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Abstract:    

 
Persistence, above and beyond IQ, predicts long-term academic outcomes.  To look at the effect 
of adult models on infants’ persistence, 15-month-olds were assigned to an Effort condition in 
which they saw an adult try repeatedly, using various methods, to achieve each of two different 
goals; a No Effort condition in which the adult achieved the goals effortlessly, or a Baseline 
condition. Infants were then given a difficult, novel task.  Across an initial study and two pre-
registered experiments (N = 262), infants in the Effort condition made more attempts to achieve 
the goal than infants in the other conditions.  Pedagogical cues modulated the effect. The results 
suggest that adult models causally affect infants’ persistence and that infants can generalize the 
value of persistence to novel tasks. 

 
One Sentence Summary: Infants who see adults work hard to succeed persist longer at their 
own tasks than they do at baseline or after seeing adults succeed effortlessly. 
 

Main Text:  
Many cultures emphasize the value of effort and perseverance. This emphasis is 

substantiated by scientific research; individual differences in conscientiousness, self-control, and 
grit correlate with academic outcomes independent of IQ (1-3). Even the way children think 
about the relationship between hard work and achievement affects school outcomes: 
experimental interventions suggest that children who believe effort determines achievement out-
perform those who believe ability is a fixed trait (4).  Although most research on persistence has 
focused on school-age children (e.g., 5, 6), studies suggest that persistence in infancy and early 
childhood statistically predicts longer-term cognitive outcomes (7-9), arguably mediated by a 
suite of temperamental and cognitive factors involved in executive function and “effortful 
control” (see 10, 11 for reviews). In addition to such intrinsic factors, observational studies 
suggest that early task persistence may be affected by adult behaviors including developmentally 
appropriate support for children’s autonomy, caregiver responsiveness, and praise for children’s 
effort rather than ability (12-14). 

However, previous studies leave open the question of whether there is a causal 
relationship between adult behavior and infants’ persistence. Additionally, they leave open the 
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question of whether infants’ persistence might be affected not just by adults’ responses to 
infants, but by adults’ responses to challenges.  Here we ask whether infants might be sensitive 
to evidence that hard work pays off.  Does seeing an adult exert effort to succeed encourage 
infants to persist longer at their own challenging tasks? 

Both empirical and theoretical work suggests that young human learners can draw rich, 
abstract generalizations from sparse data (see 15 for discussion). A few examples suffice for 
infants to infer novel words (16), causal relationships (17-19), and social roles (20, 21).  Especially 
in pedagogical contexts, where adults make eye contact, say the child’s name, use child-directed 
speech, and perform intentional actions, infants draw broad, generalizable inferences from adult 
models (22, 23). However, in such studies, infant behavior is simply a dependent measure used to 
assess infants’ learning of novel concepts, and there are few behavioral costs associated with 
learning new information. Here by contrast, we ask whether infants can draw an abstract inference 
about how to behave, and in particular, whether they can learn the value of engaging in costly, 
effortful actions. 

We tested the hypothesis that infants who saw even a couple examples of an adult 
working hard to achieve her goals would persist longer on a novel task than those who saw an 
adult succeed effortlessly. For the adult model, we chose goals that might be comprehensible to 
infants: opening a container and detaching a clasp from a key chain.  Intuitively, “working hard” 
at these tasks may involve a number of different behaviors (e.g., repeating actions, trying 
different actions, speculating on the appropriate actions, etc.; see movie S1). This limited our 
ability to specify which aspects of the modeled behavior might be important to the infants but 
allowed us to assess infants’ response to behaviors roughly comparable to those they might see 
outside the laboratory.  By contrast, the infant task – activating a toy -- was chosen for ease and 
reliability of coding; here task persistence was operationalized simply as the number of button 
presses. The design thus provided a strong test of infants’ ability to infer the value of effort: 
infants had to generalize from the diversity of observed adult behaviors to the effort appropriate 
for their own goal.  In line with other work on infants and adult models of rational action (e.g., 
24), we tested 13-18-month-olds (mean: 15.37 months).  Infants were randomly assigned to an 
Effort, No Effort, or Baseline condition (n=34/condition). To ensure the robustness of the results, 
we subsequently ran a pre-registered replication of the Effort/No Effort contrast (available on the 
Open Science Framework at osf.io/g3aws post-publication, n=40/condition). See SM for the pre-
registered replication and details of the methods and analyses throughout. 

