTRUE  

of Me 

Somewhat 
UNTRUE  

of Me 

Somewhat 
TRUE  
of Me 

 

TRUE 
 of Me 

Very  
TRUE  

of Me 

 
 
1.  ____ When I become interested in something, I try to learn as much about it as I can. 

2.  ____ I set goals as a way to improve my performance. 

3.  ____ It really upsets me when someone does something better than I do. 

4.  ____ I perform best when I compete with others. 

5.  ____ When working on important projects, I am constantly fearful that I will make a 
mistake. 

6.  ____ If I know someone is judging me, I get so focused on how I am doing that I have 
difficulty concentrating on the task. 

7.  ____ When I am learning something new, I try to understand it completely. 

8.  ____ If I already do something well, I don't see the need to challenge myself to do better. 

9.  ____ I tend to put extra effort into tasks that involve competition with others. 

10.  ____ I am not a competitive person. 

11.  ____ I do not get nervous in achievement settings. 

12.  ____ My heart beats fast before I begin difficult tasks. 

13.  ____ Even when I have studied hard enough to get a good grade, I study more because I 
want to completely understand the material. 

14.  ____ When learning something new, I focus on improving my performance. 

15.  ____ It is important for me to outperform my co-workers. 

16.  ____ I try to avoid competitive situations. 

17.  ____ I am unconcerned even if I know that other people are forming an unfavorable 
impression of me.  

18.  ____ I have trouble relaxing because I worry about things at work. 

19.  ____ I like to take classes that challenge me. 

20.  ____ I compete with myself -- challenging myself to do things better than I have done 
before. 

21.  ____ Whether or not I feel good about my performance depends on how it compares to 
the performance of others. 

22.  ____ I would rather cooperate than compete.  
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1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

Very  
UNTRUE 

 of Me 

 
UNTRUE  

of Me 

Somewhat 
UNTRUE  

of Me 

Somewhat 
TRUE  
of Me 

 

TRUE 
 of Me 

Very  
TRUE  

of Me 

 
 

23.  ____ Before beginning an important project, I think of the consequences of failing.  

24.  ____ I am unable to concentrate fully in stressful situations. 

25.  ____ I am an intellectually curious person. 

26.  ____ I set high standards for myself and work toward achieving them. 

27.  ____ I am motivated to do things better than others.  

28.  ____ I like to turn things into a competition. 

29.  ____ I am afraid of other people noticing my shortcomings. 

30.  ____ I get headaches when I have a lot of important things to do. 

31.  ____ I prefer activities that provide me the opportunity to learn something new. 

32.  ____ I work hard at everything I undertake until I am satisfied with the result. 

33.  ____ I strive to do my job better than the people I work with. 

34.  ____ Even in non-competitive situations, I find ways to compete with others. 

35.  ____ I get nervous just thinking about having an important project evaluated. 

36.  ____ I am able to remain calm and relaxed in stressful situations.  

37.  ____ I am naturally motivated to learn. 

38.  ____ I do not set difficult goals for myself.  

39.  ____ I compare my performance to that of others. 

40.  ____ I worry about the possibility of failure. 

41.  ____ I am able to remain calm and relaxed before I take a test.  

42.  ____ I thirst for knowledge. 

43.  ____ My personal standards often exceed those required for the successful completion of 
a project. 

44.  ____ I get tense when other people assess my progress. 

45.  ____ I get an uneasy feeling in my stomach when working toward something I really want 
to accomplish. 

46.  ____ I worry about how others will view my work performance. 

47.  ____ I lose sleep because I am troubled by thoughts of failure. 

48.  ____ I am cautious about trying to do something that could lead to embarrassment.  
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MOTIVATIONAL TRAIT QUESTIONNAIRE: SCORING KEY 
SHORT FORM 

 
Note: (R) indicates that the item is reverse scored. 
 

PERSONAL MASTERY 

Desire to Learn:  1, 7, 13, 19, 25, 31, 37, 42 
Mastery Goals:  2, 8(R), 14, 20, 26, 32, 38(R), 43 
 
 

COMPETITIVE EXCELLENCE 

Other Referenced Goals:  3, 9, 15, 21, 27, 33, 39 
Competition Seeking: 4, 10(R), 16(R), 22(R), 28, 34 
 
 

MOTIVATION ANXIETY 

Worry: 5, 11(R), 17(R), 23, 29, 35, 40, 44, 46, 48 
Emotionality: 6, 12, 18, 24, 30, 36(R), 41(R), 45, 47 
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Appendix C: NASA TLX 
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Appendix D PIS (Study 1) 

The Multidimensionality of Listening Effort 

Participant Information Sheet (PIS) 

You are being invited to take part in a research study [as part of a PhD project] on listening 
effort. Before you decide whether to take part, it is important for you to understand why the 
research is being conducted and what it will involve. Please take time to read the following 
information carefully and discuss it with others if you wish. Please ask if there is anything that 
is not clear or if you would like more information. Take time to decide whether or not you wish 
to take part. Thank you for taking the time to read this.  

About the research 

 Who will conduct the research?  

Peter Carolan, PhD student 
A4.01, Ellen Wilkinson Building 
University of Manchester 
Oxford Road 
Manchester 
M13 9PL 
Tel: 0161 275 0582 
Email: peter.carolan@postgrad.manchester.ac.uk 
 
 
1st Supervisor: Dr. Rebecca Millman 
B2.8 Ellen Wilkinson Building 
University of Manchester 
Oxford Road 
Manchester 
M13 9PL 
 
Tel: 0161 275 3887 
Email: rebecca.millman@manchester.ac.uk 
 
2nd Supervisor: Dr. Antje Heinrich 
B2.13 Ellen Wilkinson Building 
University of Manchester 
Oxford Road 
Manchester 
M13 9PL 
 
Tel: 0161 275 8679 
Email: antje.heinrich@manchester.ac.uk 
 
3rd Supervisor: Prof. Kevin Munro  
Ewing Professor of Audiology 
Ellen Wilkinson Building 
University of Manchester 
Oxford Road 

mailto:peter.carolan@postgrad.manchester.ac.uk
mailto:rebecca.millman@manchester.ac.uk
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Manchester 
M13 9PL 
 
Tel: 0161 275 3360 
Email: kevin.j.munro@manchester.ac.uk 
 

 What is the purpose of the research?  

We have all experienced mental strain when trying to understand speech in difficult situations, 
for example, when struggling to hear a conversation in a busy café.  The mental work we need 
to put in to understand speech in these situations is called listening effort. 
 
Hearing-impaired people are thought to experience more listening effort and fatigue than 
normally hearing people.  The increased burden of effort and fatigue may explain why hearing-
impaired people report poor quality of life.  
 
We aim to develop a listening task which audiologists can use to measure listening effort.  We 
are also trying to understand whether a person’s motivation to complete a task changes the 
amount of effort they use. A greater understanding of listening effort may potentially improve 
the health and well-being of hearing impaired people, for instance, by improving hearing aid 
assessments.   
We are looking for native English speakers with normal hearing, no history of neurological or 
speech disorders and with normal or corrected-to-normal vision.  Participants must be aged 
18 – 30.  
We are aiming to recruit 24 participants. 

 Will the outcomes of the research be published?  

If the results obtained from this study are published, they will appear in peer-reviewed journal 
articles. Prior to full publication in journals, portions of the work may be presented at academic 
conferences. 

 Who has reviewed the research project? 

