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The present study examined the extent to which college students” academic mindsets
predicted their persistence when solving challenging math problems. The study included
an experimental manipulation, in which participants initially received either an easy or
a difficult arithmetic task. Following the manipulation, all participants solved two target
math problems: one that was solvable but very hard and another that was unsolvable.
Time spent attempting to solve each problem served as a measure of persistence. Results
showed the predicted pattern for the solvable target problem, but not for the unsolvable
problem. That is, for the solvable problem, the more of a fixed mindset participants had,
the less persistent they were after completing a relatively difficult arithmetic task than af-
ter completing an easy task. The results suggest that, for certain types of math problems,
students’ persistence may vary as a function of academic mindset and previous experi-
ences of math success or failure.
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Introduction

The relation between college students’ academic mindsets and their
persistence during math problem solving

In modern society, where progress largely depends on advances in science and tech-
nology, achieving high levels of math understanding and problem-solving skills
provides a foundation for both educational and professional success. Conversely,
low levels of math achievement in college have been shown to impose constraints
on students’ career options (e.g., Shapka, Domene, & Keating, 2006). Thus, in order
to optimize educational and professional outcomes, it is critical that we gain a bet-
ter understanding of why some students perform worse than others in this funda-
mental area of knowledge.

In order to explain the origin of individual differences in math problem solving,
researchers have carried out investigations from multiple perspectives. Some stud-
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ies have focused on variability in cognitive capacity, identifying working memory;,
attention skills, and other executive functions as correlates of math performance
(e.g., Mazzocco & Kover, 2007; McClelland, Cameron, Connor, Farris, Jewkes, &
Morrison, 2007; Swanson & Beebe-Frankenberger, 2004). Other studies have ex-
amined variability in math strategy instruction, providing evidence that the use of
advanced strategies is associated with greater accuracy in math problem solving
(e.g., Crosnoe et al., 2010; Vasilyeva, Laski, & Shen, 2015). However, even when
controlling for such cognitive factors, differences in math performance still emerge
(e.g., Heaven & Ciarrochi, 2012). This has led researchers to search for emotional
and motivational factors that can potentially explain why students with similar lev-
els of working memory and knowledge of advanced strategies sometimes exhibit
different levels of math performance (Covington, 2000; Meece, Anderman, & An-
derman, 2006; Steinmayr & Spinath, 2009).

Differences in motivation and persistence

Existing studies have documented a relation between various components of mo-
tivation and students’ math achievement across levels of education. For example,
researchers examined a nationally-representative U.S. sample of middle-school
students and found that achievement motivation and attitudes towards math were
both directly and indirectly related to math grades (Singh, Granville, & Dika,
2002). Other scholars examined high-school students and reported that, control-
ling for intelligence and prior grades, students’ attitudes towards math, achieve-
ment motives, and goal orientations all predicted subsequent math performance
(Steinmayr & Spinath, 2009). Hackett (1985) tested college students and found that
certain aspects of motivation, such as self-efficacy, predicted students’ achieve-
ment in math courses, as well as their choice of a math-related major. However,
it should be noted that most of these studies examined the effect of motivation
on broad measures of math achievement, such as grades and standardized test
scores. Relatively few studies have directly investigated the effect of motivation on
specific math problem-solving behaviors that may account for broad differences
in achievement.

One particular problem-solving behavior that is likely to be influenced by mo-
tivational factors is persistence, or students’ willingness to stay on task even if it
requires substantial time and effort to complete. Studies have shown striking dif-
ferences among students on this characteristic, especially when it comes to math
content (e.g., Fredricks, Blumenfeld, & Paris, 2004; Miller, Greene, Montalvo,
Ravindran, & Nichols 1996). When solving a challenging math problem, some
students do not stop trying until they find the solution, whereas others decide to
move on to the next task after one or two attempts. Differences in persistence pat-
terns during problem solving may help to explain why students with similar lev-
els of intelligence and instructional input may end up with different educational
outcomes (Hardre & Reeve, 2003). But, what explains persistence? Why do some
students persist longer on challenging math problems than others? In the pres-
ent study, we attempt to address this question by examining the relation between
students’ “academic mindsets” (their beliefs about the nature of intelligence) and
their persistence.
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Predicting persistence: The role of academic mindset

The concept of academic mindset refers to people’s beliefs about whether intel-
ligence can be changed (Dweck, 1999). According to Dweck, there are two basic
mindsets regarding intelligence: People with a “fixed” mindset view intelligence as
a personal trait that cannot be changed, whereas people with a “growth” mindset
view intelligence as a malleable characteristic that can be improved with effort. To
be clear, even though the terms “growth” and “fixed” mindsets suggest a dichoto-
mous construct, they are typically measured on a continuum, such that individuals
can hold relatively stronger or weaker versions of each mindset. For simplicity of
presentation, we will use these terms to refer to individuals who are closer to one
end of the continuum than the other.

