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A recent set of studies (Muenks, Miele, & Wigfield, 2016) introduced the concept of
perceived effort source to better explain how students reason about the relation between
effort and ability when evaluating the academic abilities of other students. These
studies showed that participants who were induced to perceive effort as task-elicited
(i.e., as being primarily due to the subjective difficulty of the task) were more likely to
view effort and ability as inversely related than participants who were induced to
perceive effort as self-initiated (i.e., as being due to students’ motivation to go beyond
the basic demands of the task). The current studies expanded on this research by
demonstrating that, in the absence of an effort source manipulation, college students
spontaneously invoked beliefs about the source of effort when evaluating their own
(Study 2) and other students’ (Studies 1–3) abilities. The three studies also showed that
our novel measure of individual differences in effort source beliefs was a better
predictor of participants’ judgments of math ability (Studies 1 and 2) and verbal ability
(Study 3) than a standard measure of their ability mindsets (i.e., beliefs about the extent
to which intelligence is malleable). Specifically, participants who naturally tended to
perceive effort as task-elicited generally rated students who expended relatively little
effort as having more ability than did participants who tended to perceive effort as
self-initiated. Implications for research on student motivation and for education practice
are discussed.
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Students’ perceptions of their own and
others’ academic abilities are among the most
important determinants of their academic en-
gagement and motivation. With respect to self-
judgments of ability, highly influential theories
of student motivation (such as expectancy-value
theory and self-efficacy theory) and numerous

supporting studies suggest that students with
high levels of confidence in their academic abil-
ities are more likely than students with low
levels of confidence to engage in challenging
academic tasks, persist on these tasks, and per-
form well on them (for reviews, see Schunk &
DiBenedetto, 2016; Wigfield, Tonks, & Klauda,
2016). In addition, students who are confident
about their abilities in a particular domain are
more likely to value this domain, to register for
courses in the domain, and to pursue domain-
related majors (see Wigfield et al., 2016).

With respect to judgments of others’ abilities,
the extent to which students perceive their peers
to have relatively high levels of ability can be
either positively or negatively associated with
their academic self-concept, motivation, and
performance, depending on the context (see
Wheeler & Suls, 2005, for a review). For ex-
ample, a student with a certain level of ability
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who attends a school where the average level of
academic achievement is high will tend to have
a more negative self-concept than a student with
the same level of ability who attends a school
where the average level of academic achieve-
ment is low (i.e., the big-fish—little-pond ef-
fect, Marsh et al., 2008). However, in other
cases, comparing oneself to a student who re-
ceives relatively high grades or test scores is
positively associated with future academic per-
formance (Blanton, Buunk, Gibbons, &
Kuyper, 1999; Wehrens, Kuyper, Dijkstra,
Buunk, & Van der Werf, 2010), perhaps be-
cause upward comparisons may lead students to
set more challenging goals for themselves.

Given that students’ evaluations of their own
and others’ abilities appear to play an important
role in shaping their academic motivation, en-
gagement, and performance, researchers have
for decades been interested in understanding
how these evaluations are formed (for reviews,
see Cimpian, 2017; Muenks & Miele, 2017).
One of the conclusions that can be drawn from
this research is that students base their judg-
ments of ability, in part, on their perceptions of
the amount of effort people expend attempting
to complete academic tasks (e.g., Folmer et al.,
2008; Karabenick & Heller, 1976; Nicholls, Pa-
tashnick, & Mettetal, 1986). However, not all
students conceptualize the relation between lev-
els of effort and ability in the same way. Some
students tend to think of these factors as in-
versely related, such that the harder an individ-
ual works on a task, the less intellectual ability
he or she must have. In contrast, others tend to
perceive them as being positively related, such
that high levels of effort indicate that the indi-
vidual has a relatively high level of ability (for
a review, see Muenks & Miele, 2017).

What accounts for this difference in the ways
that students reason about ability and effort?
Much of the research attempting to answer this
question has focused on one factor in particular:
students’ beliefs about whether ability is fixed
or malleable (i.e., their ability mindsets). The
goal of the present research was to expand the
investigation to include a novel individual dif-
ference factor: students’ beliefs regarding the
nature or source of people’s effort (i.e., their
effort source beliefs). Building on prior exper-
imental evidence (Muenks et al., 2016), we con-
ducted three studies demonstrating that such
beliefs can be reliably measured and that they

predict students’ judgments of their own and
others’ academic abilities across multiple aca-
demic domains.

The Actual Relations Between Effort and
Ability

Before discussing students’ perceptions of
the relation between effort and ability, it is
important to discuss the actual relations be-
tween these constructs. On the one hand, sus-
tained mental effort can lead individuals to im-
prove their intellectual skills and competence.
This relation has been observed over both short
and long periods of time. For instance, in a
single-session study, Fisher and Ford (1998)
found that participants’ self-reported mental ef-
fort during a learning task was positively asso-
ciated with their subsequent application of the
knowledge they had acquired. Moreover, re-
search by Ericsson and colleagues (see Eric-
sson, 2006, for a review) has shown that ex-
tended periods of focused effort (in the form of
“deliberate practice”) can lead people to attain
high levels of skill and ability in a particular
domain, such as music or chess. Thus, there
seems to be a causal relation between effort and
ability, such that the amount of effort individu-
als expend over time positively impacts their
level of competence or skill.

On the other hand, researchers have also
demonstrated a causal relation in the other di-
rection, whereby an individual’s existing level
of ability negatively predicts how much effort
he or she has to expend in order to successfully
complete a challenging task. Wright and col-
leagues have illustrated this relation with a fi-
nancial investment metaphor: “We see low-
ability performers as possessing an effort
currency that has less value than the currency of
high-ability performers. Because low-ability
currency has less value, more of it must be
‘paid’ (deployed) to make relevant ‘purchases’
(meet relevant challenges), raising the personal
price of the purchase” (Wright, 2014; p. 186;
see also Gendolla, Wright, & Richter, 2012).
Evidence for this negative relation between
ability and effort comes from studies by Wright
and colleagues (Stewart, Wright, Azor Hui, &
Simmons, 2009; Wright, Patrick, Thomas, &
Barreto, 2013) in which they manipulated par-
ticipants’ levels of fatigue and then measured
their effort in terms of systolic blood pressure
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responsiveness on a subsequent task. As ex-
plained by Wright (2014), “ability falls as fa-
tigue rises,” such that the highly fatigued indi-
viduals temporarily exhibited low levels of
ability (p. 187). The results of the studies
showed that participants exposed to the low-
ability induction (i.e., the high fatigue condi-
tion) subsequently expended higher levels of
effort than participants exposed to the high-
ability induction (i.e., the low fatigue condi-
tion), but only when they felt it was important to
succeed at the task. When participants did not
feel it was particularly important to succeed, the
two groups of participants expended equivalent
levels of effort. The latter finding suggests that
the nature of the causal relation from ability to
effort (i.e., whether or not it is negative) may
depend in part on the extent to which individu-
als are motivated to engage in the task.

The Perceived Relations Between Effort
and Ability

Critically, research examining students’ rea-
soning about the relation between effort and
ability has demonstrated that students are gen-
erally sensitive to both of the actual causal
relations described in the previous section. In
other words, students understand that effort can
lead to the development of one’s abilities, but
they also realize that one’s current level of
ability is inversely associated with how much
effort one would have to expend in order to
successfully complete a challenging task.

People’s reasoning about the relation be-
tween effort and ability was initially explored in
terms of attribution theory (e.g., Heider, 1958;
Kelley, 1987). A central premise of this theory
is that explaining one’s successes or failures in
terms of effort versus ability can lead one to
experience different emotions and exhibit dif-
ferent motivational tendencies. In an early ver-
sion of attribution theory, Heider (1958) speci-
fied two aspects of a concept that he called
“trying”: a directional aspect which takes the
form of an intention and a quantitative aspect
which is expressed in terms of exertion. Ac-
cording to Heider, the extent to which a person
exerts herself on a task is inversely correlated
with her ability, such that if two people are
working on the same task, the one who com-
pletes it with less effort is perceived as having

more ability. Kelley (1987) made a similar
claim as part of his version of attribution theory.

Critically, however, developmental psychol-
ogists have found that while nearly all children
eventually become aware of the inverse relation
between effort and ability, children (and adults)
do not necessarily apply this logic in all situa-
tions (for reviews, see Cimpian, 2017; Muenks
& Miele, 2017). Specifically, Nicholls and col-
leagues have found that whether or not an indi-
vidual will perceive ability to be inversely re-
lated to effort is, in part, dependent on how he
or she currently conceptualizes ability, which in
turn depends on the nature of the social context
(see Jagacinski & Nicholls, 1984, 1987). When
students are in an academic context that empha-
sizes social comparison, they tend to conceptu-
alize ability as a stable capacity that is nega-
tively associated with the amount of effort
needed to successfully complete a challenging
task. However, when they instead find them-
selves in a context that emphasizes individual
growth or mastery, they are more likely to con-
ceptualize ability as a competence or set of
skills that develops with increasing effort.

Research by Dweck and colleagues has also
attempted to explain how students think about
the relation between effort and ability in terms
of the ways in which they conceptualize ability.
However, as opposed to examining how stu-
dents’ ability conceptions vary across social
contexts, Dweck has explored stable individual
differences in people’s beliefs about ability
and intelligence that lead students to broadly
adopt a particular conception (or mindset)
across multiple contexts. According to Dweck,
students who believe that intelligence is fixed
after a certain point in development and cannot
be changed exhibit a fixed mindset, whereas
students who believe that intelligence is mallea-
ble and can be improved over time exhibit a
growth mindset. Importantly, studies suggest
that students with a fixed mindset may be more
likely than students with a growth mindset to
perceive high levels of effort as indicating low
levels of ability (e.g., Blackwell, Trzesniewski,
& Dweck, 2007; Hong, Chiu, Dweck, Lin, &
Wan, 1999; Miele, Son, & Metcalfe, 2013).
Thus, like Nicholls’s work, Dweck’s research
suggests that students are generally sensitive to
the negative and positive relations that exist
between effort and ability.
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Although Nicholls’s situational and develop-
mental approach to studying students’ reason-
ing about the relation between effort and ability
differs in important ways from Dweck’s indi-
vidual difference approach, they both distin-
guish between beliefs about the nature of ability
(as a fixed capacity vs. a set of malleable skills)
and beliefs about the level/amount of ability one
possesses. Furthermore, they both demonstrate
that beliefs about the nature of ability (e.g.,
ability mindsets) influence how students inter-
pret the relation between the level of effort
someone expends during a task and that per-
son’s level of ability. However, the interpreta-
tion of this relation may depend not only on
one’s beliefs about the nature of ability, but also
on one’s beliefs about the nature of effort. Thus,
to more fully understand how students think
about the relation between levels of effort and
ability, we must also explore their effort con-
ceptions. In the next section, we review re-
search that has begun to explore how stu-
dents’ conceptions of effort (and in particular,
their perceptions of the source from which
effort is derived) influence whether they per-
ceive ability level to be positively or nega-
tively related to effort level.

Perceptions of Effort Source

As previously discussed, Heider proposed
that individuals view the act of “trying” as in-
volving both an intention (which gives direction
to the trying) and a level of exertion that is
aimed at fulfilling this intention. Until recently,
researchers focused primarily on students’ per-
ceptions of exertion, without accounting for
their perceptions of the intentions from which
this exertion arises. Building upon Heider’s no-
tion of intentional effort, Muenks and Miele
(2017; Muenks et al., 2016) have argued that
students’ interpretations of someone’s effort de-
pend in part on whether they perceive this effort
to be an automatic response to the basic de-
mands of the task (i.e., the minimal demands
that must be met in order to successfully com-
plete the task) or as resulting from the motiva-
tion (and intention) to engage more deeply in
the task. When students perceive effort as an
automatic response, they view it as having been
elicited by the subjective difficulty of the task
(i.e., as task-elicited effort). This, in turn, leads
them to interpret high levels of effort as a sign

that the individual had to work hard in order to
compensate for low levels of ability. In contrast,
when students perceive effort as resulting from
one’s desire to work hard (i.e., as self-initiated
effort), they associate it with present or future
mastery and, therefore, do not view it as a sign
of low ability. In fact, to the extent that students
believe that intelligent and high achieving stu-
dents are motivated to work hard or that hard
work leads to intellectual growth, they may
even interpret self-initiated effort as a sign of
high ability.

The distinction between task-elicited and
self-initiated effort is based, in part, on prior
research in the metacognition literature by Ko-
riat and colleagues (see Koriat, Ackerman,
Adiv, Lockl, & Schneider, 2014; Koriat,
Ma’ayan, & Nussinson, 2006). These research-
ers proposed that the association between the
amount of effort that participants spend memo-
rizing content (e.g., particular word pairs) and
how confident they are about being able to later
recall this content (operationalized as “judg-
ments of learning”) depends partly on whether
the effort is part of data-driven versus goal-
driven regulation. When engaged in data-driven
regulation, individuals monitor how much effort
they had to expend in order to memorize or
encode something, with high levels of effort
indicating that the material was difficult to
learn. In other words, effort is perceived as
being task-elicited. And, to the extent that these
individuals also believe that difficult material is
less likely to be remembered, they should inter-
pret high effort as a sign of poor learning and
exhibit an inverse relation between their pro-
cessing effort and their metacognitive judg-
ments. Consistent with this proposal, Koriat and
colleagues (2006) demonstrated that the amount
of time (and presumably effort) participants
spent studying word pairs was negatively asso-
ciated with their judgments of learning.

By contrast, when individuals are instead en-
gaged in goal-driven regulation, they use effort
as a tool to deliberately pursue a particular goal,
such that they spend relatively more time study-
ing items that they perceive as potentially im-
portant or useful to learning. In other words,
effort is perceived as being self-initiated. And to
the extent that they perceive this effort as lead-
ing to better encoding, individuals should view
high effort a sign of good learning and, thus,
exhibit a positive relation between their encod-
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ing effort and their metacognitive judgments.
Evidence for this claim comes from a study in
which the incentives provided to participants
for learning different word pairs varied in mag-
nitude (Koriat et al., 2006). Not only did the
participants spend more time studying the high
incentive items compared to the low incentive
items, they were also more confident (i.e., had
higher judgments of learning) about being able
to recall them on an upcoming test. Overall,
Koriat’s research suggests that the perceived
meaning of effort during self-regulation—
either as task-elicited during data-driven regu-
lation or as self-initiated during goal-driven reg-
ulation—influences how people think about the
relation between effort and learning.

The distinction between task-elicited and
self-initiated effort is also based on prior re-
search from the developmental literature by
Heyman and colleagues (Heyman & Compton,
2006; Heyman, Gee, & Giles, 2003). In one
study (Heyman & Compton, 2006, Study 1),
kindergarteners and elementary schoolchildren
were presented with a hypothetical scenario in
which one character was described as having
finished a set of puzzles very quickly and an-
other character was described as having finished
the puzzles slowly. In the generic “effort” con-
dition, the children were told that the quick
character “hardly tried at all” whereas the slow
character “tried and tried.” In the “perceived
difficulty” condition, the children were instead
told that the quick character “thought the puz-
zles were easy to do” while the slow character
“thought the puzzles were hard to do.” The
children were then asked to assess which of the
characters was smarter. The results showed that,
for the older children, those in the generic effort
condition tended to think that the slow character
was smarter on average (thus, perceiving a pos-
itive relation between effort and ability),
whereas those in the perceived difficulty condi-
tion tended to think that the quick character was
smarter (thus, perceiving an inverse relation).
This finding suggests that information about
why someone worked hard can change students’
views about how this effort relates to ability.
When effort is described as originating from the
difficulty of the task (as being task-elicited), it
leads students to think in terms of an inverse
relation between effort and ability. However,
when effort is not described in terms of diffi-
culty (and thus could potentially originate from

some other source), students do not necessarily
think in terms of an inverse relation.