The research study has been reviewed and approved by the University of Manchester Division 
of Human Communication, Development and Hearing Ethics Committee. 

What would my involvement be? 

 What would I be asked to do if I took part?  

The study will require you to undergo testing for up to 2 hours, including breaks.   
The tests will consist of:  
1) Hearing evaluation 

a. Otoscopy 

An otoscopic examination involves looking into your ears to visually check for 
excess wax and/or foreign bodies. During this examination, the researcher will 
gently place the tip of an otoscope into your ear and shine a light into the ear. They 
will then carefully rotate the instrument in different directions to see the inside of 
your ears. 

b. Tympanometry 
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This test will be used to assess middle ear and eardrum health and function. During 
this test, you will be seated comfortably and asked to remain as still as possible 
(avoiding speaking or swallowing).  The researcher will then insert a flexible probe 
into the opening of your ears and deliver a low tone into the ear. This will cause 
small air pressure changes inside your ear, during which eardrum movements will 
be recorded. 

c. Pure Tone Audiometry  

This test will be used to screen for hearing loss. Pure-tone audiometry is a clinical 
measure of hearing sensitivity. During this test, you will be asked to sit in a sound-
proof room while wearing a pair of headphones. Sounds will be presented through 
the headphones and you will be asked to press a button whenever the sound is 
heard, no matter how faint the sound is. You will be asked to hold down the 
response button for as long as they hear the sound. 
 

2) Questionnaires 

You will be asked to complete 3 short questionnaires.  Two of these are personality 
questionnaires which ask about what motivates you and how you make decisions.  A third 
questionnaire will be given after the speech perception task, which asks you to rate how much 
effort you used in the task. 
3) Language task 

This task will be carried out on a computer.  Letters will appear on the screen and you will be 
asked to say whether or not they make up a word by pressing a key on the keyboard as quickly 
as possible. 
4) Memory task 

This task will be carried out on a computer.  You will hear a sequence of spoken numbers.  
You will then be instructed to type the sequence into the computer in reverse order. 

 
5) Speech perception tests 

You will be seated in a sound-isolated booth in front of a computer and briefed on the nature 
of the listening task.  You will have the opportunity to practice the task until you are comfortable 
with what you need to do. 
The task will require you to listen to spoken sentences, which will be degraded to some extent.   
Speech sentences will be played over loud speakers. Each sentence will be played twice, 
although the level of degradation may be different the second time you hear the sentence.  
After hearing both sentences, you will be asked to indicate whether the last word in the 
sentence was a noun (a person, place or thing).   
You will then be shown six words on the screen and asked to click on three words, using a 
mouse, you think you heard in the sentence. 
A sliding scale will then appear on the screen and you will be asked to indicate how much 
effort you needed to use to understand the sentence. 
This will be repeated for 80 pairs of sentences.  You will be able to take a break whenever you 
need to.  

Research will be conducted at:  

Manchester Centre for Audiology and Deafness (ManCAD)   
Ellen Wilkinson Building  
University of Manchester  
Oxford Road  
Manchester 
M13 9PL 
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Will I be compensated for taking part? 

Participants will be given an honorarium (£15) for their time, in addition to performance-

based reward (0 - £11 max). 

You will have the chance to earn additional rewards for correctly answering the questions.  
Before each set of ten sentences you will be informed of how much this reward will be.  You 
will need to identify all the words in seven out of the next ten sentences correctly (60% correct) 
to earn the reward, which will be either £2.50 or 25p. 

 What happens if I do not want to take part or if I change my mind?  

It is up to you to decide whether or not to take part. If you do decide to take part you will be 

given this information sheet to keep and be asked to sign a consent form. If you decide to take 

part you are still free to withdraw at any time without giving a reason and without detriment to 

yourself. However, it will not be possible to remove your data from the project once it has been 

anonymised and forms part of the dataset as we will not be able to identify your specific data. 

This does not affect your data protection rights. If you decide not to take part you do not need 

to do anything further.  

Data Protection and Confidentiality 

 What information will you collect about me?  

In order to participate in this research project we will need to collect information that could 
identify you, called “personal identifiable information”. Specifically we will need to collect: 
Personal identifiable data: 

 Name 

 Contact details 

Non-personal identifiable data 

 Age 

 Gender 

 Questionnaire responses 

 Task performance 

 Under what legal basis are you collecting this information? 

We are collecting and storing this personal identifiable information in accordance with data 
protection law which protect your rights.  These state that we must have a legal basis (specific 
reason) for collecting your data. For this study, the specific reason is that it is “a public interest 
task” and “a process necessary for research purposes”.  

 What are my rights in relation to the information you will collect about me? 

You have a number of rights under data protection law regarding your personal information. 
For example you can request a copy of the information we hold about you. 
If you would like to know more about your different rights or the way we use your personal 
information to ensure we follow the law, please consult our Privacy Notice for Research 
(http://documents.manchester.ac.uk/display.aspx?DocID=37095; a written copy is available 
on request). 

http://documents.manchester.ac.uk/display.aspx?DocID=37095
http://documents.manchester.ac.uk/display.aspx?DocID=37095
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 Will my participation in the study be confidential and my personal identifiable 
information be protected?  

In accordance with data protection law, The University of Manchester is the Data Controller 
for this project. This means that we are responsible for making sure your personal 
information is kept secure, confidential and used only in the way you have been told it will be 
used. All researchers are trained with this in mind, and your data will be looked after in the 
following way: 
Any information obtained by the participants will remain strictly confidential. Signed consent 
forms will be store in a locked cabinet in the researcher’s office. Other information and data 
will be stored pseudo-anonymously, i.e. these data will be unidentifiable by anyone except the 
researcher, in the University of Manchester Research Data Storage. Your data will be pseudo-
anonymised immediately after you have completed the study. The electronic files will not 
include any cue to identify the participants involved in the study. For any future use of the data 
collected, or if any other researcher were interested in accessing the data for research or 
teaching purposes, the data will be accessed in anonymous form only. Your consent form and 
contact details will be retained only for the duration of the study, however, if you agree, your 
details will be added to the ManCAD volunteering database in order to keep you informed 
about volunteering opportunities as a research participant. This is optional. Once the consent 
form has been destroyed, after publication or alternatively after 5 years, in line with the 
University of Manchester retention guidelines, all files will become anonymised.  
Please also note that individuals from The University of Manchester or regulatory authorities 
may need to look at the data collected for this study to make sure the project is being carried 
out as planned. This may involve looking at identifiable data.  All individuals involved in 
auditing and monitoring the study will have a strict duty of confidentiality to you as a research 
participant. 

What if I have a complaint? 
The tests involved throughout the study sessions are routinely used in scientific research and 
we will be testing at sound levels that do not have the potential to be injurious. It is highly 
unlikely that the participants will be harmed during the process. The following are a list of 
contacts in the case of any issues/complaints to be addressed: 

 Contact details for complaints 

If you have a complaint that you wish to direct to members of the research team, please 
contact:  

 
Dr. Rebecca Millman: Tel: 0161 275 3887 or Email: 
rebecca.millman@manchester.ac.uk 
Dr. Antje Heinrich:  Tel: 0161 275 8679 or Email: antje.heinrich@manchester.ac.uk 
Prof. Kevin Munro: Tel: 0161 275 3360 or Email: kevin.j.munro@manchester.ac.uk 
 
If you wish to make a formal complaint to someone independent of the research team, 
or if you are not satisfied with the response you have gained from the researchers in 
the first instance then please contact  

The Research Governance and Integrity Officer, Research Office, Christie Building, The 
University of Manchester, Oxford Road, Manchester, M13 9PL, by emailing: 
research.complaints@manchester.ac.uk  or by telephoning 0161 275 2674. 