Individuals who hold these different views tend to behave in different ways
when presented with challenging tasks (Hong, Chiu, Dweck, Lin, & Wan, 1999).
In particular, when people with a fixed mindset experience difficulty completing
an academic task or receive negative feedback about their performance, they in-
terpret this experience as an indication that they lack the intelligence or ability
needed to be successful. And, because they believe that this low level of intelligence
is fixed, they are likely to conclude that continuing to work hard will only lead to
further embarrassment or will be a waste of their time. In contrast, those who hold
a growth mindset tend to interpret the experience of difficulty or negative feedback
as a sign that they may need to work even harder. The more time and effort they
spend, the more their intelligence or ability will improve. Consequently, people
with a growth mindset are more likely than people with a fixed mindset to persist
at challenging tasks.

Several studies have investigated this proposed relation between mindsets
and persistence. For instance, Hong and colleagues (Hong et al., 1999; Study 3)
used fake scientific articles to temporarily shift participants’ beliefs toward either
the fixed or the growth end of the mindset continuum and then had participants
complete problems from an intelligence test. After the test, half of the participants
were told that they had performed well (66™ percentile), while the other half were
told that they had performed poorly (20" percentile). Participants were then asked
whether they would like to engage in a tutorial exercise that had been shown to
improve performance on the test or in an unrelated ability task. Choosing to work
on the tutorial exercise could be construed as a sign of task persistence. The results
showed that most participants who were shifted toward a growth mindset chose
to engage in the tutorial exercise (73.3%), regardless of what kind of performance
feedback they received. In contrast, participants who were shifted toward a fixed
mindset were much less likely to engage in the tutorial task after receiving negative
feedback (13.3%) than after receiving positive feedback (66.7%).

Another study (Liu, Chiu, Chen, & Lin, 2014) employed a correlational design,
in which high-school students completed questionnaires measuring their academic
mindsets, as well as their general willingness to confront challenges. The results
showed that participants with a growth mindset reported stronger challenge-con-
fronting tendencies. In addition, O’Shea and colleagues (O’Shea, Cleary, & Breen,
2010) conducted a study exploring the relation between goal-orientation, self-con-
fidence, academic mindsets and persistence on math tasks. They measured aca-
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demic mindsets using a mix of math-specific and more general items and measured
persistence in terms of participants’ self-reported preference for challenging math
tasks, as well as their willingness to work hard on such tasks. The results showed
that the more the students endorsed a growth mindset, the more they reported
persisting on challenging math tasks.

In addition to measuring self-reported task preferences and levels of effort,
studies of academic mindsets have also measured persistence in terms of students’
actual behavior. Heine and colleagues (2001) conducted a cross-cultural study of
mindsets that used a similar paradigm as Hong et al. (1999), except that (a) they
measured college students’ more general mindsets regarding personality as op-
posed to more specific mindsets regarding intelligence (e.g., “Everyone is a certain
kind of person and there is not much that can be done to really change that”) and
(b) they measured persistence in terms of how much time participants spent com-
pleting a similar task after receiving success or failure feedback on the original task.
The results showed that, for both American and Japanese participants, there was no
association between mindsets and persistence after success feedback, but that the
more the students endorsed a growth mindset, the more they persisted after receiv-
ing failure feedback.

Finally, in a study by Cury and colleagues (Cury, Fonseca, Zahn, & Elliot, 2008),
younger participants (age 13-15) received success or failure feedback after complet-
ing items from an IQ test. They were then experimentally shifted toward a growth
or fixed mindset regarding their ability being measured by the test. Before being
given a second opportunity to complete the test, they were given an opportunity to
practice for five minutes. Persistence was measured in terms of how much of the
five minutes the participants spent practicing. The results showed that participants
in the fixed mindset condition spent less time practicing and performed worse on
the subsequent test than participants in the growth mindset condition.

In sum, there are several studies that examined the relation between academic
mindsets and persistence in non-math domains using behavioral measures of per-
sistence, and at least one study that investigated this relation in the math domain,
although using self-report measures. To the best of our knowledge, there have
been no published studies examining the relation between academic mindsets and
actual behavioral persistence within the domain of math problem solving. This is
the focus of the present study.

The present study

In this study, we examined the extent to which college students’ academic mind-
sets predicted their persistence when solving challenging math problems. As noted
earlier, academic mindsets should be particularly predictive of persistence when
individuals are responding to challenge or negative feedback. In order to induce
different levels of challenge, we experimentally manipulated the difficulty of an ini-
tial set of math problems that the students completed prior to being presented with
the target problems. In one condition (Low Challenge), participants had to solve
simple addition problems, and in the other condition (High Challenge), they had to
solve more difficult multiplication problems in a limited amount of time.
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After completing the challenge manipulation, participants were asked to solve
two target problems. Some researchers may attempt to measure persistence in
terms of the total time students spend completing a large number of problems that
can be solved without too much difficulty. However, this way of measuring persis-
tence is problematic because more competent individuals may find solutions more
quickly than less competent individuals, and thus appear to be less persistent even
though they are just as motivated to successfully complete the task. A partial solu-
tion to this problem involves presenting participants with extremely challenging
(and perhaps even unsolvable) problems that require substantial time and effort
even from highly competent individuals. Thus, we conducted pilot work to iden-
tify two problems that satisfied this criterion. Both problems utilized mathematical
concepts that are typically acquired in middle school. Yet, their difficulty was high:
One of them could not be solved in principle and the other was a solvable problem,
which required multiple steps, as well as insight, to arrive at a solution. In fact, none
of our pilot subjects (who were drawn from the same pool as study participants)
could solve this problem.

