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A Potential Bias in Subjective
Ratings of Mental Effort

Travis M. Moore? and Erin M. Picou®®

Purpose: Subjective reports of listening effort are frequently
inconsistent with behavioral and physiological findings. A
potential explanation is that participants unwittingly substitute
an easier question when faced with a judgment that requires
computationally expensive analysis (i.e., heuristic response
strategies). The purpose of this study was to investigate
whether participants substitute the question “How did |
perform?” when asked “How much effort did that take?”.
Method: Participants completed 2 sets of online surveys
containing a text-based, multiple-choice synonym task.
Expected performance and mental effort were manipulated
across sets in 4 experiments, using a visual masking
technique shown to correlate with speech-reception-testing
in noise. Experiment 1 was designed to yield stable accuracy
and differing effort across sets. Experiment 2 elicited
differing accuracy and stable effort. Experiments 3 and 4

manipulated accuracy and performance in opposite directions.
Participants included 273 adults (aged 19-68 years, M =
38.4 years).

Results: Experiment 1 revealed no influence of perceived
performance on ratings of effort when accuracy was stable.
Experiment 2 showed that ratings of effort differed inversely
with ratings of performance (lower performance and
increased effort). Experiments 3 and 4 also demonstrated
that participants rated effort in a manner inversely related to
performance, regardless of the effort inherent in the condition.
Conclusions: Participants likely substitute an easier question
when asked to rate the multidimensional construct of
mental effort. The results presented here suggest that
perceived performance can serve as a ready heuristic and
may explain the dissociation between subjective measures of
listening effort and behavioral and physiological measures.

that influence the subjective experience of hearing

loss, which in turn affects a variety of issues such as
perceived hearing handicap and hearing aid acceptance
(Gatehouse & Noble, 2004; Pichora-Fuller & Singh, 2006).
Understanding the experience of hearing loss must also
take into account higher cognitive functions, including the
interaction between sensory perception and cognitive pro-
cessing (Gatehouse & Noble, 2004). One such phenomenon
that has received significant attention in the literature is
listening effort (Gagné, Besser, & Lemke, 2017; Pichora-
Fuller et al., 2016). Listening effort typically refers to the
cognitive resources required for understanding speech, with
the implication that challenging listening conditions increase
the necessary resources for successful speech processing
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(Fraser, Gagné, Alepins, & Dubois, 2010; McCoy et al.,
2005). More specifically, listening effort appears to be a
multidimensional phenomenon, dependent on factors such
as audibility (Hornsby, 2013), listening environment (Picou,
Moore, & Ricketts, 2017), psychophysiological state (Picou
& Ricketts, 2014), and other cognitive abilities (Zekveld,
Kramer, & Festen, 2011). The interaction of these factors
determines the amount of effort, and thereby cognitive
resources, allocated to a listening task.

Attempts to quantify the complex phenomenon of
listening effort have understandably produced a wide array
of laboratory tests, including physiological, behavioral,
and subjective measures. Physiological tests use biological
data to establish an index of listening effort. Kahneman
(1973) suggested that, because physiological arousal
covaries with mental effort, physiological techniques can
serve as measures of effort. Currently, pupillometry has
become an accepted physiological measure of listening ef-
fort (Engelhardt, Ferreira, & Patsenko, 2009; Zekveld,
Kramer, & Festen, 2010), joined by an array of additional
(electro)physiological measures, such as skin conductance,
heart rate variability, electromyography, and electroen-
cephalography (e.g., Mackersic & Cones, 2011; Mackersie,
MacPhee, & Heldt, 2015; Obleser & Kotz, 2011).
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One behavioral method of quantifying listening
effort is the dual-task paradigm (Broadbent, 1958; Rabbitt,
1966), wherein participants simultaneously perform two
separate tasks, with instructions to maintain performance
on the primary task (e.g., speech recognition). The conven-
tional interpretation is that increasing the mental demand
of the primary task eventually exceeds the available resource
capacity of an individual, resulting in withdrawal of re-
sources from the secondary task. The resultant change in
secondary task performance is considered a behavioral
index of listening effort (e.g., Fraser et al., 2010; Gagné
et al., 2017; Gosselin & Gagne, 2011b; McCoy et al., 2005).

Subjective measures of listening effort typically in-
clude both validated and unvalidated questionnaires and
rating scales (Fraser et al., 2010; Hart & Staveland, 1988;
McNair, Lorr, & Droppleman, 1971; Picou et al., 2017;
Zijlstra, 1993). Validated questionnaires have the benefit of
documented psychometric properties and can provide nor-
mative values, whereas custom questions are not typically
subjected to formal checks. However, unvalidated ques-
tions can serve as focused assessments of a particular attri-
bute under conditions specific to a study (see Moore, Key,
Thelen, & Hornsby, 2017, for further discussion). While
assessing listening effort can involve sophisticated yet indi-
rect behavioral and physiological measures, the most direct
insight into the mental state of a human listener might
simply be to rely on participants’ subjective report. Subjec-
tive questionnaires are noninvasive, low-risk measures that
can be shared across laboratories without the need for
specialized software or equipment. As the least expensive
and most easily administered test, subjective questionnaires
are frequently included de facto in studies of listening ef-
fort. In addition, subjective listening effort has been the
only measure of listening effort reported in some studies
(e.g., Brons, Houben, & Dreschler, 2013; Luts et al., 2010;
Rennies, Schepker, Holube, & Kollmeier, 2014). The inter-
pretation of such investigations relies on a comprehensive
understanding of the factors that affect subjective ratings
and also an understanding of the relationship between sub-
jective reports and objective or behavioral measures of effort.

Disagreement Across Methodologies

There is general agreement between behavioral and
physiological measures, which suggests that these techniques
are sensitive to similar aspects of listening effort (e.g.,
Mackersie et al., 2015; Zekveld et al., 2010; but see Hicks
& Tharpe, 2002). Conversely, it has been shown that sub-
jective measures of listening effort commonly agree with
neither behavioral nor physiological measures (e.g., Desjardins
& Doherty, 2013; Gosselin & Gagné, 2011b; Hicks & Tharpe,
2002; Hornsby, 2013; Larsby, Hallgren, Lyxell, & Arlinger,
2005; Mackersie & Cones, 2011; Mackersie et al., 2015;
Miyake, 2001; Picou et al., 2017; Wilson & Sasse, 2001;
Yeh & Wickens, 1988; Zekveld et al., 2010, 2011). For in-
stance, Zekveld and Kramer (2014) asked participants to
indicate their effort during speech recognition tasks with
various levels of difficulty (masking). Using pupillometry,
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the authors noted reports of high effort and overall smaller
pupil dilation in the most difficult conditions. These results
demonstrate physiologic evidence of disengagement and
low effort but subjective reports of high effort in the same
conditions. The lack of agreement between subjective mea-
sures and behavioral or physiological measures of listening
effort undermines current understanding of the phenome-
non, yet the reason for the disagreement remains uncertain.

One interpretation of uncorrelated findings between
subjective measures and other methods is that subjective
report is sensitive to different parameters of listening ef-
fort compared with behavioral and physiological mea-
sures. The natural question that follows is “To what then
are subjective measures sensitive?” This question may ini-
tially seem more daunting than warranted, in part, be-
cause of its basis on the apparent validity of simply asking
human volunteers to report on their experiences. Johanssen
et al. (1979, p. 105) have been quoted to summarize this
rationale as follows: “If the person feels loaded and ef-
fortful, he is loaded and effortful whatever the behavioral
and performance measures may show” (original emphasis).
However, perhaps the relationship between asking a par-
ticipant a question and receiving a scientifically valid an-
swer is not as straightforward as it seems.