If you wish to contact us about your data protection rights, please email 
dataprotection@manchester.ac.uk or write to The Information Governance Office, Christie 
Building, The University of Manchester, Oxford Road, M13 9PL at the University and we will 
guide you through the process of exercising your rights. 
You also have a right to complain to the Information Commissioner’s Office about complaints 

relating to your personal identifiable information Tel 0303 123 1113   

mailto:rebecca.millman@manchester.ac.uk
mailto:antje.heinrich@manchester.ac.uk
mailto:research.complaints@manchester.ac.uk
mailto:dataprotection@manchester.ac.uk
https://ico.org.uk/concerns
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Contact Details 
If you have any queries about the study or if you are interested in taking part then please 
contact the researcher(s): 
Mr. Peter Carolan: Tel: 0161 275 0582 or Email: peter.carolan@postgrad.manchester.ac.uk 

 
Dr. Rebecca Millman: Tel: 0161 275 3887 or Email: rebecca.millman@manchester.ac.uk 

 
Dr. Antje Heinrich:  Tel: 0161 275 8679 or Email: antje.heinrich@manchester.ac.uk 
 
Prof. Kevin Munro: Tel: 0161 275 3360 or Email: kevin.j.munro@manchester.ac.uk 

 
 

This Project Has Been Approved by the University of Manchester’s Division of Human 
Communication, Development and Hearing Research Ethics Panel [ERM reference 

number] 

 

mailto:peter.carolan@postgrad.manchester.ac.uk
mailto:rebecca.millman@manchester.ac.uk
mailto:antje.heinrich@manchester.ac.uk
mailto:kevin.j.munro@manchester.ac.uk
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Appendix E: Risk of Bias Tool 

 

 Score: X, ?, , N/A 

1. Did the authors include a sample size 
justification?  
 

 

2. If any participant data is excluded from 
the analysis is a clear justification given?  

 

3. Were all the outcome measures in the 
methods included in the results?  

 

4. Were there any conflicts of interest? I.e., 
is the study funded or conducted by a body 
with vested interests in the results?  

 

 
 
Table S1: Risk of Bias tool. X = High risk of bias (not enough information to make a 

judgement (Q1-3) or clear conflict of interest (Q4)) ?  = Unclear (incomplete information or 
not reported) = Low risk of bias (appropriate use and sufficient information (Q1-3) or no 
conflict of interest (Q4)), N/A = Not applicable (no participant data is excluded (Q2))  
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Appendix F: Search terms 

Journal Search terms 

PubMed: 

 

(Speech Perception [Mesh] OR auditory perception [tiab] OR 
listening effort [tiab] OR Auditory comprehension [tiab] OR 
Cognitive speech processing [tiab] OR speech discrimination [tiab] 
OR speech understanding [tiab] OR speech intelligibility[tiab] OR 
ease of listening[tiab]) AND (Motivation [Mesh] OR incentive [tiab] 
OR reward [tiab] OR success importance [tiab] OR goal 
importance [tiab] OR personality [tiab] OR individual differences 
[tiab] OR motivational style[tiab]) NOT Children[ti] 
 

Web of science:  

 

TS = ("Speech Perception" OR "auditory perception" OR "listening 
effort" OR "Auditory comprehension" OR "Cognitive speech 
processing" OR "speech discrimination" OR "speech 
understanding" OR "speech intelligibility" OR "ease of listening") 
AND TS = (Motivation OR incentive OR reward OR "success 
importance" OR "goal importance" OR personality OR "individual 
differences" OR "motivational style") OR TI = ("Speech 
Perception" OR "auditory perception" OR "listening effort" OR 
"Auditory comprehension" OR "Cognitive speech processing" OR 
"speech discrimination" OR "speech understanding" OR "speech 
intelligibility" OR "ease of listening") AND TI = (Motivation OR 
incentive OR reward OR "success importance" OR "goal 
importance" OR personality OR "individual differences" OR 
"motivational style") 

Scopus: 

 

TITLE-ABS-KEY ( "Speech Perception" OR "auditory perception" 
OR "listening effort" OR "Auditory comprehension" OR "Cognitive 
speech processing" OR "speech discrimination" OR "speech 
understanding" OR "speech intelligibility" OR "ease of listening" ) 
AND TITLE-ABS-KEY ( motivation OR incentive OR reward OR 
"success importance" OR "goal importance" OR personality OR 
"individual differences" OR "motivational style" )  NOT Children[ti] 

PsycINFO  

 

1# ("Speech Perception" or "auditory perception" or "listening 
effort" or "Auditory comprehension" or "Cognitive speech 
processing" or "speech discrimination" or "speech understanding" 

or "speech intelligibility" or "ease of listening").tiab.  

2# (motivation or incentive or reward or "success importance" or 
"goal importance" or personality or "individual differences" or 
"motivational style").tiab.  

3# 1 AND 2  

Google scholar  

 

("Speech Perception" OR "auditory perception" OR "listening 
effort" OR "Auditory comprehension" OR "Cognitive speech 
processing" OR "speech discrimination" OR "speech 
understanding" OR "speech intelligibility" OR "ease of listening" ) 
AND (motivation OR incentive OR reward OR "success 
importance" OR "goal importance" OR personality OR "individual 
differences" OR "motivational style" ) NOT Children[ti] 

 

Table S2: Systematic review search terms
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Appendix G: Risk of Bias for Individual Studies 

 

 

Table S3: Risk of bias for individual studies included in the review. Full details of the scoring 

questions and descriptions of the response categories are in Supplementary Material Table S1. Q1: 
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Did the authors include a sample size justification? Q2: If any participant data is excluded from the 

analysis is a clear justification given? Q3: Were all the outcome measures in the methods included in 

the results? Q4: Were there any conflicts of interest? Scores highlighted in red indicate a high risk of 

bias, scores in green indicate low risk of bias, and scores in yellow indicate some concerns. For each 

question, the score could be “X” (Q1–3 Insufficient information for judgement/Q4. Clear conflict of 

interest) “?” (Q1–3 Incomplete information/Q4 unclear) or “” (Q1–3 Appropriate use and sufficient 

information/Q4 no conflict of interest) or N/A for Q2 (i.e., no participants were excluded).  
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Appendix H: Tunnel plot 

 
 
Figure S1: Funnel plot of studies included in the meta-analysis.  Three outliers (with SMD > 

2) are Ortiz & Maojo (1993) P3 amplitude for extraverts (2.61), Richter (2016) PEP in the 

hard condition and Zekveld (2019) ratings of giving up in participants with hearing 

impairment. 
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Appendix I: Forest plot 
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Appendix J: Forest plot 
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Appendix K: Forest plot 
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Appendix L: Forest plot 
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Appendix M: Forest plot 
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Appendix N: Forest plot 
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Appendix O: Forest plot 
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Appendix P: Forest plot 
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Appendix Q: PIS (Study 2a and 2c) 

The Effect of Performance Evaluation and Feedback on Listening 
Effort 

Participant Information Sheet (PIS) 

You are being invited to take part in a research study [as part of a PhD project] on listening 
effort. Before you decide whether to take part, it is important for you to understand why the 
research is being conducted and what it will involve. Please take time to read the following 
information carefully and discuss it with others if you wish. Please ask if there is anything that 
is not clear or if you would like more information. Take time to decide whether or not you wish 
to take part. Thank you for taking the time to read this.  