Based on previous findings from the academic mindset literature (reviewed
above), we expected students with a fixed mindset to spend less time solving the
target math problems (i.e., not to persist as long) after completing a challenging
math task (High Challenge condition) than after completing a relatively easy math
task (Low Challenge condition). In contrast, we did not expect participants with
a growth mindset to persist less in the High Challenge condition; if anything, we
expected them to persist longer after completing a challenging task.

Method

The current study was part of a larger project that collected participants’ data on
multiple measures. Here we focus only on those measures that were relevant to our
research question and on the participants who completed all these measures.

Participants

A total of 188 participants completed the first part of the study. Of these, 48 either
did not complete the second part or completed a previous version of the second
part with different target problems. Two additional participants did not complete
the primary independent measure (of academic mindsets), and one participant was
missing data due to computer error. The final sample included 137 college students,
majoring in education or psychology, from a private research university in Massa-
chusetts. The students were given a course credit for their participation. Among the
137 participants, 83% were female students, reflecting the gender composition of
their respective departments. The age of participants varied between 18 to 24 years,
with a mean age of 19. The majority of the participants were European-American
(71%) and the rest were African-American, Asian-American, Hispanic-American
or multiracial.



The relation between college students’ academic mindsets... 43

Materials

Theory of intelligence questionnaire. We used Dweck’s Implicit Theory of Intel-
ligence Questionnaire (Dweck, 1999) to measure academic mindsets. It included
eight items describing intelligence as being fixed (e.g., “You can learn new things,
but you can’t really change your basic intelligence”) or malleable (e.g., “You can
always substantially change how intelligent you are”). Participants read each state-
ment and indicated their level of agreement on a 6-point scale (1 ="“strongly dis-
agree” to 6="strongly agree”). To arrive at a score for each participant, we first
reverse-coded the items reflecting a growth-oriented view of intelligence so that
higher scores reflected a greater tendency towards a fixed mindset. Then we aver-
aged the participant’s ratings across the eight items. To prepare the scores for sta-
tistical analysis, we standardized them relative to the midpoint (by subtracting the
midpoint value of 3.5 from a given score and dividing the result by the standard
deviation of the sample). Thus, we created an index of the participants’ academic
mindsets, with positive values suggesting a fixed mindset and negative value sug-
gesting a growth mindset. The reliability of the mindset scale in our study was high
(Cronbach’s a=.93).

Challenge manipulation task. We created two sets of arithmetic problems
that varied in difficulty so as to induce divergent effort experiences. Materials for
the Low Challenge condition included three double-digit addition problems (e.g.,
58 + 34), while materials for the High Challenge condition included six double-dig-
it multiplication problems (e.g., 18 x 16). Participants were instructed to complete
these problems mentally (i.e., without paper, pencil, or calculator) and were given 4
minutes to do so. The relative difficulty of each condition, which was initially based
on logical considerations, was supported by our pilot data.

Challenge manipulation check. After completing the math persistence task,
participants answered two questions about the amount of effort and the difficulty
level they experienced when solving the mental arithmetic problems during the
effort manipulation task, as well as two questions about the amount of effort and
the difficulty level they experienced during the math persistence task: “How much
effort did you put into solving the initial set of arithmetic problems [the second
set of math problems]?” (1="no effort” to 7="a lot of effort”) and “How difficult
was it for you to solve the initial set of arithmetic problems [the second set of math
problems]?” (1="not at all difficult” to 7="very difficult”). Even though we had
pilot data differentiating the two experimental conditions, we used this measure to
check whether our participants indeed had a different effort experience and wheth-
er these differences were consistent with our expectations.

Math confidence measure. After completing the challenge manipulation, and
again after completing the math persistence task, participants answered two ques-
tions about their math ability: “How good are you at solving math problems?”
(I="not at all good” to 7="“very good”) and “How confident are you in your math
ability?” (1="not at all confident” to 7 =“very confident”). The initial administra-
tion of this measure was meant to examine the extent to which participants called
into question their math ability after completing the multiplication problems in
the High Challenge condition, compared to the easier addition problems in the
Low Challenge condition. Prior research (see Muenks & Miele, 2016) suggests that
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individuals with a fixed mindset are more likely than individuals with a growth
mindset to perceive a negative relation between effort and ability. Thus, it was pos-
sible that participants with a fixed mindset would report less confidence in their
math ability in the High Challenge condition than in the Low Challenge condition,
whereas participants with a growth mindset would be equally confident across the
two conditions, or perhaps more confident in the High Challenge condition (if they
perceived their hard work as improving their math ability). On the other hand, if
participants’ experience of the High Challenge condition was marked by failure, it
is possible that all participants (regardless of mindset) would call their math ability
into question and express low confidence.

Math persistence task. This task consisted of two math problems (see Appen-
dix), which were selected through intensive piloting, and were found to be chal-
lenging. As noted earlier, one of the problems had a solution and the other one was
unsolvable. We included an unsolvable problem so that participants could spend
as much time as they wanted to devote to that problem without finding a solution.
The amount of time participants spent on each problem was used as the measure
of persistence.