Heuristics and Biases

In their seminal work, Tversky and Kahneman (1974)
offered a theory that sought to explain how people assign
value to uncertain quantities, such as happiness. They sug-
gested that people do not base their judgments on strictly
logical assessments but rather rely on a small set of strate-
gies that reduce the effort and complexity of decision making.
They referred to such strategies as judgment heuristics. More
specifically, heuristics have been defined as simple strategies
that replace complex processes to produce imperfect but
acceptable solutions that require minimal cognitive effort
(Newell & Simon, 1972; Simon, 1990). Shah and Oppenheimer
(2008) suggest that heuristic response strategies minimize
effort by examining less information (e.g., fewer cues and
alternatives) and by reducing the load on memory storage
and retrieval. Consistent with this view and most pertinent
to the current study, Kahneman and Frederick (2002) de-
scribed a general heuristic phenomenon they termed attribute
substitution: When people are faced with a difficult question,
they often, unwittingly, substitute an easier question that
they answer instead. For instance, Kahneman and Frederick
give the example of a professor who has just watched a
candidate’s job talk. In deciding whether or not to hire the
applicant, the professor is asked to answer the question,
“How likely is it that this candidate could be tenured in our
department?”, but instead comes to a decision by answering
the easier question, “How impressive was the talk?”. That
is, rather than consider the candidate as a whole, the hiring
professor made a decision based on the more easily quanti-
fiable and easily accessible impression of the job talk.

In the illustration above, the target attributes to be
judged in hiring a new faculty member are clear (e.g., number
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of first-author publications, strong history of independent
funding), but the case of judging listening effort becomes
even more difficult because there are no readily available
criteria for judging. The lack of a familiar scale for esti-
mating listening effort renders a seemingly simple question
much more difficult to answer, creating a situation well
suited to the use of automatic, heuristic judgments.

A Potential Heuristic Attribute for Listening Effort

We suggest that subjective ratings of listening effort are
susceptible to the same processes described above, which
lead participants to substitute the target question regarding
listening effort with an easier question. Doing so biases par-
ticipant responses toward a related yet more easily judged
domain. Finding a common heuristic attribute used by par-
ticipants when rating listening effort could inform study design
and subjective questionnaire formation to avoid or account
for the bias. Such measures might reconcile the discrepancy
between subjective report and other techniques, solidifying the
current understanding of listening effort and perhaps even-
tually aiding in the establishment of a universal definition.

The current challenge is to identify and test potential
biases. This study hypothesizes that the question “How well
did I perform?” is substituted for the question “How much
effort did that take?”. This hypothesis is consistent with the
findings from Picou et al. (2017), who found that two subjec-
tive questions related to listening effort were actually better
correlated with task performance (word recognition) than
behavioral measures of listening effort (see also Fraser et al.,
2010; Larsby et al., 2005; Picou & Ricketts, 2018; Zijlstra,
1993). This hypothesis also satisfies the three conditions pro-
vided by Kahneman and Frederick (2002) for a scenario
likely to give rise to attribute substitution. First, the target
attribute must be relatively inaccessible. As described above,
listening effort fulfills this condition as a multidimensional,
psychophysiological phenomenon with no established rating
scale. Second, a semantically and associatively related attri-
bute must be highly accessible. Unlike ratings of listening ef-
fort, subjective and behavioral ratings of speech recognition
are often highly correlated (e.g., Cienkowski & Speaks, 2000;
Cox, Alexander, & Rivera, 1991; Larsby & Arlinger, 1994),
suggesting that performance is a readily accessible quantity.
Third, the substituted attribute must be reasonable. In a
manner similar to the hiring committee judging the likeli-
hood of tenure based on the easy question of the quality of
the job talk, we suggest that perceived performance on a task
might bias ratings of perceived mental effort.

Purpose

The purpose of this study was to investigate whether
participants substitute an easier question (“How did I
perform?”’) when faced with the more difficult question of
“How much effort did that take?”. To accomplish this, we
used scenarios where a participant’s task accuracy either
would or would not be expected to bias subjective ratings
of effort. If subjective ratings can be biased by perceived

task accuracy, investigations into mental effort should take
this bias into consideration in both study design and data
interpretation. The finding that subjective ratings can be
biased by performance would also help clarify the noted
dissociation in the literature between subjective ratings of
effort and behavioral or objective indices of effort. By
evaluating a variety of experimental scenarios, the results
of this study will advance our understanding of which
experimental conditions, if any, make use of perceived per-
formance to bias subjective ratings of mental effort.

To reach a large number of individuals, we made
use of crowdsourcing software to post online surveys. To
avoid the uncontrollable variables of delivering audio over
the Internet to personal computers, we based this study
on a visual analog of the speech recognition threshold
(SRT) test, called the Text Reception Threshold Test (TRT;
Kramer, Zekveld, & Houtgast, 2009; Zekveld, George,
Kramer, Goverts, & Houtgast, 2007). As discussed in Zekveld
et al. (2007), the TRT is sensitive to the “modality-aspecific”
cognitive functions that are common between understanding
verbal language in background noise and understanding
written language embedded in visual noise. They showed
that the TRT was significantly associated with the SRT
(r = .54, p < .01). Thus, although the TRT stimuli in the
current experiment used the visual modality, the task was
also sensitive to top—down processes governing linguistic
ability across the auditory and visual domains. Although
the immediate impact on traditional listening effort will re-
quire further investigation, the findings presented here are
readily applicable to the field because of the significant
overlap between factors that contribute to speech recogni-
tion across vision and audition (e.g., Humes, Burk, Coughlin,
Busey, & Strauser, 2007; Zekveld & Kramer, 2014; Zekveld,
Pronk, Danielsson, & Ronnberg, 2018).

To test the hypothesis that performance can serve
as a heuristic substitution for subjective ratings of effort,
separate cohorts of participants were asked to rate either
performance, effort, or work after completing one of three
online experiments using visual stimuli with various levels
of masking. Each online experiment consisted of two
multiple-choice question sets, which were systematically
varied to result in specific levels of performance and ef-
fort. Table 1 summarizes the experimental designs and
expected outcomes. The experiments were designed, respec-
tively, to result in question sets that produced the same
performance but different amounts of effort (Experiment 1),
different levels of performance but the same amount of
effort (Experiment 2), and different, and opposite, levels
of performance and effort (Experiments 3 and 4). The
third and fourth experiments were conceptually identical,
except that different masking levels were used to confirm
the validity of experimental manipulations. Expected out-
comes of the experiments were that participants would
(a) rate mental effort when performance could not serve
as a heuristic, (b) use change in performance as a heuristic
substitution even when expected effort did not change,
and (c) use change in performance as a heuristic attribute
when both performance and expected effort changed. An
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Table 1. Design of each experiment.