Building on this research by Heyman, Koriat,
and colleagues, Muenks et al. (2016) directly
contrasted college students’ perceptions of task-
elicited effort with their perceptions of self-
initiated effort. Specifically, they had students
read a series of vignettes in which hypothetical
characters were described as working on a class
assignment. Some characters were described as
putting in more effort than the others, and the
source of this effort was framed as being either
self-initiated or task-elicited. Results indicated
that when effort was framed as task-elicited
(e.g., when one character was said to put in
more effort because she found the task more
difficult than the other character did), and per-
formance information was not included, student
were more likely to rate the high-effort charac-
ters as having less ability than the characters
who put in less effort (i.e., an inverse relation-
ship between effort and ability). By contrast,
when effort was described as self-initiated (e.g.,
when one character was said to put in more
effort because she was more motivated to en-
gage in the task), participants were less likely to
perceive an inverse relation and, in some cases,
even perceived a positive relation between ef-
fort and ability. Furthermore, this pattern of
results was observed across content domains
(math, English literature, and physics).

Research Questions

At this point, research on perceived effort
source has examined task-elicited versus self-
initiated effort as a variable that can be experi-
mentally manipulated by highlighting a per-
son’s reasons for working hard (or not working
hard). However, it is still unclear whether stu-
dents spontaneously draw on their own beliefs
about effort source when forming judgments of
ability. This gap in the literature led us to pose
the following research questions.

Primary Research Questions

First, do college students have general beliefs
about whether effort in a particular academic
domain (e.g., math or English) tends to be task-
elicited or self-initiated, and can these beliefs be
reliably assessed? To answer this question, we
developed and refined a novel measure of effort
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source beliefs that was used in all three of the
present studies.

Second, in the absence of strong situational
cues, do these effort source beliefs influence
how students think about the relation between
levels of effort and ability? In particular, do
they influence students’ judgments of ability
when they are provided with information about
how hard someone worked on an academic
task? Based on prior research (Muenks et al.,
2016), we expected that students with a ten-
dency to perceive effort as task-elicited would
view levels of effort as inversely related to
levels of ability and, thus, would judge a student
who worked hard on an assignment to have less
ability than a student who did not work hard. In
contrast, we expected that students with a ten-
dency to perceive effort as self-initiated would
be less likely to view levels of effort as in-
versely related to levels of ability and, in some
cases, might even view these constructs as pos-
itively related to each other.

Secondary Research Questions

In addition to these primary research ques-
tions, we were interested in exploring three
other questions. First, do students draw on their
effort source beliefs when forming judgments of
their own ability, in addition to forming judg-
ments of other people’s abilities? Specifically,
is the pattern of association between effort
source beliefs and ability judgments the same in
self- and other-oriented contexts? Second, can
effort source beliefs be reliably measured in
multiple academic domains (e.g., math and
English)? And, are effort source beliefs in each
of these domains predictive of students’ ability
judgments, or is effort source more salient as an
ability cue in one domain than in another?

Finally, to what extent are students’ effort
source beliefs—that is, their beliefs about the
nature of effort— correlated with their ability
mindsets—their beliefs about the nature of
ability? And, do effort source beliefs and
growth mindsets independently predict stu-
dents’ ability judgments? On the one hand, it
seems intuitively plausible that the two con-
structs could be related. For example, it is
easy to imagine a student with a fixed mindset
who believes that individual differences in
innate ability account for how much more
effort some people (vs. others) must put into

academic tasks in order to be successful. Such
a student may be particularly likely to view
effort as task-elicited. On the other hand,
there is no logical reason why the two types
of beliefs must be related. For instance, it is
also easy to imagine a student with a fixed
mindset who believes that people who are
innately intelligent (compared to people who
are not) tend to be more interested in intel-
lectual pursuits and, thus, are particularly mo-
tivated to expend effort on academic tasks.
Such a student would be likely to view effort
as self-initiated. Conversely, imagine an indi-
vidual with task-elicited beliefs about effort
who infers that students who work hard on
school tasks do so because they have low
levels of ability and the tasks are subjectively
difficult for them. This individual could be-
lieve either that (a) the tasks will always be
difficult for the students (a fixed mindset) or
(b) the students will eventually find math to
be less challenging than they do now (a
growth mindset).

Present Studies

We conducted three studies to address our
research questions. In each study, college par-
ticipants were presented with several vignettes
in which a student was described as working
hard or not working hard. For each vignette,
participants were asked to rate how much ability
they believed the student to possess. Unlike in
the studies by Muenks et al. (2016), the vi-
gnettes did not provide any information about
why the student put forth a certain amount of
effort. After responding to the vignettes, the
participants completed a novel measure of their
effort source beliefs. In Study 1, both the vi-
gnettes and the effort source beliefs measure
were about the efforts of other students in the
context of a math course. In Study 2, which was
also focused on the math domain, participants
were presented with two types of vignettes (half
were about other students and half were about
themselves) and two belief measures (one about
other students and another about themselves). In
Study 3, we explored the effects of effort source
beliefs in a second academic domain by framing
the vignettes and the effort beliefs measure in
the context of an English course.
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Study 1

The goal of Study 1 was to begin to address
our primary research questions. That is, do col-
lege students have general beliefs about whether
effort in a particular academic domain (i.e.,
math) tends to be task-elicited or self-initiated,
can these beliefs be reliably assessed, and are
these effort source beliefs associated with how
students think about the relation between levels
of effort and ability? As such, participants in
Study 1 responded to four vignettes, each in-
volving a student who was described as working
hard (two vignettes) or not working hard (two
vignettes) on a math assignment. Participants
were asked to evaluate the ability of each stu-
dent. Participants then completed our effort
source beliefs measure. Finally, to examine the
relations between students’ effort source beliefs
and their ability mindsets, participants also
completed a measure of their ability mindsets.

Participants

Data were collected from 110 participants
who were recruited from sections of a course on
child development (spring 2016) in the school
of education at a private research university in
Massachusetts (see Table 1 for demographics).
These participants completed studies to fulfill a
research requirement for the course. The sample
provided a statistical power of .80 to detect an
interaction effect of f2 ! .073.1

Procedure and Method

Participants completed the measures de-
scribed below in the order in which they are
listed. Information about the internal consis-
tency reliability for each measure is reported in
Table 2, along with descriptive statistics. See
the online supplementary materials for a de-
scription of additional materials not discussed
herein (including some items that were admin-
istered before the ability mindset measure).

Judgments of ability. Participants were
first presented with four vignettes (in a random
order) that were about hypothetical students
completing math assignments in a calculus or
linear algebra class. In these and all subsequent
vignettes (Studies 1–3), the characters were
given female names in order to match the high
proportion of females in our samples. Each vi-
gnette featured a single student (e.g., Jennifer or

Cassidy), and the student was described as put-
ting in a high level of effort in two of the
vignettes (e.g., “The class is given 15 minutes to
complete the assignment, and Jennifer spends
the full 15 minutes on the problems, concentrat-
ing hard, and putting in a lot of effort”), and as
putting in a low level of effort in the remaining
two (e.g., “The class is given 15 minutes to
complete the assignment, and Cassidy spends
only 10 minutes on the problems, putting forth
relatively little effort”). See the Appendix for
full versions of all four vignettes.

After reading each vignette, participants were
asked to evaluate the student’s math ability on a
6-point scale (“Very Low” to “Very High,” with
the intermediate points also labeled). For the
purposes of analysis, we computed two ability
judgment variables: one variable represented
the mean judgment for the two high effort vi-
gnettes and the other variable represented the
mean judgment for the two low effort vignettes.
It is important to note that in all three studies,
participants made their ability judgments before
indicating their effort source beliefs, thereby
ruling out the possibility that their judgments
were based on externally primed effort source
beliefs.

Effort source beliefs. Participants’ effort
source beliefs in the math domain were assessed
using a vignette-based measure. Each vignette
described two hypothetical students in a math
class who were completing the same assign-
ment individually, with one of the students
described as putting in more effort than the
other—for example:

Two college students, Sarah and Lisa, are sitting in a
math class. The professor gives the class an assignment
to work on individually. Sarah works hard on the
assignment, while Lisa does not work very hard.

For each vignette, participants used a 6-point
scale to indicate how likely it was (“Very Un-
likely” to “Very Likely”) that the student who
worked harder did so for task-elicited reasons
and how likely it was that the student did so for
self-initiated reasons (see Table 3 for a list of
items). Participants completed six such vi-
gnettes, displayed in random order, with the two

1 We initially analyzed data from 80 participants. Be-
cause the primary interaction effect was not significant, we
collected data from an additional 30 participants to address
a possible lack of power.
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response items for each vignette presented in a
random order on the same screen. See the Ap-
pendix for full versions of all six vignettes. An
exploratory factor analysis (EFA) produced a
clean factor structure, with all task-elicited be-
liefs items loading onto one factor, all self-
initiated beliefs items loading onto a second
factor, and no cross-loadings (see Table 3). See
the online supplementary materials for com-
plete description of the EFA. For measures of
internal consistency reliability, see Table 2.

Across all of our studies, we were primarily
interested in assessing the relative (rather than
the absolute) strength of participants’ effort
source beliefs. In other words, although the
EFA suggests that the strength of participants’
task-elicited and self-initiated beliefs vary inde-
pendently, people’s ability judgments should in
part be determined by the predominant strength
of one set of beliefs over the other. This is in
keeping with analyses of other multifactor indi-
vidual difference constructs (e.g., Molden &
Winterheld, 2013; Sheldon, Osin, Gordeeva,
Suchkov, & Sychev, 2017). As such, partici-
pants’ effort source belief scores were calcu-
lated by subtracting their mean judgment of
self-initiated effort from their mean judgment of
task-elicited effort (both means are reported in
Table 2, along with the mean difference score).
In this coding scheme, positive scores reflect a
general tendency to perceive other people’s ef-
forts as task-elicited, with higher scores reflect-
ing stronger task-elicited tendencies. Con-
versely, negative scores reflect a tendency to

perceive these efforts as self-initiated, with
lower scores reflecting stronger self-initiated
tendencies. Interestingly, the mean of the scores
(M ! .24, SD ! .76, skewness ! .49, kurto-
sis ! 1.71) was significantly greater than zero,
t(109) ! 3.34, p ! .001, Cohen’s d ! .32,
indicating a general tendency of participants to
think in terms of task-elicited effort in the math
domain.

Ability mindsets. Participants also com-
pleted a validated measure of ability mindsets
(Dweck, 2000), which allowed us to examine
the contributions of effort source beliefs above
and beyond those of an established predictor of
students’ ability judgments. The scale included
four growth mindset items (e.g., “You can al-
ways substantially change how intelligent you
are”) and four fixed mindset items (e.g., You
have a certain amount of intelligence, and you
really cannot do much to change it). Participants
responded using a 1 (“Strongly Disagree”) to 6
(“Strongly Agree”) scale. Fixed mindset items
were reverse coded and ability mindset scores
were computed by averaging across all eight
items, with higher scores indicating that a par-
ticipant had a stronger growth mindset about
intelligence.

Results

The correlation between participants’ effort
source beliefs and their ability mindsets was small
and nonsignificant, r(108) ! ".05, p ! .576,

Table 1
Demographics of Participants

Variables Study 1 Study 2 Study 3

Mage (SD) 18.83 (.93) 19.01 (1.01) 18.92 (.98)
Gender

Male 17.3% 12.8% 17.9%
Female 82.7% 87.2% 82.1%

Hispanic or Latino Heritage 5.5% 12.2% 8.2%
Racial Background

American Indian or Alaska Native .9% 0% 1.1%
Asian 13.0% 19.3% 13.7%
Black or African-American 2.8% 5.7% 5.5%
Native Hawaiian or Other Pacific Islander 0% 0% 0%
White 87.0% 79.0% 83.1%

Note. Latino heritage and racial background were solicited as part of separate questions, in line with NCES standards.
Participants were asked to indicate all races that apply, thus percentages do not necessarily add up to 100%. Latino heritage
was not reported by one participant in Study 1. Race was not reported by two, four, and one participant(s) in Studies 1–3,
respectively.
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suggesting that these variables represent distinct
constructs.

To test whether our novel measure helps ac-
count for variation in students’ ability judg-
ments, we submitted these judgments to a re-
peated measures ANCOVA in R with Type III
sum of squares. This analysis included the tar-
get’s effort level (high vs. low) as a dichoto-
mous within-subjects factor, participants’ stan-
dardized effort source belief scores as a
continuous covariate, and target’s Effort
Level # Effort Source Beliefs as the interaction
term. In addition, to test whether the effects

of our measure were independent of the ef-
fects of ability mindsets, we entered partici-
pants’ standardized mindset scores and the
Effort Level # Ability Mindset interaction
term as additional predictors in a second step.
We conducted an ANCOVA instead of a lin-
ear regression analysis because ANCOVA,
unlike regression, allowed us to examine the
interaction between a continuous independent
variable (i.e., the covariate) and a repeated-
measure factor (see Algina, 1982; Thomas,
2009; Thomas et al., 2009, for more detail on
this analytic approach).

