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ABSTRACT

MINDSET OVER MATTER: HOW DOES PARENT MATHEMATICAL MINDSET
INFLUENCE STUDENT MATHEMATICAL EXPERIENCE?

Kimberly Barba

This study explored the relationship between (1) parent mathematical mindset and
student mathematical experience (as determined by student mathematical mindset, student
mathematical achievement, and student mathematical grit), (2) participant general mindset and
participant mathematical mindset, and (3) student general grit and student mathematical grit.
Participants included 14 high school seniors and their active parent(s) or guardian(s) (N=38).

The research followed a hermeneutical phenomenological approach — a qualitative research
methodology characterized by finding meaning through the subjective interpretation of
participants. Both quantitative and qualitative data were collected to describe the phenomenon
of student mathematical experience, as well as the internal consistency of mindsets as applied to
general intelligence and mathematical intelligence.

A moderate positive association was found between participants’ general mindsets and
mathematical mindsets. Despite the consistencies, 37% of participants had mathematical mindsets
that were in tension with their general mindset. The present study advocates that general mindsets
and mathematical mindsets are not as closely associated, thereby supporting the theory that

mindsets can vary by subject domain.



In contrast, a strong positive association was found between students’ general grit and their
mathematical grit. To that effect, the study contributed to the field in two ways: (1) by exposing
further variability in mindsets dependent on subject domain; and (2) by exposing grit as more
fundamentally consistent than mindset when applied to different subject domains.

Additionally, parent mathematical mindset is not associated with student mathematical
mindset. It’s possible that (1) parents’ mathematical mindsets are not visible to their children,

(2) parents suppress their beliefs regarding mathematical intelligence, or (3) external factors,
such as cultural influences, compete in shaping students’ mindsets.

Finally, although no relation was found between parent mathematical mindset and both
student GPA and SAT score, an inverse relationship was observed between parent mathematical
mindset and student highest-level mathematics course taken. Markedly, students of parents with
a mathematics-fixed mindset appear to take more advanced mathematics courses, whereas
students of parents with a mathematics-growth mindset appear to take lower-level courses. This

suggests that student effort may be in tension with the evaluation of effort by their parents.



TABLE OF CONTENTS

LIST OF TABLES .. it e e e et e e aaeeas Vi
LIST OF FIGURES ... e e e e e e e viii
CHAPTER | : INTRODUCTION ..ottt 1
=TT I {0 ] (1T | S SSR 1
PUIPOSE OF STUAY ...ttt 6
PPOCEUUIE ...ttt bbbt e et et st be bt reeneenens 7
PArTICIPANTS. .. ecveeiteee ettt e e e e et e e e e e reeae e 8
Data COIECHION. ...t 9
Data ANAIYSIS. ...c.veeieiiie et 10
RESEAICN QUESEION L. ....vvvvvoeeeeeeeessssssssossssssssssssssseees s 10
RESBAICN QUESHION 2. ......oovvveveeseossososessesssssses s sss s ssssssssssssssssssssssnns 11
RESEAIC QUESEION 3. .....vvvvveeeesesssssssssossssssssssssssseees s 11
RESBAICN GUESHION 4. ......oooovevveseessooaaeesessseeses s ssssssssssssssssssssssssssssssnns 12
Analysis from Open, Axial, and SeleCtive COTING. ..............vvvvvvrrererssssesssessinnsisssssssseeeesssssssssss 12
CHAPTER Il : LITERATURE REVIEW .....ooiiiiiiiiiii s 14
VIEWS OF INEEITIGENCE .....oviiiicee s 15
Measuring INtEIIgENCE. .......ccui i 15
Singular INEEHlIgENCE. .....ovveeeceeeee e 17
Multiple Factors of INtelligenCe. .........cooeiiiiiiiiiireee e 17
Defining INEIGENCE. ..c..veevieieece e s 19
The Malleability of Intelligence. ........ccocoviieiiiiicee e, 20



Implicit Theories of INtEIIGENCE .........oiiii s 23

Thoughts About INEIHGENCE.........ccveee e 25
ENTIEY THEOIY. oo 25
INCremental ThEOIY. .......oiiieie e 27
Performance Goals vs. Learning goals. ..........cccccveveieereniieneeie e ese e 27
The Helpless and Mastery-Oriented Responses to Failure. ............ccccevvveneee. 29
Incremental Theory INterventions. ...........cccecviieie e 33
The Development of AttriDULIONS. .......ccoveieiiieiiie e 36
Ability Attributions and Effort Attributions. ..........c.ccoceeeiiieniiieee, 39
IVIINOSEL. ..ot 40
] | PSPPSR PRSPPI 41
Grit and the Growth MINASEL. ..........cooiiiiiiie s 45

Parent Mindset and Student Academic AChIEVEMENT..........ccevrireerinerisineseeeeiee 46
FEeADACK PraCliCeS .......eiviiiieeieieee e 47
MathematiCal MINUSELS .........ccoiiiiiiiiii e 53
FOCUS OF STUAY ....veeieecie ettt e e enes 58
CHAPTER 11 : METHODOLOGY ...ttt
RESEAICH QUESTIONS .....eciviiivicctie ettt ettt ettt ate b e e srt e e sbeesraeenbeesnree e 62
FIEIA SEIHING ..o bbbt 62
PAITICIDANTS ...ttt 63
IMIBASUIES ...t bbb 67

IMHINASET SUMVEYS.. ..ottt bbbt 69



GBI S CaAlE . 70

Student DemographiC SUIVEY ........c.ooeiiieie it 70
IEEIVIBWS ...ttt e e este et e s s e teenaesreenreeneeanaenneas 71
RESEAICH DBSIGN. .. .ii ittt e e e re e e 72
PIOCRAUIE ...ttt bbbttt ettt bbb e et ne e 73
o 72 TS 0 PSSR 73
PRESE 2 .ttt 75
Parent INTEIVIBWS. ...ocvieiieie ettt ra et sne e e eaeeneenneas 75
StUdeNt MINASEL SUIVEY. ..ot 77
StUENt Gt SCAIE. ...c.eevieiee e 77
STUAENT INTEIVIBWS. ..ot nre e 79

MINASEE INEEIVIBWS. ...ttt 79

G NMEIVIBWS. +..v.vvvvvvvvvvsvseseeeeeeesesesessssssssssssssssssss s 80

DAta ANAIYSIS ...t 82
Research QUESTION 1 .....c.veiiiiiiie ettt sb e e ae e b e beenree s 82
Research QUESTION 2 .......ooiiiieece et 86
ReSearch QUESTION 3 .......viiieecie ettt ettt eb et sre e nbeeeree e 87
Parent Mathematical Mindset and Student GPA ... 87

Parent Mathematical Mindset and SAT SCOr€. .......cccevvririiereniie e 87

Parent Mathematical Mindset and Highest Level Mathematics Course. ........ 88
Research QUESTION 4 .......ooueiiieece ettt ens 88
CHAPTER IV i RESULTS ...ttt
RESEArch QUESTION 1 ....oviiiiiiieiieie ettt ettt 90



Participant General MINASEL ..........cocveiieiiieiie e e 90

Participant Mathematical MindSet ............ccceiiiieiiiii e 92
Mathematics-Fixed-High Mindset Category. ........ccccooeverenenenenineseeeenns 94
Mathematics-Fixed Low Mindset Category. .......ccccvvveveeiieeiie i sie e 95
Mathematics-Growth-High Mindset Category. .......ccccoocvvvevveieiiienecie e 96
Mathematics-Growth-Low Mindset Category. .......c.ccoovevereneneneninisieeenn, 97
Mathematical Mindset RESUILS. ..........cccoiiiiiiiiieicee e 98
AANBIYSIS. ..ttt b 99

ReSearch QUESTION 2 ........oiiiieiee et 103

Parent Mathematical Mindset and Student Mathematical Mindset .................... 103

Research QUESTION 3 ...t nae e nns 106

Parent Mathematical Mindset and Student Overall GPA ...........c.ccociiiiiiiienn. 106

Parent Mathematical Mindset and Student Mathematics SAT Score.................. 109

Parent Mathematical Mindset and Student Highest Mathematics Course.......... 111

RESEArch QUESLION 4 .......oeeiiiee ettt ettt be e e srbe e e snbeeesnreeeas 113

Student Mathematical Grit............coeiiiiiieie e 113
Very Mathematically Gritty. .........coooiiiiiiiiiiie e 114
Moderately Mathematically Gritty. ..........ccccoveveiiiiiieieee e 115
Fairly Mathematically Gritty. ..o 116
Not Mathematically Gritty. .........cocoririiiiiiiei e 116

Parent Mathematical Mindset and Student Mathematical Grit.............cc.ccceue.ee. 117

StUAENTt GENEIAL Gt ... s 119



General Grit and Mathematical Grit .........oovoveeeeii 119

CHAPTER V i CONCLUSION .ottt 122
Research QUESTION L .......ooiiieciee ettt naeeneenns 122
Participant General Mindset and Participant Mathematical Mindset ................. 122
RESEArCh QUESTION 2 ...ttt st s be e st e et e e sare e sbeesnbeebeeas 126
Parent Mathematical Mindset and Student Mathematical Mindset .................... 126
ReSEArch QUESTION 3 ......viiiiicciiicee ettt ettt eb e e sate e ebeesnbeebeeas 127
Parent Mathematical Mindset and Student Mathematical Achievement............ 127
ReSearch QUESTION 4 ........oiiiieice et 129
Parent Mathematical Mindset and Student Mathematical Grit..............cceevn..... 129
Student General Grit and Student Mathematical Grit.........cccooeeveee e 130
DS CUSSION .t nnnnnnnnnn 132
RECOMMIEBNUATIONS ...ttt e e e e et e e et e e e e e e e e e e eeeeeens 136
LI EAEIONS ..ttt ettt ettt ettt ettt nnnnnnn 139
REFERENGCES ... ettt 142
APPENDIX A : ADULT MINDSET SURVEY ..o, 151
APPENDIX B: STUDENT MINDSET SURVEY ...oootiiiiieeeeeeeee e, 152
APPENDIX C: STUDENT GRIT SCALE ... .o, 153
APPENDIX D: STUDENT DEMOGRAPHIC SURVEY ..o, 154
APPENDIX E: PARENT INTERVIEW PROTOCOL ..ot 156
APPENDIX F: STUDENT INTERVIEW PROTOCOL ..., 157

\'



LIST OF TABLES

Table 1. Frequency of Parent Mindset Types Accepted into Phase 2 of the Study.......... 66
Table 2. Weighted GPA system for HS1 and HS2. ..., 67
Table 3. Measures Used to Answer Each Research QUEeStion. ..........ccccoeeveeiiieeiiiee e, 68
Table 4. Parent Interview Protocol: Mathematics Mindset QUESLIONS .............ccceevveenneene. 76
Table 5. Summary of Scores for Each Scale. ..., 78
Table 6. Student Interview Protocol: Mathematics Mindset QUESLIONS ...........cccccveeeuneeene 79
Table 7. Student Interview Protocol: Mathematics Grit QUESLIONS .........cccccvevvveerieeinnene, 80
Table 8. Grit Rubric for Determining Mathematical Grit..............ccooeveiiniiiiii, 81
Table 9. Evans’ (1996) Verbal Descriptions for the Strength of Rho ............ccooeiiinn 86
Table 10. General Mindset Frequencies for PartiCipants. ...........ccccvvvrereneneninesisennn, 90
Table 11. General Mindset Frequencies for Families. ..........ccoccooviiiiiiiiinniiee, 91
Table 12. Main Categories of Codes and Subcategories of Codes. ..........cccccvevveieiieennenn, 92
Table 13. Rubric for Determining Mathematical MindSets...........ccocvvevenenenininnienenn, 93
Table 14. Mathematical Mindset Frequencies for Participants. ..........cccccvevveiieeineiinenne, 98
Table 15. A Comparison of Mathematical Mindset and Gender ...........ccccccceevvervcnenne. 100
Table 16. Parent Mathematical Mindset and Student Overall GPA .............cccociiinne. 107
Table 17. Parent Mathematical Mindset and Student Mathematics SAT Score............. 109
Table 18. Parent Mathematical Mindset and Highest Mathematics Course................... 111

Vi



Table 19. Grit Rubric for Determining Level of Mathematical Grit ............ccccceeveneenee. 113
Table 20. SAMPIE RESPONSES ....ccveeveeiieiieeie et e st ste e e e re e e e sae e nrs 115
Table 21. Parent Mathematical Mindset and Student Mathematical Grit....................... 117

Table 22. A Comparison of Student General Grit and Student Mathematical Grit........ 120

vii



LIST OF FIGURES

Figure I-1. Factors that influence student mathematics achievement. Solid lines indicate previously

researched relationships. Dotted lines represent those connections missing in current studies.