About the research 

 Who will conduct the research?  

1) Peter Carolan, PhD student 

A4.01, Ellen Wilkinson Building 

University of Manchester 

Oxford Road 

Manchester 

M13 9PL 

Tel: 0161 275 0582 
Email: peter.carolan@postgrad.manchester.ac.uk 

 
2) Supervisor: Dr. Rebecca Millman 

B2.8 Ellen Wilkinson Building 

University of Manchester 

Oxford Road 

Manchester 

M13 9PL 

 
Tel: 0161 275 3887 
Email: rebecca.millman@manchester.ac.uk 

 
3) Supervisor: Dr. Antje Heinrich 

B2.13 Ellen Wilkinson Building 

University of Manchester 

Oxford Road 

Manchester 

M13 9PL 

 
Tel: 0161 275 8679 
Email: antje.heinrich@manchester.ac.uk 

 
4) Supervisor: Prof. Kevin Munro  

mailto:peter.carolan@postgrad.manchester.ac.uk
mailto:rebecca.millman@manchester.ac.uk
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Ewing Professor of Audiology 
Ellen Wilkinson Building 
University of Manchester 
Oxford Road 
Manchester 
M13 9PL 
 
Tel: 0161 275 3360 
Email: kevin.j.munro@manchester.ac.uk 

 

 What is the purpose of the research?  

We have all experienced mental strain when trying to understand speech in difficult situations, 
for example, when struggling to hear a conversation in a busy café.  The mental work we need 
to put in to understand speech in these situations is called listening effort.   
 
A number of factors influence the amount of listening effort people use.  People may put in 
more effort when they motivated to do so, for example you would be more likely to put in extra 
effort when listening to a friend telling an interesting story. 
You will be asked to carry out a speech recognition task, which will use sentences that have 
been distorted.  In some parts of the task, you may be asked to score at a specific target level 
or be given feedback on whether or not you answered correctly. 
We are looking for native English speakers with normal hearing, no history of neurological or 
speech disorders and with normal or corrected-to-normal vision.  Participants must be aged 
18 – 35.  
We are aiming to recruit 82 participants in total. 

 Will the outcomes of the research be published?  

If the results obtained from this study are published, they will appear in peer-reviewed journal 
articles. Prior to full publication in journals, portions of the work may be presented at academic 
conferences. 

 Who has reviewed the research project? 

The research study has been reviewed and approved by the University of Manchester Division 
of Human Communication, Development and Hearing Ethics Committee. 

What would my involvement be? 

 What would I be asked to do if I took part?  

The research will be conducted online.  The study will require you to undergo testing for up 

to 1 hour, excluding breaks.  You should use headphones when carrying out the tests and 

complete the tests in a quiet environment which is free from distractions.   

The tests will consist of:  
6) Hearing evaluation 

Please note you will be required to download an app to your smartphone for the hearing 
evaluation. 
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You will be asked to carry out an online hearing evaluation, HearWHO, using a smartphone.  
This involves listening to numbers spoken within noise and selecting the numbers that you 
heard.  At the end of the evaluation, you will be given a score.  You will be asked to provide 
this number to the researcher via email in a password-protected document. 
7) Speech recognition task 

This task will be carried out online using a computer.  You will be briefed on the nature of the 
listening task and you will have the opportunity to practice the task.  
The task will require you to listen to spoken sentences, which will be degraded to some extent.   
Speech sentences will be played twice, although the level of degradation may be different the 
second time you hear the sentence.  
After hearing both sentences, you will be shown six words on the screen and asked to select 
the words that you think you heard in the sentence using a mouse. 
A sliding scale will then appear on the screen and you will be asked to indicate how hard you 
had to work to understand the sentence.  This will be repeated for 80 pairs of sentences.  After 
every 10 sentences you will be asked to use a sliding scale to indicate how tired of listening 
you feel. 
For some sentences, you may receive feedback on your answer, or you may be asked to 
score above a particular level. 
You will be able to take a break whenever you need to.  
8) Memory task 

This task will be carried out on online using a computer.  You will hear a sequence of spoken 
numbers.  You will then be instructed to type the sequence into the computer in reverse order.  
At the end of the evaluation, you will be given a score.  You will be asked to provide this 
number to the researcher via email in a password-protected document. 

Will I be compensated for taking part? 

Participants will be given an honorarium (£15) for their time.  This will be in the form of 

“Love2Shop” vouchers.  We will need an email address to send the voucher code to you 

once you have completed the listening tests. 

 What happens if I do not want to take part or if I change my mind?  

It is up to you to decide whether or not to take part. If you do decide to take part, you will be 

given this information sheet to keep and be asked to sign a consent form. The consent form 

will need to be returned to the researcher via the postal service or, if you prefer, you can 

password-protect your consent form and then email this back to the researcher. If you decide 

to take part you are still free to withdraw at any time without giving a reason and without 

detriment to yourself. However, it will not be possible to remove your data from the project 

once it has been anonymised and forms part of the dataset as we will not be able to identify 

your specific data. This does not affect your data protection rights. If you decide not to take 

part you do not need to do anything further.  

Data Protection and Confidentiality 

 What information will you collect about me?  

In order to participate in this research project we will need to collect information that could 
identify you, called “personal identifiable information”. Specifically we will need to collect: 
Personal identifiable data: 
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 Name (consent form) 

 Contact details (email address for voucher payment) 

Non-personal identifiable data 

 Age 

 Gender 

 Audiological screening test score 

 Performance on the listening tasks 

 Under what legal basis are you collecting this information? 

We are collecting and storing this personal identifiable information in accordance with data 
protection law which protect your rights.  These state that we must have a legal basis (specific 
reason) for collecting your data. For this study, the specific reason is that it is “a public interest 
task” and “a process necessary for research purposes”.  

 What are my rights in relation to the information you will collect about me? 

You have a number of rights under data protection law regarding your personal information. 
For example, you can request a copy of the information we hold about you. 
If you would like to know more about your different rights or the way we use your personal 
information to ensure we follow the law, please consult our Privacy Notice for Research 
(http://documents.manchester.ac.uk/display.aspx?DocID=37095; a written copy is available 
on request). 

 Will my participation in the study be confidential and my personal identifiable 
information be protected?  