Experiment 1: expect effort lower in Set 1 than Set 2; expect accuracy to be similar in Sets 1 and 2

Set 1 Set 2
Number Stimulus Expected Expected Number Stimulus Expected Expected
of items visibility effort accuracy of items visibility effort accuracy
8 70% Low 100% 8 46% Moderate 100%
2 28% Skip 25% 2 28% Skip 25%
Total Low 85% Total Moderate 85%

Experiment 2: expect accuracy lower in Set 1 than Set 2; expect effort to be similar in Sets 1 and 2

Set 1 Set 2
Number Stimulus Expected Expected Number Stimulus Expected Expected
of items visibility effort accuracy of items visibility effort accuracy
4 70% Low 100% 2 70% Low 100%
4 46% Moderate 100% 2 46% Moderate 100%
2 28% Skip 25% 6 28% Skip 25%
Total Low—moderate 85% Total Low—moderate 55%

Experiment 3: expect accuracy lower in Set 1 than Set 2; expect effort to be lower in Set 1 than Set 2

Set 1 Set 2
Number Stimulus Expected Expected Number Stimulus Expected Expected
of items visibility effort accuracy of items visibility effort accuracy
4 70% Low 100% 8 46% Moderate 100%
6 28% Skip 25% 2 28% Skip 25%
Total Low 55% Total Moderate 85%

Experiment 4: expect accuracy lower in Set 1 than Set 2; expect effort to be lower in Set 1 than Set 2

Set 1 Set 2
Number Stimulus Expected Expected Number Stimulus Expected Expected
of items visibility effort accuracy of items visibility effort accuracy
4 70% Low 100% 8 46% Moderate 100%
6 7% Skip 25% 2 7% Skip 25%
Total Low 55% Total Moderate 85%

Note. Each set included 10 test items, which varied based on the amount of masking covering each stimulus. The table displays the number
of items in each set that has a particular visibility. On the basis of the visibility, the expected effort and expected accuracy are displayed.
Expected effort and accuracy are displayed across the total set of 10 items (displayed in italic font).

additional question using the word “work™ was included as
a similar alternative to the “effort” question, with instruc-
tions that overtly mentioned that work is different from
accuracy. This was done to test the hypothesis that more
explicit instructions might promote more effortful rating
strategies and reduce the use of heuristic substitutions.

General Method
Participants

Participants were recruited via Amazon’s Mechanical
Turk (Mturk). Mturk is a crowdsourcing website where
anonymous online workers complete tasks on the Internet.
Mturk has been shown to be a reliable tool for conducting
research in psychology (Buhrmester, Kwang, & Gosling,

2011; Crump, McDonnell, & Gureckis, 2013) and also audi-
ology (Barber & Lee, 2015; Singh, Lau, & Pichora-Fuller,
2015). Using Mturk profile controls, the surveys were only
available to workers at least 18 years old and living in the
United States. If these criteria were met, participants then
answered further eligibility questions before beginning the
survey. Specifically, participants had to be native English
speakers, with normal or corrected visual acuity and color
vision. All participants reported having at least a high school
diploma, and 89.7% of the participants reported having
completed some level of college. A power analysis revealed
that 14 participants per cohort were required to detect small-
to-medium effects with 80% power, significant at an a of .05.
Participant demographics for each experiment are dis-
played in Table 2. Table 3 displays the number of surveys
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Table 2. Participant demographics across all three experiments.

Experiment Total N Age, M (SD) Age range % Female

Experiment 1

Performance 16 42.4 (16.0) 22—66 62.5

Effort 16 39.2 (17.4) 20-65 62.5

Work 14 33.0 (8.9) 22-50 571
Experiment 2

Performance 23 33.4 (10.4) 21-55 52.2

Effort 24 33.6 (10.2) 19-59 58.3

Work 24 37.4 (13.1) 21-68 50.0
Experiment 3

Performance 28 37.6 (12.7) 19-68 46.4

Effort 24 34.9 (11.3) 19-64 54.2

Work 18 38.4 (14.9) 22-63 38.9
Experiment 4

Performance 41 40.5 (11.4) 20-62 48.8

Effort 45 37.9 (11.2) 21-63 66.7

Note. Participants answered subjective ratings of either performance,
effort, or work in each experiment.

completed, the number excluded for failing the catch trials,
and the number of surveys excluded due to suspicious data
(performing lower than 50% correct in either set). All testing
was completed with approval from Vanderbilt University
Medical Center’s Institutional Review Board. Participants
were compensated for survey completion.

Task and Stimuli

The task consisted of an online survey containing
four sections: (a) demographic information, (b) catch trials,
(c) multiple-choice questions, and (d) subjective ratings.
First, the demographic questions included age, highest
level of education, gender, and state of residence. Second,
catch trials were designed to identify automated workers
or workers who did not follow instructions. Catch trials
consisted of decoy instructions followed by target instructions

Table 3. Number of surveys completed, discarded for failing catch
trials, and discarded for suspicious performance (answering fewer
than 50% correct in the easiest condition) for each experiment.

Surveys Failed Suspicious Used for

Experiment completed catch trials performance analysis

Experiment 1

Performance 28 7 5 16

Effort 28 7 5 16

Work 20 0 6 14
Experiment 2

Performance 33 6 4 23

Effort 30 5 1 24

Work 31 2 5 24
Experiment 3

Performance 35 5 2 28

Effort 32 5 3 24

Work 32 7 7 18
Experiment 4

Performance 62 7 10 45

Effort 44 3 0 41

later in the question, requiring careful reading of the prompt.
Data from participants who did not correctly answer catch
trials were excluded from further analysis.

Third, participants completed the main task, which
consisted of multiple-choice, synonym-matching questions.
Each trial consisted of a partially masked target word
(TRT stimulus), brief instructions, and four unmasked,
multiple-choice response options (see Figure 1). Due to
the short length typical of Mturk surveys, we limited the
task to two sets of 10 questions each (20 questions in total).
To manipulate percent correct across question sets, trials
consisted of TRT stimuli that were either partially masked
or masked to the extent that the word could not be read.
It was therefore important that partially masked stimuli
produced near-ceiling performance, so that the number of
illegible stimuli dictated the percent correct. To achieve
near-ceiling performance, all target words were chosen from
the Comprehensive Assessment of Spoken Language
(Carrow-Woolfolk, 1999), which were normed to be recog-
nizable by individuals 7-21 years old, and were balanced
for difficulty across surveys. (Test items are listed in the
Appendix.) In this way, if the target word could be read,
the trial was likely to be answered correctly. Although this
design permitted control over task accuracy, the task was
also designed to elicit noticeable mental effort. To this end,
the amount of visual masking was varied, and participants
were asked to match the target word with a synonym.

Figure 1. Example stimuli that reflect words that were mostly visible
(top), moderately masked (top middle), nearly impossible (bottom
middle), and impossible (bottom).

I

Please select the word that is most closely related to the word above
0 elevate 0 bump 0O snicker Q stifle

Moderate Effort
(46% visible)

Please select the word that is most closely refated to the word above
0 elevate 0 bump O snicker O stifle

Skip Trial
(28% visible)

Please select the word that is most closely related to the word above
O elevate O bump O snicker O stifle

Little Effort
(70% visible)

Skip Trial
(7% visible)

Please select the word that is most closely related to the word above
O elevate 0 bump O snicker O stifle
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All target words (TRT stimuli) were created using
custom code in R Version 3.3.2 (R Core Team, 2016). The
TRT word was printed in red and masked by equal-width,
equally-spaced, black bars, based on work by Zekveld et al.
(2007). Words were visually obscured with one of four levels
of masking (i.e., bar width): 70% visible (see Figure 1,
top panel), 46% visible (see Figure 1, second panel), 28%
visible (see Figure 1, third panel), or 7% visible (see Figure 1,
bottom panel). Threshold procedures and practice lists were
not used in this study; masking values were chosen based
on values reported as being well below threshold (7% and
28% visible), near threshold (46% visible), and well above
threshold (70% visible) in Zekveld et al. (2007). It was ex-
pected that no mental effort related to deciphering the TRT
word or choosing a synonym would be exerted with 7% or
28% visibility because participants would simply skip over
these clearly impossible trials (“skip trials”). Such behavior
is consistent with previous findings of reduced effort in
difficult or impossible listening situations (e.g., Wu, Stangl,
Zhang, Perkins, & Eilers, 2016; Zekveld & Kramer, 2014).
That participants randomly guessed at skip trials was later
confirmed by the pattern of responses (see Discussion).