Figure 1-2. This study explored the relationship (if any) between parent mathematical mindset and
student mathematical mindset, student mathematical achievement, and student mathematical

0 SRS 5

Figure 11-1. Entity theory and performance goals. This figure illustrates the causal relationship

between entity theory and performance goals.............cccoiiieiiinie 28

Figure 11-2. Incremental theory and learning goals. This figure illustrates the causal relationship

between incremental theory and learning goals. ............ccoovieeiinencinice 29

Figure 11-3. The characteristics of a fixed intelligence. An entity theorist pursues performance
goals which lead to a helpless response to failure which in turn solidifies his belief in a fixed

INEEHIIGEINCE. .ot 31

Figure 11-4. The characteristics of a malleable intelligence. The incremental theorist pursues
learning goals which lead to a mastery-oriented response to failure which in turn solidifies

his belief in the expandability of intelligence. ... 31

Figure 11-7. A relationship between mindset and grit as explained by Duckworth (2016). Grit and
the growth mindset are highly correlated, but not the same constructs: the one-way arrows

describe the way in which they are related. ... 46

viii



Figure 11-8. Factors that influence student mathematics achievement. Solid lines indicate

previously researched relationships. Dotted lines represent those connections missing in

CUITENTE STUTIES. ...ttt b bbbt 59
Figure I11-1. Description of the participant selection process..........cccccvvveiveeiieeiieesiesne. 65
Figure 111-2. Description of the purpose of each phase of research. ...........ccccccevevvinnnn. 73
Figure IV-1. Spectrum of mathematics-specific mindset categories. ..........cc.ccoevvvrvennnne. 99

Figure IV-2. Distribution of general mindset to mathematical mindset for participants. The data

displayed compares the adult/student NUMDENS. ..........cccveveiiereeie s 100

Figure 1V-3. Distribution of participant general mindset and participant mathematical mindset.
Numbers inside data points represent the frequency of each general-mathematical mindset
pairing. Most participants were F-FH or G-GH (red circles). Of note is the dispersion of

participants with a general-growth mindset (dashed red lines)...........cccccoevvienienns 101
Figure 1V-4. A comparison of general mindset to mathematical mindset for participants.104

Figure 1V-5. Weighted GPA system for HS1 and HS2. The source has been excluded to protect

the privacy OF the dISIIICL. .........coiiiii s 107

Figure IV-6. Scatter plot comparing parent mathematical mindset to student overall GPA. Student

GPA is shown on the x-axis, and parent mathematical mindset is shown on the y-axis.

Figure IV-7. Scatter plot comparing parent mathematical mindset to student SAT score. Student

SAT score is shown on the x-axis, and parent mathematical mindset is shown on the y-axis.



Figure IV-8. A comparison of parent mathematical mindset to student highest mathematics course.

Figure 1V-10. A comparison of parent mathematical mindset to student mathematical grit. 118

Figure 1V-11. Scatter plot comparing student general grit to student mathematical grit. Student

general grit is shown on the x-axis, and student mathematical grit is shown on the y-axis.



ACKNOWLEDGEMENTS

I would like to thank my sponsor, Dr. Nicholas Wasserman, for his dedication of time and
commitment to reading each draft of my dissertation with a critical lens. There were many “last”
drafts, each better than the first, and 1 am so grateful that he continued to raise his expectations in
search of excellence.

| would also like to thank Dr. Erica Walker for inspiring me to pursue the perception of
mathematics after being a student in her class, “Math in Popular Culture and Media.” I genuinely
enjoyed conversing with my peers about the ambiguity surrounding the term “mathematician,” as
well as the various tropes of mathematicians and mathematics imbued in popular culture
references.

| am likewise indebted to Dr. Paul Rasmussen for reminding me — from day one — that the
purpose of a dissertation was to “get it done.” He is also responsible for the ease (albeit slight) of
my anxiety during the oral defense of my dissertation: had I not first practiced my presentation in
a room full of colleagues my confidence would have surely waned as | delivered my speech.

As always, | am extremely grateful for my family and their eternal support. Deserving of
a special mention is my dad — who scribbled fastidious notes on various drafts, my mom — who
cheered me on with the gusto of someone who was relentlessly proud, my Aunt Rosine — who
helped me put out various fires on the home front, and my sister — who raised the bar by becoming
the first Dr. Barba.

I am also highly appreciative of my friends, Wendy, Brit, Kate, Sam, and Nicole. They

never once doubted me, and were superb listeners when | was in desperate need of a venting

Xi



session. A special thanks to Kate and Brit who lived with me for most of the time as | pursued my

degree, for | fear they may have suffered some of my toils through association by contact.

xii



DEDICATION

I would like to dedicate this dissertation to my students for continuing to question

mathematics and mathematics practices and thereby making me a better educator, researcher, and

mathematician.

Xiii



CHAPTER | : INTRODUCTION

Need for Study

Conflicting beliefs concerning the acquisition of mathematical knowledge dichotomize our
perception of mathematics. Is there a mathematics gene at the core of all mathematics success?
Or is mathematics a learnable skill, a proclivity towards which depends on environmental
circumstances? In other words, is mathematical ability fixed and bestowed by nature, or is it a
mutable practice encouraged by nurture?

The malleability of intelligence is a lingering topic of debate amongst scholars. However,
regardless of the outcome research has shown that what students think about intelligence has an
enormous impact on their academic achievement (Aronson, Fried, & Good, 2002; Blackwell,
Trzesniewski, & Dweck, 2007; Dweck, 2000; Good, Aronson, & Inzlicht, 2003). Dweck (2006)
classifies these implicit theories of intelligence as mindset. She uses mindset to describe one’s
thoughts about his or her intellectual potential. A fixed mindset, related to entity theory, is the
belief that one’s intelligence is immutable, i.e. an inherited and static trait. A growth mindset is
significantly more flexible, and is aligned with incremental theory. Those with a growth mindset
believe that intelligence can be improved upon by dedication and hard work. In relation to
mathematics, one with a fixed mindset would likely believe in a mathematics gene, whereas one
with a growth mindset would likely believe mathematics to be a learnable skill.

The growth mindset has been linked with increased levels of academic achievement:
students with a growth mindset receive higher grades, are reported to enjoy and value academics

more, have increased motivation, choose more positive, effort-based responses to failure, and
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experience greater overall gains than those with a fixed mindset (Aronson et al., 2002; Good et al.,
2003; Blackwell et al., 2007).

Mindset is also linked with resiliency and grit; specifically, growth mindset and grit are
highly correlated (Duckworth, 2016). A term coined by Duckworth (2016), grit is the quality of
being able to sustain your passions (or goals) over an extended period of time. Grit has emerged
as both a significant predictor of — and essential for high — academic achievement (Duckworth &
Gross, 2014; Duckworth, Peterson, Matthews, & Kelly, 2007; Rimfeld, Kovas, Dale, & Plomin,
2016). Additionally, grit has been shown to influence student engagement, retention, and
matriculation (Duckworth & Quinn, 2009; Maddi, Matthews, Kelly, Villarreal, & White, 2012;
Strayhorn, 2013; Wolters & Hussain, 2014).

Adult feedback practices have also been shown to affect student performance and resiliency
(Blackwell et al., 2007; Dweck, 2008; Plaks & Stecher, 2007). People’s reactions to positive and
negative feedback depend on the expectations derived from their implicit theories of intelligence
(Plaks & Stecher, 2007). Parents with fixed intelligence theories are more likely to view their
child’s intelligence as fixed and, as a result, are more likely to give their child praise that
emphasizes product over process (Dweck, 2008; Mueller & Dweck, 1998). Additionally, parents’
failure mindsets can predict their child’s implicit theory of intelligence. Failure mindsets — the
view that failure is either enhancing or debilitating — are separate from intelligence mindsets and
play a role in parents’ responses to their children’s setbacks. Parents who view failure as
debilitating communicate their beliefs through either verbal or behavioral cues; as a result, they

tend to have children with fixed mindsets (Haimovitz & Dweck, 2016).
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Thus, it has been shown that student mindset, student grit, and parent feedback practices

affect students’ mathematics achievement (Aronson et al., 2002; Good et al., 2003; Blackwell et
al., 2007; Blackwell et al., 2007; Dweck, 2008; Plaks & Stecher, 2007; Duckworth & Gross, 2014;
Duckworth et al., 2007; Rimfeld, Kovas, Dale, & Plomin, 2016). However, research has yet to
show whether parent general mindset relates to student general mindset, student general grit, and

student mathematics achievement.

s Parent General o
Mindset

A 2

Parent Feedback Practices

\ v

"'-,‘Student General Mindset Student General Grit
,. Student Mathematics Achievement

Figure I-1. Factors that influence student mathematics achievement. Solid lines indicate
previously researched relationships. Dotted lines represent those connections missing in current
studies.

The domain-specificity of mindsets is also a topic of contention in recent literature, for it
is possible for people to have a more specific implicit theory within a particular domain (Yeager
& Dweck, 2012); however, whether that specific theory is consistent or inconsistent with the

general implicit theory is unclear. According to Molden and Dweck (2006), peoples’ implicit
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theories “serve as core assumptions that created a larger system of allied beliefs and goals™ (p.
201). To that effect, one would expect one’s general mindset to transcend different domains — for
all subject-specific mindsets to be unified under a common theme. This universal theory of
mindsets is supported by a study conducted by Hughes (2015) in which participants with fixed or
growth mindsets held concurrent beliefs regarding other facets of intelligence. In stark contrast is
the theory that mindsets fluctuate when applied to different domains; for instance, some studies
have shown that mindsets can vary by subject, and are often influenced by pedagogical practices,
classroom climate, and epistemological beliefs (Yeager & Dweck, 2012; Myers, Nichols, & White,
2003; Jonsson, Beach, Korp, & Erlandson, 2012; Altendorff, 2012; Rattan, Good, & Dweck, 2012;
Paunesku, Yeager, Romero, & Walton, 2007; Buehl et al., 2002). Notably, those in favor of the
variable mindset theory have yet to evince why a person who has internalized a certain mindset
may not consistently apply it to all domains: why someone might have growth beliefs regarding
general intelligence but fixed beliefs regarding mathematical intelligence.

This study examined mathematical mindsets specifically. According to Boaler (2016),
having a mathematics-growth mindset is not only recognizing mathematics as a subject of
growth, but having growth beliefs about the nature of mathematics and one’s own role in it. In
contrast, having a mathematics-fixed mindset is recognizing limitations in mathematical ability;
the belief in a conceptual threshold that restricts one’s intellectual progress in the subject.
Markedly, mathematical mindsets have been targeted in recent studies with respect to
incremental theory interventions (Rattan et al., 2012; Paunesku et al., 2007); however,

mathematical mindsets were viewed as a subgroup of general mindset (e.g. as an instantiation of



general mindset rather than a separate entity), and the mathematical mindsets of participants
were not analyzed.

This study considered how general mindset relates to mathematical mindset, and explored
the relationship between parent mathematical mindset and student mathematical experience. By
mathematical experience, | refer to three aspects: i) the student’s mathematical mindset; ii) the
student’s mathematical achievement; and iii) the student’s mathematical grit. “Student” in this
study will refer to high school seniors, the rationale for which is discussed in the methodology

section.

Parent Mathematical Mindset

st
e
.t

*

&
.
L
*
e

Student Mathematical Mindset Student Mathematical Grit
¥
Student Mathematical Achievement

Figure 1-2. This study explored the relationship (if any) between parent mathematical mindset
and student mathematical mindset, student mathematical achievement, and student mathematical
grit.

If it is determined that parent mathematical mindset relates to student mathematical
mindset, student mathematical achievement, and student mathematical grit, then interventions —
such as those pertaining to incremental theory, feedback practices, or resilience training — can be
used to teach parents how to positively influence their student’s mathematical achievement.

Incremental theory interventions have been shown to have positive effects on academic

achievement; students receive higher grades, have increased intrinsic motivation, stronger



learning goals, more positive beliefs about effort, and were reported to enjoy academics more
(Hong, Chu & Dweck, 1995; Dweck, 2000; Aronson et al., 2002; Good et al., 2003; Blackwell et
al., 2007). If it is found that parent mathematical mindset relates to student mathematical
mindset, then interventions aimed at teaching parents the incremental view of mathematical
intelligence may produce similar results.

Additionally, adult praise of ability or effort emanates powerful messages to students
(Dweck, 2000). Parents with fixed intelligence theories are more likely to praise ability (Dweck,
2008). Teaching parents an incremental theory of mathematical intelligence may result in a
change in their feedback practices towards their praising effort over ability. Praise for effort can
promote effort attributions, learning goals, and an incremental view of intelligence, resulting in
higher achievement motivation and positive postfailure striving (Diener & Dweck, 1980; Mueller
& Dweck, 1998).

Further, since parents’ views of failure are visible to their children, parents who view
failure as debilitating convey to their children that intelligence is fixed (Haimovitz & Dweck,
2016). Resilience training for adults can be used to combat their learned helpless response to
failure that is communicated to their children through verbal or behavioral cues.

Finally, although anxiety can be evoked in all subjects, mathematics anxiety can be more
severe — and affect performance more — than other subjects (Punaro & Reeve, 2012; Dowker,
Sarkar & Looi, 2016). If parents can be taught to view mathematics as a conceptual domain (i.e.
taught a mathematics-growth mindset), then it is likely that their student’s mathematics anxiety
could dissipate and their performance in mathematics could improve.

Purpose of Study
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The purpose of this study was to explore the internal consistency between general mindset and
mathematical mindset, as well as to determine the relationship between parent mathematical
mindset and (1) student mathematical mindset, (2) student mathematics performance, and (3)
student mathematical grit. The research questions are as follows:
1. What relationship exists, if any, between general mindset and mathematical mindset for

high school seniors and their parents or guardians?

2. What relationship exists, if any, between high school seniors’ mathematical mindsets and

their parents’ or guardians’ mathematical mindsets?

3. What relationship exists, if any, between high school seniors’ mathematical achievement
and their parents’ or guardians’ mathematical mindsets?
4. What relationship exists, if any, between high school seniors’ mathematical grit and their
parents’ or guardians’ mathematical mindsets?
a. What relationship exists, if any, between general grit and mathematical grit for high

school seniors?

Procedure

The research followed a hermeneutical phenomenological approach (Creswell, 2015) — a
qualitative research methodology characterized by finding meaning through the subjective
interpretation of participants — in which the phenomena to be studied were consistency of mindsets
across specific domains and student mathematical experience. The specific domain to which

general mindset was compared was mathematical mindset. By mathematical experiences, | refer
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to three aspects: i) the student’s mathematical mindset; ii) the student’s mathematical achievement;
and iii) the student’s mathematical level of grit.