Table 2
Descriptive Statistics for Studies 1–3

Internal consistencya

Measures M SD $T (%) r

Study 1
Other-focused effort source beliefs (TE–SI) .24 .76 — —

Task-elicited (TE) beliefs 4.36 .61 .85 (.80) —
Self-initiated (SI) beliefs 4.12 .69 .77 (.74) —

Ability mindsets 3.87 .88 .94 (.93) —
Judgments of ability

High-effort vignettes 3.95 .82 — .66
Low-effort vignettes 4.25 .92 — .52

Study 2
Other-focused effort source beliefs (TE–SI) .38 .83 — —

Task-elicited (TE) beliefs 4.44 .63 .87 (.82) —
Self-initiated (SI) beliefs 4.05 .74 .82 (.79) —

Self-focused effort source beliefs (TE–SI) .71 .92
Task-elicited (TE) beliefs 4.48 .60 .82 (.76) —
Self-initiated (SI) beliefs 3.77 .76 .76 (.73) —

Ability mindsets 3.74 .93 .95 (.94) —
Other-focused judgments of ability

High-effort vignettes 3.96 .73 — .66
Low-effort vignettes 4.31 .95 — .61

Self-focused judgments of ability
High-effort vignettes 3.88 .78 — .69
Low-effort vignettes 4.23 .97 — .59

Study 3
Other-focused effort source beliefs (TE–SI) ".08 .73 — —

Task-elicited (TE) beliefs 4.16 .66 .87 (.83) —
Self-initiated (SI) beliefs 4.24 .63 .75 (.70) —

Ability mindsets 4.04 .87 .94 (.93) —
Judgments of ability

High-effort vignettes 4.46 .81 — .75
Low-effort vignettes 3.57 .89 — .76

a For measures with at least three items, we report omega total ($T) and Cronbach’s alpha (%), which can be interpreted in
a similar manner. Omega total (which we computed from polychoric correlations to account for the ordinal nature of the
data) is recommended as a replacement for alpha because alpha makes rigid assumptions that can introduce considerable
downward bias, especially when scales have a small number of items or are multidimensional (Dunn, Baguley, & Brunsden,
2014; McNeish, 2018; Yang & Green, 2011). We include alpha here for the sake of comparison. For measures with only
two items, we report the Pearson correlation (r) between the items instead. We did not include coefficients for the overall
effort source measure (TE"SI) because the TE and negatively-coded SI items did not positively load onto a single general
factor. See the online supplementary materials for more details.
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The results of the analysis are displayed in
Table 4 and Figure 1. Replicating prior work (e.g.,
Folmer et al., 2008; Karabenick & Heller, 1976;
Nicholls et al., 1986), a negative main effect of
effort level on students’ ability judgments ap-
peared. That is, for participants who scored at the
mean of the effort source scale, greater effort was
seen as indicative of lower academic ability.2

More critically, this main effect was significantly
moderated by students’ effort source beliefs. Sim-
ple effects analyses conducted at 1.5 SD above
and below the mean of the scale revealed that, for
students with relatively strong task-elicited beliefs
(&1.5 SD), targets who put in less effort were
judged to have higher ability than those who put in
more effort. By contrast, students with relatively
strong self-initiated beliefs ("1.5 SD) did not per-
ceive effort and ability as inversely related when
evaluating other students’ ability levels. This dif-

ference between students with task-elicited and
self-initiated beliefs was driven primarily by their
perceptions of the low effort targets. That is, stu-
dents with task-elicited beliefs rated the low effort
target’s math ability higher than did students with
self-initiated beliefs. The nonsignificant difference
for the high effort target was in the opposite di-
rection.3

Importantly, the Effort Source # Effort Level
interaction remained significant when the addi-
tional predictors were included in the model,

2 Because all terms (including the interaction) were added
to the model simultaneously, the main effect of effort level
represents the effect of this variable when the standardized
effort source score is equal to zero (see Aiken & West, 1991).

3 We conducted these analyses at '1.5 SD to be consis-
tent with our prior work on mindsets (e.g., Miele et al.,
2013).

Table 3
Pattern Matrix for the Exploratory Factor Analysis of Effort Source Belief Items in Study 1

Items Factor 1 Factor 2

Vignette 1: How likely is it that Sarah worked harder because . . .?
TE 1: . . . she found the assignment to be difficult, whereas Lisa found the assignment to

be easy. .641 .161
SI 1: . . . she was motivated to perform well on the assignment, whereas Lisa was not

motivated to perform well. .142 .476
Vignette 2: How likely is it that Diane spent more time on the assignment because . . .?

TE 2: . . . the assignment was very challenging for her, whereas the assignment was not
particularly challenging for Rachel. .686 ".055

SI 2: . . . she really enjoys working on math assignments, whereas Rachel does not enjoy
math. ".061 .588

Vignette 3: How likely is it that Nancy spent more time on the assignment because . . .?
TE 3: . . . she found the assignment to be very complicated, whereas Michelle found the

assignment to be simple. .644 ".080
SI 3: . . . she was really motivated to learn from the assignment, whereas Michelle did

not care how much she learned. .085 .512
Vignette 4: How likely is it that Jennifer expended more effort on the assignment because

. . .?
TE 4: . . . the assignment was very difficult for her, whereas it was fairly easy for

Lindsey. .728 ".126
SI 4: . . . she was very interested in the topic of the assignment, whereas Lindsey was

not very interested in the topic. ".027 .649
Vignette 5: How likely is it that Dana put more effort into the assignment because . . .?

TE 5: . . . she found that the assignment to be very demanding, whereas Stacey did not
find the assignment to be demanding. .747 .119

SI 5: . . . she was motivated to do her best on the task, whereas Stacey did not care
about doing her best. ".009 .677

Vignette 6: How likely is it that Ellen, unlike Miriam, used the full time because . . .?
TE 6: . . . she found the assignment to be very challenging, whereas Miriam did not find

the assignment to be challenging. .715 .027
SI 6: . . . she was motivated to get a good grade on the assignment, whereas Miriam did

not care about getting a good grade. .040 .623

Note. See the online supplementary materials for a full description of the analysis and for the full text of the vignettes.
Factor loadings ( | .3 | appear in bold. TE ! task-elicited belief item; SI ! Self-initiated belief item.
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whereas the Ability Mindsets # Effort Level in-
teraction was not significant.4 Finally, the overall
pattern of results did not differ based on whether
outliers were included or excluded from the effort
source and ability mindset variables (see the on-
line supplementary materials for the results of
analyses conducted with outliers excluded).5

Discussion

Study 1 was designed to examine two central
research questions: Can effort source beliefs be
reliably measured? And, do these beliefs predict
participants’ judgments of other students’ abil-
ities? Regarding the first question, the results of
the study showed that our novel measure of
effort source beliefs had good psychometric
properties. Participants’ scores on this measure
indicate that, on average, they tended to inter-
pret effort in the math domain as being task-
elicited. This is consistent with attitudes and
stereotypes in the U.S. regarding the difficulty
of mathematics: because it is commonly be-
lieved that “math is hard” (Ashcraft, 2002;
Saad, 2005), students may come to perceive the
effort that people expend during math activities
as being directly elicited by the difficulty of the
task. At the same time, however, there was a
fair amount of variability in the extent to which

participants perceived effort as being more task-
elicited versus more self-initiated.

Regarding the second question, we found that
participants who scored at the mean of the effort
source scale viewed higher levels of effort as
indicative of lower levels of academic ability.
This main effect can partly be explained by the
fact that participants who scored at the mean of
the effort source measure held task-elicited be-
liefs. However, an additional analysis showed
that even participants who scored at the mid-
point of the scale may have viewed higher lev-
els of effort as a sign of low ability, t(108) !
"1.72, p ! .089. This tendency to view effort

4 102 of the 110 participants in this study also completed
a measure of their math-specific ability mindsets (Leslie et
al., 2015) as part of a separate study which they completed
21–51 days later. The correlation between participants’ ef-
fort source beliefs and their math-specific ability mindsets
was small, r(100) ! ".20, p ! .043, and including these
mindsets in our analyses instead of their domain-general
mindsets did not alter our results (Effort Source # Effort
Level interaction: F(1, 99) ! 8.72, p ! .004, )p

2 ! .081).
See the online supplementary materials for complete details
regarding the math-specific mindsets measure and analyses
for this study and for Study 3.

5 Across studies, the number of participants with outlier
scores ('3 SD) excluded in each of our primary analyses
ranged from 1 to 2.

Table 4
Results for Repeated Measures ANCOVAs Predicting Judgments of Others’ Math Ability From
Participants’ Effort Source Beliefs, the Target Student’s Effort Level (Low [Coded as "1] Versus High
[Coded as &1]), and the Effort Source # Effort Level Interaction in Study 1

Step 1 Step 2

Main effects and interactions F df p )p
2 F df p )p

2

Effort source beliefs 2.48 1, 108 .118 .022 2.26 1, 107 .136 .021
Effort level 5.88 1, 108 .017 .052 5.90 1, 107 .017 .052
Effort Source Beliefs # Effort Level 7.30 1, 108 .008 .063 6.97 1, 107 .010 .061
Ability mindsets — — — — 1.96 1, 107 .165 .018
Ability Mindsets # Effort Level — — — — 1.23 1, 107 .270 .011

Simple Effects t df p diff. t df p diff.

Effects of effort level (high minus low)
For those with more self-initiated beliefs ("1.5 SD) .91 108 .365 .20 .86 107 .392 .19
For those with more task-elicited beliefs (&1.5 SD) "3.59 108 *.001 ".79 "3.54 107 *.001 ".78

Effects of effort source beliefs (&1.5 SD minus "1.5 SD)
For ratings of low effort targets 3.07 213.02 .002 .75 2.97 210.88 .003 .73
For ratings of high effort targets ".97 213.02 .331 ".24 ".98 210.88 .328 ".24

Note. Participants’ ability mindsets and the Mindsets # Effort Level interaction were added as predictors in a second step.
The analyses above were conducted with outliers included. For analyses conducted with outliers excluded, see the online
supplementary materials. There were no differences in the significance of any effects (alpha level of .05) across these two
sets of analyses.
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and ability as inversely associated perhaps
makes sense when you consider that math as-
signments typically consist of close-ended
problems, with students being rewarded for
finding the one right answer as quickly as pos-
sible. That is, regardless of their effort source
beliefs, participants may view people who com-
plete math tasks quickly as being top performers
and, in turn, view top performers as having high
levels of math ability.

More importantly, we found that (in line with
our expectations) the main effect of effort level
was moderated by participants’ effort source be-
liefs. Specifically, participants who tended to per-
ceive effort as task-elicited judged the students in
the vignettes who worked hard as having less
math ability than the students who did not work
hard—they viewed effort as inversely related to
ability. In contrast, participants who tended to
perceive effort as self-initiated judged the students
who worked hard as having just as much ability as
students who did not work hard—they did not
view effort as inversely related to ability.

Finally, we explored two questions regarding
the association between effort source beliefs
and ability mindsets. First, we found that there

was no correlation between these constructs.
Second, only effort source beliefs emerged as a
significant predictor of participants’ ability
judgments when examining these beliefs and
ability mindsets simultaneously.

The finding that effort source beliefs influence
students’ judgments of others’ abilities has impor-
tant implications for research on academic moti-
vation. As discussed, the extent to which students
perceive their peers to have relatively high levels
of ability in a particular domain can contribute to
their motivation in that domain. However, the
relation between judgments of other students’
abilities and one’s own motivation is, perhaps, less
direct and weaker than the relation between self-
judgments of ability and one’s own motivation.
Therefore, it is important to examine whether stu-
dents’ effort source beliefs predict their assess-
ments of their own abilities, in addition to their
assessments of others’ abilities (see Muenks,
2016).

Study 2

Study 2 was designed to provide further ev-
idence for our primary research questions: do
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Figure 1. The relationship between participants’ effort source beliefs and their judgments of
math ability for high- and low-effort targets in Study 1. Mean ability judgments were
estimated at 1.5 SD above and below the mean of the effort source beliefs measure (.24),
based on the model reported in Table 4 (Step 1). Œ indicates mean ability judgment estimated
at the midpoint of the effort source scale. Error bars represent ' 1 SE of the mean. Simple
slope coefficients (b) represent the increase in ability judgments corresponding to a 1 SD
increase in effort source beliefs. !! p * .01. ns p ( .10.
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college students have general beliefs about
whether effort in a particular academic domain
(i.e., math) tends to be task-elicited or self-
initiated, can these beliefs be reliably assessed,
and do these effort source beliefs influence how
students think about the relation between levels
of effort and ability? As such, Study 2 directly
replicated the methods used in Study 1.

Additionally, Study 2 sought to extend our
findings from Study 1 to self-judgments of abil-
ity. That is, do college students have general
inclinations regarding whether their own efforts
tend to be task-elicited or self-initiated, and do
these effort source beliefs influence how they
think about the relation between their own lev-
els of effort and their own abilities? As such,
participants in Study 2 initially completed a
series of vignettes that were either about them-
selves or another student exhibiting high or low
levels of effort on a math assignment. After
assessing the math ability of another student or
themselves in each vignette, participants com-
pleted two versions of the effort source beliefs
measure. One version assessed their effort
source beliefs in regard to other individuals
(replicating Study 1), while the other version
assessed the same beliefs in regard to them-
selves. As in Study 1, all participants also com-
pleted a measure of their growth mindsets.

Participants

Data were collected from 185 participants
who were recruited from a course on child de-
velopment (fall 2017) in the school of education
at a private research university in Massachu-
setts. These participants completed studies to
fulfill a research requirement for the course (see
Table 1 for demographics). Responses from 5
participants were removed because they had
previously participated in one of the other stud-
ies reported herein. The final sample of 180
participants provided a statistical power of .80
to detect an interaction effect of f2 ! .044.

Procedure and Method

The procedure in Study 2 was the same as in
Study 1, except that half of the materials were
framed in terms of other people (as in Study 1)
and half were framed in terms of the partici-
pants themselves. Specifically, participants first
responded to eight ability judgment vignettes in
a random order: the same four from Study 1 in

which they evaluated the ability levels of other
students who were described as having exerted
high or low levels of effort, and four new vi-
gnettes in which they evaluated their own abil-
ity levels after imagining that they had exerted
high or low effort. Again, participants made
their ability judgments before indicating their
effort source beliefs, thereby ruling out the pos-
sibility that their judgments were based on ex-
ternally primed effort source beliefs.

Next, participants completed two six-vignette
effort source belief measures, in a random or-
der. One was the same measure used in Study 1,
in which the vignettes involved two hypotheti-
cal students, with one described as exerting a
greater amount of effort than the other. The
second measure included vignettes that in-
volved both the participant themselves and one
hypothetical other student, with the participant
being described as exerting more effort than the
hypothetical student in three of the vignettes
and less effort in the other three. Finally, they
completed the same ability mindset measure as
in Study 1. The new, self-focused materials
used in Study 2 are described below.

Self-judgments of ability. In addition to
the four vignettes used in Study 1, which in-
volved fictional students completing math as-
signments, participants were also presented
with four hypothetical vignettes that involved
the participants themselves—for example,
“Imagine that you are sitting in a Linear Alge-
bra class that you enrolled in when the professor
gives the class a set of problems to work on
individually.” Participants were described as
putting in a high level of effort in two of the
vignettes (e.g., “The class is given 18 minutes to
complete the assignment, and you spend the full
18 minutes on the assignment, concentrating
hard, and putting in a lot of effort”), and as
putting in a low level of effort in the remaining
two (e.g., “The class is given 18 minutes to
complete the assignment, and you spend only
12 minutes on the assignment, putting forth
relatively little effort”). See the Appendix for
full versions of all four vignettes. After reading
each vignette, participants evaluated their own
math ability on a 6-point scale (“Very Low” to
“Very High”). For the purposes of analysis, we
computed two ability judgment variables: one
variable represented the mean self-judgment for
the two high effort vignettes and the other vari-
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able represented the mean self-judgment for the
two low effort vignettes.

Self-relevant effort source beliefs. In ad-
dition to the measure used in Study 1, partici-
pants completed a second measure of their ef-
fort source beliefs. In this new measure, each
vignette described a hypothetical student and
the participant themselves completing the same
assignment individually, with one of them
described as putting in more effort than the
other—for example:

You and another student, Lisa, are sitting in a math
class. The professor gives the class an assignment to
work on individually. You work hard on the assign-
ment, while Lisa does not work very hard.

For each vignette, participants used a 6-point
scale to indicate how likely it was (“Very Un-
likely” to “Very Likely”) that the student who
worked harder did so for task-elicited reasons
(e.g., “you found the assignment to be difficult,
whereas Lisa found the assignment to be easy”)
and how likely it was that the student did so for
self-initiated reasons (“you were motivated to
perform well on the assignment, whereas Lisa
was not motivated to perform well”). Partici-
pants completed six such vignettes, displayed in
random order, with the two response items for
each vignette presented in a random order on
the same screen (see Appendix). In three of the
vignettes, the participant was described as put-
ting in more effort than the hypothetical student;
and, in the other three, he or she was described
as putting in less effort.