The multiple-choice, synonym-matching task used
the TRT stimuli described above as target words, to be
matched with one of the four unmasked response options
(see Figure 1). Participants were instructed to “choose the
word that is most related to the word pictured above”
and to “take your best guess for all questions.” The four
multiple-choice options (each a single word) were printed
in a standard, black typeface and appeared next to option
buttons directly below the target TRT word. Response op-
tions were those paired with the test words in the published
Comprehensive Assessment of Spoken Language subtest.

The parameters of task accuracy and required effort
were strategically varied between the two sets of 10 ques-
tions. Percent correct was controlled by the number of skip
trials (28% visible), whereas required effort was determined
by the ratio of little- to moderate-effort stimuli (70% and
46% visible, respectively). There were four such manipula-
tions (see Table 1). Experiment 1 held expected task accuracy
equal across question sets but varied the amount of ex-
pected effort. Experiment 2 varied the expected task accu-
racy across question sets but held the expected effort
constant. Experiment 3 varied both the expected task accu-
racy and the expected effort in opposite directions. A fourth
experiment was conducted as a control, using the same
parameters as Experiment 3, but with skip trials that were
clearly impossible to read (7% visibility; see bottom panel of
Figure 1), which completely obscured the TRT target word.

Fourth, participants were asked to make subjective
ratings at the end of each set of multiple-choice questions
(i.e., twice per experiment). Subjective questions included
ratings of either performance, effort, or work. The sur-
veys regarding “performance” asked, “Please use the slider
to rate how well you did on the task you just finished. The
scale ranges from 0 to 100.” Anchors of “none correct,”
“some correct,” and “all correct” were displayed above the
slider bar. This question was based on similar questions

used in previous investigations (e.g., Cienkowski & Speaks,
2000; Cox et al., 1991). The surveys regarding “effort”
asked, “Please use the slider to rate how much effort it
took for you to complete the task you just finished. The
scale ranges from 0 to 100.” Anchors of “no effort,” “some
effort,” and “extreme effort” were displayed above the slider
bar. This question was based on similar questions used

in previous investigations (e.g., Brons et al., 2013; Luts et al.,
2010). As a synonym for “effort,” a survey using the word
“work” was included, with instructions designed to call at-
tention to the difference between performance (the potential
heuristic substitution under investigation) and the desired
construct. The surveys regarding “work” asked, “On aver-
age, how hard did you have to work to answer the ques-
tions? Keep in mind, how much work a question took does
not depend on whether you got the question right or wrong;
we are only interested in how much mental work it took

to answer the questions. Please use the slider to make your
rating. The scale ranges from 0 to 100.” Anchors of “no work,”
“some work,” and “extreme work” were displayed above

the slider bar. This question was based on one used in pre-
vious investigations (e.g., Picou et al., 2017; Picou &
Ricketts, 2018). All ratings were made by moving a digi-
tal slider with numerical limits of 0-100, in increments of
1. The numerical value of the slider position was visible to
participants and was updated in real time as the slider was
moved. Written anchors were positioned at the ends and
middle of the slider bar. Test items and selections remained
visible to participants as they made their ratings. No feed-
back was provided regarding the number of items correctly
answered. To restrict participant responses to a single rat-
ing dimension, any single cohort of participants answered
a single subjective question. Order of set presentation was
counterbalanced within a cohort.

Procedures

During data collection, a survey with a single sub-
jective question (e.g., perceived performance) was posted
at a time. Once the predetermined number of participants
completed the survey, a new survey was opened for addi-
tional participants with a different subjective question (e.g.,
effort). Within the Mturk website, participants read gen-
eral information about the study, including expected time
course, inclusion criteria, and payment. The study descrip-
tion indicated that this was a test of language proficiency
containing vocabulary matching questions. If a potential
participant was interested in participating, he or she clicked
on a link that opened a new browser window and was redir-
ected to the survey. Study data were collected and managed
using Research Electronic Data Capture (REDCap), an elec-
tronic data capture tool hosted at Vanderbilt University
(Harris et al., 2009). REDCap is a secure, web-based appli-
cation designed to support data capture for research stud-
ies. Upon completion, the participant entered a unique
identifying code in the Mturk window and submitted a
certification that the survey was completed. If a survey
was not completed within 20 min, the session expired and
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a participant was not compensated. Testing took approxi-
mately 5 min for each participant. Mturk workers reported
their anonymous Mturk worker identification numbers,
which allowed for exclusion of participants who took the
survey more than once. No participants repeated the sur-
vey. Experiments were conducted sequentially. Within an
experiment, the order of survey posting was randomized.

Experiment 1

The purpose of this experiment was to evaluate sub-
jective ratings when expected task accuracy was held stable
and expected effort varied between the two sets of multiple-
choice questions (see Table 1). Expected effort was in-
creased by reducing the visibility of the target words in Set 2
relative to Set 1 (46% and 70%, respectively). Expected task
accuracy was manipulated by including eight stimuli in
each set whose visibility did not limit accuracy and two
skip trials that were impossible to read (28% visible). The
skip trials were included to reduce task performance out
of the ceiling. The hypothesis was that participant ratings
of performance, effort, and work would reflect the experi-
mental condition, because keeping task accuracy constant
across sets effectively removes accuracy as an available
heuristic response strategy. Without the familiar percent
scale to rely on for rating effort, participants would have to
engage an effortful strategy and perhaps make an unbiased
rating based on cues related to the actual prompt.

Results and Discussion

Figure 2 displays mean task accuracy and subjective
ratings for Experiment 1. Accuracy scores and subjective
ratings were analyzed separately, each with a mixed-model
analysis of variance (ANOVA) with one within-subject
factor, Set (Set 1 and Set 2), and one between-subject
factor, Question (performance, effort, and work). Regard-
ing task accuracy, results revealed no significant main
effects or interactions, indicating that neither question nor
condition affected task accuracy (p > .10). Moreover, as

expected, accuracy was 83.99% averaged across all
conditions.

Regarding subjective ratings, results revealed no sig-
nificant main effect of Set (p > .05) or Question (p > .2).
There was a significant Set X Question interaction (F[2, 43] =
5.74, p < .01, np2 = .21), indicating that the effect of Set
varied based on the subjective question used to elicit the
subjective rating. To explore the interaction, separate
ANOVASs with a single within-subject factor (Set) were
conducted for ratings in response to each question. Re-
sults revealed no effect of Set for ratings of performance
(F[1, 151 = 2.87, p > .10, n,> = .16, M difference = —5.25,
95% CI [-11.86, 1.36]). However, results revealed that ratings
of effort (F[1, 15] = 6.13, p < .05, np2 = .29, M difference =
9.81, 95% CI [-1.36, 18.26]) and work (F[1, 13] = 5.56,
p < .05,n,” = .30, M difference = 6.36, 95% CI [0.53, 12.18])
were significantly higher in Set 2 than in Set 1.