There were two phases to this study. The purpose of Phase 1 was to collect quantitative
data to determine general parent mindset and student mathematics performance. The purpose of
Phase 2 was to determine general student mindset, general student grit, and to collect qualitative
data to determine the mathematical mindsets of all participants as well as the mathematical grit of
students. Relationships were examined between (1) general mindset and mathematical mindset
for all participants, (2) parent mathematical mindset and student mathematical mindset, (3) parent
mathematical mindset and student mathematical achievement (as measured by GPA, SAT score,
and highest level mathematics course taken), and (4) parent mathematical mindset and student
mathematical grit. A relationship was also examined between general grit and mathematical grit
for students.

Participants. The term “participant” refers to both parents and students. “Parents”
will be used when referring to parents only. “Students” will be used when referring to students
only.

The study took place at two high schools in the same district of an affluent suburban city
in the northeast where the researcher is currently a teacher. Stratified and purposeful sampling
was used to select high school seniors from the class of 2018 and their active parents or guardians.
A parent was considered “active” in a student’s life if he or she lived with the student in some
capacity. If both parents were active in the student’s life then both were asked to participate in the

study. If a parent was inactive or deceased, he or she was excluded from the study. A step parent
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or other primary guardian was likewise asked to participate if he or she was active in the student’s
life.

In Phase 1 of the study, Dweck’s (2000) 8-item Adult Mindset Survey was sent out
electronically to all registered parents of high school seniors using the online Qualtrics tool. The
researcher determined the general mindset of each parent (and their active spouse — if applicable)
using the mindset scale (fixed, neutral, growth) described in the studies in which it was validated
(Levy, Stroessner & Dweck, 1998; Hong et al., 1995). Families were excluded if it was determined
that the parent mindsets were different (fixed vs. growth).

All single-parent families were invited to participate in Phase 2 of the study: there were
four single-parent families. For those families with two active parents, if both parents had the
same mindset (fixed-fixed, growth-growth, fixed-neutral, and growth-neutral) then those families
were invited to participate in Phase 2 of the study: 10 such families qualified. As part of Phase
2, all participants (adult and student) were interviewed by the researcher. Interviews were
conducted on an individual basis.

Data Collection. Both quantitative data and qualitative data were collected to
explore the relationship between (1) general mindset and mathematical mindset and (2) parent
mathematical mindset and student mathematical experience. Quantitative data were collected
first using three validated surveys (Dweck’s (2000) 8-item Parent Mindset Survey, Dweck’s
(2000) 6-item Student Mindset Survey, and Duckworth and Quinn’s (2009) 8-item Grit-S Scale)
and one Student Demographic Survey. The results of the surveys served as a baseline for further
qualitative analysis. Specifically, the mindset and grit surveys were used as a baseline measure

of general implicit theory of intelligence (i.e. fixed, neutral, or growth mindset) and general grit
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(i.e. very gritty, fairly gritty, moderately gritty, or not gritty) respectively, and the Student
Demographic Survey served to collect information pertaining to the student’s mathematics
achievement (e.g. current overall GPA, highest mathematics SAT section score, highest level
mathematics course taken). Qualitative data were then collected vis-a-vis individual interviews
with each participant. The purpose of each interview was to identify the mathematical mindset
of every participant, as well as the mathematical grit of students. Additionally, the purpose of
each interview was to explore the extent to which parent mathematical mindsets relate to the
mathematical experiences of students.

Data Analysis. Both quantitative and qualitative data were used to address the
research questions. The surveys collected quantitative data pertaining to general mindset,
general student grit, and student mathematical achievement (as measured by current overall
GPA, highest score on the mathematics section of the 2017 SAT examination, and highest level
mathematics course taken). Qualitative analysis from interviews were used to determine the
mathematical mindset of all participants, and the mathematical grit of students. Tests were then
run through SPSS to determine if relationships existed between (1) participant general mindset
and participant mathematical mindset, (2) parent mathematical mindset and student mathematical
mindset, (3) parent mathematical mindset and student overall GPA, (4) parent mathematical
mindset and student SAT score, (5) parent mathematical mindset and the student’s highest level
mathematics course taken, (6) parent mathematical mindset and student mathematical grit, and

(7) student general grit and student mathematical grit.

Research question 1. To address RQ1, data were collected from both the Parent
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Mindset Survey and the Student Mindset Survey regarding general mindset: participants were
assigned either a general-fixed mindset, general-neutral mindset, or general-growth mindset as
determined by their mindset score. Each participant (parent and student) was then interviewed
individually. As part of the interview protocols, participants were asked questions regarding
their mathematical experiences. Some questions targeted mathematics-fixed mindsets, while
others targeted mathematics-growth mindsets. Depending on the response to these questions, the
researcher assigned a mathematics-growth-high, mathematics-growth-low, mathematics-fixed-
high, or mathematics-fixed-low mindset to each participant. Once the mathematical mindset of
each participant was determined, a graph was created to compare general mindset to
mathematical mindset. Additionally, a Spearman’s Rho correlation was run in SPSS to
determine the association between the two ordinal variables general mindset and mathematical
mindset. Participant interviews were then incorporated to expand upon the quantitative results of

the test.

Research question 2. To address RQ2, a distribution graph was created to
determine the association between parent mathematical mindset and student mathematical
mindset. Participant interviews were then incorporated to expand upon the quantitative results of

the test.

Research question 3. To address RQ3, two scatter plots with linear regression
trend lines were created to determine the association between parent mathematical mindset and
student overall GPA, and parent mathematical mindset and student highest mathematics section

score on the 2017 SAT examination. Two t-tests were then run in SPSS to determine if the
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correlation coefficients from the two simple regressions were statistically significant. A graph
depicting the distribution of data was used to determine the association between parent

mathematical mindset and student highest level mathematics course taken.

Research question 4. To address RQ4, data were collected from the Grit-S Scale
to determine the general grit of students (not gritty, fairly gritty, moderately gritty, and very
gritty). As part of the interview protocol for students, students were asked questions regarding
their mathematical grit. Based on their responses to these questions, the researcher assigned each
student a mathematical level of grit (not mathematically gritty, fairly mathematically gritty,
moderately mathematically gritty, and very mathematically gritty). A graph was created to
determine the association between the two ordinal variables. Participant responses from
interviews were then used to explain the relationship observed from the graph. Additionally, a
scatter plot with a linear regression trend line and a Spearman’s Rho correlation were used to
determine the association between the two ordinal variables student general grit and student

mathematical grit.

Analysis from Open, Axial, and Selective Coding. Interviews were coded to (1)
determine the mathematical mindset of each participant and the mathematical grit of students, and
(2) to qualitatively describe the essence of the relationship (if any) between parent mathematical
mindset and student mathematical experience.

First, a priori codes were used in the process of open coding done at the beginning of data

analysis; the researcher used results from previous studies and measures of the present study to
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create a list of predetermined codes. Much of determining mathematical mindsets and
mathematical grit resulted from the process of coding participants’ statements with a priori codes.

Second, during the process of axial coding, emergent codes actively evolved from
participants’ statements regarding their mathematical experiences. These codes emerged as the
researcher searched for a relationship between parent mathematical mindset and student
mathematical experience, and were needed in cases where a priori codes were insufficient in
describing data. As they developed, the researcher established hierarchical relationships between
new and existing codes. Some were delegated as a main category or theme while others were
deprioritized as subcategories.

Finally, at the end of data analysis — during the selective coding process — the researcher
synthesized the results from coding to better describe the relationship between parent mathematical

mindset and student mathematical experience.



14
CHAPTER Il : LITERATURE

REVIEW

“Your beliefs become your thoughts, your thoughts become your words, your words become your
actions, your actions become your habits, your habits become your values, your values become
your destiny.” — Mahatma Gandhi

This chapter is composed of three major sections: i) views of intelligence; ii) implicit
theories of intelligence; and iii) parent mindset and student academic achievement.

In the first section, | discuss the many attempts to measure intelligence psychometrically,
the many definitions and interpretations of intelligence, and arguments for the plasticity of
intelligence.

In the second section, | describe two divergent implicit theories of intelligence (entity
theory and incremental theory) and the goals, attributions, and patterned responses to failures that
are associated with them. Additionally, I present growth mindset and fixed mindset as the more
contemporary terms for incremental theory and entity theory, respectively. Finally, I introduce
grit as an indicator of resiliency and a reliable predictor of engagement and retention, and discuss
the association between grit and the growth mindset (Duckworth, 2016).

In the third and final section, | discuss the impact that adult feedback practices and praise
for ability or effort can have on student achievement and motivation. | then present results from
previous studies which identify student mindset, student grit, and parent feedback practices as
influencers of student academic achievement. Finally, I introduce mathematical mindset, and

present a rational for the need to investigate the relationship (if any) between parent mathematical
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mindset and student mathematical mindset, student mathematical achievement, and student
mathematical grit.

Views of Intelligence

In this section, | discuss the evolution of attempts to understand intelligence. | introduce
Binet and Simon (1916) as pioneers in intelligence testing. | then elaborate on the ways in which
different techniques in factor analysis have been used to support either a singular intelligence
(Spearman, 2004) or multiple intelligences (Thurstone, 1934; Thurstone, 1973; Cattell, 1971;
Vernon, 1971; Guilford, 1932; Gardner, 2011). Additionally, I discuss the many attempts to
define intelligence (e.g. as the g factor or as an entity more social in origin) (Neisser, 1997; Lave,
1988; Vygotsky, 1978).

| end this section by presenting studies in favor of a malleable intelligence (Diamond,
Barnett, Thomas & Munro, 2007; Jaeggi, Buschkuehl, Jonides, & Perrig, 2008; Ericsson,
Charness, Feltovich, & Hoffman, 2006; Maguire et al., 2000; Karni et al., 1998).
Measuring Intelligence

To better understand mindset, one must first understand intelligence and the active debate
that surrounds it. Intelligence is an evolving mental construct that has been redefined by
psychologists in a myriad of ways in the past century. The often-controversial discourse
surrounding this intangible entity has centered on a variety of facets regarding the nature of
intelligence itself. Much of the discussion and evidence is conflicting and, at times, even
contradictory, producing a wide range of psychological explanations regarding the essence of
intelligence.

At the center of the theoretical discord is the attempt to measure intelligence
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psychometrically: “intelligence has been defined to a large extent by the tests designed to measure
it” (Suzuki, 2005, p. 321). In 1905, Binet and Simon produced a series of mental scales that
assessed a variety of cognitive functions (Binet & Simon, 1916). They understood intelligence to
consist of diverse components; thus, their collection of 30 cognitive tests measured several aspects
of intelligence like language skills, memory, reasoning, digit span, and psychophysical judgements
(Boake, 2002). In the search for a child’s “mental age,” the intelligence tests were administered
to Paris school children with the aim of distinguishing those who were below “normal” (Boake,
2002). The Intelligence Quotient (1Q), as it was originally conceived, was not a measure of
intelligence as a fixed entity, but rather a reflection of one’s ability at that moment in time. The
intention was to identify those students who were not “thriving” so that they could receive the help
they needed (e.g. interventional educational programs) to “blossom intellectually” (Dweck, 2000).
Although the tests established by Binet and Simon later became the structural model and source
of content for future intelligence tests, their interpretation of the 1Q score was not always shared

(Boake, 2002).

“In psychometrics, the concept of general intelligence derives from the observation of
ubiquitous positive correlations among different kinds of cognitive tests” (Duncan et al., 2008,
p.132). Psychologists relied heavily on statistical analysis to decipher results; they used factor
analysis to explain the meaning behind positive correlations between scores on various intelligence
tests. “Among the models based upon factor analysis, one line of demarcation goes between
models which postulate a general factor of intelligence ... and models which do not allow for a

general intellectual factor” (Gustafsson, 1984, p.179).
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Singular Intelligence. Spearman (2004) created the Tetrad Difference method to
examine a general factor of intelligence called “g” to which he attributed the reason behind such
correlations (Gustafsson, 1984). He stipulated that this underlying factor of intelligence signified
one’s capacity to make conceptualizations and to problem solve (Gardner, 2011); in other words,
it is the sole factor responsible for success in all cognitive activities (Duncan et al., 2008).

To support this singular view of intelligence, some psychologists explored the biological
bases behind cognitive functioning. Duncan et al. (2000) used positron emission tomography
(PET) to map the brain regions involved when performing various intellectual functions. They
found a neural basis for Spearman’s g in the localized results of the cognitive functioning of the
brain; specifically, the brain regions utilized during both high- and low-g tasks were not diversely
distributed but, rather, predominately processed in the frontal cortex of both hemispheres.

This is not the first time a biological brain basis for the singularity of intelligence has been
proposed. Rather, Jensen (1980) and Eysenck (1981) attributed intelligence to properties of the
nervous system and argued that it can be measured psychometrically using electrophysiology
(Gardner, 2011).

Multiple Factors of Intelligence. In contrast is the statistical justification for
multiple factors of intelligence, an interpretation that in and of itself is multifaceted. Thurstone
(1934) referenced the fundamental factor theorem from mathematics as justification for there being
multiple factors of intelligence. He used factor theory on correlations from tests to isolate
independent “primary abilities” (Thurstone, 1934; Thurstone, 1973). He created a new, refined

form of statistical analysis so that he could simultaneously justify the presence of Spearman’s g
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along with seven other specific abilities (Gustafsson, 1984). According to Thurstone, these diverse
components of intelligence are equivalent members of a heterarchical system (Gardner, 2011).

As the plurality view of intelligence gained popularity, psychologists once again found
themselves at a crossroads regarding how to relate the multiple factors (Gardner, 2011). “Another
line of demarcation goes between hierarchical models ... and models which treat all the
dimensions as being of equal generality” (Gustafsson, 1984, p. 179). Rather than partitioning and
equating the factors of intelligence as Thurstone had done, Cattell (1971) used factor analysis to
establish a relationship between the factors that was neither independent nor mutually exclusive.
In his Ability Dimension Analysis Chart (ADAC) he outlined a hierarchical association among
three main intelligence domains, the dimensions within them, and a sub-level of second-order
factors (Cattell, 1971; Merrifield, 1975).