Demographic questionnaire. A brief questionnaire was used to collect infor-
mation about demographic characteristics of our sample, including gender, age,
and ethnic background.

Procedure

Participants took part in two testing sessions, which were conducted an average
of 15.7 days apart (SD =3.7; range: 10 to 33 days). All tasks in both sessions were
administered on computers, using Qualtrics Survey Software, by trained research
assistants. In Session 1, participants finished a battery of self-report measures, in-
cluding the theory of intelligence questionnaire. The entire battery took about 15
minutes to finish.

Session 2 included an effort manipulation task and a math persistence task.
As part of the effort manipulation task, participants were randomly assigned to
either the Low Challenge or High Challenge condition. In both conditions, they
were given 4 minutes to solve mental arithmetic problems. If participants finished
earlier, they could move on by clicking on the “Continue” button. If they were still
working after 4 minutes had passed, the program automatically advanced them to
the next screen.

Following the effort manipulation, participants from both conditions answered
the first set of math confidence questions. They then took part in the same math
persistence task, which involved solving two math problems, presented in a coun-
terbalanced order. They were informed that they could stop and move on to the
next problem at any point, but would not be able to click back from the second
problem to the first problem. Participants were given 16 minutes to solve each
problem, though they were not informed about this time limit. If participants were
still working on a problem at the end of the 16-minute period, the program auto-
matically advanced them to the next screen. After attempting to solve each prob-
lem, participants were given two minutes to explain their solution.
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When students were done with the math problems, they were presented with
the second set of math confidence questions, followed by the challenge manipula-
tion check. Finally, they completed the demographic questionnaire. Session 2 lasted
between 15 and 40 minutes, depending on how much time the participant spent on
the math persistence task.

Results

In analyzing the data, we first examined the results of the manipulation check to
make sure that our experimental manipulation was effective at inducing different
effort experiences in participants across the two conditions. Next, to test our key re-
search hypotheses concerning the relation between academic mindsets and persist-
ence, we conducted a series of ANCOVAs. We conducted ANCOVAs instead of lin-
ear regression analyses because some of our analyses included repeated measures;
and ANCOVA, unlike regression, allowed us to examine the interaction between a
continuous independent variable and a repeated measures factor without having to
implement multi-level modeling.

The analyses that included a repeated measures factor (e.g., problem type)
along with a continuous predictor (academic mindsets) were conducted in three
steps (see Miele, Son, & Metcalfe, 2013). In Step 1, we conducted a mixed ANOVA
with challenge condition as a between-subject factor and problem type as a re-
peated measure factor. In Step 2, we added the academic mindsets index in order
to conduct a mixed ANCOVA. The main effect of problem type was reported from
the first step in order to maximize power and to avoid scaling artifacts (see Algina,
1982; Thomas, 2009; Thomas et al., 2009). The main effects of challenge condi-
tion and academic mindsets, as well as all two- and three-way interactions, were
reported from the second step. In Step 3, we carried out further analyses to explore
any significant interactions between challenge condition and academic mindsets
index. These simple-effect analyses estimated the effects of the challenge condition
on persistence for participants who scored above (1.5 SD) and below (1.5 SD) the
midpoint on the academic mindsets index (Aiken & West, 1991).

For analyses that did not include a repeated measures factor (e.g., analyses of
time spent on the challenge manipulation task), we conducted one-step ANCO-
VAs. Note that because the academic mindsets index included in the ANCOVAs
was midpoint centered, all main effects of the challenge condition, as well as all
Challenge Condition x Repeated Measure interactions, were estimated for partici-
pants who scored at the midpoint of the academic mindsets index, as opposed to
participants who scored at the mean of the academic mindsets index. This scal-
ing of the covariate can affect the significance of the challenge condition effects,
particularly if the higher order interaction involving the academic mindsets index
happens to be significant.

Manipulation check

To begin with, we analyzed participants’ behavior on the math items in each condi-
tion of the challenge manipulation task. Participants in the Low Challenge condi-
tion were able to answer all problems in 4 minutes with 93% accuracy, whereas
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participants in the High Challenge condition answered, on average, 75% of prob-
lems in the same time period, with only 33% accuracy on the problems answered
and 23% accuracy overall. This suggests that many of the participants in the High
Challenge condition did not have enough time to accurately complete all of the
math problems they were assigned. To formally examine differences in time spent
solving problems, we submitted time to an ANCOVA, with Challenge Condition
as a between-subjects factor and Academic Mindset as a continuous covariate pre-
dictor!. The results of this analysis revealed a main effect of challenge condition:
participants spent more time in the High Challenge condition than in the Low
Challenge condition, F(1,133) =285.02, p<.001, qu =.68. There was no main effect
of Academic Mindset, nor was there a Challenge Condition x Academic Mindset
interaction (p’s>.23).