These results demonstrate that, as hypothesized, there
were no significant differences in ratings of performance
between Set 1 and Set 2 and there was no significant differ-
ence in actual task accuracy. Also consistent with expec-
tations, there was a significant difference in the subjective
reports of “effort” and “work” when more visual mask-
ing was present and visibility was reduced. These data dem-
onstrate that increased masking increased reported mental
effort. Because performance was stable across sets, per-
ceived performance did not bias subjective ratings of ef-
fort because performance was not a ready alternative cue
for making ratings. Importantly, these data also suggest that
the experimental manipulations of performance and effort
were successful.

Experiment 2

The purpose of this experiment was to evaluate sub-
jective ratings when expected task accuracy varied and
expected effort was stable across the two sets of multiple-
choice questions (i.e., the opposite conditions of Experi-
ment 1; see Table 1). As in Experiment 1, task accuracy

Figure 2. Mean question accuracy (left panel) and subjective rating (right panel) for Experiment 1. Set 1 (white bars) included eight words
that were mostly visible (little effort) and two skip trials (28% visible). Set 2 (gray bars) included eight words that were moderately masked
(moderate effort) and two skip trials (28% visible). Error bars are +1 SD from the mean. ns denotes nonsignificant differences. *p < .05.
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was manipulated by including impossible-to-read skip trials
(i.e., 28% visible). There were more skip trials in Set 2.
Effort was expected to be similar across sets because an
equal ratio of low and moderately masked stimuli was in-
cluded in both sets. If response biases do not play a large
role in the subjective ratings under these conditions, it
would be expected that ratings of performance would be
lower in Set 2, but ratings of effort would be stable across
sets. However, if response biases do influence subjective
ratings of effort, it would be expected that participants
(a) rate performance lower in Set 2 than Set 1, (b) rate effort
higher in Set 2 than Set 1, and (c) rate work comparably in
Sets 1 and 2, if alerting participants to the potential for bias
counteracted the use of heuristics.

Results and Discussion

Figure 3 displays mean task accuracy and subjective
ratings, which were analyzed separately as in Experiment 1.
Analysis of task accuracy scores revealed a significant
main effect of Set, F(1, 68) = 111.40, p < .001, n,> = .62,
M difference = —=21.63, 95% CI [-25.72, —17.54]. There
was no significant effect of Question or Set x Question
interaction (p > .05). These data indicate that participants
answered fewer questions correctly in Set 2 than Set 1, but
the effect of set was independent of questions used to elicit
subjective ratings.

Analysis of subjective ratings revealed no significant
main effect of Set (p > .2). There was a significant effect of
Question, F(2, 68) = 10.30, p < .001, n,> = .23, and a sig-
nificant Set X Question interaction, F(2, 68) = 20.45, p < .001,
np2 = .38, indicating that the effect of set varied based on the
subjective question used to elicit rating. Follow-up testing for
each Question revealed significant main effects of Set for
ratings of performance, F(1, 22) = 13.28, p < .001, np2 = .38,
M difference = —17.52, 95% CI [-27.49, —7.55]; ratings of
effort, F(1,23) = 17.77, p < .001, n,> = .44, M difference =
12.63, 95% CI [6.43,18.82]; and ratings of work, F(1, 23) =
12.05, p < .01, np2 = .34, M difference = 11.33, 95%
CI [4.58, 18.09].

These data show that ratings of performance were
lower in Set 2, whereas ratings of effort and work were
higher in Set 2. As hypothesized, participants were sensi-
tive to the difference in task accuracy across sets, and de-
spite constant expected effort across both sets, subjective
ratings of effort increased when performance decreased,
strongly suggesting that participants substituted a question
concerning performance for the more computationally
expensive question regarding mental effort. It seems par-
ticipants engaged in attribute substitution, basing their
ratings of effort on their accuracy when percent correct
differed across sets. Counter to expectations, subjective rat-
ings of work also varied with performance, despite the
overt wording of the prompt stating that work was sepa-
rate from performance. As we do not believe that partici-
pants intentionally ignore subjective prompts, the change
in reported work between sets is interpreted as a testament
to the automatic nature of heuristic strategies, as has been
suggested by others (e.g., Kahneman & Tversky, 1973).

Experiment 3

The purpose of this experiment was to evaluate subjec-
tive ratings when performance and effort were expected
to vary in opposite directions (see Table 1). It was expected
that, because rating mental effort is difficult, participants
would employ an attribute substitution and rate their mental
effort according to their performance and not according to
the mental effort required to complete the sets. If partici-
pants do not disassociate performance from effort when
both vary and are instead prone to response bias, it would
be expected that ratings of performance would be higher in
Set 2 (higher expected performance and effort) and ratings
of effort would be higher in Set 1 (lower expected perfor-
mance and effort). If explicitly directing participants away
from the readily available percent correct heuristic during
the rating task could overcome the response bias, it would
be expected that ratings of work would be higher in Set 2.

If heuristic use does not bias ratings of mental effort under

Figure 3. Mean question accuracy (left panel) and subjective rating (right panel) for Experiment 2. Set 1 (white bars) included four words that
were mostly visible (little effort), four words that were moderately masked (moderate effort), and two skip trials (28% visible). Set 2 included
two words that were mostly visible (little effort), two words that were moderately masked (moderate effort), and six skip trials (28% visible).

Error bars are +1 SD from the mean. **p < .01.
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these conditions, ratings of performance and effort would
be higher in Set 2 (higher expected performance and effort).

Results and Discussion

Figure 4 displays mean task accuracy and subjective
ratings, which were analyzed separately as in Experiments 1
and 2. Analysis of accuracy scores revealed a nonsignificant
main effect of Question (p > .4); a significant main effect
of Set, F(1, 67) = 118.73, p < .001, npz = .62; and a significant
Set x Question interaction, K2, 67) = 3.512, p < .05, np2 =.10.
Separate ANOVAs with a single within-subject factor were
conducted for accuracy for each question. Results re-
vealed significant main effects of Set for accuracy when the
subjective question asked about performance (F[1, 27] = 96.51,
p <.001, np2 = .78, M difference = 27.14, 95% CI [21.47,
32.81]), effort (F[1, 23] = 18.53, p < .001, n,” = .46, M differ-
ence = 17.08, 95% CI [8.87, 25.29]), and work (F[1, 23] = 58.14,
p < .001, 'lp2 = .77, M difference = 17.22, 95% CI [12.46,
21.99]). These data indicate that, for all subjective questions,
accuracy was better in Set 2 than in Set 1, although the
difference was larger for participants who answered the sub-
jective question about performance.

Analysis of subjective ratings revealed a nonsignifi-
cant effect of Set (p > .8). There was a significant main effect
of Question, A2, 67) = 11.67, p < .001, np2 = .26, and a sig-
nificant Set X Question interaction, F(2, 67) = 16.52, p < .001,
npz = .33, indicating that the effect of Set varied based on
the subjective question used to elicit rating. Follow-up test-
ing revealed significant main effects of Set for ratings of
performance, F(1, 27) = 19.37, p < .001, n,* = .42, M differ-
ence = 11.39, 95% CI [6.08, 16.71]; ratings of effort, F(1, 23) =
4.87, p < .05, n,> = .18, M difference = —4.75, 95%

CI [-9.20, —0.30]; and ratings of work, F(1, 17) = 6.27, p < .05,
- = .27, M difference = —7.61, 95% CI [-14.02, —1.20].
These data show that ratings of performance were higher
in Set 2 than in Set 1, but ratings of effort and work were
lower in Set 2 than in Set 1.