Vernon (1971) similarly used factor analysis to classify a hierarchical arrangement of
mental abilities. He categorized the positive correlations from performances on tests into general
classes of cognition, to which he then divided into various sublevels of ability, each representing
narrower ranges (Merrifield, 1975).

Guilford (1982), perhaps to methodize the multiple factor paradigm, proposed in his
Structure of Intellect (SI) model an open system consisting of three main classifications: five
categories of informational content, five categories of mental operations, and six categories of
products (Gustafsson, 1984). Although his system could account for as many as 150 factors of
intelligence, the model was expandable: if found, a new category could be incorporated into any

of the three (Guilford, 1982).
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Gardner (2011) was a pluralist who based his theory of Multiple Intelligences (MI) not on
correlations from tests — as many of his predecessors had done — but on neurological, evolutionary,
and cross-cultural information. Additionally, he did not just examine “normal” children and
adults, as his predecessors did; rather, he included work with gifted students and savants (Neisser
etal., 1996).

To better explain the organization of human abilities in the mind, Gardner posited that there
were seven intelligences (or innate intellectual proclivities) that operate in domains (disciplines,
crafts, and other pursuits) and fields (sociological constructs) (Gardner, 2011). In his theory,
Spearman’s g is acknowledged; however, it is regarded as equal to all the other intelligences.
Further, the intelligences do not work in isolation; rather, several intelligences are often activated
when performing in a single domain. Additionally, although the intelligences are neurobiological,
the successful performance in a domain can be influenced by environmental factors, namely the
reception of a field (Gardner, 2011). In other words, there are both biological and social
components to intelligence.

Defining Intelligence. Far from a denouement, the definition of intelligence
continues to be debated amongst psychologists, particularly because each contributor uses a
different definition of intelligence as the backbone to his or her argument. Further, certain models
of intelligence — particularly the traditional one — have been criticized as a cause of educational
and societal problems (Sternberg, 1988).

Many psychometricians define intelligence as the g-factor from a variety of mental tests:

In any test battery, the test that best measures g is - by definition - the one that has the

highest correlations with all the others. The fact that most of these...tests typically involve
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some form of abstract reasoning led Spearman and his successors to regard g as the real

and perhaps genetically determined essence of intelligence. (Neisser, 1997, p. 440)

However, psychologists even differ in their interpretation of g; for instance, it has been
described as mental energy, a statistical trend, ability in abstract reasoning, and neural-processing
speed — to name a few (Neisser et al., 1996). Additionally, average 1Q scores are on the rise
worldwide — a phenomenon that is too rapid to be explained by genetic changes; as a result, other
psychologists have turned towards environmental changes — like those that have occurred in
schooling, child-rearing practices, and nutrition — to explain the essence of intelligence (Neisser,
1997).

Consequently, many psychologists define intelligence as social in origin. Neisser (1979)
depicted intelligence as a cultural invention, a fluctuating concept that varies as values do from
culture to culture. In this regard, intelligence is not independent from culture. Similarly, in an
attempt to explain practical intelligence, Lave (1988), a social anthropologist, examined relations
between cognition, practice, culture and society to explain differences in intelligence. Finally, for
developmental psychologists, intelligence can be viewed as a progression. Vygotsky believed that
intelligence tests did not adequately measure a child’s “mental age” because they failed to consider
the Zone of Proximal Development (ZPD) in which a child can succeed in a task with help from a
supportive adult (Vygotsky, 1978).

The Malleability of Intelligence. Research from the fields of cognitive
psychology and cognitive neuroscience has emerged which demonstrates that aspects of
intelligence can be altered through training (Dweck, 2008). Diamond et al. (2007) found that

preschool children trained under the Tools curriculum — an executive functioning program
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modeled after Vygotsky’s insights into cognitive control — experienced gains in intellectual ability.
Furthermore, they found executive functioning skills, especially self-discipline, to be a better
predictor of academic achievement than IQ (Diamond et al., 2007).

Cattell and Horn (1978) developed a theory to account for the malleability of intelligence
in which the general factor, g, of intelligence is split into two distinct concepts: fluid intelligence
and crystallized intelligence. Fluid intelligence refers to the ability to reason and solve new
problems independently of existing knowledge (Jaeggi et al., 2008). In fluid intelligence, analytic
ability is accentuated (Cattell & Horn, 1978). In contrast, crystallized intelligence is the set of
critical skills gained from applying fluid intelligence in a cultural context; in other words, it is the
knowledge accumulated by an individual (Cattell & Horn, 1978; “General Intelligence Consists,”
2012).

The notion is that over the extended periods of life-span development the many influences

that promote incorporation of the intelligence of a culture work in loose harmony to

produce the broad patterns of abilities of Gc [crystallized intelligence], while many
influences related to incidental learning and associated with neurophysiological health
represent a unity that binds together a broad pattern of abilities seen in Gf [fluid

intelligence]. (Cattell & Horn, 1978, p. 140)

Based on Cattell and Horn’s (1978) depiction, fluid intelligence is genetically endowed, an
aspect of inheritance that accounts for individual differences in intellectual ability. However, since
fluid intelligence is essential to learning and is attributed to both academic and professional
success, attempts have been made to try to increase it — such as through pharmacological means

or via the cognitive tasks required in video games — but to no avail (Jaeggi et al., 2008).
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Nonetheless, many argue that fluid intelligence and working memory are strongly related due to
the attentional control involved in both skills; further, exploiting this link might increase fluid
intelligence. In fact, Jaeggi et al. (2008) found that adults trained with a demanding working
memory task could increase their fluid intelligence. The gains were found regardless of
participants’ individual pre-existing differences in fluid intelligence, which suggests that any
individual can increase his fluid intelligence given the proper task regardless of his range of
cognitive skills. Furthermore, the amount of time spent training was directly related to the gains
in fluid intelligence (e.g. the more training the greater the gain); in other words, it is not a
“threshold phenomenon” (Jaeggi et al., 2008).

Additionally, studies of geniuses revealed that intrinsic talent alone does not sufficiently
account for comparative gains in their field, supporting the emerging trend that intelligence can be
altered through training (Ericsson et al., 2006). Specifically, Ericsson et al. (2006) revealed that
deliberate practice is what sets geniuses apart. They further argued that genius is something
developed over time through focused, extended effort (Ericsson et al., 2006), a finding that bolsters
the popular Thomas Edison proverb, “genius is one percent inspiration, ninety-nine percent
perspiration.”

Finally, “studies conducted with Black Cab drivers [in London]...showed a degree of brain
flexibility, or plasticity...This led to a shift in the scientific world in thinking about learning and
‘ability’ and the possibility of the brain to change and grow” (Boaler, 2016, p.3). Maguire et al.
(2000) examined the structural MRIs of the brains of Black Cab drivers (people with extensive
navigational experience) and control subjects (people who were not taxi drivers). They found

differences in the anterior and posterior hippocampal regions of the brain; primarily, the size of
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the hippocampus in the posterior and anterior regions correlated with the amount of time spent as
a taxi driver (positively in the posterior, and negatively in the anterior). Since one of the many
roles of the hippocampus is to store spatial memory (e.g. spatial representations of the
environment), their research suggests a plasticity of the hippocampus that is dependent on
environmental demands.

Emerging evidence of the brain’s ability to grow, adapt, and change in response to
environmental factors further supports the idea of a malleable intelligence. In fact, in their study,
Karni et al. (1998) provided behavioral and fMRI evidence of the fast acquisition of skilled motor
performance. In response to a 10-minute mental task repeated daily over 15 weekdays, the brains
of participants grew and “rewired.” The structural brain changes that occurred in the primary
motor cortex show that minimal training experience is sufficient to precipitate gains in
performance.

We propose that skilled motor performance is acquired in several stages: “fast” learning,

an initial, within-session improvement phase, followed by a period of consolidation of

several hours duration, and then “slow” learning consisting of delayed, incremental gains
in performance emerging after continued practice. This time course may reflect basic
mechanisms of neuronal plasticity in the adult brain that subserve the acquisition and

retention of many different skills. (Karni et al., 1998, p. 861)

The potential for the brain to grow — in as little as three weeks — suggests a need for
dramatic changes in pedagogical practices to take advantage of the core principle that everyone
can learn.

Implicit Theories of Intelligence
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In this section, | describe two implicit theories of intelligence: entity theory and
incremental theory. | present studies that link entity theory with performance goals, ability
attributions, and a helpless response to failure (Farrell & Dweck, 2000; Grant & Dweck, 2003;
Mangels, Butterfield, Lamb, Good & Dweck, 2006). Concurrently, the same studies link
incremental theory with learning goals, effort attributions, and a mastery-oriented response to
failure.

| then elaborate on a study which demonstrates that implicit theories of intelligence can be
influenced by external factors (Dweck & Leggett, 1998), and cite three studies in which
incremental theory interventions had positive effects on academic achievement (Blackwell et al.,
2007; Aronson et al., 2002; Good et al., 2003).

Additionally, I discuss the development of effort and ability attributions from a young age
to adolescence (Schunk, 1996, Blackwell et al., 2007). | justify the use of high school students in
my study on the premise that (i) it isn’t until adolescence that children make significant distinctions
between ability and effort (Schunk, 1996), and (ii) a student’s theory of intelligence doesn’t affect
academic achievement until adolescence (Blackwell et al., 2007). 1 then describe how attributions
can be used to modify behavior (Miller, Brickman & Bolen, 1975).

Finally, I introduce growth mindset as the more current term for incremental theory, and
fixed mindset as the contemporary term for entity theory. | introduce grit and discuss studies
which identify mindset and grit as indicators of academic outcomes (Aronson et al., 2002; Good
et al., 2003; Blackwell et al., 2007; Duckworth & Quinn, 2009; Maddi et al., 2012; Strayhorn,
2013; Wolters & Hussain, 2014). 1 end the section with an explanation of the highly correlated

relationship between grit and the growth mindset (Duckworth, 2016).
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Thoughts About Intelligence

The malleability of intelligence continues to be a lingering topic of cogitation amongst
scholars. And, in fact, a major tenet to my study is the belief that intelligence is malleable.
However, although there is compelling evidence that intelligence can be expanded, there is likely
a limit to its plasticity (Sternberg, 1996; Aronson et al., 2002). Yet, regardless of the outcome,
research has shown that what students think about intelligence has an enormous impact on their
academic achievement (Aronson et al., 2002; Blackwell et al., 2007; Dweck, 2000; Good et al.,
2003).

Implicit theories of intelligence are beliefs about the fundamental nature of intelligence,

specifically whether intelligence is a fixed entity that cannot be changed (an entity theory)

or a malleable quantity that can be increased through one’s efforts (an incremental theory).

(Hong et al., 1995, p.198)

Implicit theories of intelligence are statistically independent from known predictors of
achievement — such as general intelligence and self-efficacy (Plaks & Stecher, 2007), and have
been shown to shape students’ (1) goals (performance goals vs. learning goals), (2) beliefs about
effort (effort as the key to success or a sign of low intrinsic talent), (3) attributions (ability
attributions vs. effort attributions), and (4) learning strategies (the helpless vs. mastery-oriented
response to failure) (Yeager & Dweck, 2012). Implicit theories of intelligence are also distinct
from implicit theories of personality; for instance, “it is possible for a student to believe that
intelligence can change but personality cannot” (Yeager & Dweck, 2012, p.303-304).

Entity Theory. A student’s implicit theory of intelligence can affect his self-
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esteem and his response to academic challenges (Hong et al., 1995; Dweck, 2000; Blackwell et
al., 2007). For the entity theorist, self-esteem is at the peril of performance: it flourishes with
success and diminishes with failure (Dweck, 2000). As a result, he will choose less challenging
tasks where success is more likely to be achieved (Blackwell et al., 2007).

The entity theorist, being overwhelmingly consumed by his performance, pursues
performance goals: his motivation behind completing a task is to receive a high grade for he
perceives the outcome of a task as measuring his limited capacity (i.e. his intelligence or ability).
Upon receipt of a high grade, he will continue to receive higher grades; however, when given a
low grade he will continue to receive lower grades because he credits the poor performance to his
low, fixed intelligence that cannot be improved (Grant & Dweck, 2003).

His concern with appearing smart may ultimately prevent him from seeking learning
opportunities in the future; he is less likely to try something new due to the potential risk of making
errors. When in need of remedial work, he is likely to avoid it; despite wanting to perform well,
he views effort as futile — since intelligence cannot change — and will do his best to minimize it,
for he perceives the requirement of effort as a sign of low intelligence (Dweck, 2000). In other
words, he will experience withdrawals in both time and effort when faced with a setback (Grant &
Dweck, 2003).

To the entity theorist, an 1Q score is the ultimate measure of his fixed intellectual ability;
it determines his innate aptitude. However, Binet, as an incremental theorist, would disagree with
such a pessimistic outlook. Binet believed that intelligence could be increased: that it could be
nurtured given the appropriate educational assistance (Dweck, 2000). In this regard, an 1Q score

is simply a measure of one’s ability at that moment in which the test was administered, and not an
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indicator of one’s overall potential. Although he acknowledged individual differences in intellect,
he maintained that with practice we could become more intelligent (Dweck, 2006).

Incremental Theory. Many incremental theorists define intelligence as a person’s
skills and knowledge: something that can be cultivated through learning (Dweck, 2000). As a
result, effort is not denigrated as a weakness but valued as a conduit for success. The incremental
theorist pursues learning goals and is motivated by mastering new things. After a poor
performance, a learning goal enthusiast is likely to make effort attributions (e.g. “I need to study
more) over ability attributions (e.g. “I’m not smart enough”) and will likely persist to the point of
improvement (Grant & Dweck, 2003).