Participants’ effort source belief scores for
both measures (other-focused and self-focused)
were calculated as in Study 1, by subtracting
their mean judgment of self-initiated effort
across the six vignettes from their mean judg-
ment of task-elicited effort. In this coding
scheme, positive scores reflect a general ten-
dency to perceive both other people’s and par-
ticipants’ own efforts as task-elicited, with
higher scores reflecting stronger task-elicited
tendencies. Conversely, more negative scores
reflect a tendency to perceive these efforts as
self-initiated, with lower scores reflecting stron-
ger self-initiated tendencies. The mean scores
for both measures (other-focused: M ! .38,
SD ! .83, skewness ! .43, kurtosis ! 1.55;
self-focused: M ! .71, SD ! .92, skewness !
.60, kurtosis ! .92) were significantly greater
than zero, ts(179) ( 6.23, ps * .001, Cohen’s

ds ! .47 (other-focused) and .78 (self-focused),
indicating a general tendency of participants to
think in terms of task-elicited effort. Further-
more, participants reported significantly stron-
ger task-elicited beliefs when describing their
own efforts than when describing those of oth-
ers, t(179) ! 6.68, p * .001, Cohen’s d ! .50.
Finally, the two measures were highly corre-
lated, r(178) ! .72, p * .001.

Results

Similar to Study 1, the correlations between
participants’ ability mindsets and both effort
source belief measures were small, r(178) !
".13, p ! .094 (other-focused), r(178) ! ".05,
p ! .531 (self-focused), further supporting our
contention that these variables represent distinct
constructs.

To test whether the results of Study 1 were
replicated in Study 2, we submitted partici-
pants’ judgments of others’ abilities to a re-
peated measures ANCOVA that included the
target’s effort level (high vs. low) as a dichot-
omous within-subjects factor, participants’ stan-
dardized effort source belief scores as a contin-
uous covariate, and target’s Effort Level #
Effort Source Beliefs as the interaction term. In
addition, to test whether the effects of our mea-
sure were independent of the effects of ability
mindsets, we entered participants’ standardized
mindset scores and the Effort Level # Ability
Mindsets interaction term as additional predic-
tors in a second step. As shown in the Table 5a
and Figure 2a, the results of this analysis repli-
cated the results from Study 1. In fact, the
pattern of means for the Effort Level # Effort
Source interaction was almost identical across
the two studies.

To examine participants’ self-judgments of
ability, we conducted a second set of repeated
measures ANCOVA analyses, with self-focused
effort source beliefs scores included instead of
other-focused scores. As shown in Table 5b and
Figure 2b, the results of this analysis were very
similar to the results of the other-focused anal-
yses. Specifically, we observed a negative main
effect of effort level on participants’ self-
judgments of ability. In other words, high levels
of effort by others or by the self were seen as
indicating relatively low levels of math ability
by participants who scored at the mean of the
effort source scales. Participants who scored at

14 MIELE, BROWMAN, AND VASILYEVA

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.



the midpoint of the other-oriented scale exhib-
ited the same pattern, t(178) ! "2.13, p !
.034; however, participants who scored at the
midpoint of the self-oriented scale did not,
t(178) ! "1.28, p ! .201.

More critically, these effects were signifi-
cantly moderated by participants’ self-focused
effort source beliefs. To explore the interac-
tions, we conducted simple effects analyses at
1.5 SD above and below the mean of the effort
source measure. In line with the other-focused
findings, participants with relatively strong
task-elicited beliefs (&1.5 SD) rated their own
abilities to be lower when they imagined them-
selves expending high versus low levels of ef-
fort (i.e., an inverse relation between ability and
effort). In contrast, students with relatively
strong self-initiated beliefs ("1.5 SD) evaluated
their ability to be the same across the two effort
level conditions. Similar to the other-focused
analyses (both in the current study and in Study
1), students with task-elicited beliefs rated their
math ability for the low effort vignettes margin-
ally higher than did students with self-initiated
beliefs (though this difference was not signifi-
cant when outliers were excluded; see Table
S2b). However, in contrast to the other-focused
analyses, we found a significant effect of effort
source beliefs in the opposite direction for the

high effort vignettes. Finally, the self-focused
Effort Source # Effort Level interaction re-
mained significant when the additional predic-
tors were included in the model, whereas the
Ability Mindsets # Effort Level interaction was
not significant.

Discussion

Replicating the results of Study 1, we found
that the participants in Study 2 who tended to
perceive effort as task-elicited judged other stu-
dents who worked hard as having less math
ability than the students who did not work hard.
In contrast, participants who tended to perceive
effort as self-initiated did not view effort as
inversely related to math ability. Extending
these results, we found a similar pattern when
examining participants’ judgments of their own
math ability. The main difference was that,
when imagining themselves working hard, par-
ticipants who tended to view effort as task-
elicited rated their own ability significantly
lower than participants who viewed effort as
more self-initiated. And, although there were
signs of an effect in the opposite direction when
participants imagined themselves not working
particularly hard, this effect was, at most, only
marginally significant.

Table 5a
Results for Repeated Measures ANCOVAs Predicting Judgments of Others’ Math Ability From
Participants’ Other-Focused Effort Source Beliefs, the Target’s Effort Level (Low [Coded as "1] Versus
High [Coded as &1]), and the Effort Source # Effort Level Interaction in Study 2

Step 1 Step 2

Main effects and interactions F df p )p
2 F df p )p

2

Effort source beliefs 3.84 1, 178 .052 .021 4.25 1, 177 .041 .023
Effort level 12.40 1, 178 *.001 .065 12.40 1, 177 *.001 .065
Effort Source Beliefs # Effort Level 10.32 1, 178 .002 .055 9.39 1, 177 .003 .050
Ability mindsets — — — — .89 1, 177 .348 .005
Ability Mindsets # Effort Level — — — — .95 1, 177 .331 .005

Simple Effects t df p diff. t df p diff.

Effects of effort level (high minus low)
For those with more self-initiated beliefs ("1.5 SD) .72 178 .469 .13 .62 177 .536 .11
For those with more task-elicited beliefs (&1.5 SD) "4.62 178 *.001 ".82 "4.50 177 *.001 ".81

Effects of effort source beliefs (&1.5 SD minus "1.5 SD)
For ratings of low effort targets 3.74 332.76 *.001 .70 3.69 330.92 *.001 .69
For ratings of high effort targets "1.37 332.76 .173 ".25 "1.19 330.92 .236 ".22

Note. Participants’ ability mindsets and the Mindsets # Effort Level interaction were added as predictors in a second step.
The analyses above were conducted with outliers included. For analyses conducted with outliers excluded, see the online
supplementary materials. There were no differences in the significance of any effects (alpha level of .05) across these two
sets of analyses.

15INDIVIDUAL DIFFERENCES IN EFFORT SOURCE BELIEFS

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

http://dx.doi.org/10.1037/mot0000124.supp
http://dx.doi.org/10.1037/mot0000124.supp
http://dx.doi.org/10.1037/mot0000124.supp
http://dx.doi.org/10.1037/mot0000124.supp


With respect to participants’ ability mindsets,
Study 2 replicated the results of Study 1. Spe-
cifically, the correlations between participants’
ability mindsets and effort source beliefs were
either weak or nonsignificant and only the effort
source beliefs emerged as a significant predictor
of participants’ self- and other-oriented ability

judgments when examining these beliefs and
ability mindsets simultaneously.

While the findings of Studies 1 and 2 were
remarkably similar, it remains to be seen
whether this pattern of results extends to an
academic domain other than mathematics.
Just as people’s mindsets about different ac-
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Figure 2. The relationship between participants’ effort source beliefs and their judgments of
(a) others’ and (b) their own math ability when putting forth high or low effort in Study 2.
Mean ability judgments were estimated at 1.5 SD above and below the mean of the effort
source beliefs measure (.38 for judgments of others, .71 for self-judgments), based on the
models reported in Tables 5a and 5b (Step 1). Œ indicates mean ability judgment estimated
at the midpoint of the effort source scale. Error bars represent ' 1 SE of the mean. Simple
slope coefficients (b) represent the increase in ability judgments corresponding to a 1 SD
increase in effort source beliefs. ns p ( .10. † p * .10. ! p * .05. !!! p * .001.
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ademic abilities appear to be distinct (e.g.,
math vs. language ability; Lou & Noels, 2016;
Muenks, Miele, Ramani, Stapleton, & Rowe,
2015), it seems plausible that students’ effort
source beliefs might vary across academic
domains. This variability could emerge in at
least two ways. First, participants’ mean ef-
fort source beliefs in one domain may be
more task-elicited or self-initiated than their
beliefs in another domain. Second, the
strength or direction of the association be-
tween effort source beliefs and ability judg-
ments may differ from one domain to the
next. We tested these possibilities in Study 3.

Study 3

Study 3 was designed to replicate the find-
ings of Studies 1 and 2, while extending them
to the verbal domain. While the tendency of
students in the first two studies to view math
effort as being task-elicited is consistent with
attitudes and stereotypes in the U.S. regarding
the difficulty of mathematics (Ashcraft, 2002;
Saad, 2005), beliefs about English being a
difficult subject may be less commonplace.
Although we made no a priori predictions,
this line of reasoning suggests that students
may be less likely to perceive verbal effort

(compared to math effort) as being task-
elicited.

To extend our findings to the verbal do-
main, we framed the ability judgments vi-
gnettes and effort source beliefs measure in
terms of an English class rather than a math
class. Similarly, as opposed to being asked to
assess the math ability of the students in the
vignettes, participants were asked to assess
their verbal ability. Finally, as in Studies 1
and 2, participants also reported their ability
mindsets.

Participants

Responses were collected from 185 partici-
pants who were recruited over three semesters
(spring 2016, fall 2016, and spring 2017) from
sections of two different courses on child de-
velopment in the school of education at a pri-
vate research university in Massachusetts.
These participants completed studies to fulfill a
research requirement for the course. One partic-
ipant appeared to complete the study twice and
had their second set of responses removed, leav-
ing responses from 184 participants for analysis
(see Table 1 for demographics). This provided a
statistical power of .80 to detect an interaction
effect of f2 ! .043.

Table 5b
Results for Repeated Measures ANCOVAs Predicting Judgments of One’s Own Math Ability From
Participants’ Self-Focused Effort Source Beliefs, the Target’s Effort Level (Low [Coded as "1] Versus
High [Coded as &1]), and the Effort Source # Effort Level Interaction in Study 2

Step 1 Step 2

Main effects and interactions F df p )p
2 F df p )p

2

Effort source beliefs .16 1, 178 .688 *.001 .12 1, 177 .732 *.001
Effort level 12.14 1, 178 *.001 .064 12.14 1, 177 *.001 .064
Effort Source Beliefs # Effort Level 7.06 1, 178 .009 .038 6.80 1, 177 .010 .037
Ability mindsets — — — — 1.58 1, 177 .210 .009
Ability Mindsets # Effort Level — — — — .96 1, 177 .328 .005

Simple effects t df p diff. t df p diff.

Effects of effort level (high minus low)
For those with more self-initiated beliefs ("1.5 SD) .28 178 .778 .05 .24 177 .807 .05
For those with more task-elicited beliefs (&1.5 SD) "4.14 178 *.001 ".76 "4.10 177 *.001 ".76

Effects of effort source beliefs (&1.5 SD minus "1.5 SD)
For ratings of low effort targets 1.83 338.21 .068a .36 1.83 336.07 .068a .36
For ratings of high effort targets "2.33 338.21 .020 ".46 "2.26 336.07 .025 ".44

Note. Participants’ ability mindsets and the Mindsets # Effort Level interaction were added as predictors in a second step.
The analyses above were conducted with outliers included. For analyses conducted with outliers excluded, see the online
supplementary materials.

a Indicates effects that were not significant (p ( .10) in the analyses excluding outliers.
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Procedure and Materials

The design of the study was identical to that
of Study 1, with the exception of the academic
domain of focus. The ability judgment task in-
cluded vignettes that focused on a writing as-
signment in the context of an English literature
or English composition class—for example:

Amy, a college student, is sitting in her English Com-
position class when the professor gives the class a
writing assignment to work on individually. The class
is given 18 minutes to complete the assignment, and
Amy spends the full 18 minutes on the assignment,
concentrating hard, and putting in a lot of effort.

For each vignette, participants were asked to
rate the student’s “verbal ability.” Again, par-
ticipants made their ability judgments before
indicating their effort source beliefs.

Similar to the ability judgment task, the effort
source measure included vignettes set in the
context of an English class—for example:

Two college students, Diane and Rachel, are sitting in
an English class. The professor gives the class an
assignment to work on individually. Diane finishes the
assignment in 15 minutes, while Rachel finishes in 10
minutes.

As in Studies 1 and 2, participants used a
6-point scale to indicate how likely it was (from
“Very Unlikely” to “Very Likely”) that the stu-
dent who worked harder did so for task-elicited
reasons and how likely it was that the student
did so for self-initiated reasons. Participants
completed six such vignettes, displayed in ran-
dom order, with the two response items for each
vignette appearing on the same screen in a ran-
dom order. Participants’ effort source belief
scores were calculated as in Study 1, by sub-
tracting their mean judgment of self-initiated
effort from their mean judgment of task-elicited
effort. Interestingly, the mean of the scores
(M ! ".08, SD ! .73, skewness ! ".71,
kurtosis ! 1.78) was not significantly different
from zero, t(183) ! "1.45, p ! .150, d ! .11.
That is, contrary to our findings from a math
context (Studies 1 and 2), participants in a ver-
bal context did not tend to perceive the source
of other students’ effort as task-elicited on av-
erage.

Results

As in Studies 1 and 2, the correlation between
participants’ ability mindsets and their verbal-

focused effort source beliefs was small and non-
significant, r(182) ! ".07, p ! .330. This
further supports our contention that ability
mindsets and effort source beliefs represent dis-
tinct constructs, even when examining effort
source beliefs in a second domain.

To test the association between participants’
effort source beliefs and their judgments of ver-
bal ability, we submitted these judgments to a
repeated measures ANCOVA that included the
target’s effort level (high vs. low) as a dichot-
omous within-subjects factor, participants’ stan-
dardized effort source belief scores as a contin-
uous covariate, and target’s Effort Level #
Effort Source Beliefs as the interaction term. In
addition, to test whether the effects of our mea-
sure were independent of the effects of ability
mindsets, we entered participants’ standard-
ized mindset scores and the Effort Level #
Ability Mindsets interaction term as addi-
tional predictors in a second step.

The results are displayed in Table 6 and
Figure 3. In contrast to the negative main
effect observed in the math domain in Studies
1 and 2, we observed a strong, positive main
effect of effort level on participants’ verbal
ability judgments. That is, for participants
who scored at the mean of the effort source
scale in the verbal domain, students who ex-
pended high levels of effort were viewed as
having more verbal ability than students who
expended low levels of effort. The same was
true for participants who scored at midpoint
of the scale, t(182) ! 9.57, p * .001. How-
ever, consistent with Studies 1 and 2, this
main effect was significantly moderated by
participants’ verbal effort source beliefs
(though this interaction dropped to marginal
significance [p ! .058] when excluding out-
liers in the predictor variables [see Table
S3]). Furthermore, the pattern of the interac-
tion was again driven by participants’ percep-
tions of the low effort targets. As in the pre-
vious two studies, participants with task-
elicited effort source beliefs (1.5 SD above
the mean of the effort source scale) rated the
low effort target’s verbal ability higher than
did participants with self-initiated beliefs (1.5
SD below the mean). For the high effort tar-
get, there was a nonsignificant trend in the
opposite direction. In other words, the direc-
tion and significance of these simple effects
were generally consistent across all three
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studies, which can be verified by visually
comparing the magnitude and direction—
rather than the intercept— of each slope
across Figures 1–3 (also see the statistics for
the simple effects in Tables 4 – 6).