As hypothesized, the pattern of results once again
demonstrated that perceived performance biased subjective

ratings of effort and work. That is, participants rated their
performance as higher but their effort and work as lower
for Set 2 compared with Set 1. This finding is noteworthy
because, despite higher performance in Set 2, all TRT words
were more heavily masked in Set 2 compared with Set 1 and
therefore required more effort. Results from Experiment 1,
where performance was stable and effort varied, confirmed
that more masking required more effort; however, when per-
formance served as a ready heuristic, it seems the heuristic
response strategy dominated. Contrary to initial expectations,
the use of the attribute substitution heuristic also seems
to have occurred for ratings of work, despite careful question
wording intended to guide ratings away from performance.

Experiment 4

Experiment 4 was conducted as a control condition
to rule out the possibility that participants exerted effort
on skip trials with 28% visibility (considered impossible to
read in Experiments 1-3). To achieve this, Experiment 4
had the same parameters as Experiment 3 but used a TRT
target word that was only 7% visible (97% masking). This
effectively ruled out the possibility of participants working
hard to figure out a very challenging condition (i.e., 28%
visible stimuli), by utilizing masking that effectively cov-
ered the entire TRT word. Given the high similarity between
ratings of effort and work in Experiments 1-3, the subjective
question related to work was abandoned in Experiment 4.

Results and Discussion

Figure 5 displays mean task accuracy and subjective
ratings for Experiment 4. Analysis of accuracy scores re-
vealed a significant main effect of Set, F(1, 84) = 93.13,
p <.001, ﬂp2 = .53. The main effect of Question and the
Set x Question interaction were not significant (ps = .08
and .44, respectively). Analysis of subjective ratings re-
vealed a nonsignificant main effect of Set (p = .11). There
were significant effects of Question, F(1, 84) = 10.80, p < .01,
np2 = .11, and a significant Set X Question interaction,

Figure 4. Mean question accuracy (left panel) and subjective rating (right panel) for Experiment 3. Set 1 (white bars) included four words that
were largely visible (little effort) and six skip trials (28% visible). Set 2 included eight words that were moderately masked (moderate effort)
and two skip trials (28% visible). Error bars are +1 SD from the mean. *p < .05. *p < .01.
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Figure 5. Mean question accuracy (left panel) and subjective rating (right panel) for Experiment 4. Set 1 (white bars), the easy condition,
included four words that were largely visible (little effort) and six skip trials (7% visible). Set 2 (gray bars) included eight words that were
moderately masked (moderate effort) and two skip trials (7% visible). Error bars are +1 SD from the mean. *p < .05. *p < .01.
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F(1, 84) = 21.08, p < .001, n,> = .20, indicating that the ef-
fect of Set varied based on the subjective question used
to elicit rating. Follow-up testing revealed significant main
effects of Set for ratings of performance, F(1, 40) = 16.06,
p <.001, np2 =.29, M difference = 11.22, 95% CI [5.56, 16.88],
and ratings of effort, F(1, 44) = 5.33, p < .05, np2 =.11,
M difference = —4.33, 95% CI [-9.99, —0.68]. These data
show that ratings of performance were higher in Set 2
than in Set 1, but ratings of effort and work were lower
in Set 2 than in Set 1. The pattern of results in Experi-
ments 3 and 4 is the same, suggesting that increasing the
masking level did not affect the results. The data from Ex-
periment 4 support the hypothesis that participants guessed
on the skip trials when visibility was either 28% or 7%.

General Discussion

This study investigated the possibility that study par-
ticipants substitute the question “How did I perform?”
when faced with the more difficult question of “How much
effort did that take?”. The potential for task accuracy to
bias subjective ratings of mental effort was investigated
using experimental conditions where accuracy either would
or would not be available as a heuristic attribute substitu-
tion. The combined results from the four experiments re-
vealed that, when task accuracy was a ready cue, perceived
performance biased ratings of mental effort (as in Experi-
ments 2-4). Conversely, when performance was removed
as a ready substitute, as in Experiment 1, ratings of sub-
jective effort corresponded to expected mental effort.

These results suggest that the apparent face validity
of directly asking participants to rate their subjective expe-
rience does indeed rely on participants’ ability to provide
an unbiased response. It seems valid responses can be diffi-
cult to elicit depending on the parameter under investiga-
tion (e.g., mental effort). These results are consistent with
the findings of Zekveld and Kramer (2014), who asked
participants to indicate how often they had given up after
performing both TRT (visual) and SRT (auditory) tests
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with various levels of masking. They found that partici-
pants reported giving up more often in the most difficult
conditions yet also reported high subjective effort in those
same conditions. Overall, smaller pupil dilation in the most
difficult conditions, consistent with disengagement and
low processing load, supported the subjective report of giv-
ing up when trial conditions became too difficult but is
counter to expectations for subjective reports of high ef-
fort. It seems quite plausible that participants provided
an unbiased answer regarding how often they gave up,
which is a straightforward question quantified with the
familiar percent scale, but substituted the difficult ques-
tion about effort with the easier question “How well did
I perform?”. Behavioral performance data support this
interpretation, as they revealed floor performance in the
most difficult conditions.

These results, taken together with the current study
findings, support the notion that subjective ratings of lis-
tening effort disagree with behavioral and physiological
measures not because participant report is sensitive to
some unknown aspect of listening effort (e.g., Hornsby,
2013; Mackersie et al., 2015) but because participants are
unable to answer the effort question and so answer a re-
lated yet different question altogether. The use of heuris-
tic judgments helps explain why subjective report often
differs from behavioral and physiological results (e.g.,
Desjardins & Doherty, 2013; Gosselin & Gagné, 2011b;
Hicks & Tharpe, 2002; Hornsby, 2013; Larsby et al.,
2005; Mackersie & Cones, 2011; Mackersie et al., 2015;
Miyake, 2001; Picou et al., 2017; Wilson & Sasse, 2001;
Yeh & Wickens, 1988; Zekveld et al., 2010, 2011). It seems
clear that more research is warranted to identify and ac-
count for biases in subjective measures of effort, espe-
cially when subjective ratings are the only effort-related
study outcome. This is not to imply that subject ratings
have no place in measuring effort. Subjective ratings, whether
biased or not, can still provide a useful pattern of results
that can offer insight into participant decision processes,
preferences, and future actions.
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Potential Strategies for Handling Response Bias

There are several potential strategies for handling re-
sponse biases related to heuristic use, including changing
the wording of the question, training participants, and using
subjective ratings only in certain situations. First, it might
be possible to limit the effects of heuristic bias on subjec-
tive ratings of effort by changing the question, for exam-
ple, by querying participants about factors associated with
effort, such as the desire to give up or improve a mentally
challenging situation, rather than explicitly using the word
“effort.” In the listening effort domain, such questions
have been implemented with mixed success (Picou et al.,
2017; Picou & Ricketts, 2018). A similar approach would
be to draw a respondent’s attention to the separate con-
structs of task accuracy and mental effort. However, this
study suggests that changing the wording, such as the
modified instructions for the “work™ question, is insuffi-
cient to avoid judgment heuristics. This is consistent with
findings that show that introducing proper scoring rules
and drawing attention to heuristic strategies can be insuffi-
cient to obviate various heuristic biases (e.g., Kahneman,
2011; Kahneman & Tversky, 1973; Winkler, 1967).