Performance Goals vs. Learning goals. The motivational goal (i.e. performance
or learning) that a child pursues shapes his response to success and failure (Dweck, 1986). Ina
study conducted by Farrell and Dweck (1985), junior high school students were taught new
material and then tested on novel problems (e.g. problems that were new but required the same
principle taught in the lesson). Students who had learning goals received higher scores, worked
harder when confronted with a challenge, and were more likely to try to apply the new principle
they had learned (Farrell & Dweck, 1985). Other studies reported similar findings: students with
learning goals engaged in more profound processing of course material, as well as applied deeper
and more effective strategies to solve a problem (Ames & Archer, 1988; Dweck, 2000; Grant &

Dweck, 2003).
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Figure 11-2. Incremental theory and learning goals. This figure illustrates the causal
relationship between incremental theory and learning goals.

The Helpless and Mastery-Oriented Responses to Failure. Research attributes
implicit theories of intelligence to how students handle setbacks or failure (Blackwell et al., 2007;
Dweck, 2000; Dweck & Leggett, 1988; Heine et al., 2001). “Those holding an entity (or fixed)
theory are particularly likely to draw conclusions about their ability (vs. effort) from setbacks and
to give up more readily when faced with difficulty, as compared with those holding an incremental
(or malleable) theory” (Rattan et al., 2012, p.731).

There are two diverging responses to failure: the helpless pattern and the mastery-oriented
pattern (Dweck, 2000). Students with the helpless response experience failure as out of their
control, and attribute it to lack of ability; in other words, they make ability attributions. Those
with the mastery-oriented response attribute failures to more modifiable factors — like lack of
effort; in other words, they make effort attributions (Diener & Dweck, 1980).

In a study conducted by Diener and Dweck (1980), fifth- and sixth- grade students were

given a series of conceptual problems to solve, the final four of which were unsolvable at their
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present ability level. When faced with failure, more than a third of those students who exhibited
the helpless pattern denigrated their intellectual ability; none of those students who exhibited the
mastery response did so.

Furthermore, not only did the helpless group lose faith in their abilities, but they also lost
perspective on the successes they had achieved on previous questions. For instance, there were
eight problems that were solved correctly, and only four that were not. However, those students
with the helpless response overemphasized their failures: they were so discouraged that they
recalled more failures than successes. Far from doubting their intelligence, those students with the
mastery-oriented pattern used self-motivating techniques that gave way to an optimist prediction
regarding their ability to improve; ultimately, they embraced failure.

In their study with college students, Grant and Dweck (2003) linked learning goals with a
history of mastery-oriented indicators (e.g. sustained intrinsic motivation, planning and
persistence) and coping mechanisms (e.g. active coping and planning in response to setbacks).
Additionally, they found that low-ability attributions were associated with drops in intrinsic
motivation and loss of self-worth. Performance goals produced a susceptibility to helplessness
and debilitation in the face of a challenge or a setback. In contrast, students with learning goals
engaged in less time and effort withdrawal and sought positive reinterpretations and growth; quite
uniquely, their perseverance made them more likely to rebound when faced with failure (Farrell &
Dweck, 2000; Grant & Dweck, 2003; Mangels et al., 2006). Thus, entity theorists exhibit the

helpless pattern whereas incremental theorists display the mastery-oriented pattern.
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Figure 11-4. The characteristics of a malleable intelligence. The incremental theorist pursues
learning goals which lead to a mastery-oriented response to failure which in turn solidifies his
belief in the expandability of intelligence.
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Mangels et al. (2006) used event-related potentials (ERPs) to investigate how a student’s
beliefs and goals can influence attention to information associated with error correction. Entity
theorists geared towards performance goals are concerned with proving their ability with respect
to others. Following negative feedback on tests of general knowledge, Mangels et al. (2006) found
that these students responded differently compared to incremental theorists, suggesting a
difference in the cognitive-neural orientation of the brain. Further, as failures were corrected entity
theorists were less likely to engage in sustained semantic processing when learning opportunities
presented themselves; as a result, incremental theorists demonstrated significantly greater gains in
knowledge. This suggests that a student’s beliefs and reactions to failure can influence his learning
success by manipulating his attention and conceptual processing (Mangels et al., 2006).

This is not the only instance where differences in implicit theories of intelligence affected
attentional processing. In a study with undergraduate students, Plaks, Grant, and Dweck (2005)
used stereotypical character profiles (e.g. the mathematics student who is a poor writer) to gauge
participant response to incongruent information. They found that both groups (i.e. the entity theory
group and the incremental theory group) exhibited selective processing for theory-violating
information (e.g. a poor reader increasing his score on the verbal section of the SAT through
deliberate practice is contrary to the entity view). In other words, participants responded faster to
information congruent to their beliefs: they attended to consistencies over inconsistencies. “The
present research suggests that people not only consider a behavior’s consistency with a stereotype

— they also consider its consistency with their theory of personality” (Plaks et al., 2005, p. 253).
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It is important for one to experience confirmation of his beliefs about intelligence (Plaks et
al., 2005). Differences in implicit theories of intelligence result in differences in attentional
emphasis for expectancy-confirming and expectancy-disconfirming information (Plaks,
Stroessner, Dweck & Sherman, 2001). Although entity theorists (much more than incremental
theorists) display more attentional engagement towards stereotype-confirming information than
stereotype-disconfirming information, both theorists will exhibit defensive processing (e.g. a
desire to ignore or debunk inconsistent information) if the feedback from information is received
negatively (Plaks et al., 2001).
Incremental Theory Interventions. Even if intelligence itself is not malleable,
people’s implicit theories of intelligence are (Dweck, 2000). In a study reported by Dweck and
Leggett (1988), fifth-graders were divided into two groups and instructed to read a passage
containing a story about a historical figure (e.g. Albert Einstein, Helen Keller) and his or her
accomplishments written from the perspective of either an entity theorist or an incremental
theorist. Later, those students were given the choice to choose a task on which they’d like to work.
Students who read the incremental theory passage were more likely to choose the learning goal
task because they wanted to get smarter. Students who read the entity theory passage were more
likely to choose the performance goal (and easier) task because they wanted to appear smarter.
Interestingly, students internalized the view of intelligence from the passage that they had read.
Not only did it show that implicit theories of intelligence can cause a shift in goals, but it also
demonstrated that it’s possible to influence students’ theories (at least transiently) (Dweck &

Leggett, 1998; Dweck, 2000).
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Research has shown that incremental theory interventions can have positive effects on
academic achievement (Hong et al., 1995; Dweck, 2000; Aronson et al., 2002; Good et al., 2003;
Blackwell et al., 2007). In their longitudinal study with seventh-graders, Blackwell et al. (2007)
divided students into two groups to receive workshop instruction. The control group received
instruction on the physiology of the brain, study skills, and antistereotypic thinking. In addition
to that same instruction, the experimental group was taught that general intelligence was malleable
through a variety of readings, examples, and analogies. Within a single semester, Blackwell et al.
(2007) found that those students who were taught an incremental theory of intelligence not only
received higher grades in their mathematics classes, but were also reported to have enhanced
motivation by their mathematics teacher (who neither knew to which experimental group the
students belonged, nor even that there were two distinct groups).
This research confirms that adolescents who endorse more of an incremental theory of
malleable intelligence also endorse stronger learning goals, hold more positive beliefs
about effort, and make fewer ability-based, “helpless” attributions, with the result that they
choose more positive, effort-based strategies in response to failure, boosting mathematics
achievement over the junior high school transition. (Blackwell et al., 2007, p. 258)
Negative stereotypes disparaging the intellectual abilities of groups of people can result in
their underperformance. In their study with African American college students, Aronson et al.
(2002) examined the impact that one’s implicit theory of intelligence can have in reducing
stereotype threat. Stereotype threat undermines academic performance by inducing anxiety in
tasks aimed to measure intelligence or ability (e.g. the GRE, the SAT) and by decreasing

engagement through disidentification from tasks in which success is continuously elusive
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(Aronson et al., 2002). For instance, “I’m not a math person” is an example of someone who has
disidentified from the domain of mathematics; he has devalued the subject so that it can no longer
be a basis for his self-esteem. Those who suffer from stereotype threat often view their
performance as self-evaluative; as a result, they often choose easier, success-assuring tasks
(Aronson et al., 2002). Thus, those vulnerable to stereotype threat may succumb to the
maladaptive tendencies of entity theorists, a helpless pattern that Aronson et al. (2002) aimed to
change with incremental theory interventions. Three groups of African American college students
participated in the study. One group was given an incremental theory intervention designed to
help them internalize the idea that intelligence is malleable and expandable. At the culmination of
the study, those students who received the intervention experienced lasting and influential changes
in their attitudes regarding their own intelligence. They not only received better grades, but also
reported enjoying academics more.

Similarly, in their study with junior high school students, Good et al. (2003) found that
when participants learned that intelligence is expandable the gender gap in mathematics and the
socio-economic gap in reading both disappeared. Additionally, stereotyped students — females in
mathematics classes and ability-stigmatized students in reading programs — received higher scores

on standardized tests after participating in an incremental theory intervention program.

Benefits of Incremental Theory Interventions

sHigher grades

s|ncreased intrinsic motivation
sStronger learning goals

sMore positive beliefs about effort
*Enjoy academics more

Figure I1-5. Benefits of incremental theory interventions.
This figure depicts the benefits of receiving an incremental
theory intervention.
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The Development of Attributions. Although a student’s theory of intelligence

plays a role in his achievement motivation, these patterns don’t typically emerge until adolescence
(Blackwell et al., 2007; Dweck, 2002), thus providing the rationale for using high school students
in the present study. Attributions of effort and ability change throughout child development. In
his paper presented to the American Educational Research Association, Schunk (1996) described
the changes in conception of effort and ability among three transitional stages of development:
before the age of 9, between the ages of 9 and 12, and adolescence. According to Schunk (1996),
young children equate ability and effort: they believe that someone who applies more effort is
smarter and, as a result, will receive higher grades. In this regard, young children believe ability
is expandable; thus, they generally accept the incremental view of intelligence (Dweck & Leggett,
1988). Between the ages of 9 and 12, children begin to make minor distinctions between ability
and effort. They understand that someone who applies a lot of effort may not necessarily receive
higher grades due to individual differences in ability. Children’s beliefs regarding their standing
in class become more realistic (as opposed to excessively optimistic) (Dweck, 2002). During this
age, attributions are impressionable and can be influenced by external factors; for example, adult

praise for ability can result in children adopting performance goals (Mueller & Dweck, 1998).
Kun (1977) reached similar conclusions for the attributions made by younger children, but
with slightly different age ranges. In her study, first-graders associated high effort with high
ability, and high ability with high effort. However, by the third-grade children made different
inferences when outcomes were presented as the result of high effort or high ability; specifically,
less effort was inferred for outcomes attributed to high ability, whereas high ability was inferred

for outcomes attributed to high effort (Kun, 1977). In other words, third graders reached varying
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conclusions when making effort attributions vs. ability attributions. Nicholls (1978) confirmed
this finding, and extrapolated that “because ability is not clearly differentiated from effort and
outcome at these levels, ability related terms may be more closely associated with effort or with
outcome depending on the situation” (p. 808).

According to Schunk (1996), by adolescence the distinctions made between effort and
ability are absolute; as a result, adolescents’ implicit theories of intelligence become more robustly
set and defined. For instance, adolescents who are entity theorists perceive effort and ability as
inversely related: low effort is an indication of high ability, and vice versa. As a result, their
emphasis on ability increases and their value in effort decreases. In contrast, adolescents who are
incremental theorists view effort as a conduit for expanding ability; as a result, their value in effort
increases.

Interestingly, causal changes in academic performance due to implicit theories of
intelligence do not typically occur until junior high school (Blackwell et al., 2007); in other words,
entity theorists perform just as well as incremental theorists before adolescence. In fact,

In a supportive, less failure-prone environment such as elementary school, vulnerable

students may be buffered against the consequences of a belief in fixed intelligence.

However, when they encounter the challenges of middle school, these students are less

equipped to surmount them. (Blackwell et al., 2007, p.258)

Dweck (2002) describes this phenomenon as a consequence of tenable connections formed
within a network of motivational beliefs. She argues that entity beliefs and goals can be highly

motivating when things are going well because “some children hold an entity theory of ability long
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before it hooks up with its network of other motivationally relevant beliefs (such as effort beliefs
and attributions) and with persistence and performance” (Dweck, 2002, p.81).

In conjunction with other research, Blackwell et al. (2007) found that those students who
endorsed an incremental theory of intelligence developed more adaptive responses to setbacks. In
their longitudinal study with junior high school students, Blackwell et al. (2007) used incremental
theory interventions to reverse the trajectory of junior high students’ declining mathematics grades,
an upward trend that had long lasting effects and remained predictive over time. Their findings
supported the claim that divergent achievement patterns caused by differences in implicit theories
of intelligence don’t emerge until adolescence (i.e. during the challenging transition from
elementary school to secondary school) (Blackwell et al., 2007).

Since changes caused by a student’s implicit theory of intelligence don’t culminate in
academic performance until adolescence, it is even more important that students receive
incremental theory interventions during this pivotal stage in development; in other words, the ideal
population for which interventions would be most successful is middle school students. In
contrast, the ideal population for which to study the relationship between parent mindset and
student mindset is high school students because: (i) their own mindsets have crystallized (allowing
a researcher to more accurately capture their mindsets); and (ii) the impact on academic
performance will have occurred in adolescence, perhaps culminating with indicators such as GPA,
SAT, and highest level mathematics course taken. Thus, the present study uses high school
students to explore the relationship between the mathematical mindsets of parents and the
mathematical experiences of students (as measured by mathematical mindset, mathematics

performance, and mathematical grit).
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Ability Attributions and Effort Attributions. Attribution (i.e. effort attributions
or ability attributions) can be used to modify student behavior (Miller et al., 1975). Ina study with
fifth-graders, students were divided into three groups: an attribution group, a persuasion group,
and a control group. The objective was to teach all students to be neat and tidy, and not to litter.
After monitoring their behavior, the three groups were given different feedback: the attribution
group was told that they were already neat and tidy; the persuasion group was told that they should
be neat and tidy; and the control group was given no such treatment. Attribution proved to be the
most effective means to modify student behavior.