By contrast, what did vary considerably be-
tween the results of the present study and those
of the previous two studies was the intercept of
each effort source slope. Specifically, the inter-
cept of the slope for the low effort target was
lower in Study 3 than in the first two studies,
and the intercept for the high effort target was
higher. This difference in the intercepts across
studies can be explained by the positive main
effect of effort level in the present study (which
included vignettes set in the verbal domain) as
compared to the negative main effects of effort
level in Studies 1–2 (which included vignettes
set in the math domain).

Because of the difference in intercepts, we
found that students with relatively strong task-
elicited beliefs (&1.5 SD) judged high effort
targets to have more verbal ability than low
effort targets (rather than perceiving effort to be
inversely related to ability, as was the case in
the math domain). In addition, students with
relatively strong self-initiated beliefs in the ver-
bal domain ("1.5 SD) also judged high effort
targets to have more ability than low effort

targets, but did so to a greater extent than par-
ticipants with task-elicited beliefs, as indicated
by the significant interaction term.

Finally, with respect to participants’ ability
mindsets, the Effort Source Beliefs # Effort
Level interaction remained significant when ad-
ditional predictors were entered in the model
(though it was only marginally significance
[p ! .099] when excluding outliers [see Table
S3]). The Ability Mindset # Effort Level inter-
action was not significant (but reached marginal
significance when outliers were excluded).

Discussion

Study 3 revealed a positive main effect of effort
level on judgments of verbal ability, such that
participants’ who scored at the mean or midpoint
of the effort source measure judged students who
expended high levels of effort to have higher
levels of verbal ability than students who ex-
pended low levels of effort. The shift from a
negative effect of effort level in a math context
(i.e., particularly for participants at the midpoint of
the other-oriented effort source measure in Studies
1 and 2) to a positive effect in an English writing
context (Study 3) makes sense given that math
assignments typically consist of close-ended prob-
lems, with students being rewarded for finding the

Table 6
Results for Repeated Measures ANCOVAs Predicting Judgments of Others’ Verbal Ability From
Participants’ Effort Source Beliefs, the Target Student’s Effort Level (Low [Coded as "1] Versus High
[Coded as &1]), and the Effort Source # Effort Level Interaction in Study 3

Step 1 Step 2

Main effects and interactions F df p )p
2 F df p )p

2

Effort source beliefs .67 1, 182 .414 .004 .65 1, 181 .422 .004
Effort level 95.89 1, 182 *.001 .345 96.41 1, 181 *.001 .348
Effort Source Beliefs # Effort Level 6.22 1, 182 .014b .033 5.73 1, 181 .018b .031
Ability mindsets — — — — .02 1, 181 .890 *.001
Ability Mindsets # Effort Level — — — — 1.99 1, 181 .160b .011

Simple effects t df p diff. t df p diff.

Effects of effort level (high minus low)
For those with more self-initiated beliefs ("1.5 SD) 7.50 182 *.001 1.24 7.42 181 *.001 1.22
For those with more task-elicited beliefs (&1.5 SD) 3.34 182 .001 .55 3.43 181 .001 .57

Effects of effort source beliefs (&1.5 SD minus "1.5 SD)
For ratings of low effort targets 2.38 362.24 .018 .45 2.30 360.51 .022b .43
For ratings of high effort targets "1.27 362.24 .207 ".24 "1.20 360.51 .233 ".22

Note. Participants’ ability mindsets and the Mindsets # Effort Level interaction were added as predictors in a second step.
The analyses above were conducted with outliers included. For analyses conducted with outliers excluded, see the online
supplementary materials.
b Indicates effects that were marginally significant (p * .10) in the analyses excluding outliers.

19INDIVIDUAL DIFFERENCES IN EFFORT SOURCE BELIEFS

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

http://dx.doi.org/10.1037/mot0000124.supp
http://dx.doi.org/10.1037/mot0000124.supp
http://dx.doi.org/10.1037/mot0000124.supp
http://dx.doi.org/10.1037/mot0000124.supp


one right answer as quickly as possible, while
English writing assignments are typically more
open-ended in nature, with students often being
rewarded for elaborating their thoughts and dem-
onstrating the depth of their knowledge.

Considering this difference in the main effects
of effort level across domains, it is striking that we
observed the same interaction involving effort
source beliefs in the present study that we ob-
served in Studies 1 and 2. Specifically, there was
a significant effect of participants’ effort source
beliefs on their ability judgments for students who
exhibited low levels of effort. That is, participants
with task-elicited beliefs rated the ability of the
low effort students higher than did participants
with self-initiated beliefs. In contrast, there was a
nonsignificant effect of effort source beliefs in the
opposite direction for the high effort students in
the verbal domain.

General Discussion

Prior research has shown that students are
aware of both the positive and inverse relations
between effort and ability (see Cimpian, 2017;
Muenks & Miele, 2017). As a result, motivation

researchers have attempted to explain why some
students are more inclined to think in terms of a
positive relation, while other students tend to think
in terms of an inverse relation. Understanding how
students reason about the relation between effort
and ability is important for predicting their moti-
vation in educational contexts, as numerous stud-
ies have shown an association between partici-
pants’ perceptions of competence and their desire
or willingness to engage in academic tasks/
courses (see Schunk & DiBenedetto, 2016; Wig-
field et al., 2016).

A number of studies have attempted to explain
students’ thinking about effort and ability in terms
of what they generally believe about the nature of
ability (i.e., in terms of their ability mindsets; e.g.,
Blackwell et al., 2007; Hong et al., 1999; Miele et
al., 2013). An exception to this trend is a small
number of studies that have examined students’
thinking in terms of their perceptions of effort
source (Muenks et al., 2016). However, because
these studies involved temporarily framing an in-
dividual’s effort as task-elicited or self-initiated,
they could not address whether students have a
tendency to perceive effort in a particular way in
certain domains, or whether students spontane-
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Figure 3. The relationship between participants’ effort source beliefs and their judgments of
verbal ability for high- and low-effort targets in Study 3. Mean ability judgments were
estimated at 1.5 SD above and below the mean of the effort source beliefs measure (".08),
based on the model reported in Table 6 (Step 1). Œ indicates mean ability judgment estimated
at the midpoint of the effort source scale. Error bars represent ' 1 SE of the mean. Simple
slope coefficients (b) represent the increase in ability judgments corresponding to a 1 SD
increase in effort source beliefs. ns p ( .10. ! p * .05.
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ously draw on this tendency when forming judg-
ments of ability.

The present research extends existing work on
perceived effort source by examining two primary
questions. First, do college students have general
beliefs about whether effort in a particular aca-
demic domain (e.g., math or English) tends to be
task-elicited or self-initiated, and can these beliefs
be reliably assessed? Second, in the absence of
strong situational cues, do students’ effort source
beliefs influence how they think about the relation
between levels effort and ability? In particular, do
they spontaneously draw on these beliefs when
evaluating the academic abilities of themselves
and others? The findings of the present studies
provide an affirmative response to both questions.
That is, in the absence of experimental input (e.g.,
Muenks et al., 2016), we found natural and reli-
able differences in students’ default effort source
beliefs that predicted their judgments of their own
(Study 2) and others students’ (Study 1–3) aca-
demic abilities in both math (Studies 1 and 2) and
English (Study 3) domains.

Furthermore, the pattern of association be-
tween students’ effort source beliefs and their
judgments of ability was generally the same
across the three studies. That is, we consistently
observed an Effort Source Beliefs # Effort
Level interaction, such that participants who
tended to perceive effort as task-elicited gener-
ally rated the ability of students’ who put forth
low levels of effort on an academic task signif-
icantly higher than did participants who tended
to perceive effort as self-initiated. In contrast,
participants with more task-elicited beliefs
tended to rate the ability of students who put
forth high levels of effort lower than did partic-
ipants with more self-initiated beliefs (though
this negative association between participants’
effort source beliefs and ability judgments was
only significant for self-judgments in Study 2).
Finally, it is worth noting again that the design
of our studies required participants to make
their ability judgments before indicating their
effort source beliefs, thereby ruling out the pos-
sibility that their judgments were based on ex-
ternally primed effort source beliefs.

Effort Source Beliefs and Self- Versus
Other-Oriented Ability Judgments

In addition to these primary research ques-
tions, the present studies examined three other

questions. The first of these questions pertains
to whether or not students draw on effort source
beliefs when forming judgments of their own
ability, in addition to forming judgments of
other students’ abilities. Study 2 showed that,
indeed, a self-oriented version of our effort
source measure predicted participants’ judg-
ments of their own math ability in much the
same way that the original other-oriented ver-
sion of the measure predicted their judgments of
others’ math ability. One important difference
was that, on average, participants reported
stronger task-elicited beliefs for the self-
oriented version of the measure than for the
other-oriented version. A closer examination of
the two measures revealed that this difference
was primarily due to how participants re-
sponded to the self-initiated items for the vi-
gnettes in which they were asked to imagine
themselves putting less effort into an assign-
ment compared to another student. Specifically,
participants were reticent to say that the other
student put in more effort because that student
was more motivated than they were. In fact, the
mean of the self-initiated items for these vi-
gnettes was significantly lower than for the
same vignettes in the other-oriented version of
the measure, t(179) ! 7.07, p * .001, Cohen’s
d ! .53. A possible explanation is that the
participants were exhibiting the kind of self-
serving attributional bias that is well-docu-
mented in Western cultures (Mezulis, Abram-
son, Hyde, & Hankin, 2004). That is, attributing
their own low levels of effort to a lack of
challenge more than a lack of motivation may
serve to maintain a positive sense of self.

Domain-Related Differences in Effort
Source Beliefs and Ability Judgments

An additional question that these studies ad-
dressed pertains to whether effort source beliefs
are similarly predictive of students’ ability
judgments across different domains (e.g., math
and English). Study 3 showed that the pattern of
association between effort source beliefs and
ability judgments was indeed similar in the Eng-
lish domain to what we found in the math do-
main (Studies 1 and 2). However, there were
some important domain-related differences be-
tween studies. First, the mean of the other-
focused effort source beliefs measure was sig-
nificantly positive in Studies 1 and 2, with over
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54% of participants in each study having a
positive score and less than 27% having a neg-
ative score. In contrast, the mean of the effort
source measure was not significantly different
from zero in Study 3, with only about 39% of
participants having a positive score and 46%
having a negative score. These results suggest
that participants tended to view the effort that
students expend during math assignments as
being elicited by the task, whereas they were no
more likely to view the effort that students
expend during English writing assignments as
task-elicited than they were to view this effort
as self-initiated.

This difference in the mean effort source
beliefs across domains is consistent with atti-
tudes and stereotypes in the U.S. regarding the
difficulty of mathematics. Because it is com-
monly believed that “math is hard” (Ashcraft,
2002), students may come to perceive the effort
that people expend during math activities as
being directly elicited by the difficulty of the
task. Considering that all of the other-oriented
vignettes in our studies employed female names
(in order to match the high proportion of fe-
males in our samples), this effect may also have
been exacerbated by gender stereotypes that
purport women to have less math ability than
men (e.g., Cvencek, Meltzoff, & Greenwald,
2011; Nosek, Banaji, & Greenwald, 2002). That
is, participants may have been particularly
likely to view math-related effort as task-
elicited because they viewed the women in the
vignettes as likely to struggle in the math do-
main. In contrast, beliefs about English being a
difficult subject or women having less verbal
ability than men appear to be less common-
place. This may explain why the participants in
Study 3 did not exhibit a general tendency to
perceive effort during writing activities as being
task-elicited.

Another important domain-related difference
that emerged in our studies pertains to the main
effect of effort level on participants’ judgments
of ability. In particular, participants who scored
at the midpoint of the other-oriented, math-
specific effort source scale in Studies 1 and 2
rated the math ability of students who expended
relatively little effort to be higher than the math
ability of students who expended a lot of effort
(though this effect was only marginal in Study
1). However, in Study 3, the pattern was re-
versed: participants who scored at the mean or

midpoint of the verbal-specific scale rated the
verbal ability of the students who expended
little effort to be substantially lower than the
verbal ability of the students who expended a lot
of effort. As suggested above, this difference
may be due to students’ distinct beliefs about
the demands of math tasks versus writing as-
signments. Students are likely to view math
tasks as consisting of close-ended problems that
have one right answer. To the extent that they
believe that the goal of such tasks is to produce
the right answers as rapidly as possible (Lam-
pert, 1990, p. 32), they may exhibit a general
tendency to view people who complete math
tasks quickly as being top performers and, in
turn, view top performers as having high levels
of math ability, regardless of their effort source
beliefs. In contrast, students may believe that
writing activities are open-ended in nature and
are successfully completed by taking time to
elaborate one’s thoughts. If so, they may tend to
view people who spend a lot of time completing
writing activities as performing well and as,
therefore, having high levels of verbal ability
(regardless of what they perceive the source of
this writing effort to be).

What we are proposing is that students may
rely on two competing heuristics for interpret-
ing effort level when evaluating people’s abili-
ties. One heuristic is based on participants’ ef-
fort source beliefs and the other is based on
beliefs about the relation of effort to perfor-
mance for particular types of tasks. At times,
these heuristics may work in opposite direc-
tions. Specifically, when someone expends low
levels of effort on a writing activity, task-
elicited beliefs may lead students to infer that
the person has high levels of verbal ability (and
did not need to work hard to be complete the
task); whereas beliefs about open-ended writing
tasks may lead the same students to infer that
the person is unlikely to have performed well
and, thus, has low levels of verbal ability. It is
possible that students’ final judgments regard-
ing the verbal ability of the individual represent
an average of these two competing inferences.
Furthermore, in making these judgments, stu-
dents may weigh inferences based on informa-
tion about expected performance more strongly
than inferences based on information about ef-
fort source. This latter possibility is consistent
with the findings of Muenks et al. (2016). When
participants in these studies were presented with
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vignettes that included explicit information
about people’s task performance, the partici-
pants used this information to form ability judg-
ments and generally ignored information about
effort source. It was only for the vignettes that
excluded performance information that the au-
thors observed substantial effects of the effort
source manipulation.

The idea that participants combine inferences
based on effort source beliefs with inferences
based on domain-specific expectations about
performance potentially explains why, in Study
3, participants with task-elicited beliefs viewed
effort level as positively related to ability level,
contrary to Studies 1 and 2. However, it is
important to reiterate that they did so to a sig-
nificantly lesser extent than participants with
self-initiated beliefs. This was due to the fact
that participants with task-elicited beliefs rated
the ability of students’ who put forth little effort
significantly higher than did participants with
self-initiated beliefs, which is generally consis-
tent with prior theorizing about perceived effort
source (Muenks et al., 2016; Muenks & Miele,
2017).

