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ABSTRACT

Test motivation has been suggested to strongly influence low-stakes intelligence scores, with for instance, a
recent meta-analysis of monetary incentive effects suggesting an average 9.6 IQ point impact (d = 0.64). Effects
of such magnitude would have important implications for the predictive validity of intelligence tests. We report
six studies (N = 4208) investigating the association and potential causal link of effort on cognitive performance.
In three tests of the association of motivation with cognitive test scores we find a positive, but modest linear
association of scores with reported effort (N = 3007: r ~ 0.28). In three randomized control tests of the effects of
monetary incentive on test scores (total N = 1201), incentive effects were statistically non-significant in each
study, showed no dose dependency, and jointly indicated an effect one quarter the size previously estimated (d =
0.166). These results suggest that, in neurotypical adults, individual differences in test motivation have, on
average, a negligible influence on intelligence test performance. (= 2.5 IQ points). The association between test
motivation and test performance likely partly reflects differences in ability, and subjective effort partly reflects

outcome expectations.

1. Introduction

Researchers have argued that scores on cognitive ability tests largely
reflect differences in test-taking motivation (e.g. Kirkwood, 2015).
Consequently, some have suggested intelligence scores may under-
estimate student ability for practical purposes such as evaluating aca-
demic ability. Understanding whether cognitive ability scores are
materially impacted by effort is therefore an important question.

Cross-sectional data have suggested associations between effort and
test scores as high as r = 0.50 (Cole, Bergin, & Whittaker, 2008)
although most are considerably smaller. It remains to be determined,
however, to what extent such cross-sectional correlations reflect effort
raising ability versus reversed causality with ability raising effort, or if,
contrarily, subjective effort functions as an evaluation of the adequacy
of performance for the goal. Experimental studies have been used to
ostensibly support a causal role of effort on scores, with a meta-analysis
concluding that small monetary incentives could improve test scores by
0.64 SDs (Duckworth, Quinn, Lynam, Loeber, & Stouthamer-Loeber,
2011). Despite the importance of the question, nearly all experimental

studies have been small (e.g., per-cell Ns of under 16), and often based
on psychiatric or forensic samples (e.g. Fervaha et al., 2014). Further-
more, a majority are decades old and questions have been raised about
the largest effect sizes in the analysis (Breuning & Zella, 1978) as likely
involving fraud by Breuning (without Zella's knowledge) and in need of
retraction (Warne, 2022). Without these fraudulent data, the total N of
all studies summarised by (Duckworth et al., 2011) falls to just 1523
subjects — surprisingly few given decades of study and the theoretical
and practical importance of the question. Thus, the purpose of the pre-
sent paper was to 1) Estimate the cross-sectional correlation of reported
effort with cognitive ability scores in three large, neurotypical/com-
munity samples, and 2) Conduct a series of randomized control in-
terventions manipulating effort via incentives. Before presenting these,
we first summarise the especially relevant literature.

1.1. Effort and intellectual performance: correlational evidence

For professional tests, there is little question that subjects are moti-
vated, with test procedures requiring the attention and participation of
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the test-taker, including specific procedures to elicit optimal responses
to maintain morale (e.g., ordering items in terms of difficulty; (e.g.
Wechsler, 2008). Correspondingly, for so-called “high-stakes” tests —
such as employment hurdles or exams, no association of test-taking
motivation is found (O'Neil, Sugrue, & Baker, 1995). What remains
less clear is the role of effort in tests in low-stakes settings, e.g., purposes
of no-consequence to the test-taker (Duckworth et al., 2011). The as-
sociation between test-taking effort and intelligence test performance
can be ascertained by administering one or more cognitive ability tests,
followed by a measure of test-taking effort such as the Student Opinion
Scale (SOS: Sundre & Thelk, 2007). The SOS consists of 10 items and
measures two positively correlated dimensions: test-taking importance
(5-items, e.g., ‘Doing well on these tests was important to me’) and test-
taking effort (5-items, e.g., ‘I engaged in good effort throughout these tests’).

A recent meta-analysis of the association between self-reported test-
taking effort and low-stakes test performance estimated the effect atr =
0.33 (Silm, Pedaste, & Taht, 2020), suggesting that approximately 90%
of intelligence test variance is independent of test motivation. However,
relatively few studies include participants where self-report test-taking
effort was low, with much of the research to date based on university/
school samples — people for whom test-taking motivation might be ex-
pected to be high as a trait (Gignac, Bartulovich, & Salleo, 2019). For
example, Gignac et al. (2019) reported a mean of 3.82 on the SOS effort
subscale (theoretical range 1 to 5) in a sample of undergraduate students
(N = 219) who completed a battery of cognitive ability tests in an
anonymous fashion with no opportunity to learn about their perfor-
mance. Furthermore, less than 6% of the sample reported their test-
taking effort at less than 3.0. Therefore, Gignac et al. (2019) suggested
that a much larger sample, and ideally one more representative of the
general community, would be required to estimate the precise nature
and strength of the association between test-taking effort and intelli-
gence test performance.

An additional limitation associated with the current literature is that
investigators tend to administer multiple intelligence tests followed by
the self-reported effort questionnaire. That is, it is known that test-taking
effort decreases across a testing session and that there are individual
differences in the degree to which test-taking effort reduces across a
testing session (Gignac & Wong, 2020; Penk & Richter, 2016). There-
fore, asking people to report their degree of test-taking effort based on
their experience completing a collection of intelligence tests may be
difficult for the typical test taker, suggesting less validity for the re-
sponses than would otherwise be the case had they completed only a
single test of cognitive ability.

Considering the above, our first aim was to estimate with respectable
precision the nature and strength of the association between self-
reported effort and cognitive ability test performance across a range of
cognitive ability tests under a low-stakes scenario. Sample sizes of 1000
would be employed, to ensure high statistical power and a wide range of
responses. Furthermore, across each sample, the respondents would be
required to complete a single, relatively short test of cognitive ability,
followed by the requirement to complete the self-reported test-taking
motivation questionnaire, to increase the validity of the test-effort
responses.