Second, Kahneman and Frederick (2002) suggest that
training and experience could be tools to avoid judgment
heuristics. They report that errors related to one type of
heuristic were reduced when statistically sophisticated indi-
viduals were presented with a question modified to accen-
tuate a statistical pitfall in formulating a response; however,
statistically naive individuals continued to use the heuristic
strategy. This raises the question of whether increased sta-
tistical knowledge or other training might lead to less biased
responses.

Winkler (1967) investigated the effect of structured
training on the ability of participants to quantify their
judgments during a gambling task, which is prone to heu-
ristic use. Winkler found that graduate students with vary-
ing degrees of statistical competence (ranging from an
introductory course to a PhD in statistics) were eventually
able to plot various probability distributions using a writ-
ten questionnaire, an answer sheet, and graph paper.
After training, some participants were able to develop prob-
ability distributions that aided their performance in a gam-
bling task. What is most notable is that participants required
feedback to improve. Feedback was possible due to the
right-or-wrong nature of the simple probability tasks used
in their study. However, without a gold standard measure
of listening effort, researchers cannot provide meaningful
feedback to study participants, which may be necessary for
the average individual to learn to produce unbiased rat-
ings of effort.

Finally, from the current results, it seems that over-
coming this particular bias may require abolishing it as a
basis for judgment, as in Experiment 1 (where task accu-
racy was equated and subjective ratings of effort differed
with the amount of masking as expected). That is, one strat-
egy for circumventing heuristic biases in subjective ratings of
effort might be to evaluate subjective effort when task

accuracy is stable across conditions (e.g., ceiling perfor-
mance). It is also noteworthy that Zekveld and Kramer
(2014) only observed incongruous results between pupil re-
sponses and subjective ratings of effort when performance
was low. Their finding is consistent with the current study,
which also showed that the heuristic bias was most evi-
dent when accuracy was low. Thus, another approach may
be to measure effort when performance is high across
conditions. Further work is needed to establish the condi-
tions under which subjective ratings of effort are not biased
by heuristic questions. As these scenarios are identified,
they may prove beneficial to include in the assessment of
construct validity of subjective questionnaires of complex
psychophysiological phenomena, including listening effort.

Choice of Text Masking Levels

Effort and performance were controlled in this study
by varying the amount of unmasked text available. The
study conclusions necessarily rely on several assumptions
related to experimental design, namely, (a) reduced visibil-
ity from 70% to 46% increased effort without affecting task
accuracy, and (b) participants exerted little mental effort
on skip trials (28% and 7% visibility). Support for the first
assumption comes from the measured task accuracy. Col-
lapsed across all conditions and experiments, task accuracy
was near ceiling for the 70% and 46% visibility conditions,
93.5% (SD = 8.4%) and 91.0% (SD = 8.2%)), respectively.
These data indicate that participants successfully answered
questions with both degrees of visibility and that the in-
creased masking was slightly more difficult.

Support that the masking manipulations successfully
affected effort comes from the data in Experiment 1, where
effort ratings presumably reflect unbiased subjective ratings
of effort because task accuracy was not different between
sets (see Figure 2). Conversely, ratings of effort and work
were significantly higher in Set 2 (where stimuli were 46%
visible) than in Set 1 (where stimuli were 70% visible). It is
also important to acknowledge, however, that the actual
cue used for subjective ratings of effort in Experiment 1 is
unknown and may in theory differ from a predefined con-
cept of “effort.” Further work is necessary to validate that
the subjective ratings of effort under conditions such as
those in Experiment 1 are indeed unbiased indicators of
mental effort.

Regarding the second assumption, that participants
did not exert effort on the impossible-to-read skip trials
(7% visible), it has been reported in the literature that peo-
ple disengage or exert little effort in exceptionally difficult
situations (e.g., Wu et al., 2016; Zekveld & Kramer, 2014).
Additional supporting evidence stems from at least three
sources in this study: results of Experiment 4, average
survey completion time, and the distribution of correct
responses.

First, for Experiments 1-3, the skip trials included
target words that were 28% visible. Inspection of the third
panel of Figure 1 reveals that some of the word was visible.
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Thus, it is possible that some participants exerted effort to
reconstruct the masked word and match it to an appropri-
ate synonym. Thus, one might expect higher effort in any
set that included more impossible trials. However, Experi-
ment 4 replicated Experiment 3, but with clearly impossible
skip trials with only 7% of the word visible (see bottom
panel of Figure 1). Given the impossibility of this task, it
would be unlikely that a participant could reconstruct the
word and successfully identify the synonym. The pattern
of results in Experiments 3 and 4 was identical, suggesting
that participants indeed responded arbitrarily to the skip
trials in all experiments.

Second, the average survey duration was 5.35 min,
including the demographic questions, catch trials, 20 multiple-
choice questions, and two subjective ratings. This duration
does not allow sufficient time to employ effortful strategies
in trying to match impossible-to-read words to a random
group of potential synonyms. Moreover, participants were
compensated the same rate regardless of their performance
on the tasks. There would be no external incentive for
participants to exert high effort to decode heavily masked
words.

Finally, the distribution of correct responses for each
level of masking supports low-effort, random guessing on
skip trials. Specifically, for the stimuli where performance
was nearly perfect (70% and 46% visibility), the distribu-
tions of actual responses and correct responses were quite
similar (see top and middle panels of Figure 6). Conversely,
the bottom panel of Figure 6 demonstrates a relatively flat
distribution of answers for skip trials, where task accuracy
was poor (36.4% [SD = 11.8%)] and 42.9% [SD = 9.7%] for
the 28% and 7% visible stimuli, respectively). Although
the distributions are relatively flat, there is a slight in-
creased likelihood of “b” or “c” responses for both levels
of masking, which is consistent with previous work demon-
strating that participants tend to favor “b” and “c” response
options when guessing randomly on four response-option,
multiple-choice tests (Attali & Bar-Hillel, 2003), particu-
larly for low-stakes computer tests (Wise, 2006). Indeed,
Wise (2006) reported that 59% of responses due to random
guessing were either “b” or “c” options. In this study, 59.2%
of responses were either “b” or “c,” confirming random
guessing on skip trials.

Study Limitations

Applicability to Listening Effort

A limitation of the current study’s applicability to lis-
tening effort per se is the use of visual stimuli to evaluate
mental effort. In a study using pupillometry to quantify
cognitive load, Klingner, Tversky, and Hanrahan (2011)
showed that visual presentation of stimuli led to lower
cognitive load than auditory presentation across a range
of tasks (i.e., arithmetic, memory, and vigilance). This
finding could suggest that the findings with visual stimuli
have limited generalizability for auditory stimuli. How-
ever, it is worth noting that, if subjective ratings of effort
are based at least in part on cognitive load, the results of

Figure 6. Distribution of actual responses and correct answers
for each level of masking. Distributions are collapsed across
experimental conditions.
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an auditory experiment could reveal even more marked re-
sults than the visual task elicited here.