In addition to analyzing participants’ actual behavior and performance on the
math items, we examined their subjective responses to the two questions concern-
ing the amount of effort they expended and the amount of difficulty they experi-
enced. We submitted responses to each question to a 2 (Task Focus: Challenge Task
vs. Persistence Task) x 2 (Challenge Condition: Low Challenge vs. High Challenge)
mixed ANCOVA, with repeated measures on the first factor and the Academic
Mindset index as a covariate. This allowed us to determine whether the challenge
manipulation affected participants’ perceptions of effort and difficulty on the initial
challenge task, as well as whether this effect happened to carry over to participants’
perceptions of effort and difficulty on the persistence task.

For the effort question, there were significant main effects of Task Focus,
F(1,135)=35.25, p<.001, qp2=.21, and Challenge Condition, F(1,133)=5.56,
p=.02, n,”=.04; however, these effects were qualified by a significant Task Focus
x Challenge Condition interaction, F(1,133)=7.57, p=.007, n,*=.05. Additional
simple effects analyses showed that, for the Challenge Task, participants reported
expending significantly more effort in the High Challenge condition (M=4.76,
SE=.23) than in the Low Challenge condition (M=3.71, SE=.22), t(133)=3.34 ,
p=.001."However, for the Persistence Task, participants reported expending rela-
tively high levels of effort in both conditions (High Challenge: M =5.39, SE=.20;
Low Challenge: M =5.36, SE=.19), t(133) =.04, p=.97. None of the effects involv-
ing academic mindsets as a predictor were significant (p’s >.29).

The pattern of results was similar for the difficulty question: There were signifi-
cant main effects of Task Focus, F(1,135) =101.04, p<.001, np2 =.43, and Challenge
Condition, F(1,133)=26.72, p<.001, r|p2 =.17; however, these effects were qualified
by a significant Task Focus x Challenge Condition interaction, F(1,133)=26.58,
p<.001, n,*=.17. Additional simple effects analyses showed that, for the Chal-
lenge Task, participants reported experiencing significantly more difficulty in the
High Challenge condition (M =5.61, SE=.27) than in the Low Challenge condition
(M=3.42, SE=.25), t(133)=5.96, p<.001. However, for the Persistence Task, par-

Because the distribution of times exhibited both floor and ceiling effects (due to the relatively
short time limit), it did not benefit from a square root transformation. Therefore, unlike our later
analyses of time, we included the raw times in our analysis.

We report estimated means and SEs based on the full ANCOVA model, controlling for academic
mindsets at the midpoint of the scale.
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ticipants reported experiencing relatively high levels of difficulty in both conditions
(High Challenge: M =6.31, SE=.16; Low Challenge: M =6.16, SE=.15), #(133) =.69,
p=.49. None of the effects involving Academic Mindset as a predictor were signifi-
cant (p’s>.14).

Together, findings from the behavioral and self-report analyses demonstrate
that the manipulation task successfully induced divergent experiences of challenge
in participants, and showed that this effect did not differ as a function of their aca-
demic mindset.

Math confidence

To examine how the challenge manipulation affected participants’ math confidence,
we submitted this measure to a 2 (Time Point: After Challenge manipulation vs. Af-
ter Persistence Task) x 2 (Challenge Condition: Low Challenge vs. High Challenge)
mixed ANCOVA, with repeated measures on the first factor and Academic Mindset
as a covariate. The results of the analysis revealed significant main effects of Time
Point, F(1,135)=110.20, p <.001, r]p2= .45, and Academic Mindset, F(1,133)=9.77,
p=.002,n,%=.07,as wellasa marginal effect of Challenge Condition, F(1,133) =3.17,
p=.08,n,”=.02. The main effects were qualified by a significant Time Point x Chal-
lenge Condition interaction, F(1,133)=4.38, p=.04, np2= .03, and a Challenge Con-
dition x Academic Mindset interaction, F(1,133)=5.98, p=.02, qp2= .04 (but not
a Time Point x Challenge Condition interaction, p=.38). The two-way interactions
were in turn qualified by a significant Time Point x Challenge Condition x Aca-
demic Mindset interaction, F(1,133) =5.39, p=.02, n,’=.04.

The nature of the three-way interaction suggested that the effects of challenge
condition and participants’ academic mindsets on math persistence varied by time
point. To explore this possibility, we conducted separate follow-up analyses for
each time point, with Challenge Condition as a between-subject variable and Aca-
demic Mindset as a covariate. For the first time point (immediately after the chal-
lenge manipulation), there were significant main effects of Challenge Condition,
F(1,133)=6.61, p=.01, qu =.05, and Academic Mindset, F(1,133)=11.34, p<.001,
n,°=.08, which were qualified by a significant Challenge Condition x Academic
Mindset interaction, F(1,133)=10.91, p=.001, n,>=.08. However, for the second
time point (immediately after the persistence task), there was a main effect of Aca-
demic Mindset, F(1,133) =5.87, p=.02, n,”=.04, but not effects of Challenge Con-
dition and no Challenge Condition x Academic Mindset interaction (p’s>.20).