1.2. Effort and intellectual performance: experimental evidence

Assuming a positive correlation between reported effort and test
scores, the question of causality is raised. On the one hand, non-
cognitive traits associated with motivation, such as openness to expe-
rience, conscientiousness, or self-control could increase test perfor-
mance, independently of cognitive ability (Demange et al., 2021). On
the other hand, the reversal of this causal assumption is also possible,
such that greater ability is associated with higher reported effort, but
with no effect on cognitive ability or task performance. In this case,
effort reports would function as reflections of confidence or expectation
of having completed the test successfully, rather than causing a change
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in ability (Gignac, 2018). Consider, for example, that the association
between test-taking anxiety and test performance has been shown to be
due to the effects of ability on test-taking anxiety, rather than the other
way around (Sommer & Arendasy, 2015).

It is unclear, then, if effort has a causal effect on performance on
cognitive ability items. Therefore, studies are needed to estimate the
association between effort and test scores (the subject of our first set of
studies), and most importantly, interventions manipulating effort are
required to investigate any potential causal effect of motivation on
cognitive ability performance. Testing this was our second aim and is
developed in study 2 onward. First, we test the association of test scores
with effort in three large samples.

2. Study 1

In study 1, we set out to obtain a large sample in which both ability
and effort were measured. Gignac et al. (2019) suggested the effect of
test-taking motivation and test performance may show threshold effect:
that is, beyond a moderate level of test-taking motivation, the potential
influence of test-taking motivation on test performance diminishes
materially. Therefore, we also investigated whether test-taking effort
was linearly associated with ability scores or if a quadratic component
was present.

Three sub-studies were undertaken, each of 1000 subjects
completing a self-report measure of test-taking motivation following one
of three cognitive ability tests: (1) A sentence verification test linked to
processing speed (Baddeley, 1968); (2) A paper folding task linked to
spatial manipulation (Ekstrom, French, Harman, & Dermen, 1976); or
(3) A vocabulary test (Warrington, McKenna, & Orpwood, 1998). These
tasks were chosen to measure three primary domains of intelligence:
processing speed, spatial reasoning, and crystallised intelligence,
respectively. Hypotheses, methods, and N were pre-registered <https:
//aspredicted.org/KW8_7C1>, <https://aspredicted.org/YHS_5PJ>.

2.1. Method

2.1.1. Samples

Subjects in all studies were recruited from prolific academic, a crowd
sourcing online platform to recruit human subjects for research pur-
poses. For study 1a, we recruited 1001 adult subjects (age M = 28.41,
SD = 6.04; range: 18 to 39 years, 499 male and 499 female, 2 did not
answer this item). For study 1b, we recruited 1000 adult subjects (age M
= 34.49, SD = 11.75; range: 18 to 76 years) from prolific academic (497
male and 503 female). The sample was predominantly white (White =
89.7%; Asian = 4.5%; Black = 1.8%; South-East Asian = 1.4%; Other =
2.6%). For study 1c, we recruited 1006 adult subjects (age M = 24.31,
SD = 4.79; range: 18 to 39 years) from prolific academic (502 male and
504 female). The sample composition was: White = 41.5%; Asian =
0.9%; Black = 35.3%; South-East Asian = 0.4%; Native American =
0.9%; Other = 21.1%. Subjects were paid 50 pence for their participa-
tion. Ethics approval was obtained from the University of Edinburgh
Psychology ethics committee.

2.1.2. Materials

In Study 1A, cognitive ability was assessed with Form B of the 64-
item Baddeley (1968) 3-minute sentence verification test. Items
require grammatical transformation to evaluate the truth of a simple
sentence, e.g. “A does not follow B: AB” (TRUE). Form B includes 32 items
and subjects were given 90 s to complete as many items as possible.
Coefficient @ in our sample was 0.90. Study 1B used the test of Single
Word Comprehension (Warrington et al., 1998). This test consists of 52
target words, each presented with two potential response words ar-
ranged below them, and for each target must select the word which is
the best synonym (e.g., MARQUEE: Tent; Palace). Half are concrete and
half abstract. Based on item level data, we created a short form with 13
concrete items and 12 abstract items. Coefficient win our sample was
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0.62. Study 1C used Form A (10-items) of the 20-item Visual Paper
Folding test (Ekstrom et al., 1976). Dating back in form not only to the
work of Thurstone, but at least as early as Binet (1905/1916), this scale
consists of illustrations depicting a square sheet of paper being folded
two or three times and a hole punched in it. The task is to select which of
5 graphical response options depicts how the holes would appear if the
sheet was unfolded. Matched versions are provided as part of the Kit of
Factor-Referenced Cognitive Tests. Each block consisted of 10 items with a
3-minute time limit. Coefficient @ in our sample was 0.68.

Across all three sub-studies, test-taking effort and importance was
measured using the 10-item Student Opinion Scale (SOS: Sundre &
Thelk, 2007). Five items assess test-taking effort, with a representative
item being ‘I gave my best effort on these tests’. Subjects respondona 1 to 5
Likert scale with anchors from ‘Strongly Disagree’ through “Neutral” to
‘Strongly Agree’. The coefficient ws in our samples were 0.72 for study
1a, 0.76 for study 1b, and 0.58 for study 1c, respectively.

2.1.3. Procedure

Testing took place online using the Prolific academic and Qualtrics
platforms. After providing informed consent, subjects completed the
paper folding test followed by the SOS. Testing took around 5 min.

2.2. Results

All analyses were conducted with SPSS (Version 27). As can be seen
in Table 2, the distribution of ability and effort scores were sufficiently
normal across all three samples (e.g., skew < |2.0]; (Schmider, Ziegler,
Danay, Beyer, & Biihner, 2010; Zuo et al., 2011). Furthermore, only one
outlier was identified across all three studies, based on the outlier
labelling rule with an inter-quartile range multiplier of 3.0 (Hoaglin &
Iglewicz, 1987). Specifically, an effort value of 1.0 was identified as an
outlying value in study 1a. However, winsorizing the value to the next
smallest value that was not an outlier (i.e., 2.0) changed the results to
only the third decimal place, consequently, we proceeded with the
analyses.

Descriptive statistics for each of the three studies are shown in
Table 1, along with the results of regression models testing the associ-
ation of cognitive score with SOS effort.