In Experiment 1, the experimenter made eye contact with the infant, greeted the infant by 
name, and used child-directed speech throughout.  In the Effort condition the experimenter 
picked up a container with a toy inside, announced her intention (“Look, there’s something 
inside of there! I want to get it out!”), then worked to open the container, narrating her attempts 
as she proceeded (“Hmm … I wonder how I can get my toy out of here?  Does this work?  No, 
how about this …”).  She successfully opened the container only at the end of a 30-second 
interval.  The experimenter then put aside the container and demonstrated a carabiner with a toy 
keychain attached.  She announced her intention (“How do I get this off?”) and again worked at 
the task, narrating her efforts and only succeeding at the end of the 30-second interval. The No 
Effort condition was identical except that the experimenter successfully accomplished each goal 
within 10 seconds and repeated the task twice more, for a total of three demonstrations over each 
30-second interval.  In the Baseline condition, the adult did not model any behavior and the 
infant proceeded directly to the test trial.  (See Figure 1.) 
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In the test trial, the experimenter introduced the infant to a music box with a button. The 
button was easy for infants to press, but inert. The experimenter said, “Now it’s your turn to play 
with a toy. See this toy! This toy makes music!”  The experimenter placed the toy out of the 
infant’s sight and activated the music toy using a hidden button designed to be difficult for 
infants to find or activate. The experimenter then handed the toy to the infant and left the room. 
The test trial was terminated after two minutes or after the baby handed the toy to her parent 
and/or threw the toy down a total of three times (called a “handoff” throughout). All trials were 
videotaped. 

We looked both at how many times infants pressed the button overall before the 
termination of the experiment and, as a potentially more nuanced measure, the number of times 
the infants pressed the button before the first handoff.  (See Figure 2 and Tables 1 and 2 for 
results and analyses.)  Both the total number of times infants pressed the button and the number 
of times they pressed the button before first handoff differed by condition (Total button presses: 
F(2, 99) = 5.10, p = .008, η2 = .10; Presses before first handoff: F(2, 99) = 4.88, p = .01, η2 = 
.09). Planned follow-up analyses revealed that, as predicted, children in the Effort condition 
pressed the button more times than children in the No Effort condition and children at Baseline; 
there was no significant difference in total button presses between the No Effort condition and 
the Baseline condition. The same pattern of results held looking only at the number of button 
presses before the first hand-off.  All results were obtained through linear models but remained 
the same when tested with non-parametric Wilcoxon rank-sum test (Total button presses: Effort 
vs. Baseline, W = 793, p = .008; r = -.32; Effort vs. No Effort, W = 763, p = .02; r = -.27; No 
Effort vs. Baseline, W = 593, p = .86; r = -.02. Presses before first handoff: Effort vs. Baseline, W 
= 367.5, p = .01; r = -.31; Effort vs. No Effort, W = 390.5, p = .02; r = -.28; No Effort vs. 
Baseline, W = 582.5, p = .96; r = -.01). Post-hoc analyses suggest that these results were specific 
to infants’ persistence in trying to activate the toy; there were no differences in overall playtime 
between conditions (F(2,99) = 2.47, p = .09, η2 = .05) or tendency to hand-off or discard the toy 
between conditions (X2(6, N=102) = 4.55, p = .60).  

In the pre-registered replication of the contrast between the Effort and No Effort 
conditions, again, infants in the Effort condition pushed the button both more times overall and 
more times before the first hand-off than infants in the No Effort condition. (Total button 
presses: W = 1043.5, p = .02, r = -.26; Button presses before first handoff: W = 1026.5, p = .03, r 
= -.24). Analyses again revealed that the results were specific to infant persistence in activating 
the toy; there were no differences in overall playtime by condition (t(78) = 1.66, p = .10, d  = .37) 
or in tendency to discard or hand off the toy between conditions (X2(3, N=80) = 3.96, p = .27). 
Removing outliers (values 1.5 interquartile range above the 3rd quartile) had no effect on the 
results in either Experiment 1 or the replication.  (See SM.) These results suggest that two 
examples suffice for infants to generalize the value of effort to a new task.   