Furthermore, there is evidence suggesting that listen-
ing effort and the more general construct of mental effort
share general linguistic processes. Humes et al. (2007) in-
vestigated performance on auditory and visual measures
of speech processing and showed that, whereas performance
was most similar within a single modality, performance
was also similar across modalities (see also Watson, Qiu,
Chamberlain, & Li, 1996). Principal component analysis
revealed that cognition in the visual domain could account
for 25%-50% of the variance in the auditory domain. These
results demonstrate that auditory and visual processing of
linguistic stimuli is not completely independent but instead
interacts to influence some supramodal factors, such as
cognitive processing. Although the current study did not
directly investigate listening effort, it did address the shared
cognitive effort inherent in linguistic tasks regardless of
modality, using existing visual analog stimuli shown to cor-
relate with results from a common auditory speech test.
Nevertheless, future studies are needed to verify whether
these results replicate with auditory stimuli. Although the
objective of recruiting over 250 participants and the use
of crowdsourcing precluded the use of auditory stimuli in
this study, subsequent work might focus on a particular com-
bination of task accuracy and effort with a smaller sample
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size more amenable to typical listening effort procedures
in the laboratory. If these study findings can be replicated,
for example, using a dual-task paradigm and auditory stim-
uli, the case for heuristic judgments influencing listening
effort will be strengthened.

Design Limitations

A design limitation of the current study stems from
our use of published psychometric data in choosing mask-
ing levels rather than measuring TRT thresholds for each
individual participant. Subsequently, we cannot offer fur-
ther insight into the range of text reception abilities present
in the study population and cannot confirm the shape of
the psychometric function as similar to that in Zekveld
et al. (2007). However, this study did use masking values
well above and below those reported in the literature for
comparable performance levels to help account for variabil-
ity in TRT ability across participants. TRT data reported
here for single-word stimuli agreed well with the published
data using sentences.

Another potential design limitation is the use of crowd-
sourcing. Although crowdsourcing has been shown to be
a valid and reliable data collection tool used in psychology
(Buhrmester et al., 2011; Crump et al., 2013) and audiology
(Barber & Lee, 2015; Singh et al., 2015), by posting sur-
veys online, we lose some degree of experimental control.
We must trust the integrity of the data because data collec-
tion was not directly supervised. Consequently, we insti-
tuted a system of data checks and successfully eliminated
spurious data from respondents who did not follow instruc-
tions (see Table 3). However, the possibility of inauthentic
participant responses cannot be fully excluded.

The heterogeneity in the age of participants might
also limit the interpretability of the data. Although gen-
erally stable across groups, most cohorts ranged in age
from young adult (19-21 years) to middle-aged adult
(50-68 years), with an average age of approximately 35 years
across all experiments. The interaction between heuristic
use and age has yet to be explored, but previous results
do suggest that age affects mental effort (e.g., Deaton &
Parasuraman, 1993; Tomporowski, 2003). In the auditory
domain, older adults exert more listening effort than their
younger peers, even when both groups have normal hearing
(e.g., Gosselin & Gagné, 2011a, 2011b). Thus, the exerted
effort of the older participants may have been different
than that of the younger participants in this study, which
could have affected the subjective ratings of effort or work.
Differences in participant age may also have resulted in dis-
crepancies in computer literacy, which could have influ-
enced the subjective effort involved in completing the task.
Future studies are warranted to evaluate systematically
the interaction between age and heuristic use for subjective
ratings of effort.

Future Directions

Behavioral validation of effort was not possible in
the current study design. Future studies using online methods

should directly query participants concerning their response
strategies for different conditions to obtain a better under-
standing of the cognitive activity employed during the task.
For instance, insight into participants’ decision to give up
could elucidate the extent to which they actually exerted ef-
fort, such as in the study by Zekveld and Kramer (2014),
who found smaller pupil dilation when participants indi-
cated that they had given up. Similarly, future laboratory
investigations using behavioral indications of effort, such
as response times or secondary task performance, would
also be useful in determining the extent to which a rating
of subjective effort is biased.

Future work should also investigate other heuristic
strategies as they relate to subjective report of effort. Al-
though this study focused on substituting an easier ques-
tion for a difficult one, there are many different judgment
heuristics (for a review, see Kahneman, 2003, 2011). For
instance, it has been shown that judgments can be influenced
by affective responses to information (e.g., Slovic, Finucane,
Peters, & MacGregor, 2007; Winkielman, Zajonc, & Schwarz,
1997). Applied to the current study, the negative feelings
associated with poor performance in conditions with more
skip trials (or the converse) might have contributed to
ratings of effort. Another potential bias that could affect
subjective ratings of effort or performance, but was not
controlled in this series of experiments, is the weight a par-
ticipant applies to each trial type (i.e., low effort, moder-
ate effort, and skip). Although participants may have
reflected upon the relative frequency of each trial type to
inform their rating of effort, it has been shown that people
are poor at integrating such information (e.g., Dawes, 1979).
For example, difficult trials might be more heavily weighted
if they are encountered within the context of many easier
trials. Studies that explore the relative influence of these
and other heuristic phenomena are needed to understand
fully the information provided by subjective measures of
effort and how they contribute to our understanding of lis-
tening effort.

Conclusion

In summary, the current study supports the use of
judgment heuristics as a possible explanation for the dis-
crepancy between subjective ratings and behavioral and
physiological measures of listening effort. It seems the com-
plexities of assigning value to an unfamiliar and difficult-
to-quantify concept such as listening effort deserve further
consideration in the literature, which already successfully
employs behavioral and physiological measures capable of
indexing the resource allocation associated with effortful
performance. Finding the conditions and rating domains
that lead to agreement among the three common measures
of listening effort discussed here (subjective, behavioral,
and physiological) will help deepen current understanding
of the nature of the psychophysiological impact of this
complex phenomenon. Although further work is necessary
before specific recommendations can be made, the results
of this study suggest that (a) ratings of effort are likely
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based on simpler, substituted questions that may or may
not reflect the functional definition of effort and (b) in-
structions intended to avoid the use of a possible heuris-
tic strategy are insufficient to elicit an unbiased response
when rating effort. Future studies using subjective ratings
of complex psychophysiological phenomena, such as lis-
tening effort, would do well to include study-specific ques-
tions that probe the nature of the underlying processes
participants use in determining their ratings. Gopher and
Braune (1984, p. 520) succinctly capture the nature of the
challenge ahead: “Human subjects appear to have no
difficulty in assigning numerical values to their experience.
However, the experimenter has the burden of selecting the
appropriate dimensions for rating.”
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Appendix

Test Items and Multiple-Choice Options Used for All Surveys

Set 1 Set 2
Test item Options Test item Options
Street Ship Silent Heavy
Road Pretty
Truck Sad
Building Quiet
Nearer Slower Simple Kind
First Easy
Away Lazy
Closer Different
Coerce Foretell Genial Divine
Heed Anxious
Compel Fanciful
Aspire Cordial
Linger Remain Fickle Erratic
Initiate Conscientious
Need Arrogant
Roll Delicious
Stodgy Odd Plunge Dive
Dull Trail
Soft Pattern
Old Swim
Derive Obtain Survey Picket
Enlarge Fertilize
Disagree Confess
Nourish Examine
Infant Cradle Morsel Package
Adult Bite
Baby Thread
Children Mushroom
Breach Cleaner Robust Strong
Gap Breakable
Bribe Attractive
Span Painful
Raffle Carnival Solace Comfort
Quilt Punishment
Lottery Deity
Collection Tassel
Jostle Elevate Thwart Swindle
Bump Hoard
Snicker Frustrate
Stifle Encourage
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