As can be seen in Table 1, the correlations between self-reported test-
taking effort and cognitive ability test performance were consistent
across the three different tests, with estimates in a tight range of r = 0.26
and r = 0.29 (all p < .001). Disattenuated for imperfect reliability in the
cognitive ability and test effort scores, the correlations were r’ = 0.34
(sentence verification), r = 0.39 (synonyms), and 0.43 (paper folding).
Thus, test-taking effort and cognitive ability test performance shared
between 12 and 18% of their true score variance.

There was no evidence for any quadratic relationship, based on a
series of hierarchical multiple regressions with the effort linear term
entered at step 1 and the effort quadratic term entered at step 2. Spe-
cifically, all of the R? changes were statistically non-significant (see
Table 1), as were the quadratic effect standardized beta-weights: Sen-
tence verification: f = —0.21, t(999) = —0.81, p = .419; Synonyms: =
0.18, t(998) = 0.49, p = .625; Paper folding: = 0.44, ((1004) = 1.66, p
=.098. Furthermore, as can be seen in Fig. 1, the association was linear
across the whole spectrum of effort/ability for all three abilities, based
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on a LOESS curve fitting analysis (Cleveland, 1979). (Figs. 2 and 3.)

2.3. Discussion

The main finding from study 1 was the observation of a consistent,
positive monotonic association of reported test-taking effort with ob-
tained test performance scores across all three cognitive ability di-
mensions: processing speed (sentence verification), visual-crystallised
intelligence (synonyms) and visual-perceptual intelligence (paper
folding). Furthermore, the magnitude of the correlations was consistent
with the meta-analytically estimated correlation of r = 0.33 (Silm et al.,
2020). Thus, our results, based on the largest samples to-date, confirm
the previously published literature in the area, but demonstrating this in
single, large pre-registered studies.

The effect of effort, accounting for around 10% of variance, was 40%
smaller than that reported by Cole et al. (2008) and less than half the
meta-analytic effect reported by Duckworth et al. (2011) as the incre-
mental effect on scores based on a monetary incentive. A unique feature
to this investigation was that subjects self-reported their test-taking
effort after the completion of a single, relatively short cognitive ability
test. By contrast, previous investigations typically had subjects complete
a battery of tests over many minutes and then had them report their test-
taking effort (e.g., Gignac, 2018; Gignac et al., 2019; Merritt et al.,
2019). Thus, in our investigation, effort should therefore be maximally
informed by the cognitive task.

We also failed to support the suggestion by Gignac et al. (2019) that
the association between effort and test performance may be consistent
with a threshold effect: that is, beyond approximately the midpoint of
effort, the association between effort and test performance diminishes
substantially. On the basis of three large samples and LOESS regression
analyses, we failed to identify any hint of a threshold effect. We return
this finding and interpretation in the General Discussion.

This association of effort and performance found in study 1 is
compatible with a potentially modest to moderate effect of effort on
cognitive ability. Equally, however, it is compatible with a modest to
moderate effect of ability on effort (or feeling of effort) — for instance,
subjects with higher expectation of performing well exert more effort.
Related to this, subjective effort may be a post-hoc evaluation of effec-
tive performance, i.e., feelings of effective effort reflect and underlying
computation of expected performance. This is of course speculation. One
prediction from such a model would be that subjective effort should
decrease with increasing task difficulty. The results were compatible
with this, with subjects reporting less effort on the (objectively more
difficult) paper folding test (see Table 1) and they thus expected to have
done less well. Next, in study 2, we turn to a randomized control trial
targeting the question of direction of causation, testing if an incentive
manipulation can cause an increase in performance.

3. Study 2

Study 1 established a positive association between effort and test
scores equal to approximately r ~ 0.30. However, causality remains
unclear. In study 2, therefore, we turned to a manipulation of effort. If
effort is causing the association with scores, and motivation in low-
stakes research settings is a major factor in scores, then, as Duckworth

Table 1
Association of effort with test performance score: studies 1A, 1B and 1C.
Ability Effort Linear Nonlinear
Study/Measure N M (SD) Skew Kurtosis M (SD) Skew Kurtosis r 95% CI t AR? F p
1A: Baddeley task 1001 17.23 (6.72) 0.10 —0.54 4.11 (0.60) —0.74 0.87 0.29 [0.22, 0.34] 9.50 0.001 0.65 0.419
1B: Synonyms 1000 17.95 (3.11) —0.23 —0.26 4.42 (0.52) —0.81 0.44 0.27 [0.21, 0.33] 8.91 0.001 0.24 0.625
1C: Paper folding 1006 4.33 (2.43) 0.35 —0.67 3.83 (0.59) —0.36 0.26 0.27 [0.22, 0.33] 8.99 0.003 2.74 0.098

Note. All correlations statistically significant, p < .001; Baddeley task = sentence verification; nonlinear = quadratic function in hierarchical multiple regression; AR =
hierarchical multiple regression change in R? associated with effort quadratic term predicting ability beyond the linear term.
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Fig. 1. Scatter plots depicting the association between effort and test performance across all three cognitive abilities (LOESS regression line of best fit; Epanechnikov:

Span = 50%).
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Fig. 2. Plot of Ability (Paper Folding) Means and 95% Confidence Intervals
Across Conditions (time 1 = non-incentive; time 2 = incentive) and Across
Groups (Study 2).
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Fig. 3. Plot of ability (paper folding) means and 95% confidence intervals
across conditions (time 1 = non-incentive; time 2 = incentive) and across
groups (Study 3).

etal. (2011, p. 7717) note “...incentives should substantially improve their
performance”. We next introduce background research on such experi-
mental trials motivating the present study.