The study was then repeated in second-grade classrooms with respect to mathematics
achievement in which attributions of ability and attributions of motivation were also compared.
All students were given a mathematics pretest, and then divided into four groups: attribution,
persuasion, reinforcement and a control group that received no treatment. The ability attribution
treatment for students consisted of verbal comments (e.g. “You’re a very good arithmetic
student”), written notes on assignments (e.g. “Excellent work™), letters from the teacher (e.g. “Very
good student”) and letters from the principal (e.g. “Excellent ability”’). In contrast, the motivation
attribution treatment for students consisted of verbal comments (e.g. “You really work hard in
arithmetic”), written comments (e.g. “Keep trying harder!”), and letters from the teacher and
principal which accentuated the child’s effort in mathematics (e.g. “Working hard,” “Trying,”
“Applying himself”). The persuasion ability treatment for students involved feedback like “You
should be doing well in arithmetic” and “You should be good at arithmetic,” and the persuasion

motivation treatment for students involved feedback like “You should work harder in arithmetic.”
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Finally, the reinforcement group received reports like “I’m very happy with your work” and
“Excellent grades.”

At the culmination of the study students were given a post-test that assessed their
mathematics skills and self-esteem. Once again, attribution treatments for students resulted in
more significant changes than the persuasion treatments. Of import is the implied connotations of
each group: the persuasions were negative because the feedback “You should be good at
arithmetic” implies that one is not already, whereas all attributions were inherently positive. This
suggests that positive feedback has longer lasting effects than negative feedback.

Additionally, there was no difference in the effectiveness of modifying the behavior
between the ability attribution and motivation attribution treatments; this is consistent with
Schunk’s (1996), Kun’s (1977), and Nicholls’ (1978) findings that younger children equate effort
with ability. Further, these results support the claim that differences in implicit theories of
intelligence only affect academic performance and self-esteem in later stages of child
development.

Mindset. Dweck (2006) classified implicit theories of intelligence as “mindset.”

She used the terms fixed and growth mindset to describe one’s thoughts about his or her intellectual
potential. A fixed mindset, related to entity theory, is the belief that one’s intelligence is
immutable, i.e. an inherited and static trait. A growth mindset is significantly more flexible, and
falls in conjunction with incremental theory. Those with a growth mindset believe that intelligence
can be improved upon by dedication and hard work. In relation to mathematics, one with a fixed
mindset would likely believe in a mathematics gene, whereas one with a growth mindset would

likely believe mathematics to be a learnable skill. For the purposes of this study, I will use the
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more contemporary terms growth mindset and fixed mindset instead of incremental theory and
entity theory, respectively.

The growth mindset has been linked with increased levels of academic achievement:
students with a growth mindset receive higher grades, are reported to enjoy and value academics
more, have increased motivation, choose more positive, effort-based responses to failure, and
experience greater overall gains than those with a fixed mindset (Aronson et al., 2002; Good et al.,
2003; Blackwell et al., 2007).

In her book Self-Theories, Dweck (2000) presents a variety of implicit theory
questionnaires that pertain to intelligence, personality, morality, and confidence levels — to name
a few. Validated by multiple studies (Levy et al., 1998; Hong et al., 1995), the scales are not
correlated with other scales (e.g. measures of self-esteem, optimism, political ideology, religious
inclination, motivational needs, or cognitive abilities). “Thus implicit theories represent
assumptions about the self that have cognitive, motivational, emotional, and behavioral
consequences, but they are distinct from other cognitive and motivational constructs” (Dweck,
2000). For the purpose of this study, I will use the validated “Theories of Intelligence Scale — Self
Form for Adults” for my Adult Mindset Survey, and the “Implicit Theories of Intelligence Scale
for Children — Self Form” for my Student Mindset Survey.

Grit. Mindset is linked with — but not synonymous to — resiliency and “grit.”

“Resilience is the optimism to continue when you’ve experienced some failures” (“5 Ways to
Develop,” 2016). Someone who exhibits a high level of resilience will respond positively to a
challenge by trying new strategies, applying more effort, or finding a peaceful resolution to a

conflict (Yeager & Dweck, 2012). Resilience is not to be confused with grit. Grit, a term coined
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by Duckworth (2016), is the quality of being able to sustain your passions (or goals) over an
extended length of time. It is the “motivational drive that keeps you on a difficult task over a
sustained period” (“5 Ways to Develop,” 2016). According to Duckworth, grit has two
components: passion and perseverance. She describes passion as a compass; a beacon that helps
you stay loyal to a goal. With respect to goals, there is a hierarchy: a small number of top-level
goals, a moderate number of mid-level goals, and numerous low-level goals. Grit is holding the
same top-level goal for a very long time (Duckworth, 2016). In fact, the perseverance aspect of
grit is not mindlessly pursuing every low-level goal; rather, giving up on low-level goals is not
only forgivable but also necessary. However, for higher-level goals such stubbornness is expected:
the ideal combination of passion and perseverance.

Grit — and resilience — have emerged as significant predictors of academic achievement
over time (Duckworth & Gross, 2014; Duckworth et al., 2007; Rimfeld et al., 2016; Yeager &
Dweck, 2012). In fact, in five studies with adults, Duckworth et al. (2007) asserted that grit is
essential for high achievement. They found that grittier individuals had higher levels of education,
older individuals were grittier than their younger counterparts (suggesting that grit increases with
age), and grittier individuals made fewer career changes. Additionally, in their third study with
undergraduates at an elite institution, grittier students — despite having lower SAT scores — had
higher GPAs than peers who were less gritty. Interestingly, they found that grit was not positively
associated with 1Q, a result that left them wondering if grit is a better indicator of success than 1Q.

Grit has been shown to influence student engagement, retention, and matriculation
(Duckworth & Quinn, 2009; Maddi et al., 2012; Strayhorn, 2013; Wolters & Hussain, 2014). For

instance, in their study with West Point cadets grit was more of an indicator for completion of the
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grueling summer training program than the Whole Candidate Index (an accumulation of high
school rank, SAT score, and a physical exercise evaluation) (Duckworth & Quinn, 2009).
Duckworth et al. (2011) reported similar findings with Spelling Bee participants: grit was a more
reliable indicator of retention than GPA.

Further, in their study with Black male undergraduates at a predominately white institution,
grit was positively associated with academic outcomes. When compared to peers with similar
academic backgrounds, Black males earned higher grades, suggesting that “grit may prove to be
an effective lever for raising Black male academic success” (Strayhorn, 2013, p.8). Finally,
students who exhibit higher levels of grit along with high engagement in self-regulatory learning
(SRL) exhibit greater persistence in the face of setbacks or interference (Wolters & Hussain, 2014).

The significance of grit has been contested by psychologists. In a study focused on the
relationship between personality and academic achievement, Rimfeld et al. (2016) found a
significant correlation (both phenotypically and genetically) between grit and conscientiousness
(one of the Big Five personality factors):

We conclude that the etiology of Grit is highly similar to other personality traits, not only

in showing substantial genetic influence but also in showing no influence of shared

environmental factors. Personality significantly predicts academic achievement, but Grit
adds little phenotypically or genetically to the prediction of academic achievement beyond

traditional personality factors, especially conscientiousness. (Rimfeld et al., 2016, p.780)

Other psychologists have similarly critiqued grit’s close relationship  with
conscientiousness. This implication of the de-emphasis of grit’s importance is great, considering

the many grit-inspired curricula and grit interventions taking place in schools all over the United
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States. However, supporters of grit argue that conscientiousness is not a skill but a trait; as a
result, it is not susceptive to direct instruction in the same way that grit has shown to be (Kamenetz,
2016). Additionally, to further distinguish grit from conscientiousness, Duckworth described a
factor of grit called “consistency of effort” (Kamenetz, 2016). “Grit overlaps with achievement
aspects of conscientiousness but differs in its emphasis on long-term stamina rather than short-
term intensity” (Duckworth et al., 2007, p.1089).

In light of criticism, Duckworth validated a more efficient measure of grit than her original
12-item self-reported survey (Grit-O). The short scale (Grit-S) consists of 8 items and was
validated in a series of tests (Duckworth & Quinn, 2009). In a cross-sectional online study with
adults aged 25 and older, Duckworth and Quinn (2009) found that, controlling for
conscientiousness and other Big Five personality traits, Grit-S was still a significant predictor of
educational attainment and inversely related to career changes over time. In another study,
Duckworth and Quinn (2009) found the Grit-S questionnaire to be “a more efficient measure of
trait-level perseverance and passion for long-term goals” (p. 172). For these reasons, it is the Grit-
S scale that I will use for the present study.

Despite revisions made to the validated grit scales, additional criticism remains.
Researchers question the vulnerability to bias embedded in the self-reported nature of the surveys
(Sparks, 2016). Adolescents “may compare themselves more to their peers, which may also affect
how accurately they report their own persistence, self-efficacy, or self-control” (Sparks, 2016, p.6).
Thus, as with all self-reported surveys, it is important to bolster the results with additional

indicators. In the present study, I use qualitative measures (i.e. interviews) to compare the findings
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from the Grit-S scale (which measures general grit) to mathematical grit (grit in the specific
domain of mathematics).

Grit and the Growth Mindset. Grit-targeted instructional interventions have been
successful, especially those that target the growth mindset (Kamenetz, 2016). In fact, grit and the
growth mindset are highly correlated (Duckworth, 2016). “Students with a growth mindset are
significantly grittier than students with a fixed mindset” (Duckworth, 2016, p. 181). Likewise,
ability praise (e.g. “You’re a natural” or “You’re so talented”’) undermines both grit and the growth
mindset, whereas process praise (e.g. ““You're a learner” or “Don’t feel bad if you can’t do it yet”)
promotes them (Duckworth, 2016).

Similarly, implicit theories of intelligence impact resilience; in fact, to adequately apply
resilience, one’s implicit mindset belief must be in conjunction with growth ideas (Yeager &
Dweck, 2012). Resilience training — such as optimistic self-talk practiced in cognitive behavioral
therapy — was developed to combat a learned helpless response in the face of adversity. It was
found that gritty individuals with a growth mindset are more likely to engage in optimistic ways
of explaining difficulties — such as those taught in resilience training. In contrast, less gritty
individuals with a fixed mindset are more likely to disengage, give up, and avoid challenges in the

future (Duckworth, 2016).
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Giving Up On
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Fixed Mindset Explanation of Future
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(Not Gritty)
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Optimistic and Seeking
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(Very Gritty)

Figure I1-7. A relationship between mindset and grit as explained by Duckworth (2016). Grit
and the growth mindset are highly correlated, but not the same constructs: the one-way arrows
describe the way in which they are related.

Although grit and the growth mindset might coincide in many regards, they are not the
same concepts. Rather, those who encompass the growth mindset respond to defeat with
constructive thoughts that encourage their tenacity to persist in achieving their goals; in other
words, those with the growth mindset exhibit a certain way of thinking that translates to gritty
behavior.

Parent Mindset and Student Academic Achievement

In this section, I discuss how praise can affect student achievement and motivation (Dweck
& Leggett, 1988; Mueller & Dweck, 1998; Blackwell et al., 2007; Dweck, 2008; Plaks & Stecher,
2007; Plaks et al., 2007; Rattan et al., 2012). | also discuss how failure-mindsets differ from
intelligence-mindsets, and how an adult’s response to failure can impact a student’s implicit theory
of intelligence (Haimovitz & Dweck, 2016).

I then introduce mathematical mindsets as separate from general mindsets. In the previous

studies discussed in this chapter, the psychological constructs examined (e.g. mindset, grit) were
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subject-general (not subject-specific). For instance, the growth mindset and growth mindset
interventions were investigated under a general subject lens. In contrast, | describe mathematics-
specific mindsets as defined by Boaler (2016). Additionally, | describe two contrasting theories
regarding the domain specificity of mindsets; namely, the theory that mindsets are universally
applied in opposition to the theory that mindsets vary by subject.

I end this section with an emphasis on the need to examine the relationship (if any) between
parent mathematical mindset and the mathematical experiences of the student (as determined by
student mathematical mindset, student mathematics achievement, and student mathematical grit).
Feedback Practices

A tenet belief of the Family Math program at U.C. Berkeley is that parents — recognized as
children’s first and most influential teachers — are an integral instrument of support in their child’s
mathematical learning. Workshops, community outreach programs, and literature serve to
encourage families to work together to teach children mathematics, assisting families with those
aspects of parental involvement that can nurture positive mathematical self-efficacy and
mathematical identities in children (e.g. by teaching parents effective methods of communication
and ways to foster a positive home learning environment). A substantial way in which parents can
influence their child’s mathematics experience is through their feedback.

“Students’ mindsets can be affected by the subtle messages they receive from adults”
(Yeager & Dweck, 2012, p.310). Praise can affect student achievement and motivation. Adult
praise — in particular — emanates powerful messages to students (Dweck, 2000). Praising ability
or intelligence can negatively affect a student’s response to achievement situations. First, it could

lead students to make ability attributions and adopt a performance goal in which being challenged,
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struggling, and learning are rejected in favor of appearing smart, a prerogative that leaves students
with less resilience and vulnerable to a helpless response to setbacks (Dweck & Leggett, 1988;
Mueller & Dweck, 1998). Second, it suggests to students that intelligence is a stable trait and that
their intelligence can be discerned from their performance (Mueller & Dweck, 1998).