Relation of Effort Source Beliefs to Ability
Mindsets

A final question that the present studies ad-
dressed concerns the extent to which students’
beliefs about the nature of effort (i.e., their
effort source beliefs) and their beliefs about the
nature of ability (i.e., their academic mindsets)
independently predict students’ ability judg-
ments, as well as the extent to which these two
beliefs are correlated with each other. When
examining the effects of both beliefs simultane-
ously, we found that participants’ effort source
beliefs were generally a better predictor of their
ability judgments than their academic mindsets.
This suggests that in certain situations (e.g.,
when students are not yet aware of how they or
their peers performed on a math task), effort
source beliefs may be a stronger predictor of
important motivational and behavioral out-
comes associated with ability judgments. Future
studies should directly examine the relation be-
tween our effort source beliefs measure and
these outcomes.

We also found that the two beliefs were, at
best, weakly correlated with each other. Al-
though we expected participants’ effort source

beliefs to be distinct from their ability mindsets,
we were initially surprised by the lack of even a
weak association in some of our studies. This
surprise was due in part to the findings of a
study by Heyman and Compton (2006; Study 3)
that assessed kindergarteners’ reasoning about
ability. In particular, children who were primed
to interpret another child’s puzzle-solving ef-
forts in terms of task difficulty (i.e., as having
being task-elicited) were more likely than chil-
dren who were not primed in this way to believe
that some people can “never be really good at
puzzles” (i.e., to endorse a fixed mindset). How-
ever, this study differed from the present study
in some important ways. In particular, the par-
ticipants in the study by Heyman and Compton
were quite young and may have conceptualized
intellectual ability differently from the college
participants in the present study. In addition,
children in the task-elicited condition were not
compared to children who were primed with
self-initiated effort source beliefs (instead they
were compared to children exposed to a more
neutral prime). It is possible that children
primed with self-initiated beliefs would not
have been as unlikely to endorse a fixed mindset
as children in the neutral condition. Finally, the
study by Heyman and Compton primed effort
source beliefs (and only task-elicited beliefs)
rather than measuring them. These differences
may account for why Heyman and Compton
observed an association between effort source
and ability mindsets, while we did not.

Another difference between the study by
Heyman and Compton and our studies that is
worth noting pertains to the way in which abil-
ity mindsets were assessed. Heyman and Comp-
ton measured children’s ability mindsets in a
task-specific manner (“Are there some people
who could never be really good at puzzles
. . .?”), which matched the specificity of the
effort primes. In contrast, we measured ability
mindsets in a domain-general manner (e.g.,
“You can always substantially change how in-
telligent you are”) that did not match the spec-
ificity of our primary effort source measure.
Therefore, it is possible that measuring ability
mindsets and effort source beliefs at the same
level of specificity (i.e., both measures at a
domain-general level or both at a domain-
specific level) would have produced a stronger
correlation between the two types of beliefs.
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However, we believe that this is unlikely for
several reasons.

First, the general ability mindset measure was,
at best, weakly correlated with a general measure
of effort source beliefs that we report in the online
supplementary materials (rs ! ".02 to ".21). If
level of specificity matters, then the two domain-
general measures should be more strongly corre-
lated with each other. Second, as detailed in Foot-
note 4 and the online supplementary materials, we
had access to our participants’ domain-specific
ability mindsets, which we obtained as part of an
unrelated set of studies. When we examined these
domain-specific mindsets in relation to partici-
pants’ domain-specific effort source beliefs, we
found only weak correlations (rs ! ".20 to
".31). This last finding, however, should be con-
sidered tentative because of the amount of time
between when the two measures were adminis-
tered (which could have produced smaller corre-
lations) and because the domain-specific ability
mindset measure (see Leslie, Cimpian, Meyer, &
Freeland, 2015) may have also assessed partici-
pants beliefs about effort (which could have pro-
duced larger correlations). Thus, future studies
should administer a pure measure of participants’
domain-specific ability mindsets at the same time
as assessing participants’ domain-specific effort
source beliefs. Finally, as we argued in the Intro-
duction, ability mindset and effort source beliefs
are conceptually orthogonal; therefore, there are
theoretical reasons for expecting the two con-
structs to be only weakly correlated.

Implications, Limitations, and Future
Directions

In addressing these primary and secondary
research questions, the present studies represent
an important step in the investigation of per-
ceived effort source as a motivational construct.
Indeed, they establish for the first time that there
exist natural and reliable differences in people’s
default effort source beliefs. Furthermore, they
demonstrate that students spontaneously draw
on these beliefs when evaluating the academic
abilities of themselves and others in multiple
academic domains. Finally, they demonstrate
that effort source beliefs are orthogonal to their
domain-general beliefs about the nature of abil-
ity (i.e., their ability mindsets), and that effort
source beliefs are generally a better predictor of
their ability judgments.

The present findings showing that effort source
beliefs predict ability judgments, combined with
prior findings showing that these judgments reli-
ably predict academic motivation, suggest that
effort source beliefs may account for important
differences in students’ motivation to engage in
academic tasks. Thus, future research should di-
rectly examine the links from students’ effort
source beliefs to their academic motivation and
achievement. If robust associations are observed,
researchers should begin to examine whether stu-
dents’ effort source beliefs can be shaped through
curricular interventions, in much the same way
that they have examined the malleability of stu-
dents’ ability mindsets (Blackwell et al., 2007;
Paunesku et al., 2015; Yeager et al., 2016). If
effort source beliefs are found to operate through
similar motivational mechanisms as ability mind-
sets, research examining these beliefs may turn
out to have an important impact on educational
practice (in much the same way that mindset re-
search has becoming increasingly influential; e.g.,
Gates, 2015).

However, before these long-term aims are pur-
sued, there are some limitations of the present
studies that should be addressed. In particular,
because our samples consisted of students at an
elite American university, the average level of
participants’ effort source beliefs may have dif-
fered from the average for the general public. In
particular, because these students are likely to
experience high levels of academic motivation
(and to observe their peers exhibit high levels of
motivation), their effort source beliefs may be
skewed toward the self-initiated side of the scale
(relative to individuals who are less motivated to
engage in academic tasks). In addition, they may
be more likely to interpret self-initiated effort as
indicating high levels of ability.

As with other elite American universities, the
students at the school we recruited from tend to
be Western, White, and well-off—backgrounds
associated with independent cultural norms
(Markus & Kitayama, 1991; Stephens, Markus,
& Phillips, 2014). As suggested above, these
norms may have led the participants in our
studies to exhibit self-serving biases when re-
porting self- versus other-oriented effort source
beliefs and ability judgments (Mezulis et al.,
2004). By contrast, students from cultures with
interdependent cultural norms (e.g., Japan,
more modest backgrounds) may be less likely to
exhibit such biases. In addition, because the
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interdependent norms salient in Asian cultures
are based on a shared Confucian heritage that
deems diligence, persistence, and concentration
as learning-related virtues (Heine, 2001; Li,
2004), it is possible that students in Asian cul-
tures might be more likely than students in
Western cultures to perceive effort as being
self-initiated and to interpret such effort as a
sign of high ability.

It is also worth noting again that the participants
in our studies were predominately female. Con-
sidering that cultural biases may exist regarding
the math ability of women versus men, future
studies should include a higher proportion of
males so that the effects of gender on stu-
dents’ effort source beliefs can be explored.
Future studies should also aim to include
samples that are more diverse in terms of age,
ethnicity, and socioeconomic status, so that
the current findings can be generalized more
broadly.

Another limitation of the studies is the vignette-
based materials that were used. Although the use
of vignettes is common in this area of research
(e.g., Hong et al., 1999; Jagacinski & Nicholls,
1984, 1987; Muenks et al., 2016) and provides a
high level of experimental control, it does not
allow us to make strong claims about how stu-
dents would interpret their actual experiences of
effort or their real observations of another student
working hard on a math task. Future studies
should attempt to manipulate student’ perceptions
of mental effort during authentic academic activ-
ities and examine whether these perceptions inter-
act with students’ effort source beliefs in predict-
ing their ability judgments.

A final limitation to consider is that the cur-
rent studies investigated students’ effort source
beliefs regarding academic activities in only
two domains: math and English. Considering
that we found some interesting differences in
the effects of these beliefs across domains, it is
important that researchers expand the investiga-
tion of effort source to other academic areas
(such as physics and music), as well as to non-
academic areas (such as sports). Furthermore, it
may be interesting to investigate whether the
effects of effort source beliefs vary within a
domain, depending on the nature of the tasks
involved. For instance, we attributed the strong,
positive main effect of effort source beliefs on
ability judgments in the English domain to the
open-ended nature of the writing tasks de-

scribed in the vignettes. It may turn out that, for
less open-ended English tasks (such as reading
comprehension sections on standardized tests),
we will observe less of a positive main effect or
even a negative main effect (as with the math
vignettes).

Another avenue for future research involves
examining how effort source beliefs change
over time, in both the near term (e.g., over the
course of a semester) and the long term (e.g.,
over the course of development). Do effort
source beliefs vary depending on the current
academic context? For example, do some stu-
dents hold more task-elicited beliefs later in the
semester compared to the beginning of the se-
mester? In addition, do very young children
start off with a tendency to view effort as being
self-initiated in most domains and then shift
toward a more task-elicited interpretation of
effort after repeated experiences of struggle in
particular domains? It will also be important to
explore whether one effort source belief is less
adaptive than the other in particular academic
contexts. For instance, are task-elicited beliefs
less adaptive than self-initiated beliefs in math
contexts because they make students reticent to
work hard on challenging math task (for fear of
being judged to have low ability)? In sum, the
introduction of the novel effort source measure
described in this paper provides numerous ex-
citing opportunities for future research.
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Appendix

Materials From Studies 1 and 2

Other-Focused Ability Judgment Vignettes

The following vignettes were set in a math
problem solving context in Studies 1–2, and in
an English writing context in Study 3:

1. Jennifer, a college student, is sitting in
her Calculus [English Literature] class
when the professor gives the class a set
of problems [writing assignment] to
work on individually. The class is given
15 min to complete the assignment, and
Jennifer spends the full 15 min on the
problems, concentrating hard, and put-
ting in a lot of effort. Based on the
information above, how would you eval-
uate Jennifer’s math ability? (high-effort
vignette)

2. Amy, a college student, is sitting in her
Linear Algebra [English Composition]
class when the professor gives the class
a set of problems [writing assignment]
to work on individually. The class is
given 18 min to complete the assign-
ment, and Amy spends the full 18 min
on the problems, concentrating hard, and
putting in a lot of effort. Based on the
information above, how would you eval-
uate Amy’s math ability? (high-effort
vignette)

3. Cassidy, a college student, is sitting in
her Calculus [English Literature] class
when the professor gives the class a set
of problems [writing assignment] to
work on individually. The class is given
15 min to complete the assignment, and
Cassidy spends only 10 min on the prob-
lems, putting forth relatively little effort.
Based on the information above, how
would you evaluate Cassidy’s math abil-
ity? (low-effort vignette)

4. Rebecca, a college student, is sitting in
her Linear Algebra [English Composi-
tion] class when the professor gives the
class a set of problems [writing assign-

ment] to work on individually. The class
is given 18 min to complete the assign-
ment, and Rebecca spends only 12 min
on the problems, putting forth relatively
little effort. Based on the information
above, how would you evaluate Rebec-
ca’s math ability? (low-effort vignette)

Self-Focused Ability Judgment Vignettes

In Study 2, participants also completed the
following four self-focused vignettes:

1. Imagine that you are sitting in a Calculus
class that you enrolled in when the pro-
fessor gives the class a set of problems to
work on individually. The class is given
15 min to complete the assignment, and
you spend the full 15 min on the assign-
ment, concentrating hard, and putting in
a lot of effort. Based on the information
above, how would you evaluate your
own math ability? (high-effort vignette)

2. Imagine that you are sitting in a Linear
Algebra class that you enrolled in when
the professor gives the class a set of
problems to work on individually. The
class is given 18 min to complete the
assignment, and you spend the full 18
min on the assignment, concentrating
hard, and putting in a lot of effort. Based
on the information above, how would
you evaluate your own math ability?
(high-effort vignette)

3. Imagine that you are sitting in a Calculus
class that you enrolled in when the pro-
fessor gives the class a set of problems to
work on individually. The class is given
15 min to complete the assignment, and
you spend only 10 min on the assign-
ment, putting forth relatively little effort.
Based on the information above, how
would you evaluate your own math abil-
ity? (low-effort vignette)

(Appendix continues)
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4. Imagine that you are sitting in a Linear
Algebra class that you enrolled in when
the professor gives the class a set of
problems to work on individually. The
class is given 18 min to complete the
assignment, and you spend only 12 min
on the assignment, putting forth rela-
tively little effort. Based on the informa-
tion above, how would you evaluate own
your math ability? (low-effort vignette)

Other-Focused Effort Source Beliefs
Measure

The items below were set in a math context
in Studies 1–2, and in an English context in
Study 3:

1. Two college students, Sarah and Lisa, are
sitting in a math [an English] class. The
professor gives the class an assignment to
work on individually. Sarah works hard
on the assignment, while Lisa does not
work very hard. How likely is it that Sarah
worked harder because . . .?
a. . . . she found the assignment to be

difficult, whereas Lisa found the as-
signment to be easy. (task-elicited be-
liefs)

b. . . . she was motivated to perform well
on the assignment, whereas Lisa was
not motivated to perform well. (self-
initiated beliefs)

2. Two college students, Diane and Rachel,
are sitting in a math [an English] class.
The professor gives the class an assign-
ment to work on individually. Diane fin-
ishes the assignment in 15 min, while
Rachel finishes in 10 min. How likely is it

that Diane spent more time on the assign-
ment because . . .?
a. . . . the assignment was very challeng-

ing for her, whereas the assignment
was not particularly challenging for
Rachel. (task-elicited beliefs)

b. . . . she really enjoys working on math
[English] assignments, whereas Rachel
does not enjoy math [English]. (self-
initiated beliefs)

3. Two college students, Nancy and Mi-
chelle, are sitting in a math [an English]
class. The professor gives the class an
assignment to work on individually.
Nancy works on the assignment for the
entire class period, while Michelle fin-
ishes the assignment 10 min before the
end of class. How likely is it that Nancy
spent more time on the assignment be-
cause . . .?
a. . . . she found the assignment to be very

complicated, whereas Michelle found
the assignment to be simple. (task-
elicited beliefs)

b. . . . she was really motivated to learn
from the assignment, whereas Mi-
chelle did not care how much she
learned. (self-initiated beliefs)

4. Two college students, Jennifer and Lind-
sey, are sitting in a math [an English]
class. The professor gives the class an
assignment to work on individually. Jen-
nifer expends a good deal of effort on the
assignment, whereas Lindsey did not ex-
pend much effort. How likely is it that
Jennifer expended more effort on the as-
signment because . . .?