Duckworth et al. (2011) found a statistically significant effect,
concentrated among individuals with lower performance in non-
incentive conditions, making it perhaps even more consequential.
However, there are several limitations associated with the studies
included in the Duckworth et al. (2011) meta-analysis. First, around half
the studies had no baseline measure for comparison. Additionally, half
of the studies had N of 16 or less in the incentive group, with the largest
reported N = 105. Only two of the studies were based on neurotypical
adults. Some studies confounded incentive with information in the form
of trial-by-trial feedback. Three of the samples (Breuning & Zella, 1978)
were collected by researchers subsequently convicted of research fraud
(see Haynes, 1988) rendering the veracity of these data in doubt.
Furthermore, meta-analyses themselves are hindered by choice of study,
publication bias affecting study availability, and other issues (Flather,
Farkouh, Pogue, & Yusuf, 1997; Ioannidis & Lau, 1999). All of these
research characteristics are now known to be indicative of an inflated
effect size in a meta-analysis (Warne, 2021). Finally, we note that, sur-
prisingly, given the intense interest in non-cognitive effects on educa-
tional and life outcomes (Garcia, 2014; Kautz, Heckman, Diris, Ter Weel,
& Borghans, 2014) and the role which effort may play in ability test
scores, the total N of all studies in the meta-analysis was equal to only
2008.

In a relatively recent experimental investigation, Gignac (2018) had
first year university student volunteers (N = 99) complete a battery of
five cognitive ability tests under two conditions: non-incentive and
incentive. The incentive consisted of three chances to win $75 for
achieving an overall cognitive ability test score in the top 10%. Half of
the subjects were given the chance to win the money at time 1 and the
other half were given the chance of to win the money at time 2: thus, the
subjects served as their own control. Although a correlation of r = 0.28
was found between test-taking effort and overall cognitive ability test
performance, Gignac (2018) failed to observe any effect of incentive on
performance. Gignac (2018) interpreted the results to suggest that test-
taking effort may not have a causal effect on test performance, at least
for healthy, adult volunteers. In another recent study, Merritt et al.
(2019) reported similar null effects in a between-groups design, based
on a sample 81 undergraduate volunteers (N = 42 incentive group) and
the possibility of winning $20 for achieving a cognitive ability test score
in the top one third of the sample.

Although these results are useful, larger studies, using incentives that
are available to all subjects for improving their score and in a repeated
measures design with controls for the improvement expected with
repeated practice are necessary to understand the effect of incentive on
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performance. Incentivising subjects by basing the reward upon each
subjects' own performance obviates the concern that many subjects may
view the possibility of obtaining a score in the top 10% or 30% as
unachievable. If subjects can earn a financial reward by increasing their
own performance at time 2, a larger percentage of subjects may interpret
the possibility as achievable, and, correspondingly, expend more effort.

Another limitation associated with Gignac (2018) and Merritt et al.
(2019), and the whole field more generally, is statistical power. Ideally,
a larger sample size would be employed to achieve power greater than
0.80 to detect even effects much smaller than those proposed in Duck-
worth et al. (2011), perhaps d = 0.20 or even smaller. Non university
samples are also desirable. Thus, in study 2, we sought to test experi-
mentally the potential causal effect of test-taking motivation on cogni-
tive ability test performance, by employing an experimental
manipulation strategy that may be expected to increase test-taking
motivation more substantially than previous investigations, in a rela-
tively large, unselected sample of adult volunteers.

In devising our randomized intervention targeting effort with a
material incentive, we chose a mixed repeated measures and between-
subjects design, allowing control of practice effects. Specifically, sub-
jects were randomly assigned to an incentive or control condition. Both
groups completed two matched blocks of visual-spatial ability tests
(paper folding), however, the motivation group was given the oppor-
tunity to receive a financial award for increasing their performance on
the second occasion by 10% or more.

We hypothesized:

1. Test performance will be higher at time 2 than time 1 (practice
effect).

2. The incentive group will increase more from time 1 to time 2
compared to the control group (Time * condition interaction).

Based on the meta-analytic effect size of 0.64, and using the Super-
power package (Lakens & Caldwell, 2021), we estimated power at 95%
with N per condition = 50. We wished to comfortably exceed this, and
therefore ran 400 subjects (N per condition 200, power = 80% for an
effect of 0.2). The study was pre-registered: <https://aspredicted.
org/8GC_8P8>

3.1. Method

3.1.1. Sample

We recruited 400 adult subjects (age M = 29.75, SD = 5.90; range: 18
to 40 years) from prolific academic (202 male and 198 female). The
sample was predominantly white (White = 92.5%; Asian = 3.0%; Black
= 1.3%; South East Asian = 0.5%; Other = 2.8%). Subjects were paid
£1.20 for their participation (excluding bonus).

3.1.2. Materials

Intelligence was measured using Form A and Form B of the Visual
Paper Folding test (Ekstrom et al., 1976). Each form includes 10 items
(3-minute time limit) and the forms are calibrated as approximately
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equally difficult. For further details, see Study 1. For the total sample,
coefficient w was estimated: Form A = 0.688; Form B = 0.627. Effort was
measured using the 10-item Sundre and Thelk (2007) Student Opinion
Scale (see Study 1 for further details). Internal consistency reliability
was estimated at ® = 0.81 and 0.80 for the pre- and post-effort condi-
tions. The reliabilities for each experimental condition are reported in
Table 2.

3.1.3. Procedure

Subjects completed the testing online. After consenting, subjects
completed Form A of the paper folding test, followed by the completion
of the effort questionnaire. Next, half the subjects at random were
selected for the motivation condition, receiving the message, “In this
second part of the study, you will be given the opportunity to earn an addi-
tional £2 if you can improve your test performance by 10%. The test is very
similar to the first test you completed. You will also have the same amount of
time to complete the test. We will score both tests and if your score is 10%
higher on the second test, you will be awarded a bonus £2 pounds.” Subject
then saw an item asking if incentive was nothing, £2, or 10p, and could
not proceed before choosing the correct answer. Next, the subjects
completed Form B of the paper folding test followed by the effort
questionnaire.

3.2. Results

All analyses were conducted with SPSS (version 27). As can be seen
in Table 2, the distribution of ability and effort scores were sufficiently
normal (e.g., skew < |2.0[; (Schmider et al., 2010; Zuo et al., 2011).
Furthermore, no outliers were identified, based on the outlier labelling
rule with an inter-quartile range multiplier of 3.0 (Hoaglin & Iglewicz,
1987). Prior to conducting the 2 x 2 mixed-design ANOVA, the
assumption of equality of covariance matrices across groups was tested
and satisfied, Box's M test: F(3, 28,603,250.33) = 2.37, p = .501.