In accordance with data protection law, the University of Manchester is the Data Controller 
for this project. This means that we are responsible for making sure your personal 
information is kept secure, confidential and used only in the way you have been told it will be 
used. All researchers are trained with this in mind, and your data will be looked after in the 
following way: 
Any information obtained by the participants will remain strictly confidential. Signed consent 
forms and email addresses will be password protected and stored in University of Manchester 
Research Data Storage. Other information and data will be stored pseudo-anonymously, i.e. 
these data will be unidentifiable by anyone except the research team, in the University of 
Manchester Research Data Storage. Your data will be pseudo-anonymised immediately after 
you have completed the study. The electronic files will not include any cue to identify the 
participants involved in the study.  
For any future use of the data collected, or if any other researcher were interested in accessing 
the data for research or teaching purposes, the data will be accessed in anonymous form only. 
Your consent form and contact details will be retained only for the duration of the study, 
however, if you agree, your details will be added to the ManCAD volunteering database in 
order to keep you informed about volunteering opportunities as a research participant. This is 
optional. Once the consent form has been destroyed, after publication or alternatively after 5 
years, in line with the University of Manchester retention guidelines, all files will become 
anonymised.  
Please also note that individuals from The University of Manchester or regulatory authorities 
may need to look at the data collected for this study to make sure the project is being carried 
out as planned. This may involve looking at identifiable data.  All individuals involved in 
auditing and monitoring the study will have a strict duty of confidentiality to you as a research 
participant. 

http://documents.manchester.ac.uk/display.aspx?DocID=37095
http://documents.manchester.ac.uk/display.aspx?DocID=37095
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What if I have a complaint? 
The tests involved throughout the study sessions are routinely used in scientific research. It is 
highly unlikely that the participants will be harmed during the process. The following are a list 
of contacts in the case of any issues/complaints to be addressed: 

 Contact details for complaints 

If you have a complaint that you wish to direct to members of the research team, please 
contact:  

 
Dr. Rebecca Millman: Email: rebecca.millman@manchester.ac.uk 
Dr. Antje Heinrich:   Email: antje.heinrich@manchester.ac.uk 
Prof. Kevin Munro: Email: kevin.j.munro@manchester.ac.uk 

 
If you wish to make a formal complaint to someone independent of the research team, 
or if you are not satisfied with the response you have gained from the researchers in 
the first instance, then please contact  

The Research Governance and Integrity Officer, Research Office, Christie Building, The 
University of Manchester, Oxford Road, Manchester, M13 9PL, by emailing: 
research.complaints@manchester.ac.uk  or by telephoning 0161 275 2674. 

If you wish to contact us about your data protection rights, please email 
dataprotection@manchester.ac.uk or write to The Information Governance Office, Christie 
Building, The University of Manchester, Oxford Road, M13 9PL at the University and we will 
guide you through the process of exercising your rights. 

You also have a right to complain to the Information Commissioner’s Office about complaints 

relating to your personal identifiable information Tel 0303 123 1113   

 

Contact Details 
If you have any queries about the study or if you are interested in taking part then please 
contact the researcher(s): 
Mr. Peter Carolan: Email: peter.carolan@postgrad.manchester.ac.uk 

 
Dr. Rebecca Millman: Email: rebecca.millman@manchester.ac.uk 

 
Dr. Antje Heinrich:   Email: antje.heinrich@manchester.ac.uk 
 
Prof. Kevin Munro: Email: kevin.j.munro@manchester.ac.uk 

 
 

This Project Has Been Approved by the University of Manchester’s Division of Human 
Communication, Development and Hearing Research Ethics Panel [XXXX] 

 

mailto:rebecca.millman@manchester.ac.uk
mailto:antje.heinrich@manchester.ac.uk
mailto:research.complaints@manchester.ac.uk
mailto:dataprotection@manchester.ac.uk
https://ico.org.uk/concerns
mailto:peter.carolan@postgrad.manchester.ac.uk
mailto:rebecca.millman@manchester.ac.uk
mailto:antje.heinrich@manchester.ac.uk
mailto:kevin.j.munro@manchester.ac.uk
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Appendix R: PIS (Study 2b) 

 

The Effect of Performance Evaluation on Listening Effort 

Participant Information Sheet (PIS) 

You are being invited to take part in a research study [as part of a PhD project] on listening 
effort. Before you decide whether to take part, it is important for you to understand why the 
research is being conducted and what it will involve. Please take time to read the following 
information carefully before deciding whether to take part, and discuss it with others if you 
wish. Please ask if there is anything that is not clear or if you would like more information. 
Thank you for taking the time to read this.  

About the research 

 Who will conduct the research?  

 
 Peter Carolan (PhD student) 

School of Health Sciences 
Division of Human Communication, Development and Hearing 
University of Manchester 
Email: peter.carolan@postgrad.manchester.ac.uk 

 
 Dr. Rebecca Millman (Supervisor) 

School of Health Sciences 
Division of Human Communication, Development and Hearing 
University of Manchester 
Email: rebecca.millman@manchester.ac.uk 

 
 Dr. Antje Heinrich (Supervisor) 

School of Health Sciences 
Division of Human Communication, Development and Hearing 
University of Manchester 
Email: antje.heinrich@manchester.ac.uk 
 

 Professor Kevin Munro (Supervisor) 

School of Health Sciences 
Division of Human Communication, Development and Hearing 
University of Manchester 
Email: kevin.j.munro@manchester.ac.uk 

 What is the purpose of the research?  

We have all experienced mental strain when trying to understand speech in difficult situations, 
for example, when struggling to hear a conversation in a busy café.  The mental work we need 
to put in to understand speech in these situations is called listening effort.   
 

mailto:peter.carolan@postgrad.manchester.ac.uk
mailto:rebecca.millman@manchester.ac.uk
mailto:antje.heinrich@manchester.ac.uk
mailto:kevin.j.munro@manchester.ac.uk
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A number of factors influence the amount of listening effort people use.  People may put in 
more effort when they motivated to do so, for example, you would be more likely to put in extra 
effort when listening to a friend telling an interesting story. 
You will be asked to carry out a speech recognition task, which will use sentences that have 
been distorted.  In some parts of the task, you may be asked to score at a specific target level. 
We are looking for native English speakers with normal hearing, no history of neurological or 
speech disorders and with normal or corrected-to-normal vision.  Participants must be aged 
18 – 35.  
We are aiming to recruit 44 participants in total. 

 Will the outcomes of the research be published?  

If the results obtained from this study are published, they will appear in peer-reviewed journal 
articles. Prior to full publication in journals, portions of the work may be presented at academic 
conferences. 

 Who has reviewed the research project? 

The research study has been reviewed and approved by the University of Manchester Division 
of Human Communication, Development and Hearing Ethics Committee. 

What would my involvement be? 

 What would I be asked to do if I took part?  

The study will require you to undergo testing for approximately an hour and a half, excluding 
optional breaks.  When you are arranging to participate, please ensure that you leave 
adequate time should you wish to take breaks. 
On the day of testing, if you have symptoms of COVID19 or are self-isolating, you 
should not travel to the University.   

Testing will take place in the Ellen Wilkinson Building at the University of Manchester.  The 
tests will consist of:  
1) Hearing evaluation (Pure Tone Audiometry)  

This test will be used to screen for hearing loss. Pure-tone audiometry is a clinical measure of 
hearing sensitivity. During this test, you will be asked to sit in a sound-proof room while wearing 
a pair of headphones. Sounds will be presented through the headphones and you will be 
asked to press a button whenever the sound is heard, no matter how faint the sound is. You 
will be asked to hold down the response button for as long as they hear the sound. 
1) Speech recognition task 

This task will be carried out using a computer.  You will be briefed on the nature of the listening 
task and you will have the opportunity to practice the task.  
The task will require you to listen to spoken sentences, which will be degraded to some extent.   
Speech sentences will be played twice, although the level of degradation may be different the 
second time you hear the sentence.  
After hearing both sentences, you will be shown six words on the screen and asked to select 
the words that you think you heard in the sentence using a mouse. 
A sliding scale will then appear on the screen and you will be asked to indicate how hard you 
had to work to understand the sentence.  This will be repeated for 80 pairs of sentences.  After 
every 10 sentences you will be asked to use a sliding scale to indicate how tired of listening 
you feel. 
For some sentences, you may be asked to score above a particular level. 
You will be able to take a break whenever you need to.  
2) Memory task 
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This task will be carried out on online using a computer.  You will hear a sequence of spoken 
numbers.  You will then be instructed to type the sequence into the computer in reverse order.  
At the end of the evaluation, you will be given a score.  You will be asked to provide this 
number to the researcher via email in a password-protected document. 