Praising students for their intelligence, as opposed to praise for process (such as effort or
strategy), makes students think that their abilities are fixed, makes them avoid challenging
tasks (so they can keep on looking intelligent), makes them lose confidence and motivation
when the task becomes hard, impairs their performance on and after difficult problems, and
leads them to lie about their scores afterwards. Process praise (such as praise for effort or
strategy), in contrast, leads students to seek and thrive on challenges. (Dweck, 2008, p.8)
Under conditions of success, praise for ability can benefit a student’s self-efficacy and can
improve the performance of older students; however, it can also have negative consequences if a
student believes it to be insincere or if the student feels too much pressure to perform well in the
future (Schunk, 1996; Miller et al., 1975; Mueller & Dweck, 1998). In contrast, praise for effort
can promote effort attributions, learning goals, and an incremental view of intelligence regardless
of the condition of the performance (i.e. success or failure). These students will attribute failure
to a lapse of effort rather than an indication of low intelligence; as a result, they will display higher
achievement motivation and positive postfailure striving (Diener & Dweck, 1980; Mueller &
Dweck, 1998). In other words, their response to failure is adaptive rather than maladaptive. This
approach to failure, in turn, may influence their academic performance in adolescence.
In a study with fifth-graders, Mueller and Dweck (1998) praised students for ability or

effort and then asked them to choose tasks that reflected performance or learning goals. According
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to Schunk (1996), it is at this age that students begin to make minor distinctions between ability
and effort. Mueller and Dweck (1998) confirmed these findings in that those praised for ability
had a proclivity towards choosing performance goals. Additionally, Mueller and Dweck (1998)
found that the great value they attributed with performance outweighed their desire to seek new
learning opportunities; when given the choice, students praised for ability preferred to find out
how others performed on a task rather than learning a new skill that could help them solve future
problems (Mueller & Dweck, 1998); these students undermined their own information-seeking
interests to gauge their intelligence in comparison to others’. This disinclination to deepen their
knowledge at the risk of appearing unintelligent might be another influencing factor for the
academic discrepancies later found in adolescence.

Further, students praised for intelligence were so consumed by appearing smart in their
performance that they were more likely to falsify or exaggerate their scores even when their reports
were anonymous and unseen by the evaluators; they equated high performance with high
intelligence for their own benefit, independent from the evaluator’s purview (Mueller & Dweck,
1998).

Feedback practices have been shown to affect student performance and resiliency
(Blackwell et al., 2007; Dweck, 2008; Plaks & Stecher, 2007; Yeager & Dweck). In their study
with undergraduates, Plaks and Stecher (2007) found that feedback indicating a substantial change
in performance (i.e. a major decline or improvement) triggered more anxiety from entity theorists,
and feedback indicating no change in performance triggered more anxiety from incremental
theorists. More anxiety was elicited when performance was incongruous with one’s implicit

theory of intelligence because it defied one’s expectations. In fact, many participants, upon
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experiencing an outcome that violated their implicit theory, reacted in self-defeating ways (Plaks
& Stecher, 2007). Their research suggests that people’s reactions to positive and negative feedback
depends on the expectations derived from their implicit theories of intelligence (Plaks & Stecher,
2007).

“Adults holding an entity (or fixed) theory of ability are more oriented toward diagnosing
people’s stable traits...whereas those holding an incremental (or malleable) theory tend to be more
open to information about change over time” (Rattan et al., 2012, p.731). In their comprehensive
study, Rattan et al. (2012) found that instructors who embraced an entity theory regarding
mathematics intelligence were quick to identify a student as having low-ability based on a single
poor test score. Additionally, they adjusted their pedagogical practices to reduce student
engagement, and expected very little improvement from the student in the future; for example,
they might explain to a low performing student that he or she is “not a math person,” and assign
fewer mathematics problems for homework. These entity-praise instructors were likely to provide
comforting feedback that addressed the student’s low ability, as opposed to caring feedback
steeped in the premise that they could improve. Compared to caring feedback, the comforting
feedback decreased student motivation, undermined their resilience, and led the student to expect
lower grades in the future; in other words, the consolation for low ability, even if phrased in a
positive manner, generated negative outcomes for the student.

Instructors with an entity theory prefer pedagogical practices that communicate their
beliefs; unfortunately, their conception of intelligence led them to communicate their beliefs in
ways that backfired (Rattan et al., 2012). Educators play an influential role in shaping students’

mindsets (Dweck, 2008). Children praised for intelligence run the risk of perceiving ability as a



ol
fixed entity, whereas children praised for their hard work are likely to make attributions related to
effort.

Parents with fixed intelligence theories are more likely to view their child’s intelligence as
fixed and, as a result, are more likely to give their child praise that emphasizes intelligence over
process (Dweck, 2008; Mueller & Dweck, 1998). In fact, 85% of parents believe that praising their
child’s intelligence is necessary to make them feel smart (Mueller & Dweck, 1996). However,

Fifth graders praised for intelligence were found to care more about performance goals

relative to learning goals than children praised for effort. After failure, they also displayed

less task persistence, less task enjoyment, more low-ability attributions, and worse task
performance than children praised for effort. Finally, children praised for intelligence
described it as a fixed trait more than children praised for hard work. (Mueller & Dweck,

1998, p.33)

Additionally, a parent’s view of failure can predict a student’s implicit theory of
intelligence (Haimovitz & Dweck, 2016). In their four-part study with parents and children,
Haimovitz and Dweck (2016) explored failure mindsets - the view that failure is either enhancing
or debilitating — and the role it plays in parents’ responses to their children’s setbacks. Failure
mindsets are distinct from intelligence mindsets; for instance, parents with a growth mindset might
still praise their child’s talent (behavior more characteristic of a fixed mindset) (Haimovitz &
Dweck, 2016).

In their first study with parents and their fourth- and fifth-grade children, Haimovitz and
Dweck (2016) revealed that parents’ failure mindsets — unlike their intelligence mindsets — are

visible to their children. Thus, although no clear link was found between parents’ intelligence
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mindsets and their children’s intelligence mindsets, there was a relationship between parents’
failure mindsets and their children’s intelligence mindsets. Parents who viewed failure as
debilitating showed that they did; as a result, their response to failure (communicated through
either verbal or behavioral cues) conveyed to their children that intelligence is fixed.

In their second study with parents of students enrolled in formal education, Haimovitz and
Dweck (2016) further explored the visibility of parents’ failure mindsets in response to their
children’s setbacks. They found that parents with the failure-is-debilitating mindset endorsed
performance-oriented reactions (e.g. worrying about their child’s ability, pitying their child when
he or she failed, comforting their child for not having enough ability) rather than learning-oriented
reactions (e.g. emphasizing effort and strategies, expecting improvement). This finding further
explains why parents with the failure-is-debilitating mindset have children with fixed intelligence
mindsets.

In their third study with parents and children (aged 8-12), Haimovitz and Dweck (2016)
found that children could accurately discern their parents’ failure mindsets, but could not
accurately discern their parents’ intelligence mindsets. Additionally, children who more strongly
perceived their parents’ failure mindset as debilitating were more likely to believe intelligence was
fixed. Interestingly, parents’ perceptions of their own failure mindsets and intelligence mindsets
were not significantly related.

Finally, in their fourth study with parents, Haimovitz and Dweck (2016) demonstrated a
causal relationship between parents’ failure mindsets and their reactions to their children’s failures.
When primed with a different view of failure (e.g. failure as an enhancing experience), parents’

responses to failure changed. The implications of the study suggest that if parents could be taught
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to embrace failure — to no longer see it as an indication of low intelligence — then students could
learn to see intelligence as an expandable entity that could be improved upon with effort.
Mathematical Mindsets

There exists a conceptual overlap between epistemological beliefs and implicit theories of
intelligence (Jonsson et al., 2012). According to Buehl, Alexander, and Murphy (2002),
epistemological beliefs vary by subject domain. In their study with undergraduate students, they
found statistically significant differences in students’ beliefs regarding the effort required to gain
knowledge in two domains that vary by structure: mathematics and history. They characterized
mathematics as a well-structured domain, based on the algorithmic procedures used to answer
questions and the general way in which it is treated in schools. In contrast, they characterized
history as an ill-structured domain, due to the heuristic procedures used to find solutions to
problems. They concluded that students’ epistemological beliefs are influenced by the domain
structure of the subject; specifically, students believed that mathematical knowledge required more
effort to acquire than historical knowledge.

There is an inclination to perceive mathematical ability as a reflection of natural, intrinsic
intelligence (Beach, 2003; Beach & Dovemark, 2007). In fact, “the beliefs that the specific
discipline math requires a special inborn ability can be associated with the research results in the
tradition of Thurstone and Cattell-Horn” in which fluid intelligence (Gf) — which encompasses all
of the facets of mathematical reasoning — coincides with general intelligence (g) (Jonsson et al.,
2012, p. 389). This perception of mathematics is prevalent in the classroom. According to Myers
et al. (2003), teachers’ general implicit theories of intelligence can be influenced by their

discipline. In a study with 226 high school teachers in Sweden, Jonsson et al. (2012) found that a
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preference for fixed mindsets is higher in mathematics teachers than for any other subject.
Additionally, Jonsson et al. (2012) unearthed an interesting relationship regarding experience and
age: older, more experienced teachers and younger, less experienced teachers were more likely to
adhere to fixed mindset beliefs. “Experienced teachers develop their beliefs in daily transaction
with students and by this acquire deeper knowledge of what factors influence achievement”
(Jonsson et al., 2012, p.390; Kagan, 1992; Pajares, 1992). 1It’s likely that for more experienced
teachers, learning is viewed as dependent on factors beyond their control (Woolfolk Hoy, Davis,
& Pape, 2006).

Some pedagogical methods are more likely than others to promote fixed mindset
tendencies. According to Altendorff (2012), there is a dominant cultural script for teaching
mathematics in English schools, characterized by teacher-centered instruction, ability grouping,
outlined procedural methods, the differentiation of student work by ability, a focus on higher
attaining students, and the perception of success in mathematics as finding the right answer. This
dominant classroom climate encourages performance goals which, in turn, are less likely to lead
to mastery oriented qualities that foster self-motivation, improvement, and overall progress in
students (Dweck, 2000; Altendorff, 2012). In addition to the dominant cultural script, Altendorff
(2012) found “a significant proportion of students with entity-theory frameworks and who
preferred performance over challenge...[and that] the girls more than the boys and the low
attaining more than high attaining students demonstrated entity theory frameworks and
performance over challenge goals of learning” (p.215-216). In other words, girls and low attaining

students are more likely to exhibit fixed mindset behaviors in mathematics classrooms.
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Thus, it has been shown that specific subjects can influence general implicit theories of
intelligence (Yeager & Dweck, 2012). More recently, studies have examined students’ implicit
beliefs regarding mathematics in particular. For example, Rattan et al. (2012) studied implicit
theories regarding mathematics intelligence rather than general intelligence, and Paunesku et al.
(2007) emphasized one’s potential to improve mathematics ability in their incremental theory
interventions for community college mathematics students. Notably, the aforementioned studies
incorporated mathematical mindsets as an instantiation of general mindset; neither measured
mathematical mindset specifically.

This study examined mathematical mindsets explicitly. According to Boaler (2016), a
mathematics-growth mindset is not only recognizing mathematics as a subject of growth, but
having growth beliefs about the nature of mathematics and one’s own role in it. In contrast, having
a mathematics-fixed mindset is recognizing limitations in mathematical ability; the belief in a
conceptual threshold that restricts one’s intellectual progress in the subject.

Children need to see math as a conceptual, growth subject that they should think about and

make sense of. When students see math as a series of short questions, they cannot see the

role for their own inner growth and learning. They think that math is a fixed set of methods
that either they get or they don’t. When students see math as a broad landscape of
unexplored puzzles in which they can wander around, asking questions and thinking about
relationships, they understand that their role is thinking, sense making, and growing. When
students see mathematics as a set of ideas and relationships and their role as one thinking
about the ideas, and making sense of them, they have a mathematical mindset. (Boaler,

2016, p.34)
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Mathematics is a conceptual domain not to be regarded as a memorized list of rote
procedures, facts, and skills. Unfortunately, students at a very early age are taught procedural
algorithms that undermine the flexible nature of the subject. For instance, they memorize
multiplication facts without exploring the plethora of patterns from multiplication tables that could
lead to greater mathematical understanding of multiplication properties. Or they learn the
algorithm for long division without understanding the importance of place value and its role in the
process. According to Boaler (2016), this is the vulnerable age where students tend to adopt a
fixed, procedural mathematical mindset. She suggests counteracting this negative transition by
incorporating number sense into early mathematics learning.

Additionally, the mathematics-growth mindset is often foiled by common mathematical
misconceptions surrounding speed (with respect to recall of facts, the time it takes to solve a
problem, and the general brevity of all mathematics solutions). When classrooms equate skill with
speed and value fast recall over deep conceptual understanding, mathematics anxiety develops,
and creative inquiry - a characteristic of the growth mindset in mathematics - declines (Zoido,
2016).

Mathematics anxiety is suffered by a third of all students in the United States (Zoido, 2016).
Although anxiety can be evoked in all subjects, mathematics anxiety can be more severe — and
affect performance more — than other subjects (Punaro & Reeve, 2012; Dowker et al., 2016).
Mathematics anxiety, along with other academic-motivational constructs such as mathematics
self-concept and mathematics self-efficacy, is “inevitably related to the societal and educational
environment of countries” (Lee, 2009, p.363). Mathematics anxiety is the manifestation of

negative physio-emotional reactions when one thinks about — or performs a task in — mathematics;
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mathematics self-concept is one’s perception of self in the domain of mathematics; and
mathematics self-efficacy is one’s conviction of his or her capability to successfully produce
desirable outcomes in mathematics (Lee, 2009). Using a series of factor analyses from responses
to the PISA 2003 background questionnaires for students and schools, Lee (2009) found that (i)
mathematics self-concept, mathematics self-efficacy, and mathematics-anxiety are distinguishable
in cross-cultural contexts, (ii) Asian countries (e.g. Korea, Japan, and Thailand) demonstrate low
mathematics self-concept and mathematics self-efficacy and high mathematics anxiety, (iii)
Western European countries (e.g. Austria, Germany, Sweden) demonstrate high mathematics self-
efficacy and low mathematics anxiety, (iv) the United States demonstrates high mathematics self-
efficacy and mathematic self-concept and middle-range ratings for mathematics anxiety, and (v)
Asian countries show a weaker association between mathematics anxiety and mathematics
performance. The latter finding, especially in consideration of the high mathematics scores
achieved by Asian countries, suggests that additional cultural influences might be at play.