The mixed-design ANOVA identified a statistically significant main
effect of time, F(1, 398) = 19.66, p < .001, ngamal = 0.047, suggesting
that, with the data collapsed across both groups, performance on the
paper folding test increased from time 1 (M = 5.37; SD = 2.20) to time 2
(M =5.78; SD = 1.92), i.e., the presence of at least a practice effect. By
contrast, the group main effect was not significant statistically, F(1,
398) = 1.14, p = .286, ngamal = 0.003. Finally, the time x group
interaction was not statistically significant, F(1, 398) = 3.78, p = .053,
ngamal =0.009 (See Fig 2), suggesting that the degree of improvement in
ability scores for the incentive group was not statistically significantly
greater than the control group.

The correlation between the time 1 and time 2 test performance was
r=0.60 (95%CI: 0.53, 0.66). Furthermore, the magnitude of the time 1
and time 2 test performance difference in the means in standardized
format (Hedges' g) for the control and incentive groups were g = —0.11
(t=-1.86,p =.065) and g = —0.28 (t = —4.30, p < .001), respectively.
Disattenuated for imperfect reliability (Bobko, Roth, & Bobko, 2001),
the Hedges' g estimates were ¢ = —0.17 and g = —0.42, respectively.
Thus, the numerical difference in the magnitude of the disattenuated

Table 2
Mean, SD, Skew and Kurtosis for ability and effort measures by Group and Time (Study 2).
Time 1 Time 2
M SD Skew Kurtosis M SD Skew Kurtosis ®
Control group (N = 199)
Ability 5.36 2.15 —0.03 —0.42 0.68 5.59 1.92 -0.11 —-0.41 0.61
Effort 4.17 0.58 —0.38 —0.46 0.81 4.13 0.61 —0.43 —0.20 0.79
Incentive group (N = 201)
Ability 5.37 2.26 —0.06 —0.96 0.70 5.97 1.90 —0.59 —0.08 0.64
Effort 4.06 0.61 —0.14 —0.74 0.70 4.20 0.58 —0.18 —0.92 0.81

Note. Ability = performance on the paper folding test; Effort = test-taking effort; @ = coefficient Omega reliability.
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effects was equal to Ag’ = 0.25, suggesting an IQ point difference of 3.75,
although, to repeat, the magnitude of the interaction effect was not
significant statistically (p = .053).

Similar to test performance, with the data collapsed across both
groups, mean effort was found to increase from time 1 (M = 4.11; SD =
0.60) to time 2 (M = 4.17; SD = 0.60), F(1, 398) =6.38,p =.012, ngamal
= 0.016. However, the magnitude of the change was statistically
significantly larger for the incentive group (Hedges' g = —0.23, t =
—4.56 p < .001, g = 0.31) than the control group (Hedges' g = 0.06, t =
1.21, p = .228, ¢ = 0.08), based on the time x group interaction, F(1,
398) =17.36, p < .001, ﬂgarﬁal = 0.042. As can be seen in Table 2, the
data were also sufficiently normal (skew < |2.0|) and no outliers were
identified. Finally, the assumption of equality of covariance matrices
was satisfied, Box's M test: F(3, 28,603,250.33) = 0.93, p = .424.

3.3. Discussion

Although study 2 was well powered based on the Duckworth et al.
(2011) meta-analytic effect size estimate, we found only a numerically
small and statistically non-significant interaction effect of incentive on
test scores. This is compatible with the hypothesis that the bulk of the
association of effort with test scores is due to effects of ability on effort or
feelings of effort, rather than causal effects of effort on test scores, as
suggested by Gignac (2018). However, a post-hoc power analysis sug-
gested the interaction effect analysis had power of just 0.492, and
considering the key interaction effect p-value of 0.053 reported in study
2, we sought to re-test the hypothesis that test performance could be
improved (beyond a practice effect) with the same financial incentive
(£2) but with a larger sample size, selected after re-evaluating our power
for a possible real but much smaller effect.

4. Study 3

Using the Superpower package (Caldwell, Lakens, & Parlett-Pelleriti,
2021) to model a mixed effects 2b*2w ANOVA with the observed 0.6
correlation between test performance found in study 2 indicated that N
= 400 subjects per group would yield 88% power to detect a reduced
effect size of d = 0.2 improvement in performance due to incentive (i.e.,
3 IQ points greater performance improvement than the control group).
We therefore conducted a replication of study 2 with double the sample
size.

4.1. Methods

4.1.1. Sample

We recruited 801 adult subjects (age M = 36.11, SD = 12.89; range:
18 to 76 years) from prolific academic (402 male and 399 female). The
sample was predominantly white (White = 89.0%; Asian = 4.6%; Black
= 2.2%; South-East Asian = 1.0%; Other = 3.1%) . Subjects were paid
£1.20 for their participation (excluding bonus).
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4.1.2. Materials

The materials were identical to those used in study 2. For the total
sample, paper folding Form A coefficient @ = 0.72; Form B coefficient o
= 0.70; SOS-Effort pre-test coefficient ® = 0.80; SOS-Effort post-test
coefficient @ = 0.82. The reliabilities for each experimental condition
are reported in Table 3.

4.1.3. Procedure

The procedure was identical to that used in study 2. Subjects who
participated in study 1 or study 2 were excluded from participating in
study 3.

4.2. Results

As can be seen in Table 3, the distribution of ability and effort scores
were sufficiently normal (e.g., skew < |2.0]; (Schmider et al., 2010; Zuo
et al., 2011). Furthermore, no outliers were identified, based on the
outlier labelling rule with an inter-quartile range multiplier of 3.0
(Hoaglin & Iglewicz, 1987). Prior to conducting the 2 x 2 mixed-design
ANOVA, the assumption of equality of covariance matrices across
groups was tested and satisfied, Box's M test: F(3, 115,478,999.00) =
0.22, p = .883.

The mixed-design ANOVA identified a statistically significant main
effect of time, F(1, 799) = 72.28, p < .001, nﬁamal = 0.083, suggesting
that, with the data collapsed across both groups, performance on the
paper folding test increased from time 1 (M = 4.95; SD = 2.36) to time 2
(M = 5.50; SD = 2.09), i.e., the presence of at least a practice effect. By
contrast, the group main effect was not significant statistically, F(1,
799) =1.03,p =.310, ngamal = 0.001. Finally, as per study 2, the time x
group interaction was not statistically significant, F(1, 799) = 3.45,p =
.064, flgama] = 0.004 (See Fig 3), suggesting that the degree of
improvement in ability scores for the incentive group was not statisti-
cally significantly greater than the control group.