As noted, infants are especially likely to draw rich, abstract inferences in pedagogical 
contexts (22-23). However, times when adults are struggling to achieve their goals may be times 
when they are especially unlikely to engage infants pedagogically.  To look at whether 
pedagogical cues are critical to infants’ inferences or whether infants can infer the value of effort 
merely from observing an adult struggling to achieve goals, we eliminated ostensive cues in 
Experiment 2 (pre-registered here: https://osf.io/xjz8e/registrations/): the experimenter did not 
make eye contact, use infant-directed speech, or use the infant’s name during the Effort and No 
Effort demonstrations. Consistent with previous research (25, 26), the results suggest that 
pedagogical cues modulate learning.  The primary result replicated: infants in the Effort 
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condition pressed the button more times overall than infants in the No Effort condition (see 
Table S1). However, the effect was weak: In contrast to the previous studies, (i) the main result 
was not robust to removing outliers (β = .72, t(75) = 1.86, p = .07,  95% CI [-0.04,  1.47]; W = 
561, p = .07, r = -.21), (ii) bootstrapped 95% confidence intervals on medians in the Effort and 
No Effort conditions largely overlapped, and (iii) there was no effect of condition on the number 
of button presses before first hand-off . Additionally, although the tendency to hand off the toy 
did not differ between conditions (X2(3, N=80) = 5.17, p = .16), there was a difference in overall 
playtime between conditions, with children in the Effort condition playing for longer than 
children in the No Effort condition (t(78)=2.80, p=.007,  d  = .63).   These results suggest that the 
absence of ostensive cues made the effect both weaker and less specific.  Note also that in order 
to match the modeled behavior in the pedagogical conditions of Experiment 1, the experimenter 
talked and gestured (to herself) in the non-pedagogical conditions in Experiment 2.  Entirely 
eliminating all communicative information might have further attenuated the effect.   

Overall however, these studies suggest that seeing just two examples of an adult working 
hard to achieve her goals can lead infants to work harder at a novel task relative to infants who 
see an adult succeed effortlessly. Critically, the adult examples affected infants’ persistence even 
though the adult had different goals and performed different actions than the infants. These 
results are in line with a growing body of work suggesting that infants and toddlers are sensitive 
to the effort that agents use in performing goal-directed actions (27, 28); they go beyond such 
work in suggesting that infants can also learn to try harder themselves.  

Of course, repeatedly attempting to achieve a goal is only a good idea when it is 
reasonable to assume that persistence will pay off.  A number of features of this design made that 
assumption plausible here: the toy was designed to look like a developmentally appropriate 
infant toy, infants had heard the toy activate, they were given the toy by a friendly, presumably 
helpful adult, and, as noted, they had previously seen the adult successfully achieve her own 
goals.  Absent any of these factors, adult persistence might be less likely to increase infants’ 
persistence; however, precisely such factors might help infants distinguish between (valuable) 
persistence and (pointless) perseveration. Future work might look at how demonstrations of the 
effort involved in goal achievement affect infants’ persistence, not just immediately and within a 
single setting, but across contexts, over time, and with respect to children’s explicit attitudes 
towards challenges (e.g., 6)   

The precise nature and scope of infants’ inferences remains a question for future research. 
Infants might have learned something about the value of effort generally or they might have 
made relatively specific assumptions about the value of effort in this context.  For instance, 
infants in the Effort condition might have inferred that the toy was hard to operate and thus 
required persistence whereas infants in the No Effort condition may have inferred that the toy 
should work easily; when it did not, they may have assumed the toy was broken rather than that 
more effort was required (see e.g. 17).   Additionally, we looked only at cases where the adult 
model succeeded at the task. (Pilot work suggested that it was difficult to sustain infants’ 
attention to both demonstrations when the adult failed.) If an adult fails to achieve a goal after 
trying only slightly, infants might infer that the goal may be achievable with more effort.  If so, 
the current results might reverse: infants might persist more when they see an adult fail after 
trying a little than a lot. Alternatively, if an adult fails to achieve a goal, infants might conclude 
that the task is beyond their abilities, regardless of adult effort.  Future work might investigate 
these predictions.   