To explore the significant interaction for the first time point, we conducted
additional simple slope analyses. As shown in Figure 1, one analysis estimated that
participants with a growth mindset (1.5 SD below the midpoint of the academ-
ic mindsets scale) in the High Challenge condition were as confident as partici-
pants with a growth mindset in the Low Challenge condition, #(133)=1.55, p=.12.
In contrast, participants with a fixed mindset (1.5 SD above the midpoint of the
academic mindsets scale) in the High Challenge condition were significantly less
confident than participants with a fixed mindset in the Low Challenge condition,
t(133)=3.50, p<.001. Thus, it appears that the high levels of effort and difficulty
briefly experienced by participants in the High Challenge condition during the
challenge manipulation task led those with a fixed mindset, but not those with a
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Figure 1. Math confidence by Challenge Condition and Academic Mindset, immediately af-
ter the challenge manipulation (A) and after the persistence task (B). Error bars indicate one
standard error

growth mindset, to call their math ability into question. Interestingly, most partici-
pants (including those with a growth mindset) appeared to call their math ability
into question after the longer and more challenging math persistence task, regard-
less of which version of the challenge task the student initially completed.

Persistence

There was wide variability (from 20 seconds to 16 minutes) in the amount of time
participants spent solving each of the two target problems. On average, they spent
about 332 seconds (SD =266.00) working on the solvable problem and 437 seconds
(8D =290.46) working on the unsolvable one. This variable was positively skewed:
For both problems, most participants spent less than 400 seconds (73% for the
solvable problem, and 54% for the unsolvable problem), but a few participants used
the maximum amount of time that was allowed (8% for the solvable problem and
10% for the unsolvable problem). To address the issue of skewness, we carried out
square-root transformations. For all subsequent analyses, we used the square-root
transformed time as a persistence measure for both problems.

An analysis of problem-solving time yielded a significant main effect of Prob-
lem Type, F(1,135)=19.52, p<.001, n,’=.13, such that participants spent more
time on the unsolvable problem than the solvable one. This main effect was quali-
fied by a marginally significant Challenge Condition x Problem Type interaction,
F(1,133)=2.84, p=.09, n,°=.02, which was itself qualified by a marginally sig-
nificant Challenge Condition x Problem Type x Academic Mindset interaction,
F(1,133) =3.55, p=.06, 1,°=.03. No other effects were significant (p’s >.23).

The nature of the three-way interaction suggested that the effects of the chal-
lenge condition and participants’ academic mindsets on math persistence varied
for the solvable and unsolvable problem. To explore this possibility, we conducted
separate follow-up analyses for each problem, with challenge condition as a be-
tween-subject variable and academic mindsets as a covariate. For the unsolvable
problem, we found no main effects of Challenge Condition or Academic Mindset
(all p’s >.51), nor a significant interaction (p=.997). The pattern of results for the
solvable problem, however, was quite different. In particular, although neither
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Figure 2. Persistence on solvable problem (in seconds) by Challenge Condition and Aca-
demic Mindsets. To make interpretation more straightforward, the figure depicts means
that were estimated from a model that included untransformed persistence times, not the
model reported in the results section. Error bars indicate one standard error

of the main effects were significant (p’s >.14), there was a significant Challenge
Condition x Academic Mindset interaction, F(1,133) =4.00, p <.05, npz =.03.!

As shown in Figure 2, an additional simple-effects analysis estimated that par-
ticipants with a growth mindset (1.5 SD below the midpoint of the mindset scale)
spent roughly equal amounts of time solving the math problem across the two chal-
lenge conditions, #(133) =1.06, p=.29. In contrast, another analysis estimated that
participants with a fixed mindset (1.5 SD above the midpoint of the mindset scale)
spent significantly less time solving the math problem in High Challenge condition
compared to the Low Challenge condition, #(133) =2.04, p=.04.

It should be noted that, after conducting the analyses reported above, we con-
ducted an additional set of analyses that included Problem Order (Solvable First vs.

! When initially analyzing the data, we applied a more conservative filter which excluded 7 partici-

pants who expressed suspicion that one or more of the problems was unsolvable, 4 participants
who were particularly slow on the Low Challenge version of the manipulation task, and 2 par-
ticipants who were particularly fast on the High Challenge version. We also excluded 1 partici-
pant who seemed to mistakenly think that the time allowed on the persistence task was only 4
minutes, 1 participant who expressed concern about being sick, and 1 participant who expressed
concern about having a learning disability (N=16 in total). In the analysis of persistence, the
three-way interaction was marginally significant (p=.06), but the Challenge Condition x Aca-
demic Mindset interaction for persistence on the solvable question was not significant (p=.12)
and the effect size was smaller than in the analysis reported above (n,>=.02).