The correlation between the time 1 and time 2 test performance was
r=0.67 (95%CL: 0.63, 0.70). Furthermore, the magnitude of the time 1
and time 2 test performance means in standardized format (Hedges' g)
for the control and incentive groups were g = —0.19 (t = 4.67, p < .001)
and g = —0.31 (t = —7.38, p < .001), respectively. Disattenuated for
imperfect reliability, the Hedges' g estimates were g’ = —0.27 and g’ =
—0.44, respectively. Thus, the numerical difference in the magnitude of
the disattenuated effects was equal to Ag’ = 0.17, suggesting an IQ point
difference of 2.55, although, to repeat, the magnitude of the interaction
effect was not significant statistically (p = .064).

Similar to test performance, with the data collapsed across both
groups, mean effort was found to increase from time 1 (M = 4.17; SD =
0.61) to time 2 (M = 4.24; SD = 0.62), F(1, 799) = 23.14, p < .001,
ngamal = 0.028. However, the magnitude of the change was statistically
significantly larger for the incentive group (Hedges' g = —0.26, t =
—7.41, p < .001 g’ = —0.34) than the control group (Hedges' g = 0.03, t
=0.91,p=.362,¢ = 0.04), F(1, 799) = 36.62, p < .001, fjZartial = 0.044.
As can be seen in Table 3, the data were also sufficiently normal (skew <
|2.0]) and no outliers were identified. Finally, although the assumption

Table 3
Mean, SD, Skew and Kurtosis for Ability and Effort Measures by Group and Time (Study 3).
Time 1 Time 2
M SD skew kurtosis M SD skew kurtosis ®
Control group (N = 398)
Ability 4.93 2.39 0.04 -0.83 0.73 5.36 2.12 -0.37 —0.62 0.70
Effort 4.21 0.60 —0.90 0.98 0.80 4.20 0.66 -1.07 1.96 0.81
Incentive group (N = 403)
Ability 4.96 2.33 0.09 —0.61 0.72 5.63 2.04 —0.44 —0.15 0.70
Effort 4.13 0.62 —0.53 0.04 0.80 4.29 0.58 —0.62 0.02 0.74

Note. Ability = performance on the paper folding test; Effort = test-taking effort; @ = coefficient w reliability.
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of equality of covariance matrices was not satisfied, Box's M test: F(3,
115,478,998.996) = 6.47, p < .001, the conclusions were considered
accurate, as the corresponding effort variances/covariance were
different by less than 30%, and the sample sizes were essentially equal
(Keselman, Algina, & Kowalchuk, 2001).

4.3. Discussion

Consistent with Study 2, we again failed to observe a statistically
significant effect to suggest that test performance could be increased
with a financial incentive, even though the power to detect an effect was
estimated at 88%. With the larger sample size used in Study 3, the effect
size point-estimate was found to be numerically smaller than the (sta-
tistically non-significant) effect estimated in Study 2 (1.8 IQ points vs.
2.55): a reminder that an appreciable increase in sample size does not
necessarily turn a marginally statistically significant effect (p = .054)
into a significant effect.

In contrast to test performance, and consistent with Study 2, effort
was found to be statistically significant larger at time 2 in the incentive
group, in comparison to the control group, however the effort means
were 4.2 vs. 4.3 on the 5-point Likert scale (Hedges' g = —0.15).
Considering these results, for Study 4 we turned our attention to
attempting to increase effort more substantially, by offering a five times
greater financial incentive (£10) to improve test performance and
combining data across studies 2 and 3 to maximise power.

5. Study 4

In study 4, we wished to further test the potential effect of incentive
on test performance by running subjects in a high incentive condition. If
incentives play a major part in cognitive performance (Bonner &
Sprinkle, 2002), then their effects should be dose-responsive. That is, the
effect of incentive on cognitive performance should be greater for
greater reward. To test this, we offered incentives of £5 for any
improvement over time 1 performance and £10 for improvement of 2
items or more over time 1 performance. A second goal of this study was
to combine data across all of our experimental samples, enlarging the N
at the control and base (£2) incentive conditions, thus, allowing a
powerful test of the hypothesized monotonic effect of incentive on
cognitive performance. Because studies 2—4 all drew on the same subject
pool, with the same testing procedure and materials, this combining of
data across collection times was possible.

5.1. Method

5.1.1. Sample
We recruited an additional 150 adult subjects (age M = 28.83, SD =
6.24; range: 18 to 39 years) from prolific academic (75 male and 75
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female). The sample was predominantly white (White = 85.3%; Asian =
7.3%; Black = 3.3%; South-East Asian = 0.7%; Other = 3.1%). Subjects
were paid £1.20 for their participation (excluding bonus).

5.1.2. Materials

The materials were identical to those used in study 2 and 3. For the
total sample, paper folding Form A coefficient = 0.72; Form B coef-
ficient @ = 0.69; SOS-Effort pre-test coefficient ® = 0.83; SOS-Effort
post-test coefficient @ = 0.73. The reliabilities for each experimental
condition are reported in Table 4.

5.1.3. Procedure

The procedure was identical to that used for the experimental groups
in study 2 and 3 except subjects received the following instruction about
the possibility of earning bonus money for improving their performance:
“This next half block contains the same number of items, but this time, we will
pay you a £5 bonus! if you improve your score by 1 item and £10 if you
improve your score by 2 or more items on the next block compared the block
you just completed.”

5.2. Results

As can be seen in Table 4, the distribution of ability and effort scores
were sufficiently normal for parametric analyses (e.g., skew < [2.0[;
(Schmider et al., 2010). Furthermore, no outliers were identified, based
on the outlier labelling rule with an inter-quartile range multiplier of 3.0
(Hoaglin & Iglewicz, 1987). Prior to conducting the 2 x 3 mixed-design
ANOVA, the assumption of equality of covariance matrices across
groups was tested and satisfied, Box's M test: F(6, 1,483,250.01) = 0.28,
p = .946.