 Will I be compensated for taking part? 

Participants will be given an honorarium (£15) for their time.   

  What happens if I do not want to take part or if I change my mind?  

It is up to you to decide whether or not to take part. If you do decide to take part you will be 
given this information sheet to keep and be asked to sign a consent form. If you decide to take 
part you are still free to withdraw at any time without giving a reason and without detriment to 
yourself. However, it will not be possible to remove your data from the project once it has been 
anonymised and forms part of the dataset as we will not be able to identify your specific data. 
This does not affect your data protection rights. If you decide not to take part you do not need 
to do anything further.  

 Data Protection and Confidentiality 

 What information will you collect about me?  

In order to participate in this research project we will need to collect information that could 
identify you, called “personal identifiable information”. Specifically we will need to collect: 
Personal identifiable data: 

 Name (consent form) 

Non-personal data 

 Age 

 Gender 

 Audiological screening test score 

 Performance on the listening tasks 

  Under what legal basis are you collecting this information? 

We are collecting and storing this personal identifiable information in accordance with UK 
data protection law which protect your rights.  These state that we must have a legal basis 
(specific reason) for collecting your data. For this study, the specific reason is that it is “a 
public interest task” and “a process necessary for research purposes”.  

 What are my rights in relation to the information you will collect about me? 

You have a number of rights under data protection law regarding your personal information. 
For example, you can request a copy of the information we hold about you. 
 If you would like to know more about your different rights or the way we use your personal 
information to ensure we follow the law, please consult our Privacy Notice for Research. 

 Will my participation in the study be confidential and my personal identifiable 
information be protected?  

In accordance with data protection law, the University of Manchester is the Data Controller 
for this project. This means that we are responsible for making sure your personal 

http://documents.manchester.ac.uk/display.aspx?DocID=37095
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information is kept secure, confidential and used only in the way you have been told it will be 
used. All researchers are trained with this in mind, and your data will be looked after in the 
following way: 
Any information obtained by the participants will remain strictly confidential. Signed consent 
forms will be store in a locked cabinet in the researcher’s office. Other information and data 
will be stored pseudo-anonymously, i.e. these data will be unidentifiable by anyone except the 
researcher, in the University of Manchester Research Data Storage. Your data will be pseudo-
anonymised immediately after you have completed the study. The electronic files will not 
include any cue to identify the participants involved in the study. For any future use of the data 
collected, or if any other researcher were interested in accessing the data for research or 
teaching purposes, the data will be accessed in anonymous form only.  
Your consent form and contact details will be retained only for the duration of the study. Once 
the consent form has been destroyed, after publication or alternatively after 5 years, in line 
with the University of Manchester retention guidelines, all files will become anonymised.  
Please also note that individuals from The University of Manchester or regulatory authorities 
may need to look at the data collected for this study to make sure the project is being carried 
out as planned. This may involve looking at identifiable data.  All individuals involved in 
auditing and monitoring the study will have a strict duty of confidentiality to you as a research 
participant. 

What if I have a complaint? 
The tests involved throughout the study sessions are routinely used in scientific research. It is 
highly unlikely that the participants will be harmed during the process. The following are a list 
of contacts in the case of any issues/complaints to be addressed: 

  Contact details for complaints 

If you have a complaint that you wish to direct to members of the research team, please 

contact:  

Dr. Rebecca Millman: Email: rebecca.millman@manchester.ac.uk 
Dr. Antje Heinrich:   Email: antje.heinrich@manchester.ac.uk 
Prof. Kevin Munro: Email: kevin.j.munro@manchester.ac.uk 
 
If you wish to make a formal complaint to someone independent of the research team 
or if you are not satisfied with the response you have gained from the researchers in 
the first instance then please contact  

The Research Ethics Manager, Research Office, Christie Building, The University of 
Manchester, Oxford Road, Manchester, M13 9PL, by emailing: 
research.complaints@manchester.ac.uk  or by telephoning 0161 306 8089. 
If you wish to contact us about your data protection rights, please email 
dataprotection@manchester.ac.uk or write to The Information Governance Office, Christie 
Building, The University of Manchester, Oxford Road, M13 9PL at the University and we will 
guide you through the process of exercising your rights. 

You also have a right to complain to the Information Commissioner’s Office about complaints 

relating to your personal identifiable information Tel 0303 123 1113   

 

Contact Details 
If you have any queries about the study or if you are interested in taking part then please 
contact the researcher(s): 
Mr. Peter Carolan: Email: peter.carolan@postgrad.manchester.ac.uk 

 
Dr. Rebecca Millman: Email: rebecca.millman@manchester.ac.uk 

mailto:rebecca.millman@manchester.ac.uk
mailto:antje.heinrich@manchester.ac.uk
mailto:kevin.j.munro@manchester.ac.uk
mailto:research.complaints@manchester.ac.uk
mailto:dataprotection@manchester.ac.uk
https://ico.org.uk/concerns
mailto:peter.carolan@postgrad.manchester.ac.uk
mailto:rebecca.millman@manchester.ac.uk
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Dr. Antje Heinrich:   Email: antje.heinrich@manchester.ac.uk 
 
Prof. Kevin Munro: Email: kevin.j.munro@manchester.ac.uk 

 
 

This Project Has Been Approved by the University of Manchester’s Division of Human 
Communication, Development and Hearing Research Ethics Panel [XXXX] 

 
Additional information in relation to COVID-19 
 
Due to the current COVID-19 pandemic, we have made some adjustments to the way in which 
this research study will be conducted that ensures we are adhering to the latest government 
advice in relation to social distancing as well as taking all reasonable precautions in terms of 
limiting the spread of the virus. You should carefully consider all of the information provided 
below before deciding if you still want to take part in this research study. If you choose not to 
take part, you need to inform the research team. If you have any additional queries about any 
of the information provided, please speak with a member of the research team. 
Are there any additional considerations that I need to know about before deciding 
whether I should take part? 

There may be a risk of transmission when travelling to and from the venue or from using 
equipment in the lab. You should not take part if you are in a vulnerable group or have 
symptoms of COVID-19. 
What additional steps will you take to keep me safe while I take part? 

We will follow the steps identified by UK Audiology professional guidance to minimise the risk 
of COVID-19 transmission: 
You should not travel to the university if you have COVID-19 symptoms or are self-isolating.  
You will be asked wear a high-quality face mask (Type II R) for the duration of the session.  
The researcher will also wear a high-quality face mask.  
Researchers will follow best practice hand and respiratory hygiene.  
Researchers will maintain social distancing.  
The researcher will disinfect all equipment at the end of a session. 
In addition:  
The window in the area immediately outside the sound-proof booth will be kept open to 
ventilate the testing area as much as possible. The soundproof booth is ventilated with the air 
immediately outside the booth 
The researcher who will carry out the testing is a healthy individual who is fully vaccinated for 
COVID-19 and will take weekly lateral flow tests to monitor their risk of infection.  
Hand sanitiser and disinfectant wipes will be available in the testing room.  
You will be collected and escorted to the testing room, respecting social distancing. The 
researcher will be waiting for you 10 min earlier than scheduled to avoid leaving you in busy 
areas of the building.  
The research team will offer to pay for a taxi/parking to avoid the need for you to use public 
transport 
Is there any additional information that I need to know? 