 5 

The tasks used in this study were designed to be readily comprehensible to infants. 
Whether infants would be sensitive to adult persistence in contexts where the adult’s goals and 
goal-directed actions were more opaque to the child remains an empirical question. The infant 
task also appeared deceptively simple: the only salient feature of the box was a large, easy to 
press button.  This design was useful in constraining infants’ actions and operationalizing 
persistence; however, it leaves open the question of how infants’ persistence might be affected in 
less constrained contexts. 

The generalizability of the results may be limited insofar as the infants in the current 
study were recruited from a relatively privileged sample of parents at an urban children’s 
museum. Some work suggests that inferences relevant to the current work may hold broadly 
(e.g., assumptions about pedagogical sampling hold even in traditional Mayan communities 
where formal instruction is rare; 29).  However, different prior beliefs about the competence and 
trustworthiness of adults (see e.g., 30) or the reliability of expected rewards (e.g., 31) may 
support different inferences about both the utility of learning from adult models and the utility of 
persistence itself.  Future research might investigate the degree to which observations of adult 
effort increase infants’ persistence in a broader range of cultural and socio-economic 
environments.   

Cultural factors may also affect the extent to which children have opportunities to see 
adults working hard to achieve their goals. In some communities, children learn predominantly 
by observing and participating in the challenging tasks of adult life (32).  By contrast, in modern, 
industrialized cultures, children learn primarily by being instructed in knowledge and skills that 
adults have already mastered; in such contexts, children may assume that most things come 
easily to adults.  In investigating infants’ ability to learn persistence from adult models, we do 
not mean to suggest that observing adult models is the only or best way for children to learn the 
value of persistence; its value may also be communicated by explicit messages about the 
importance of hard work or simply observing that adults fulfill their responsibilities. 
Nonetheless, the current study suggests the potential value in letting children “see you sweat”: 
showing children that hard work works might encourage them to work hard too. 

 
References and Notes: 

1. A. L. Duckworth, & M. E. Seligman, Self-discipline outdoes IQ in predicting academic 
performance of adolescents. Psychological Science 16, 939-944 (2005). 

2. L. Eskreis-Winkler, A. L. Duckworth, E. P. Shulman, & S. Beal, The grit effect: 
Predicting retention in the military, the workplace, school and marriage. Frontiers in 
Psychology 5, 36 (2014). 

3. Poropat, A. E., A meta-analysis of the five-factor model of personality and academic 
performance. Psychological bulletin 135, 322 . (2009). 

4. L. S. Blackwell, K. H. Trzesniewski, & C. S. Dweck, Implicit theories of intelligence 
predict achievement across an adolescent transition: A longitudinal study and an 
intervention. Child Development 78, 246-263 (2007). 

5. J. S. Eccles, & A. Wigfield, Motivational beliefs, values, and goals. Annual Review of 
Psychology 53, 109-132 (2002). 

6. D. S. Yeager, & C. S. Dweck, Mindsets that promote resilience: When students believe 
that personal characteristics can be developed. Educational Psychologist 47, 302-314 
(2012). 



 6 

7. D. J. Messer, M. E. McCarthy, S. McQuiston, R. H. MacTurk, L. J. Yarrow, & P. M. 
Vietze, Relation between mastery behavior in infancy and competence in early 
childhood. Developmental Psychology 22, 366-372 (1986). 

8. L. J. Yarrow, G. A. Morgan, K. D. Jennings, R. J. Harmon, & J. L. Gaiter, Infants' 
persistence at tasks: Relationships to cognitive functioning and early experience. Infant 
Behavior and Development 5, 131-141 (1982). 

9. L. J. Yarrow, S. McQuiston, R. H. MacTurk, M. E. McCarthy, R. P. Klein, & P. M. 
Vietze, Assessment of mastery motivation during the first year of life: Contemporaneous 
and cross-age relationships. Developmental Psychology 19, 159 (1983). 

10. G. Kochanska, K. T. Murray, & E. T. Harlan, Effortful control in early childhood: 
continuity and change, antecedents, and implications for social development. 
Developmental Psychology 36, 220 (2000). 