The mixed-design ANOVA identified a statistically significant main
effect of time, F(1, 1348) = 73.20, p < .001, "[I%artia] = 0.052, suggesting
that, with the data collapsed across both groups, performance on the
paper folding test increased from time 1 (M = 5.08; SD = 2.32) to time 2
(M = 5.60; SD = 2.04), i.e., the presence of at least a practice effect. By
contrast, the group main effect was not significant statistically, F(2,
1348) = 1.02, p = .362, ngartm = 0.002. Finally, the time x group
interaction was statistically significant, F(2, 1348) = 3.55, p = .029,
ngamal = 0.005, suggesting that the degree of improvement in ability
scores for at least one of the incentive groups was statistically signifi-
cantly greater than the control group (see Table 4).

A follow-up 2 x 2 mixed-design ANOVA isolating the high-incentive
group (£10) and the control group failed to yield a statistically signifi-
cant interaction, F(1, 745) = 1.57, p = .211, ﬂgartial = 0.002. Thus, the
improvement in test performance associated with the high-incentive
group (Hedges' g = —0.26, t(149) = —3.36, p < .001, g = —0.37) was
not, statistically significantly greater than the practice effect associated
with the control group (Hedges' g = —0.17, t(596) = —4.90, p < .001, ¢’

Table 4
Mean, SD, Skew and Kurtosis for Ability and Effort Measures by Group and Time (Study 4).
Time 1 Time 2
M SD skew kurtosis M SD skew kurtosis @
Control Group (N = 597)
Ability 5.08 2.32 —0.01 -0.71 0.72 5.44 2.06 —0.31 —0.52 0.68
Effort 4.20 0.59 —-0.73 0.49 0.80 4.17 0.64 —0.88 1.33 0.82
Incentive Group - £2 (N = 604)
Ability 5.10 2.31 0.04 -0.73 0.71 5.74 2.00 —0.49 -0.13 0.68
Effort 4.11 0.62 —0.40 —0.25 0.81 4.26 0.58 —0.47 —0.36 0.81
Incentive Group — £10 (N = 150)
Ability 5.07 2.38 0.09 -0.77 0.72 5.64 2.05 —0.30 —0.06 0.69
Effort 4.13 0.67 -1.11 2.47 0.83 4.28 0.55 —0.34 —0.74 0.73

Note. Ability = performance on the paper folding test; Effort = test-taking effort.
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= —0.24). By comparison, the 2 x 2 mixed-design ANOVA isolating the
moderate-incentive group (£2) and the control group yielded a statisti-
cally significant interaction, F(1, 1199) = 6.98, p = .008, ngamal =0.006;
thus, combining the control groups from study 2 and study 3 increased
the statistical power associated with the key interaction analysis carried
out individually in studies 2 and 3. The magnitude of the difference in
test performance improvement between the moderate-incentive group
(Hedges' g = —0.30, t(603) = —8.49, p < .001, g = —0.43) and the
control group (Hedges' g = —0.17, t(596) = —4.90, p < .001, g = —0.24)
was equal to Ag = —0.13 or 1.95 IQ points. Disattenuated for imperfect
reliability, the difference in Hedges' g’ values corresponded to Ag =
—0.19 or 2.85 IQ points.

Finally, the 2 x 2 mixed-design ANOVA isolating the moderate-
incentive group (£2) and the high-incentive group (£10) failed to yield
a statistically significant interaction effect, suggesting a failure to
identify a dose dependent effect (moderate incentive group Hedges' g =
—0.30, g = —0.43; high-incentive group Hedges'g= —0.26, ¢ = —0.37, t
(149) = —3.66, p < .001).

Turning our attention to effort, a 2 x 2 mixed design ANOVA
isolating the high-incentive group and the control group identified a
statistically significant interaction, F(1, 745) = 22.49, p < .001, ﬂgamal =
0.029, supporting the hypothesis that the £10 pound incentive increased
test-taking effort (Hedges' g = —0.25, t(149) = —3.98, p < .001), in
comparison to the control group (Hedges' g = 0.04, t(596) = 1.45, p =
.149). By contrast, isolating the high-incentive group and the moderate-
incentive group, the 2 x 2 mixed-design ANOVA failed to reach statis-
tical significance, F(1, 752) = 0.01, p = .920, ngamal < 0.001, suggesting
that the magnitude of the increase in effort from time 1 to time 2 was not
statistically significantly different across the two incentive groups (high-
incentive group Hedges' g = —0.25, t = —3.98, p < .001; moderate-
incentive group Hedges' g = —0.25, t = —8.69, p < .001).

5.3. Discussion

By combining samples across studies (control N = 597; inventive N
= 604), the hypothesis that test performance would be impacted posi-
tively by motivation was supported. In partial 52 terms, the magnitude of
the effect (=~ 0.005) is unequivocally small (Richardson, 2011). Stated
alternatively, the control versus incentive group difference at time 2
corresponded to a standardized effect (Hedges' g) of approximately 0.13,
a value that corresponds in conventional IQ points to an effect of 1.95
points (using z-score transform). Ultimately, on average, the incenti-
vised groups managed to increase their performance by only % of one
question (5.69-5.44 = 0.25).

The £10 bonus incentive increased effort. Despite the size of the
bonus, in standardized effect size terms, the magnitude of the effect
(partial #2 = 0.029; Hedges' g ~ 0.15) is modest relative to the effects
effort has been expected to show. Gignac (2018) found a similar nu-
merical mean difference in the hypothesized direction (Hedges' g ~
0.15) but this was non-significant. In absolute terms the SOS-Effort mean
change from 4.13 to 4.28 may not be considered large (3.6% increase).
No dose-response effect was observed with respect to effort: those
offered the opportunity to earn an additional £10 reported, on average,
reported the same level of effort as those offered the opportunity to earn
an additional £2 (4.28 vs. 4.26).