(Appendix continues)
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a. . . . the assignment was very difficult
for her, whereas it was fairly easy for
Lindsey. (task-elicited beliefs)

b. . . . she was very interested in the topic
of the assignment, whereas Lindsey
was not very interested in the topic.
(self-initiated beliefs)

5. Two college students, Dana and Stacey,
are sitting in a math [an English] class.
The professor gives the class an assign-
ment to work on individually. Dana puts
a lot of effort into the assignment, while
Stacey does not put in a lot of effort.
How likely is it that Dana put more
effort into the assignment because . . .?
a. . . . she found that the assignment to be

very demanding, whereas Stacey did
not find the assignment to be demand-
ing. (task-elicited beliefs)

b. . . . she was motivated to do her best on
the task, whereas Stacey did not care
about doing her best. (self-initiated be-
liefs)

6. Two college students, Ellen and Miriam,
are sitting in a math [an English] class.
The professor gives the class an assign-
ment to work on individually. Ellen is
very focused on the assignment for the
entire 20 min, whereas Miriam finishes
well before the time is up. How likely is it
that Ellen, unlike Miriam, used the full
time because . . .?
a. . . . she found the assignment to be very

challenging, whereas Miriam did not
find the assignment to be challenging.
(task-elicited beliefs)

b. . . . she was motivated to get a good
grade on the assignment, whereas Mir-
iam did not care about getting a good
grade. (self-initiated beliefs)

Self-Focused Effort Source Beliefs Measure

In Study 2, participants also completed the
following self-focused version of the effort
source beliefs measure:

1. You and another student, Lisa, are sitting in
a math class. The professor gives the class
an assignment to work on individually. You
work hard on the assignment, while Lisa
does not work very hard. How likely is it
that you worked harder because . . .?
a. . . . you found the assignment to be

difficult, whereas Lisa found the as-
signment to be easy. (task-elicited be-
liefs)

b. . . . you were motivated to perform well
on the assignment, whereas Lisa was
not motivated to perform well. (self-
initiated beliefs)

2. You and another student, Rachel, are sit-
ting in a math class. The professor gives
the class an assignment to work on indi-
vidually. You finish the assignment in 15
min, while Rachel finishes in 10 min. How
likely is it that you spent more time on the
assignment because . . .?
a. . . . the assignment was very challeng-

ing for you, whereas the assignment
was not particularly challenging for
Rachel. (task-elicited beliefs)

b. . . . you really enjoy working on math
assignments, whereas Rachel does not
enjoy math. (self-initiated beliefs)

3. You and another student, Michelle, are
sitting in a math class. The professor gives
the class an assignment to work on indi-
vidually. You work on the assignment for
the entire class period, while Michelle fin-
ishes the assignment 10 min before the
end of class. How likely is it that you
spent more time on the assignment be-
cause . . .?
a. . . . you found the assignment to be

very complicated, whereas Michelle
found the assignment to be simple.
(task-elicited beliefs)

b. . . . you were really motivated to learn
from the assignment, whereas Michelle
did not care how much she learned.
(self-initiated beliefs)

(Appendix continues)
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4. You and another student, Jennifer, are sit-
ting in a math class. The professor gives
the class an assignment to work on indi-
vidually. Jennifer expends a good deal of
effort on the assignment, whereas you do
not expend much effort. How likely is it
that Jennifer expended more effort on the
assignment because . . .?
a. . . . the assignment was very difficult

for her, whereas it was fairly easy for
you. (task-elicited beliefs)

b. . . . she was very interested in the topic
of the assignment, whereas you were
not very interested in the topic. (self-
initiated beliefs)

5. You and another student, Dana, are sitting
in a math class. The professor gives the
class an assignment to work on individu-
ally. Dana puts a lot of effort into the
assignment, while you do not put in a lot
of effort. How likely is it that Dana put
more effort into the assignment because
. . .?
a. . . . she found the assignment to be very

demanding, whereas you did not find
the assignment to be demanding. (task-
elicited beliefs)

b. . . . she was motivated to do her best on
the assignment, whereas you did not
care about doing your best. (self-
initiated beliefs)

6. You and another student, Ellen, are sitting
in a math class. The professor gives the
class 20 min to work on an assignment
individually. Ellen is very focused on the
assignment for the entire 20 min, whereas
you finish well before the time is up. How
likely is it that Ellen, unlike you, used the
full time because . . .?
a. . . . she found the assignment to be very

challenging, whereas you did not find
the assignment to be challenging.
(task-elicited beliefs)

b. . . . she was motivated to get a good
grade on the assignment, whereas you
did not care about getting a good grade.
(self-initiated beliefs)
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INDIVIDUAL DIFFERENCES IN EFFORT SOURCE BELIEFS S1 

Supplementary Materials for “Individual Differences in Students’ Effort Source Beliefs 

Predict Their Judgments of Ability” 

This document reports various materials, procedures, analyses, and details pertaining to 

the project, some of which may be important for interpreting the main manuscript. 

Psychometric Details 

Exploratory Factor Analysis of Effort Source Beliefs Measure 

We conducted an exploratory factor analysis (EFA) of the effort source beliefs measure 

in Study 1 using the psych package in R (Revelle, 2017). The number of factors to extract was 

determined by Horn’s Parallel Analysis (HPA; Horn, 1965), with polychoric correlations, 

principal components analysis, and the mean eigenvalue criterion (as recommended for ordinal 

data by Garrido, Abad, & Ponsoda, 2013). Based on the results of the HPA, we used principal 

axis factoring (PAF) to extract two factors (initial eigenvalues: 4.28 and 2.02) from the 

polychoric matrix and then applied an oblimin rotation. Squared multiple correlations were used 

as initial estimates of communalities. 

As shown in Table 3 of the main manuscript, the EFA revealed that all six task-elicited 

belief items loaded onto Factor 1, while all six self-initiated items loaded onto Factor 2. The 

correlations between the two factors was .39. These findings suggest that our effort source 

beliefs measure has a clean and easy-to-interpret factor structure. 

Computing Internal Consistency Reliability 

As mentioned in the note to Table 2, we report omega total (wT) and Cronbach’s alpha (α) 

for measures with at least three items. Omega is recommended as a replacement for alpha 

because the latter makes rigid assumptions that can introduce considerable downward bias, 

especially when scales have a small number of items or are multidimensional (Dunn, Baguley, & 
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Brunsden, 2014; McNeish, 2018; Yang & Green, 2011). To compute omega coefficients, we 

extracted a single factor for each set of items using the same EFA procedure described above 

(i.e., polychoric correlations, principal axis factoring, SMCs on the diagonal). We then computed 

the coefficient from the standardized factor loadings based on the formula supplied by McNeish 

(2018). 

The use of polychoric correlations is recommended for use with ordinal data (including 

responses to Likert-type items; Flora, LaBrish, & Chalmers, 2012; McNeish, 2018). Initially, we 

computed the polychoric matrices with a correction for continuity applied (by default) to cells 

with zero counts. These matrices yielded omega coefficients that were actually lower than alpha 

in some cases. This appears to be because some of the correlations in these matrices were lower 

than the correlations in the corresponding Pearson matrices, which is unusual considering that 

Pearson correlations tend to underestimate the true association between ordinal variables and 

thus tend to be lower than polychoric correlations between such variables (Cho, Li, & Bandalos, 

2009; Holgado-Tello, Chacón-Moscoso, Barbero-García, & Vila-Abad, 2010). We therefore re-

computed the polychoric matrices without continuity correction, as recommended by Savalei 

(2011) for studies with small sample sizes and ordinal data with three or more categories. These 

correlations were slightly larger than the corresponding Pearson correlations and yielded omega 

coefficients that were higher than the ones we had initially computed. It should be noted that 

ordinal reliability coefficients (including omegas based on polychoric correlations) “do not 

measure the reliability of the observed scores but rather constitute estimates of the hypothetical 

reliability for latent scale scores based on the sum of the continuous variables that are thought to 

underlie the observed discrete scores” (Garrido et al., in press, p. 6; see also, Chalmers, 2018). 
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We do not report reliability coefficients for the overall effort source beliefs measure 

because the task-elicited items and negatively-coded self-initiated items did not positively load 

onto a single general factor. Even measures of internal consistency reliability that account for 

multidimensionality (such as omega total) assume the presence of a single general factor 

(Rodriguez, Reise, & Haviland, 2016). We do not view the lack of a general factor as 

problematic for our measure because, similar to how many popular measures have been used 

(e.g., Higgins et al.’s [2001] regulatory focus questionnaire; Ryan & Connell’s [1989] self-

regulation questionnaire), we were primarily interested in the extent to which one belief about 

effort is stronger than another belief, even though these beliefs may be positively correlated in 

some contexts. 
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Analyses Excluding Outliers 

 The following tables report the statistics for the ANCOVAs discussed in the main text 

that were conducted after excluding outliers from the predictor variables. They correspond to 

Tables 4-6 in the main manuscript, which reported the analyses that were conducted with outliers 

included. 

 

Table S1. Results for Repeated Measures ANCOVAs Predicting Judgments of Others’ Math Ability 

From Participants’ Effort Source Beliefs, the Target Student’s Effort level (Low [Coded as -1] Versus 

High [Coded as +1]), and the Effort Source ´ Effort Level Interaction in Study 1.  

 Step 1  Step 2 

Main effects and interactions F df p η2p  F df p η2p 

Effort source beliefs 1.98 1, 107 .162 .018  1.72 1, 105 .193 .016 

Effort level 5.54 1, 107 .020 .049  5.20 1, 105 .025 .047 

Effort Source Beliefs ´ Effort Level 7.16 1, 107 .009 .063  6.69 1, 105 .011 .060 

Ability mindsets — — — —  1.56 1, 105 .215 .015 

Ability Mindsets ´ Effort Level — — — —  .94 1, 105 .336 .009 

Simple Effects t df p diff.  t df p diff. 

Effects of effort level (high minus low)          

For those with more self-initiated beliefs (-1.5 SD) .93 107 .355 .21  .90 105 .371 .20 

For those with more task-elicited beliefs (+1.5 SD) -3.53 107 < .001 -.78  -3.42 105 < .001 -.77 

Effects of effort source beliefs (+1.5 SD minus -1.5 SD)          

For ratings of low effort targets 2.94 211.09 .004 .73  2.80 206.96 .006 .70 

For ratings of high effort targets -1.07 211.09 .288 -.26  -1.07 206.96 .287 -.27 

Note: Participants’ ability mindsets and the Mindsets ´ Effort Level interaction were added as predictors in a second step. 
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Table S2a. Results for Repeated Measures ANCOVAs Predicting Judgments of Others’ Math Ability 

From Participants’ Other-Focused Effort Source Beliefs, the Target’s Effort Level (Low [Coded as -1] 

Versus High [Coded as +1]), and the Effort Source ´ Effort Level Interaction in Study 2.  

 Step 1  Step 2 

Main effects and interactions F df p η2p  F df p η2p 

Effort source beliefs 3.83 1, 176 .052 .021  4.15 1, 175 .043 .023 

Effort level 11.26 1, 176 < .001 .060  11.25 1, 175 < .001 .060 

Effort Source Beliefs ´ Effort Level 8.73 1, 176 .004 .047  8.09 1, 175 .005 .044 

Ability mindsets — — — —  .84 1, 175 .360 .005 

Ability Mindsets ´ Effort Level — — — —  .92 1, 175 .338 .005 

Simple Effects t df p diff.  t df p diff. 

Effects of effort level (high minus low)          

For those with more self-initiated beliefs (-1.5 SD) .60 176 .547 .11  .52 175 .602 .09 

For those with more task-elicited beliefs (+1.5 SD) -4.32 176 < .001 -.78  -4.22 175 < .001 -.76 

Effects of effort source beliefs (+1.5 SD minus -1.5 SD)          

For ratings of low effort targets 3.54 328.90  < .001 .67  3.50 327.06 < .001 .66 

For ratings of high effort targets -1.16 328.90 .246 -.22  -1.03 327.06 .305 -.19 

Note: Participants’ ability mindsets and the Mindsets ´ Effort Level interaction were added as predictors in a second step. 
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Table S2b. Results for Repeated Measures ANCOVAs Predicting Judgments of One’s Own Math 

Ability From Participants’ Self-Focused Effort Source Beliefs, the Target’s Effort Level (Low [Coded as 

-1] versus High [Coded as +1]), and the Effort Source ´ Effort level Interaction in Study 2.  

 Step 1  Step 2 

Main effects and interactions F df p η2p  F df p η2p 

Effort source beliefs .96 1, 176 .327 .005  .84 1, 175 .359 .005 

Effort level 10.87 1, 176 .001 .058  10.87 1, 175 .001 .058 

Effort Source Beliefs ´ Effort Level 5.20 1, 176 .024 .029  4.90 1, 175 .028 .027 

Ability mindsets — — — —  .92 1, 175 .340 .005 

Ability Mindsets ´ Effort Level — — — —  .98 1, 175 .325 .006 

Simple Effects t df p diff.  t df p diff. 

Effects of effort level (high minus low)          

For those with more self-initiated beliefs (-1.5 SD) .07 176 .941 .01  .02 175 .982 .004 

For those with more task-elicited beliefs (+1.5 SD) -3.73 176 < .001 -.69  -3.67 175 < .001 -.68 

Effects of effort source beliefs (+1.5 SD minus -1.5 SD)          

For ratings of low effort targets 1.20 332.27 .232 .23  1.18 330.41 .239 .23 

For ratings of high effort targets -2.40 332.27 .017 -.47  -2.31 330.41 .021 -.46 

Note: Participants’ ability mindsets and the Mindsets ´ Effort Level interaction were added as predictors in a second step. 
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Table S3. Results for Repeated Measures ANCOVAs Predicting Judgments of Others’ Verbal Ability 

From Participants’ Effort Source Beliefs, the Target Student’s Effort Level (Low [Coded as -1] Versus 

High [Coded as +1]), and the Effort Source ´ Effort Level Interaction in Study 3.  

 Step 1  Step 2 

Main effects and interactions F df p η2p  F df p η2p 

Effort source beliefs 1.02 1, 181 .313 .006  1.00 1, 180 .318 .006 

Effort level 92.79 1, 181 < .001 .339  93.84 1, 180 < .001 .343 

Effort Source Beliefs ´ Effort Level 3.64 1, 181 .058 .020  2.75 1, 180 .099 .015 

Ability mindsets — — — —  < .001 1, 180 .990 < .001 

Ability Mindsets ´ Effort Level — — — —  3.05 1, 180 .083 .017 

Simple Effects t df p diff.  t df p diff. 

Effects of effort level (high minus low)          

For those with more self-initiated beliefs (-1.5 SD) 6.92 181 < .001 1.14  6.71 180 < .001 1.11 

For those with more task-elicited beliefs (+1.5 SD) 3.74 181 < .001 .62  3.94 180 < .001 .65 

Effects of effort source beliefs (+1.5 SD minus -1.5 SD)          

For ratings of low effort targets 2.08 360.43 .038 .39  1.89 358.80 .059 .36 

For ratings of high effort targets -.70 360.43 .483 -.13  -.52 358.80 .605 -.10 

Note: Participants’ ability mindsets and the Mindsets ´ Effort Level interaction were added as predictors in a second step. 
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Secondary Materials 

 Our three studies also included some additional measures that are not central to the 

present report. However, because we felt that some of these methodological details might be of 

interest to certain readers, we provide some information regarding those measures here. A full 

description of any measure or analysis described in this section is available upon request. 