In addition to measuring participants’ mindsets about intelligence using the standard Dweck
measure, we also measured participants’ specific beliefs about math ability using a 4-item mea-
sure we adapted from Kloosterman & Stage (1992). With this measure we found a marginal
interaction of problem type and math beliefs on persistence, F(1,133) =2.90, p=.09, 1),>=.02, but
no effect of challenge condition. The interaction reflected the fact that there was a significant in-
verse correlation between math beliefs and persistence on the solvable problem (r=-.18, p=.04),
but not the unsolvable problem (r=-.02, p=.81). It is unclear why the measure of math-specific
beliefs (unlike the more general mindset measure) did not interact with the effort manipulation.
Perhaps, because the math-specific measure contained items that focused more on the relation
between effort and math ability, as opposed to the malleability or fixedness of ability, partici-
pants who were high on this measure (i.e., who believed that math ability could not be improved
through effort) did not necessarily believe that high effort meant that they were low in ability.
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Unsolvable First) as a factor. Although Problem Order did not significantly moder-
ate the marginally significant three-way interaction (p=.11), it did make the three-
way interaction non-significant (p=.17) when included. There was also a margin-
ally significant Problem Order x Problem Type interaction (p=.099), as well as a
significant Problem Order x Challenge Condition interaction (p=.009). To further
explore these order effects, we conducted another analysis of the solvable problem,
with Problem Order included. Although there was a marginally significant Prob-
lem Order x Challenge Condition interaction (p=.07), the Challenge Condition x
Academic Mindset interaction only dropped slightly in significance (p=.06). Fur-
thermore, this two-way interaction was not moderated by Problem Order (p=.75).
In contrast, a final analysis of the unsolvable problem did reveal a marginally sig-
nificant Problem Order x Challenge Condition x Academic Mindset interaction
(p=.06), which qualified a significant Problem Order x Challenge Condition in-
teraction (p=.008). Because we believe that there may have been issues with how
participants interpreted the unsolvable problem (e.g., realizing that it was indeed
unsolvable; see Discussion), we refrain from interpreting these interactions.

Mediation analysis

To determine whether the interactive effect of Academic Mindset and Challenge
Condition on persistence (for the solvable problem) was partly mediated by partici-
pants’ math confidence after completing the challenge manipulation, we conducted
a mediation analysis using the PROCESS bootstrapping procedure developed by
Hayes (2013) and implemented as a macro in SPSS. We used Model #8 with 5,000
bootstrap resamples and specified the square-root transformed time for the solv-
able problem as the outcome variable (Y), Academic Mindset as the independent
variable (X), Challenge Condition as the moderator (W), and Math Confidence
after the challenge manipulation as the mediator (M). The confidence intervals
(-1.71, -.19) for the mean indirect effect of the Academic Mindset x Challenge
Condition interaction on persistence through Math Confidence (-.75) did not in-
clude 0, indicating that the effect was significant at p <.05 and providing evidence
of mediation.

Discussion

The key research question of the present study was whether students with different
mindsets regarding the nature of intelligence tend to show different patterns of per-
sistence when solving math problems. To activate the motivational consequences
of holding a particular mindset, we presented one groups of participants with a
set of difficult arithmetic problems that were meant to induce high levels of effort
and difficulty. Their interpretation of this experience was expected to undermine
persistence in students with a fixed mindset, but not in participants with a growth
mindset. The remaining participants were presented with simple arithmetic prob-
lems, which were not meant to induce high levels of effort or difficulty, and thus
were not expected to undermine the persistence of participants with a fixed mind-
set. Our findings provide support for the hypothesized relation, indicating that the
more fixed the participants’ mindset, the less persistence they exhibited in the High
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Challenge condition compared to the Low Challenge condition. It is important to
note, however, that this effect was qualified by the type of problem, such that the
hypothesized relation was only observed in the case of a solvable math problem. It
is also worth noting that the effect appears to have been partly mediated by changes
in participants’ math confidence. That is, participants with a fixed mindset were
estimated to have substantially lower confidence in their math ability after com-
pleting the High Challenge version of the arithmetic than after completing the Low
Challenge version; this lower confidence appears to have translated into less time
spent on the solvable problem of the persistence task. Overall, our findings are
consistent with previous research, and provide new evidence from the domain of
math problem solving, suggesting that students’ academic mindsets influence their
interpretation of their math problem-solving experiences as well as their persist-
ence on subsequent problem solving.

Although this is not an experimental study, it raises a possibility that shifting
one’s mindset may have beneficial effects on persistence in a math problem-solving
context. Researchers have successfully manipulated participants’ mindsets both
temporarily and longitudinally and observed divergent patterns on behavior after
this manipulation. For instance, some researchers have manipulated participants’
mindsets temporarily by presenting them with articles arguing for either a fixed or
growth mindset and shown that these mindsets can have a causal effect on partici-
pants’ subsequent behavior or judgments across multiple domains (e.g., Aronson,
Fried, & Good, 2002; Chiu, Hong, & Dweck, 1997; Hong et al., 1999; Levy, Stroess-
ner, & Dweck, 1998; McConnell, 2001). In addition, mindset has been manipulated
longitudinally. Blackwell and colleagues (Blackwell, Trzesniewski, & Dweck, 2007)
developed an intervention for middle-school students and followed them over the
course of a semester. Their results showed that those who received the mindset in-
tervention not only expressed more of a growth mindset, but also exhibited higher
achievement in math (see also Paunesku et al., 2015). These studies suggest that
students’ mindsets are amenable to intervention in classroom settings.

The malleability of academic mindsets points to an additional path for improv-
ing students’ persistence, which both teachers and researchers identify as a critical
aspect of student behavior during math problem solving. Thus, the current find-
ings linking mindset and persistence in math problem solving have potentially im-
portant practical implications. In addition, they have theoretical implications: It is
critical to create a comprehensive model of individual differences in math perfor-
mance, and our findings add information about an important motivational com-
ponent of this future model.