6. General discussion

Our results agree well with recent empirical investigations into the
experimental effects of motivation on cognitive ability test performance.
For example, Gignac (2018) failed to observe statistically significant
effects (N = 99), and on average, across the five processing speed tasks
that were analysed, the reported effect sizes were not large (partial 7% ~
0.016). Similarly, Merritt et al. (2019) failed to observe a statistically
significant effect of incentive on test performance in a between-subjects
design (N = 42 and N = 39), and the average effect size across the four
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cognitive ability tests (visual memory, verbal memory, visual motor
speed and reaction time) corresponded to g ~ 0.23 (in favour of the
incentive group). Taken together, our results, and the most recent
experimental research in the area, suggest that the causal effect of
motivation on test performance is likely small, at least in healthy adult
volunteers.

We acknowledge that some recent experimental investigations have
reported statistically significant and substantial effects of motivation on
test performance. For example, in a sample of university students who
completed a battery of academic achievement tests, Liu, Rios, and
Borden (2015) reported incentive effects of approximately g = 0.55 to
0.75. However, once the subjects who spent less than 10% of average
time to complete 10% or more of the test items were removed from the
sample (“rapid responders”), no statistically significant incentive effects
were found. Arguably, the rapid responders removed from the Liu et al.
(2015) sample were not only non-motivated, but they were also not even
paying much attention to the test items. Correspondingly, we note that
the Duckworth et al. (2011) meta-analysis included many neurotypical
non-normal samples (e.g., behavioural and learning difficulties) which
may have included subjects who barely attended to the test items. The
results of our investigation suggest that if a person attends to the test
items and applies some motivation to complete them, they will likely
manifest a test performance essentially commensurate with their true
intelligence level. Once a modicum of effort is applied, the prospect of
increasing motivation to improve test performance is diminished
greatly. Thus, it may be concluded that intelligence test scores, in most
scenarios, may be interpreted validly, when the test manual instructions
are followed. Such a conclusion is in clear contrast to the conclusion by
Duckworth et al. (2011).

6.1. Correlation and direction of causality

Across all three samples and cognitive ability tests (sentence verifi-
cation, vocabulary, visual-spatial reasoning), the magnitude of the as-
sociation between effort and test performance was approximately 0.30,
suggesting that higher levels of motivation are associated better levels of
test performance. Our results are in close accord with existing literature,
including a recent meta-analysis in the area (r = 0.33; Silm et al., 2020).
A unique contribution of our investigation are the large sample sizes (Ns
~ 1000) and the fact that the subjects completed only a single test, prior
to self-reported effort. With the large sample sizes, we were also in the
unique position to examine the nature of the association, and we found
the association to be clearly linear. Gignac (2018) and (Gignac et al.,
2019) suggested that the association might be non-linear, such that a
more pronounced effect of motivation may be observed at the lower-end
of the effort spectrum. However, we failed to detect any suggestion of
such a non-linear effect. The presence of an entirely linear effect may be
suggested to be indirectly supportive of the notion that reported effort
largely reflects perceived ability, as the observation of a threshold effect
would be inconsistent with the effort as perceived ability hypothesis.

As is well-known, the observation of a correlation is a necessary but
not sufficient condition for causality. The failure to observe concomitant
increases in test effort and test performance, when test effort is manip-
ulated, suggests the absence of a causal effect between test motivation
and test performance. Consequently, the positive linear assocation be-
tween effort and performance may be considered either spurious or the
direction of causation reversed — flowing from ability to motivation.
Several investigations have shown that the correlation between test-
taking anxiety and test performance likely flows from ability to test-
anxiety, not the other way around (Sommer & Arendasy, 2015; Som-
mer, Arendasy, Punter, Feldhammer-Kahr, & Rieder, 2019). Thus, if the
direction of causation flows from ability to test motivation, it would help
explain why effort is so difficult to shift via incentive manipulation.
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6.2. Limitations & future research

We acknowledge that the evidence for the causal direction between
effort and ability remains equivocal, as our evidence rests upon the
absence of evidence (absence of experimental incentive effect). Ideally,
positive evidence would be provided. Indirect positive evidence may be
obtained by conducting an experiment, whereby half the subjects are
given a relatively easy version of the paper folding task (10 easiest
items) and the other half are given a relatively more difficult version (10
most difficult items). It is hypothesized that those given the relatively
easier version of the paper folding task would then, on average, self-
report greater levels of test-taking effort. Partial support for such a hy-
pothesis is apparent in Table 1 of this investigation. Specifically, it can
be seen that there is a perfect correspondence between the difficulty of
the test (synonyms mean 73.4% correct; sentence verification mean
53.8% correct; paper folding mean 43.3%) and the mean level of re-
ported effort (synonyms mean effort 4.42; sentence verification mean
4.11; paper folding mean 3.83).

Another limitation is that we measured effort with only one method:
self-report. Self-report measures have limitations, including that they
rely upon the introspection ability of the responder (Paulhus & Vazire,
2007). Additionally, the degree of convergent validity between self-
report measures of effort and behavioural measures of effort is only
moderate (r ~ 0.25; Wise & Kong, 2005). However, behavioural mea-
sures of effort have their own limitations (Gignac & Wong, 2020).
Perhaps, ideally, effort would be measured with a multi-method
approach, a strategy we encourage for future research. In light of our
use of a single (and imperfect) method to measure effort, the degree to
which our financial incentives increased effort was likely under-
estimated across studies 2 to 4.

We also acknowledge that we manipulated effort with only one
incentive: money. Financial incentives have been shown to increase
effort (Bonner & Sprinkle, 2002), however, it is only one type of
incentive. Other types of incentives might show larger effect sizes than
those reported in this investigation. Consequently, our results are ac-
curate to the degree that alternative incentives do not yield appreciably
larger effects. Finally, situations with higher workload, more fatigue,
etc., effort may be more (or less) important, although the existing studies
with longer testing sessions (e.g. Gignac, 2018) failed to show such
larger effects.

7. Conclusion

There is almost undoubtedly a positive correlation between reported
effort and IQ-type test scores, and the magnitude is likely r ~ 0.30.
However, the accumulating experimental evidence with neurotypical
adult volunteers suggests that the correlation does not reflect a sub-
stantive causal effect, at least not one that leads from effort to test
performance.

Data and analysis scripts

Data and analysis scripts are available at: https://osf.io/5uesw/?
view_only=705617acaf734286844b1521ed87afdc
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