Math-Specific Ability Mindsets 

 Study 1. The majority of participants from Study 1 (103/110) participated in an unrelated 

study 21-51 days later. This study included a 4-item math-specific ability mindsets scale (Leslie, 

Cimpian, Meyer, & Freeland, 2015), assessing the extent to which participants believed that 

innate ability versus effort and dedication is required to succeed in math, as well as a second 

administration of the general ability mindset scale reported in all of our studies (M = 3.87, SD = 

.95, α = .96 wT = .97). In this study, participants were asked to imagine themselves as fifth grade 

teachers and then had to report how likely they would be to engage in various instructional 

practices when interacting with an above or below average math student who was struggling to 

complete a math assignment in their classroom. The participants also responded to questions 

pertaining to how they would work with students from different ability groups. The ability 

mindset questionnaire came after these measures and was followed by the math-specific ability 

mindsets measure. The math-specific ability mindsets measure was preceded by the following 

instructions: 

“In this survey, we are interested in your beliefs about what is required to succeed in 
math-oriented fields. By math-oriented fields, we are referring to professions that require 
individuals to have high levels of math skills; e.g., engineers, chemists, accountants, 
statisticians, computer programmers, etc.. Now, please read each item carefully and rate 
the extent to which you agree or disagree with the item using the scale that appears below 
it.” 
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The scale consisted of the following four items, which were presented in a random order. The 

wording of these items was slightly modified from Leslie et al.’s (2015) original scale; in 

particular, the items mentioned “succeeding” in a math field rather than “being a top scholar” in 

such a field: 

1. Succeeding in a math-oriented field requires a special aptitude that just can’t be 
taught. 

2. If you want to succeed in a math-oriented field, hard work alone just won’t cut it; you 
need to have an innate gift or talent. 

3. With the right amount of effort and dedication, anyone can succeed in a math-
oriented field. 

4. When it comes to math-oriented fields, the most important factors for success are 
motivation and sustained effort; raw ability is secondary. 

Participants responded to the items using a 1 (“Strongly Disagree”) to 6 (“Strongly Agree”) 

scale. One participant was missing a response for the general mindset scale and all four 

responses for the math-specific ability mindsets scale; thus, the analyses reported below included 

only 102 participants.  When analyzing participants’ responses to the field-specific ability 

mindsets measure, we reverse-coded the two fixed mindset items and then averaged across all 

four items so that higher values indicated growth-oriented beliefs about ability in math (M = 

3.80, SD = .79, α = .79, wT = .83).  

The correlation between math-specific ability mindsets and the original administration of 

the general ability mindset measure (i.e., the one reported in the main text) was r(100) = .47, p < 

.001, which was not moderated by the amount of time between participation in the two studies, β 

= -.04, t(98) = -.45, p = .657.1 This correlation was also similar in magnitude to the correlation 

between math-specific ability mindsets and the second administration of the general ability 

                                                
1 For all reported analyses that included time as a moderator, the outcome was the variable not assessed in the 
original study (e.g., math-specific ability mindsets). We also conducted moderation analyses in which the outcome 
was the variable from the original study (e.g., effort source beliefs), but these did not change our interpretation of 
potential moderation effects. 
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mindset measure, r(100) = .55, p < .001. In addition, general ability mindsets were fairly stable 

across the two time points, r(100) = .74, p < .001, and this association was not moderated by the 

amount of time between when the students participated in the two studies, β = .05, t(98) = .78, p 

= .436. 

With respect to the relation between math-specific ability mindsets and effort source 

beliefs, we found a significant but small correlation, r(100) = -.20, p = .043, which was not 

moderated by the amount of time between participation in the two studies, β = -.04, t(98) = -.37, 

p = .712. Most critically, as shown in Table S4, math-specific ability mindsets did not moderate 

the effect of effort level on ability judgments in Study 1 (see Step 1), and did not reduce the 

significance of our primary finding (i.e., the effort source beliefs × effort level interaction; see 

Step 2). 

Table S4. Results of Repeated Measures ANCOVAs Predicting Ability Judgments From Effort Source 
Beliefs (Standardized), Math-Specific Ability Mindsets (Standardized), the Target Student’s Effort Level 
(Low [Coded as -1] Versus High [Coded as +1]), Time Between Completion of Study 1 and the Math-
Specific Ability Mindsets Measure, and Relevant Interactions. 

 Step 1 (dfs: 1, 100) Step 2 (dfs: 1, 99) Step 3 (dfs: 1, 97) 

 F p η2p F p η2p F p η2p 

Effort source beliefs — — — 1.42 .237 .014 1.19 .279 .012 

Effort level 6.05 .016 .057 6.51 .012 .062 7.29 .008 .070 

Effort Source Beliefs ´ Effort Level — — — 8.72 .004 .081 8.29 .005 .079 

Math-specific mindsets .04 .837 <.001 .00 .971 <.001 .01 .912 < .001 

Math-Specific Mindsets ´ Effort Level .08 .776 <.001 .09 .762 <.001 .18 .675 .002 

Time between studies (time) — — — — — — 1.98 .163 .020 

Math-Specific Mindsets ´ Time  — — — — — — .57 .450 .006 

Effort Level ´ Time — — — — — — 3.05 .084 .030 

Math-Specific Mindsets ´ Effort level ´ Time — — — — — — 1.66 .201 .017 

Note: These analyses include any outliers that may exist in the predictor variables. The results of analyses excluding outliers in 
the predictors may differ from the present results. 
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Study 3. After completing all of the primary materials reported in the main text (which 

were framed in terms of English writing assignments), participants in Study 3 completed the 

same math-specific measure of effort source beliefs as in Study 1 (M = .66, SD = .89, αs = .87 & 

.79, wTs = .91 & .82). This math-specific measure was only weakly correlated with participants’ 

English-specific effort source beliefs, r(182) = .23, p = .002. In addition, 154 of the 184 

participants in Study 3 completed the same math-specific measure of ability mindsets reported 

above as part of two studies from an unrelated line of research (M = 3.88, SD = .93, α = .82, wT = 

.85). One subsample of participants (N = 44) completed the measure 15 days before to 28 days 

after completing Study 3 as part of the same study on teaching described above. The other 

subsample (N = 110) completed the measure approximately 162 days before to 229 days after 

completing Study 3 as part of a second study on teaching.2 The correlation between participants’ 

math-specific ability mindsets (assessed as part of the separate studies) and the general ability 

mindset measure (i.e., assessed as part of the primary studies and reported in the main text), 

r(152) = .44, p < .001, was not moderated by the absolute value of the time between participation 

in the two studies, β = .008, t(150) = .11, p = .910. This association was similar in magnitude to 

the correlation between these constructs reported for Study 1 above, and to the correlation 

between math-specific ability mindsets and the additional administration of the general ability 

mindset measure (both assessed as part of the separate studies), r(152) = .38, p < .001. In 

addition, general ability mindsets were stable across the two time points, r(152) = .71, p < .001, 

although this association was moderated by the amount of time between when the students 

participated in the two studies, β = -.15, t(150) = -2.60, p = .010. When we looked at the 

                                                
2 There were 7 participants who completed the measure as part of both studies. For these participants, we used their 
score from the study that they completed closest to Study 3. Note that 6 participants from Study 1 also completed the 
second study (in addition to completing the first study); for these participants, we always used their math-specific 
ability mindsets from the first study. 
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correlation for the 25 participants for whom the two time points were less than 10 days apart (M 

= 5.6), we found that the correlation was somewhat stronger than the overall correlation, r(23) = 

.89, p < .001. 

Most importantly, the correlation between math-specific ability mindsets and math-

specific effort source beliefs was quite small, r(152) = -.12, p = .151. As in our previous analysis, 

this association was moderated by the amount of time between participation in the two studies, β 

= .17, t(150) = 2.04, p = .043. When we looked at the correlation for participants for whom the 

two time points were less than 10 days apart, we found that the correlation was a bit stronger, 

r(23) = -.31, p = .133, but still not significant. 

Alternate (Domain-General) Measure of Effort Source Beliefs 

 We created and tested (in all three studies) an alternative, non-vignette-based general 

academic measure of effort source beliefs. The measure, which was administered after the 

vignette-based measure and before the ability mindset measure, consisted of the following 2 

task-elicited belief items and 2 reverse-scored self-initiated belief items. The items were 

presented in a random order. Students responded using a 1 (strongly disagree) to 6 (strongly 

agree) scale. We computed summary scores by subtracting the mean of the self-initiated items 

from the mean of the task-elicited items (Study 1: M = -.49, SD = 1.00; Study 2: M = -.44, SD = 

1.03; Study 3: M = -.77, SD = .94)3: 

1. When someone puts a lot of effort into an academic task, it is usually because the task 
was challenging and they had to work hard on it. (task-elicited belief) 

2. When someone puts very little effort into an academic task, it is typically because the task 
was easy and did not demand much effort from them. (task-elicited belief) 

3. When someone puts a lot of effort into an academic task, it is usually because the person 
was very motivated and chose to work hard. (self-initiated belief; reverse-scored) 

                                                
3 We do not report internal consistency reliability for the summary scores because the TE items and negatively-
coded SI items did not positively load onto a single factor. 
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4. When someone puts very little effort into an academic task, it is usually because the 
person was unmotivated and chose not to invest that much effort. (self-initiated belief; 
reverse-scored) 

As demonstrated in the main text, the vignette-based measure emerged as a robust, consistent, 

and reliable predictor of predictor of students’ judgments of their own and others’ academic 

abilities. By contrast, while the alternative measure predicted judgments in Studies 2 and 3, even 

when controlling for the vignette-based measure (see Table S5), it did not predict judgments in 

Study 1, even when the vignette-based measure was not included in the analyses, F(1, 108) = 

2.50, p = .117, η2p = .023. Furthermore, the correlations between the two task-elicited items 

(Study 1: r = .33, p < .001; Study 2: r = .33, p < .001 ; Study 3: r = .25, p < .001) and between 

the two self-initiated items (Study 1: r = .38, p < .001; Study 2: r = .46, p < .001; Study 3: r = 

.30, p < .001) that formed the basis of the alternative measure were not especially large, 

suggesting low reliability. Together, these results suggest that our primary vignette-based 

measure represented a reliable index of students’ effort source beliefs, although in some contexts 

the alternative measure was a better predictor of participants’ ability judgments. We also note 

that the correlations between our primary effort source beliefs measure and this alternative 

measure were not especially large (Study 1: r = .26, p < .001; Study 2: rs = .42 (other-focused) 

and .38 (self-focused), p < .001; Study 3: r = .34, p < .001). In addition, the correlations between 

participants’ general ability mindsets and this alternative effort source measure were either small 

or nonexistent (Study 1: r = -.10, p = .291; Study 2: r = -.21, p = .004; Study 3: r = -.02, p = 

.770).  
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Table S5. Results of Repeated Measures ANCOVAs Predicting Ability Judgments From Both our 
Alternative and Primary Measures of Participants’ Effort Source Beliefs (Standardized), Ability 
Mindsets (Standardized), the Target Student’s Effort Level (Low [Coded as -1] versus High 
[Coded as +1]), and all Two-Way Interactions with Effort Level. These Analyses Were Conducted 
Including Outliers in the Predictor Variables.  

 Step 1 Step 2 Step 3 

 F p η2p F p η2p F p η2p 

Study 1 dfs: 1, 108 dfs: 1, 107 dfs: 1, 107 
Alternative effort source measure 1.22 .271 .011 .53 .470 .005 .93 .336 .009 
Effort level 5.64 .019 .050 5.88 .017 .052 5.65 .019 .050 
Alterative Measure ´ Effort Level 2.50 .117 .023 .89 .349 .008 2.15 .146 .020 
Effort source beliefs — — — 1.76 .187 .016 — — — 
Effort Source Beliefs ´ Effort Level — — — 5.57 .020 .049 — — — 
Ability mindsets — — — — — — 1.87 .174 .017 
Ability Mindsets ´ Effort Level — — — — — — 1.15 .287 .011 

Study 2 dfs: 1, 178 dfs: 1, 177 dfs: 1, 177 
Alternative effort source measure .25 .616 .001 .12 .725 < .001 .44 .510 .002 
Effort level 12.74 < .001 .067 12.89 < .001 .068 12.69 < .001 .067 
Alterative Measure ´ Effort Level 15.48 < .001 .080 8.07 .005 .044 13.83 < .001 .072 
Other-focused effort source beliefs — — — 3.69 .056 .020 — — — 
Effort Source Beliefs ´ Effort Level — — — 3.13 .078a .017 — — — 
Ability mindsets — — — — — — .65 .422 .004 
Ability Mindsets ´ Effort Level — — — — — — .32 .570 .002 
    
Alternative effort source measure .93 .337 .005 .76 .384 .004 .51 .478 .003 
Effort level 12.37 < .001 .065 12.48 < .001 .066 12.32 < .001 .065 
Alterative Measure ´ Effort Level 10.55 .001 .056 5.89 .016 .032 9.45 .002 .051 
Self-focused effort source beliefs — — — < .01 .965 < .001 — — — 
Effort Source Beliefs ´ Effort Level — — — 2.50 .115 .014 — — — 
Ability mindsets — — — — — — 1.21 .274 .007 
Ability Mindsets ´ Effort Level — — — — — — .19 .661 .001 

Study 3  dfs: 1, 182 dfs: 1, 181 dfs: 1, 181 

Alternative effort source measure 2.91 .090 .016 2.29 .132 .013 2.89 .091 .016 
Effort level 97.11 < .001 .348 97.97 < .001 .351 97.83 < .001 .351 
Alterative Measure ´ Effort Level 8.62 .004 .045 4.96 .027 .027 8.49 .004 .045 
Effort source beliefs — — — .07 .794 < .001 — — — 
Effort Source Beliefs ´ Effort Level — — — 2.62 .107 .014 — — — 
Ability mindsets — — — — — — .023 .872 < .001 
Ability Mindsets ´ Effort Level — — — — — — 2.36 .126 .013 

a Indicates effects that were not significant (p > .10) in the analyses excluding outliers from the predictor variables.
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Additional Analyses Not Discussed 

• Preliminary studies were conducted using math-based, other-focused versions of the 

effort source beliefs measure that contained only three vignettes. These versions of the 

vignette-based measure were revised to create the six-vignette version discussed in the 

present work because of relatively low internal consistency reliability. However, it is 

worth noting that the results of these studies, which are available upon request, were 

generally consistent with the math-based, other-focused findings from Studies 1 and 2. 

• As per Muenks, Miele, and Wigfield (2016), in Studies 1-3, we conducted secondary 

analyses in which we attempted to categorize participants as primarily perceiving a 

positive, negative, or no relation between levels of effort and ability (based on their 

ability judgments for the high versus low effort vignettes). We then examined the 

association between this categorical measure of ability judgments and participants effort 

source beliefs. The results of these analyses are available upon request. 

Additional Materials and Measures Not Discussed 

• Exploratory items assessing potential mediators and moderators of the effect of effort 

source beliefs on ability judgments (Studies 1 and 3). These items were administered 

after the alternative measure of effort source beliefs (described above) and before the 

ability mindset measure. 

• Measures assessing potential motivational and cognitive correlates of participants’ effort 

source beliefs (Study 2). These measures were administered after the ability mindset 

measure. 
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• Toward the end of Studies 1 and 3, we piloted a study that involved participants 

completing an arithmetic task and assessing their own math ability. The design of the 

pilot varied between studies. Participants in Study 3 completed a math-focused version of 

the primary effort source beliefs measure before completing the pilot measure. The pilot 

and math effort source measures were administered after the ability mindset measure. 

• Suspicion check items assessing participants’ beliefs about the purpose of study and the 

vignette materials (Studies 1-3). These items were assessed toward the end of the study, 

before the demographics questions. 

• The demographic questionnaire was administered at the end of the study, before the 

debriefing. Additional demographics questions (Studies 1-3) include: 

o US birth and residency status 

o English proficiency 

o School/college of affiliation within the university and expected graduation year   
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