Difference in the patterns observed
with a solvable versus unsolvable problem

We included an unsolvable problem in the current study so that students with
high math skills would be given an opportunity to demonstrate the extent of their
persistence without any limits imposed by their own ability to solve the problem
quickly. Yet, there was also a possibility that particularly insightful students could
see, after some initial attempts, that the problem could not be solved in principle,
and thus quit trying for a reason other than a lack of persistence. Thus, we also in-
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cluded a second — solvable — problem that was very challenging and unlikely to
be solved in 16 minutes by most participants.

The study participants showed different patterns of performance on the two
problems. First, they spent on average more time on the unsolvable problem, com-
pared to the solvable one. This could partly be due to the difference in the nature of
the problems. The solvable problem can be categorized as requiring an insight (see
Appendix). It might have appeared to participants that some provisions were miss-
ing, making them feel that they were stuck in the middle of the problem-solving
process, without a clue to figure their way out. Thus, they might have been particu-
larly disposed to quit solving the problem. The unsolvable problem, on the other
hand, was likely to elicit a trial-and-error approach, making participants feel that
every time they crossed out an unsuitable answer, they were getting closer to the
real solution. This sense of making progress might have helped participants stay
engaged in the task for a longer time.

The second difference in students’ performance on the two problems concerned
the hypothesized interaction between the mindset and the challenge condition.
Whereas the persistence times on the solvable problem revealed such an interac-
tion, it was not observed in the case of the unsolvable problem. This finding was
somewhat puzzling. One possibility is that some participants, including those with
a growth mindset, after making a number of attempts to solve the problem, realized
that it was unsolvable. Indeed, several study participants made an explicit comment
that the problem had no solution (though some participants also said this about the
solvable problem). After identifying the problem as unsolvable, these participants
may have quit, but not because of a low level of persistence. Thus, the actual level of
persistence, measured by the time spent on this problem, may have been confound-
ed with the ability to recognize the problem as unsolvable. This, of course, is just
one possible explanation of the lack of effects of mindset and challenge condition
on the unsolvable problem. In future work, it would be useful to systematically vary
this and other characteristics of the problem in order to determine whether some
features of math problems moderate the relation between mindset and persistence
on math problems.

Limitations and future directions

One limitation of this study is that the relation between on-task persistence and math
performance was not tested. A more comprehensive study is needed to explore the
relation among academic mindsets, on-task persistence, and math problem-solving
accuracy. For instance, on-task persistence may serve as a mediator of the effects of
academic mindsets on math problem-solving accuracy, as well as long-term math
achievement, thus explaining one potential mechanism for the effects observed in
previous studies (e.g., Blackwell et al., 2007). Another limitation is that participants’
academic mindsets were not manipulated, but measured as an individual differ-
ence variable. To draw a causal conclusion regarding the relation between academic
mindsets and persistence, an experimental design that manipulates participants’
mindsets is necessary. In particular, future work may include a design of an inter-
vention study that targets students’ mindsets and tracks longitudinally the effects of
the intervention on students’ persistence across multiple math tasks.
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Appendix

Math Persistence Task

Solvable problem
A car travels downhill at 72 mph (miles per hour), on the level at 63 mph, and uphill at
only 56 mph. The car takes 4 hours to travel from town A to town B. The return trip takes
4 hours and 40 minutes.

Find the distance between the two towns.

Solution: Let the total distance travelled downbhill, on the level, and uphill, on the outbound
journey, be X, y, and z, respectively.

The time taken to travel a distance s at speed v is s/v.

Hence, for the outbound journey

x/72+y/63+z/56=4
While for the return journey, which we assume to be along the same roads
x156+y/63+2/72=14/3

Multiplying both equations by the least common multiple of denominators 56, 63, and
72, we obtain

7x+8y+92=4-7-8-9

9x+8y+7z=(14/3)-7-8-9

Now it is clear that we should add the equations, yielding
16(x+y+2)=(26/3)-7-8-9

Therefore x + y+2z=273; the distance between the two towns is 273 miles.

Unsolvable problem

Make 2 three-digit numbers using the following digits—1, 3, 4, 5, 6, 9—so that one of these
three-digit numbers is exactly five times greater than the other (each digit should be used
only once).

Enter your solution below and, on the next page, explain how you arrived at this so-
lution.

Solution: Since one number has to be exactly five times greater than the other, the last
digit of the bigger number has to be 0 or 5. However, 0 is not on the available digit list, so it
has to be 5. Meanwhile, to make a three-digit number five times greater than the other, the
hundreds place has to be 6, 7, 8 or 9. According to the given list, the possible bigger num-
bers would be 9x5 and 6 x 5.

At the same time, the hundreds place of the smaller number has to be 1, to keep the big-
ger number three-digit, and the ones place of the smaller number has to be an odd number,
making the only possible smaller numbers 1 x 3.

Thus, there are four possible pairs: 965 & 143, 945 & 163, 645 & 193, and 695 & 143.
None of those bigger three-digit numbers is exactly five times greater than the smaller one,

meaning that there is no solution to this problem.