11. M. K. Rothbart, Temperament, development, and personality. Current Directions in 
Psychological Science 16, 207-212 (2007). 

12. A. Frodi, L. Bridges, & W. Grolnick, Correlates of mastery-related behavior: A short-
term longitudinal study of infants in their second year. Child Development 56, 1291-1298 
(1985). 

13. E. A. Gunderson, S. J. Gripshover, C. Romero, C. S. Dweck, S. Goldin-‐Meadow, & S. C. 
Levine, Parent praise to 1-‐to 3-‐year-‐olds predicts children's motivational frameworks 5 
years later. Child Development 84, 1526-1541 (2013). 

14. S. A. Kelley, C. A. Brownell, & S. B. Campbell, Mastery motivation and self-‐evaluative 
affect in toddlers: Longitudinal relations with maternal behavior. Child Development 71, 
1061-1071 (2000). 

15. J. B. Tenenbaum, C. Kemp, T. L. Griffiths, & N. D. Goodman, How to grow a mind: 
Statistics, structure, and abstraction. Science 331, 1279-1285 (2011). 

16. F. Xu, & J. B. Tenenbaum, Sensitivity to sampling in Bayesian word learning. 
Developmental Science 10, 288-297 (2007). 

17. H. Gweon, & L. Schulz, 16-month-olds rationally infer causes of failed 
actions. Science 332, 1524-1524 (2011). 

18. A. E. Stahl, & L. Feigenson, Observing the unexpected enhances infants’ learning and 
exploration. Science 348, 91-94 (2015). 

19. C. M. Walker, & A. Gopnik, Toddlers infer higher-order relational principles in causal 
learning. Psychological Science 25, 161-169 (2014). 

20. J. K. Hamlin, Failed attempts to help and harm: intention versus outcome in preverbal 
infants’ social evaluations. Cognition 128, 451-474 (2013). 

21. L. Thomsen, W. E. Frankenhuis, M. Ingold-Smith, & S. Carey, Big and mighty: 
Preverbal infants mentally represent social dominance. Science 331, 477-480 (2011). 

22. G. Csibra, & G. Gergely, Natural pedagogy. Trends in Cognitive Sciences 13, 148-153  
(2009). 

23. G. Gergely, K. Egyed, & I. Király, On pedagogy. Developmental Science 10, 139-146 
(2007). 

24. G. Gergely, H. Bekkering, & I. Király, Developmental psychology: Rational imitation in 
preverbal infants. Nature 415, 755-755 (2002). 

25.  L. P. Butler, & E. M. Markmand, Preschoolers use intentional and pedagogical cues to 
guide inductive inferences and exploration. Child Development 83, 1416-1428 (2012). 



 7 

26. L. P. Butler, M. F. Schmidt, J. Burgel, & M. Tomasello, Young children use pedagogical 
cues to modulate the strength of normative inferences. British Journal of Developmental 
Psychology 33, 476-488 (2015). 

27. J. Jara-Ettinger, J. B. Tenenbaum, & L. E. Schulz, Not so innocent: Toddlers’ inferences 
about costs and culpability. Psychological Science 26, 633-640 (2015). 

28. S. Liu, & E. S. Spelke, Six-month-old infants expect agents to minimize the cost of their 
actions. Cognition 160, 35-42 (2017). 

29. L. Shneidman, H. Gweon, L. E. Schulz, & A. L. Woodward, Learning from others and 
spontaneous exploration: A cross-cultural investigation. Child Development 87, 723-735 
(2016). 

30. M. A. Koenig, P. L. Harris, Preschoolers mistrust ignorant and inaccurate speakers. Child 
Development 76, 1261-1277 (2005). 

31. C. Kidd, H. Palmeri, R. N. Aslin, Rational snaking: Young children’s decision-making on 
the marshmallow task is moderated by beliefs about environmental reliability. Cognition 
126, 109-114 (2013). 

32. S. Gaskins, “Children’s daily lives in a Mayan village: A case study of culturally 
constructed roles and activities” in Children’s engagement in the world: Sociocultural 
perspectives (Cambridge University Press, Cambridge, UK, 1999), pp 25-60.  
 