You will be asked to wear a high quality face mask (Type II R). 
What if the Government Guidance changes? 

If the government guidance changes, a member of the research team will contact you.  
Depending upon government advice, the study may be postponed/cancelled or additional 
precautions put in place.   
What if I have additional queries? 

If you have additional queries please contact Mr. Peter Carolan: Email: 

peter.carolan@postgrad.manchester.ac.uk

mailto:antje.heinrich@manchester.ac.uk
mailto:kevin.j.munro@manchester.ac.uk
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Appendix S: PIS (Study 3) 

 
 

The Effect of Financial Reward on Listening Effort 

Participant Information Sheet (PIS) 

You are being invited to take part in a research study [as part of a PhD project] on listening effort. 
Before you decide whether to take part, it is important for you to understand why the research is 
being conducted and what it will involve. Please take time to read the following information carefully 
before deciding whether to take part and discuss it with others if you wish. Please ask if there is 
anything that is not clear or if you would like more information. Thank you for taking the time to read 
this.  

About the research 

 Who will conduct the research?  

 
 Peter Carolan (PhD student) 

School of Health Sciences 
Division of Human Communication, Development and Hearing 
University of Manchester 
Email: peter.carolan@postgrad.manchester.ac.uk 
 

 Dr. Rebecca Millman (Supervisor) 

School of Health Sciences 
Division of Human Communication, Development and Hearing 
University of Manchester 
Email: rebecca.millman@manchester.ac.uk 

 
 Dr. Antje Heinrich (Supervisor) 

School of Health Sciences 
Division of Human Communication, Development and Hearing 
University of Manchester 
Email: antje.heinrich@manchester.ac.uk 
 

 Professor Kevin Munro (Supervisor) 

School of Health Sciences 
Division of Human Communication, Development and Hearing 
University of Manchester 
Email: kevin.j.munro@manchester.ac.uk 
 
 
 
 
 

 What is the purpose of the research?  

mailto:peter.carolan@postgrad.manchester.ac.uk
mailto:rebecca.millman@manchester.ac.uk
mailto:antje.heinrich@manchester.ac.uk
mailto:kevin.j.munro@manchester.ac.uk
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We have all experienced mental strain when trying to understand speech in difficult situations, for 
example, when struggling to hear a conversation in a busy café.  The mental work we need to put in 
to understand speech in these situations is called listening effort.   
You will be asked to carry out a speech recognition task which involves listening to and understanding 
distorted spoken sentences. For each sentence you hear, you will be asked to select words which 
occurred in the sentence from a number of options.  The task is designed like a game: you will receive 
bonus money depending upon your performance level.  In addition to the £15 remuneration for 
participating in this study, you will begin the listening task with £5 bonus money and gain money for 
each correct answer but lose money for incorrect answers. The minimum bonus you will gain is £5 and 
the maximum bonus is £35. Please note that you are unlikely to receive the maximum bonus of £35; 
most participants will gain between £5 and £10. 
 
 Am I suitable to take part?  
We are looking for native English speakers with normal hearing, no history of neurological or speech 
disorders and with normal or corrected-to-normal vision.  Participants must be aged 18 – 35.  
We are aiming to recruit 37 participants in total. 

 Will the outcomes of the research be published?  

If the results obtained from this study are published, they will appear in peer-reviewed journal articles. 
Prior to full publication in journals, portions of the work may be presented at academic conferences. 

 Who has reviewed the research project? 

The research study has been reviewed and approved by the University of Manchester Division of 
Human Communication, Development and Hearing Ethics Committee. 

 Who is funding the research project? 

The research project is funded by the NIHR Manchester Biomedical Research Centre 
 

 What would my involvement be? 

 What would I be asked to do if I took part?  

The study will require you to attend for testing over two sessions.  The first session should last 
approximately 55 minutes, the second session approximately 45 minutes, excluding optional breaks.  
The total participation time is therefore approximately 100 minutes, excluding optional breaks. When 
you are arranging to participate, please ensure that you leave adequate time should you wish to take 
breaks. 
On the day of testing, if you have symptoms of COVID19 or are self-isolating, you should not travel 
to the University.   
Testing will take place in the Ellen Wilkinson Building at the University of Manchester.  The tests will 
consist of:  
3) Hearing evaluation (Pure Tone Audiometry) (Session 1 only) 

This test will be used to screen for hearing loss. Pure-tone audiometry is a clinical measure of hearing 
sensitivity. During this test, you will be asked to sit in a sound-proof room while wearing a pair of 
headphones. Sounds will be presented through the headphones, and you will be asked to press a 
button whenever the sound is heard, no matter how faint the sound is. You will be asked to hold down 
the response button for as long as you hear the sound. 
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2) Speech recognition task (Both sessions) 

This task will be carried out using a computer.  You will be briefed on the nature of the listening task, 
and you will have the opportunity to practice the task.  
The task will require you to listen to spoken sentences, which will be degraded to some extent.   
Speech sentences will be played twice, although the level of degradation may be different the second 
time you hear the sentence.  
After hearing both sentences, you will be shown six words on the screen and asked to select the words 
that you think you heard in the sentence using a mouse. 
A sliding scale will then appear on the screen, and you will be asked to indicate how hard you had to 
work to understand the sentence.  This will be repeated for 50 pairs of sentences in each session.  
After every 10 sentences you will be asked to use a sliding scale to indicate how tired of listening you 
feel. 
You will start with £5 as bonus money.  For each correct answer you give on the task, you will gain 
extra money.  For each incorrect answer you will lose money.  The amount of money you stand to gain 
or lose will vary throughout the task.  You will be told whether you have answered each trial correctly 
or incorrectly, but you will not be told how much bonus money you have earned until the end of the 
task.   
The speech recognition task will involve eye tracking (measurement of the size of your pupil).  To allow 
us to gain accurate measurements, you will be asked to position your head on a head rest and remain 
still throughout the task.  When a speech sentence is playing, it would be helpful if you could try to 
look at the centre of the screen (for approximately 6 seconds). There will be breaks between each 
trial. As blinking interferes with pupil size measurement, it would be very helpful if you could try to 
blink in these breaks periods (should you need to) and avoid blinking while speech sentences are being 
played.   
You will also be able to take an optional comfort break (where you will be able to get up and move 
around) roughly halfway through each session. 
3) Questionnaire (Session 2 only) 
You will be asked to complete a short personality questionnaire which asks you to respond to 
statements about your attitudes, opinions and behaviours.  This should take no longer than 5 minutes.   

 Will I be compensated for taking part? 

Participants will be given an honorarium (£15) for their time.  This is in addition to the bonus 

payments from the speech recognition task (which may range from £5 to a maximum of £35).  

Please note that you are unlikely to receive the maximum bonus of £35; most participants will gain 

between £5 and £10. 

 What happens if I do not want to take part or if I change my mind?  

It is up to you to decide whether or not to take part. If you do decide to take part, you will be given 
this information sheet to keep and be asked to sign a consent form. If you decide to take part you are 
still free to withdraw at any time without giving a reason and without detriment to yourself. However, 
it will not be possible to remove your data from the project once it has been anonymised and forms 
part of the dataset as we will not be able to identify your specific data (two weeks after you have 
completed the study). This does not affect your data protection rights. If you decide not to take part, 
you do not need to do anything further.  

Data Protection and Confidentiality 

 What information will you collect about me?  
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In order to participate in this research project, we will need to collect information that could identify 
you, called “personal identifiable information”. Specifically, we will need to collect: 
Personal identifiable data: 

 Name (consent form) 
 
Non-personal data 

 Age 

 Gender 

 Audiological screening test score 

 Performance on the listening tasks 

 Pupil size measurements 

 Personality questionnaire responses 
 

 Under what legal basis are you collecting this information? 

We are collecting and storing this personal identifiable information in accordance with UK data 
protection law which protect your rights.  These state that we must have a legal basis (specific 
reason) for collecting your data. For this study, the specific reason is that it is “a public interest task” 
and “a process necessary for research purposes”.  

 What are my rights in relation to the information you will collect about me? 

You have a number of rights under data protection law regarding your personal information. For 
example, you can request a copy of the information we hold about you. 
 If you would like to know more about your different rights or the way we use your personal 
information to ensure we follow the law, please consult our Privacy Notice for Research. 

 Will my participation in the study be confidential and my personal identifiable information be 
protected?  
 In accordance with data protection law, the University of Manchester is the Data Controller 

for this project. This means that we are responsible for making sure your personal 

information is kept secure, confidential and used only in the way you have been told it will 

be used. All researchers are trained with this in mind, and your data will be looked after in 

the following way: 

 Any information obtained by the participants will remain strictly confidential. Signed consent 

forms will be store in a locked cabinet in the researcher’s office. Other information and data 

will be stored pseudo-anonymously, i.e. these data will be unidentifiable by anyone except 

the researcher, in the University of Manchester Research Data Storage. Your data will be 

pseudo-anonymised immediately after you have completed the study. The electronic files will 

not include any cue to identify the participants involved in the study. For any future use of the 

data collected, or if any other researcher were interested in accessing the data for research 

or teaching purposes, the data will be accessed in anonymous form only.  

 Your consent form and contact details will be retained only for the duration of the study. Once 

the consent form has been destroyed, after publication or alternatively after 5 years, in line 

with the University of Manchester retention guidelines, all files will become anonymised.  

Please also note that individuals from The University of Manchester or regulatory authorities 

http://documents.manchester.ac.uk/display.aspx?DocID=37095
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may need to look at the data collected for this study to make sure the project is being carried 

out as planned. This may involve looking at identifiable data.  All individuals involved in 

auditing and monitoring the study will have a strict duty of confidentiality to you as a research 

participant. 

What if I have a complaint? 
The tests involved throughout the study sessions are routinely used in scientific research. It is highly 
unlikely that the participants will be harmed during the process. The following are a list of contacts in 
the case of any issues/complaints to be addressed: 

 Contact details for complaints 

If you have a complaint that you wish to direct to members of the research team, please contact:  

Dr. Rebecca Millman: Email: rebecca.millman@manchester.ac.uk 
Dr. Antje Heinrich:   Email: antje.heinrich@manchester.ac.uk 
Prof. Kevin Munro: Email: kevin.j.munro@manchester.ac.uk 

 
If you wish to make a formal complaint to someone independent of the research team or if you 
are not satisfied with the response you have gained from the researchers in the first instance then 
please contact  
The Research Ethics Manager, Research Office, Christie Building, The University of Manchester, 
Oxford Road, Manchester, M13 9PL, by emailing: research.complaints@manchester.ac.uk  or by 
telephoning 0161 306 8089. 
If you wish to contact us about your data protection rights, please email 
dataprotection@manchester.ac.uk or write to The Information Governance Office, Christie Building, 
The University of Manchester, Oxford Road, M13 9PL at the University and we will guide you 
through the process of exercising your rights. 

 You also have a right to complain to the Information Commissioner’s Office about 

complaints relating to your personal identifiable information Tel 0303 123 1113   

 

Contact Details 
If you have any queries about the study or if you are interested in taking part then please contact 
the researcher(s): 
Mr. Peter Carolan: Email: peter.carolan@postgrad.manchester.ac.uk 
 
Dr. Rebecca Millman: Email: rebecca.millman@manchester.ac.uk 
 
Dr. Antje Heinrich:   Email: antje.heinrich@manchester.ac.uk 
 
Prof. Kevin Munro: Email: kevin.j.munro@manchester.ac.uk 
 

 
This Project Has Been Approved by the University of Manchester’s Division of Human 

Communication, Development and Hearing Research Ethics Panel [XXXX] 

 
Additional information in relation to COVID-19 

mailto:rebecca.millman@manchester.ac.uk
mailto:antje.heinrich@manchester.ac.uk
mailto:kevin.j.munro@manchester.ac.uk
mailto:research.complaints@manchester.ac.uk
mailto:dataprotection@manchester.ac.uk
https://ico.org.uk/concerns
mailto:peter.carolan@postgrad.manchester.ac.uk
mailto:rebecca.millman@manchester.ac.uk
mailto:antje.heinrich@manchester.ac.uk
mailto:kevin.j.munro@manchester.ac.uk
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Due to the current COVID-19 pandemic, we have made some adjustments to the way in which this 
research study will be conducted that ensures we are adhering to the latest government advice in 
relation to social distancing as well as taking all reasonable precautions in terms of limiting the spread 
of the virus. You should carefully consider all of the information provided below before deciding if you 
still want to take part in this research study. If you choose not to take part, you need to inform the 
research team. If you have any additional queries about any of the information provided, please speak 
with a member of the research team. 
Are there any additional considerations that I need to know about before deciding whether I should 
take part? 
There may be a risk of transmission when travelling to and from the venue or from using equipment 
in the lab. You should not take part if you are in a vulnerable group or have symptoms of COVID-19. 
What additional steps will you take to keep me safe while I take part? 
We will follow the steps identified by UK Audiology professional guidance to minimise the risk of 
COVID-19 transmission: 
You should not travel to the university if you have COVID-19 symptoms or are self-isolating.  
You will be asked wear a face mask.  The researcher will also wear a high-quality face mask.  When 
seated alone in the testing booth, you may remove your mask if you wish.   
Researchers will follow best practice hand and respiratory hygiene.  
Researchers will maintain social distancing.  
The researcher will disinfect all equipment at the end of a session. 
In addition:  
The window in the area immediately outside the sound-proof booth will be kept open to ventilate the 
testing area as much as possible. The soundproof booth is ventilated with the air immediately outside 
the booth 
The researcher who will carry out the testing is a healthy individual who is fully vaccinated for COVID-
19 and will take twice weekly lateral flow tests to monitor their risk of infection.  
Hand sanitiser and disinfectant wipes will be available in the testing room.  
You will be collected and escorted to the testing room, respecting social distancing. The researcher 
will be waiting for you 10 min earlier than scheduled to avoid leaving you in busy areas of the building.  
Is there any additional information that I need to know? 
You will be asked to wear a face mask during the test session.  When seated alone in the testing booth, 
you may remove your mask if you wish. 
What if the Government Guidance changes? 
If the government guidance changes, a member of the research team will contact you.  Depending 
upon government advice, the study may be postponed/cancelled or additional precautions put in 
place.   
What if I have additional queries? 
If you have additional queries please contact Mr. Peter Carolan: Email: 
peter.carolan@postgrad.manchester.ac.uk 

 

mailto:peter.carolan@postgrad.manchester.ac.uk
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