Acknowledgments: This work was funded by NSFGRFP awarded to J.A.L. and by the Center 
for Brains, Minds and Machines (CBMM), funded by NSF STC award CCF-1231216 to L.E.S. 
Thanks to Boston Children’s Museum, participating families, Kary Richardson for help coding 
the data, Rebecca Saxe, Josh Tenenbaum, Kim Scott, Rachel Magid, and Julian Jara-Ettinger for 
helpful comments on the draft, and members of the Early Childhood Cognition Lab for helpful 
comments and discussion. All data and analysis code can be found here: https://osf.io/xjz8e/. 

 
 
 
  



 8 

Fig. 1.  Schematic of study design.  Infants were assigned to one of three conditions: Effort, No 
Effort or Baseline. In the Effort condition, the experimenter struggled for 30 seconds before 
achieving each of two goals. In the No Effort condition, the experimenter achieved her goals 
effortlessly three times over 30 seconds. In the Baseline condition, there was no experimenter 
demonstration. The experimenter then introduced the infant to a novel toy, activated the toy out 
of the infant’s sight so that it played a 5 second tune, gave the infant the toy, and left the room 
for two minutes. The dependent variables were the number of times infants pressed the large 
(inert) button on the music toy in total and before the first handoff. 
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my toy out of 

here?

Experimenter 
introduces music toy
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leaves room for 2 
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How do I get 
my toy off of 

here?

Toy 3: Music toy
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Fig. 2. Results from Experiment 1, the Replication, and Experiment 2. The top and the 
bottom of the box correspond to the first and third quartiles (the 25th and 75th percentiles).  The 
upper whisker (vertical black line) extends from the third quartile to the largest value no further 
than 1.5 interquartile ranges from the third quartile; the lower whisker extends from the 
25th percentile down to the smallest value at most 1.5 interquartile ranges from the first quartile 
(i.e., the largest and smallest values that are not outliers).  The dark dots are values more than 1.5 
times the interquartile range above the third quartile (outliers). See text for statistical analyses.  
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Table 1. Linear models for each condition contrast in Experiment 1, the Replication, and 
Experiment 2. The 95% confidence intervals are from a bootstrap of the beta coefficients with 
10,000 samples for the total button presses and the number of button presses before the first 
handoff in each condition. For all models, the data were transformed to the 0.5 power to better 
adhere to a normal distribution. 
 
 Experiment 1 R2 B t df p 95% CI  
Effort vs. 
Baseline 

Total button presses .10 1.20 2.73 66 .008 0.35, 2.10 
 

Presses before first handoff .10 1.16 2.66 66 .01 0.31, 1.99 
 

Effort vs. 
No Effort 

Total button presses .10 1.24 2.71 66 .008 0.36, 2.11 
 

Presses before first handoff .09 1.14 2.48 66 .02 0.24, 2.03 
 

No Effort 
vs. 
Baseline 

Total button presses .00 0.03 0.08 66 .94 -0.81, 0.85 
 

Button presses before handoff .00 -0.02 -0.04 66 .97 -0.76, 0.71 
 

 Replication       
Effort vs. 
No Effort 

Total button presses 
 

.05 0.82 2.08 78 .04 0.85, 2.44 

Button presses before handoff 
 

.04 0.79 1.91 78 .06 0.75, 2.44 

 Experiment 2       
Effort vs. 
No Effort 

Total button presses 
 

.05 0.93 2.11 78 .04 0.05, 1.77 

 Button presses before handoff 
 

.02 0.66 1.40 78 .17 -0.28, 1.58 
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Table 2. Medians and 95% confidence intervals from a bootstrap with 10,000 samples for 
the two main outcome measures for each condition in Experiment 1, the Replication and 
Experiment 2.  
 
  Total button presses  Presses before first handoff 

 
Median 95% CI  Median 95% CI 

 
Exp. No Effort 12 

 
-2, 17.0  8 3, 12 

Baseline 11 
 

4, 13  9.5 8, 13 

Effort 22.5 15, 29  
 

 17 11, 24 

Rep. No Effort 9 0, 13  5 0, 7 

 Effort 18 12.5, 23  11 5, 14 

Exp. 2 No Effort 
 

13 8, 19.5  9 2, 13 

 Effort  18 5, 25.5  10.5 1.5, 15 

 