There are two contrasting theories regarding the significance of subject-specific mindsets:
the consistency of mindsets verses the variability of mindsets across different subject domains.
According to Molden and Dweck (2006), peoples’ implicit theories “serve as core assumptions
that created a larger system of allied beliefs and goals” (p. 201), and to gain a sense of who
someone is one need only measure his or her mindset. “Because a given implicit theory fosters
particular judgments and reactions, it can lead to relatively consistent patterns of vulnerability or
resilience over time” (Yeager & Dweck, 2012, p. 304). To that effect, one would expect mindset
to transcend across different domains — to be unified under acommon theme. This universal theory

of mindsets is supported by a study conducted by Hughes (2015) in which participants with fixed
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or growth mindsets held the same beliefs regarding other facets of intelligence; specifically,
individuals held concurrent beliefs regarding their general mindsets and mathematical mindsets.
However, as discussed, mindsets have been shown to be influenced by subject, and are often
affected by pedagogical practices, classroom climate, and epistemological beliefs (Yeager &
Dweck, 2012; Myers et al., 2003; Jonsson et al., 2012; Altendorff, 2012; Rattan et al., 2012;
Paunesku et al., 2007; Buehl et al., 2002). Additionally, implicit theories of intelligence and
personality are decidedly distinct (Yeager & Dweck, 2012), suggesting that it is possible for
implicit theories to be disparate. Thus, it is also likely that mindsets are dynamic constructs that
are uniquely tailored to the subject domain in which it is studied. Notably, supporters in favor of
the inconsistency of mindsets theory have yet to evince why a person who has internalized a certain
mindset may not consistently apply it to all domains: why someone might have growth beliefs
regarding general intelligence but fixed beliefs regarding mathematical intelligence.

Focus of Study

It has been shown that student mindset, student grit, and parent feedback practices affect
mathematics achievement in students (Aronson et al., 2002; Good et al., 2003; Blackwell et al.,
2007; Blackwell et al., 2007; Dweck, 2008; Plaks & Stecher, 2007; Duckworth & Gross, 2014;
Duckworth et al., 2007; Rimfeld et al., 2016). However, research has yet to show a relationship

between parent mindset and student mindset, student grit, and student mathematics achievement.



59

e Parent General
Mindset

|

Parent Feedback Practices

: v v
"'-,'Student General Mindset Student General Grit
,. Student Mathematics Achievement

Figure 11-8. Factors that influence student mathematics achievement. Solid lines indicate
previously researched relationships. Dotted lines represent those connections missing in
current studies.

Likewise, it has also been shown that general mindsets can be vulnerable to specific subject
domains, and are often influenced by pedagogical practices, classroom climate, and
epistemological beliefs (Yeager & Dweck, 2012; Myers et al., 2003; Jonsson et al., 2012;
Altendorff, 2012; Rattan et al., 2012; Paunesku et al., 2007). However, research has yet to relate
parent mathematical mindset to student mathematical mindset. Further, research has yet to evince
if mindsets are all-encompassing or if they vary by subject.

This study explored the internal consistency between general mindset and mathematical
mindset, and the relationship between parent mathematical mindset and student mathematical
experience. Specifically, the students’ mathematical experiences were measured by (1) student
mathematical mindset, (2) student mathematics performance, and (3) student mathematical grit. If
it is determined that parent mathematical mindset relates to any (or all) of the present study’s

indicators of student mathematical experience, then additional interventions — such as those
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pertaining to incremental theory, feedback practices, or resilience training — can be used to teach
parents how to positively influence their student’s mathematical achievement.

For instance, it has been shown that incremental theory interventions have positive
effects on academic achievement; students receive higher grades, have increased intrinsic
motivation, stronger learning goals, more positive beliefs about effort, and were reported to
enjoy academics more (Hong et al., 1995; Dweck, 2000; Aronson et al., 2002; Good et al., 2003;
Blackwell et al., 2007). If it is found that parent mathematical mindset relates to student
mathematical mindset, then interventions aimed at teaching parents the incremental view of
mathematical intelligence may produce similar results. Additionally, since parents with fixed
intelligence theories are more likely to praise intelligence (Dweck, 2008), teaching parents an
incremental theory of mathematical intelligence may result in their praising effort over ability.
Praise for effort has been shown to promote effort attributions, learning goals and an incremental
view of intelligence, resulting in higher achievement motivation and positive postfailure striving
(Diener & Dweck, 1980; Mueller & Dweck, 1998). Further, since parents’ views of failure are
visible to their children, parents who view failure as debilitating convey to their children that
intelligence is fixed (Haimovitz & Dweck, 2016). Resilience training for adults can be used to
combat their learned helpless response to failure that is communicated to their children through
verbal or behavioral cues.

Finally, although anxiety can be evoked in all subjects, mathematics anxiety can be more
severe — and affect performance more — than other subjects (Punaro & Reeve, 2012; Dowker et

al., 2016). If parents can be taught to view mathematics as a conceptual domain (i.e. taught a



mathematics-growth mindset), then it is likely that their student’s mathematics anxiety could

dissipate and that their performance in mathematics could improve.

61
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CHAPTER Ill : METHODOLOGY
This study explored the relationship between general mindset and mathematical mindset,
and parent mathematical mindset and student mathematical experience. The study considered how
a parent’s mathematical mindset may or may not relate to student mathematical mindset, student
mathematical achievement, and student mathematical grit.
Research Questions
The research questions are as follows:

1. What relationship exists, if any, between general mindset and mathematical mindset?

2. What relationship exists, if any, between high school seniors’ mathematical mindsets and

their parents’ or guardians’ mathematical mindsets?

3. What relationship exists, if any, between high school seniors’ mathematical achievement
and their parents’ or guardians’ mathematical mindsets?
4. What relationship exists, if any, between high school seniors” mathematical grit and their
parents’ or guardians’ mathematical mindsets?
a. What relationship exists, if any, between general grit and mathematical grit for high

school seniors?

Field Setting
The study took place at two high schools in the same district of an affluent suburban city
in the northeast where the researcher is currently a teacher. The majority of residents in the district
are college graduates. There are approximately 750 high school seniors at both high schools

combined. The first school (HS1) serves 1,519 students (grades 9-12). Minority enrollment is 15%
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(majority Hispanic), which is less than the state average of 42%. The second high school (HS2)
serves 1,459 students (grades 9-12). Minority enrollment is 22% (majority Hispanic), which is
also below the state average. The impact of the composition of the student population (with respect
to both race and socioeconomic status) will be explored later as a possible limitation to the study.

The researcher received approval from the Board of Education to conduct the study at HS1
and HS2. Additionally, the researcher received help from the principal of each high school with
disseminating the initial round of online surveys.

Participants

Participants consisted of high school seniors from the class of 2018 and their parents.
Elementary students and younger were excluded on the premise that mindset does not impact
academic performance until adolescence (Blackwell et al., 2007; Schunk, 1996). Additionally,
since performance on the mathematics section of the 2017 SAT examination, GPA, and highest-
level mathematics course taken were used as indicators of academic performance, freshman,
sophomores and juniors were excluded. Further, in recent years the SAT examination has
undergone significant changes; specifically, changes in content, structure, and scoring were made
to the SAT examination in the spring of 2016. Thus, students of an older age were excluded from
this study. Finally, it was important to select only those high school seniors who had taken the
updated version of the SAT examination.

I will use the term “participant” to refer to both parents and students; otherwise, the terms
“parents” and “students” will be used to refer to just parents or students, respectively.

Stratified and purposeful sampling was used to select participants for each of the two

phases of the study. In Phase 1 of the study, an 8-item Adult Mindset survey (see Appendix A)
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(found at the end of the electronic consent and assent forms) was sent out electronically to all
registered parents or guardians of high school seniors of the graduating class of 2018 in the same
school district using the online Qualtrics tool. Twenty-four responses were received. The
researcher determined the general mindset from each response using the validated survey scale.

Additionally, integrated into the survey was an area for parents to record the name and
email of the other (if applicable) active parent or guardian as well as the name and email of their
high school senior. A parent was considered “active” in a student’s life if he or she lived with the
student in some capacity. If both parents were active in the student’s life, then an email was sent
to the other parent inviting them to participate. If a parent was inactive or deceased, he or she was
excluded from the study. Step-parents or other guardians were likewise asked to participate if they
were active in the student’s life.

Using this information, surveys were sent out to their spouses (if applicable) via the same
Qualtrics tool, with an option to decline participation. Eight of the twenty-four other participants
either declined participation or failed to respond. The researcher determined the general mindset
of those who did respond and compared the results between parents or guardians of the same
family. General mindsets were classified as fixed, growth, or mixed — as scored by Dweck’s
(2000) validated survey. The researcher denoted “mixed” mindsets as “neutral” due to the
combination of fixed and growth beliefs.

All single-parent families were invited to participate in Phase 2 of the study: there were
four single-parent families. For the two-parent families, only those with parents of the same
general mindset were considered for Phase 2 of the study: 10 families qualified. Parents of the

same family were determined to have the same general mindset if the parent mindset pairings were
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fixed-fixed, fixed-neutral, growth-growth, and growth-neutral. Parents with growth-neural and
fixed-neutral general mindsets were regarded as the same mindset because a neutral mindset
indicated a small degree of both fixed and growth internalizations. The remaining families with
different mindsets (growth-fixed) were immediately excluded from Phase 2 of the study because
it would be difficult to determine which parent’s mindset was associated (if at all) with the

student’s mathematical experience.

Adult Mindset Survey

/
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/ Actlve Spouses

14 Responses | ——
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16 Responses
14 Families 2 Families
Fixed-Fixed / \
“"'h..
Same Mindsets Different ¥indsets

Fixed-Meutral /’

/N |

Growth-Neutral Growth-Growth Fixed-Growth

Figure 111-1. Description of the participant selection process.
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Table 1. Frequency of Parent Mindset Types Accepted into Phase 2 of the Study.

Fixed-Fixed Fixed-Neutral Growth-Neutral Growth-Growth

2 3 2 7

For those 14 families who qualified for Phase 2 of the study, Student Demographic Surveys
(see Appendix D) were sent out electronically (found at the end of an electronic consent form) to
their high school senior via the email address provided by the parents. Students were given the
opportunity to decline participation; however, no student did. Due to the limited number of
qualifying participants, all 14 families were invited — and agreed — to participate in Phase 2 of the
study. The small sample size (N=14) will be discussed later as a possible limitation to the study.

Of the 14 families who participated, 12 were white, one was Asian, and one identified
with two or more races. Additionally, in each household English was the primary language
spoken. Further, as part of the Student Demographic Survey students were asked to provide the
highest-level of mathematics course taken (either currently or in the past). The researcher —as a
mathematics teacher familiar with the courses in the district — classified the mathematics courses
as high-level, average-level, and low-level. High-level classes included Multivariable Calculus
and AP Calculus (both AB and BC). Average-level classes consisted of Intro to Calculus.

Finally, lower-level classes included Financial Algebra and Mathematical Modeling. Seven
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students took high-level classes, four students took average-level classes, and three students took
lower-level classes. Twelve students attended HS1 and two students attended HS2.

Finally, students were asked to provide the highest score they received on the mathematics
section of the 2017 SAT examination, as well as their current overall GPA. The self-reported SAT
scores ranged from 350 to 800, and the GPAs ranged from 2.0 to 4.585. It should be noted that

the district uses weighted GPAs based on course level.

Table 2. Weighted GPA system for HS1 and HS2.

Weighting System Used to Compute Official GPA
Grade | Advanced | Level 1 Level 0 Level 2
Placement
A+ 5.00 4.67 4.67 4.33
A 4.67 4.33 4.33 4.00
A- 4.33 4.00 4.00 3.67
B+ 4.00 3.67 3.67 3.33
B 3.67 3.33 3.33 3.00
B- 3.33 3.00 3.00 2.67
C+ 3.00 2.67 2.67 2.33
C 2.67 2.33 2.33 2.00
C- 2.33 2.00 1.67 1.67
D+ 2.00 1.67 1.33 1.33
D 1.67 1.33 1.00 1.00
D- 1.33 1.00 0.67 0.67
F 0.00 0.00 0.00 0.00

*All subjects considered except pass/fail courses and physical education/health.
Measures
Both quantitative data and qualitative measures were used in this study. Quantitative data
were collected using three validated surveys (the 8-item Adult Mindset Survey, 6-item Student

Mindset Survey, and 8-item Grit-S Scale) and one Student Demographic Survey. The surveys
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were used to measure the general implicit theory of intelligence (i.e. growth or fixed mindset) for
each participant, the general level of grit for students, and the mathematics achievement (as
measured by the self-reported highest mathematics section SAT score, current overall GPA, and
highest level mathematics course taken) of students. Qualitative data were then collected vis-a-
vis individual interviews with each participant (parent and student). The purpose of each interview
was to determine the mathematical mindset of each participant as well as the mathematical grit of
students. Additionally, the purpose of the interviews was to explore the extent to which parent

mathematical mindset relates to the mathematical experiences of the student.

Table 3. Measures Used to Answer Each Research Question.

Research Question

Quantitative Instrument

Quialitative Instrument

RQ1: What relationship
exists, if any, between
general mindset and
mathematical mindset?

Adult Mindset Survey
(determines general
mindset)

Student Mindset Survey
(determines general
mindset)

Individual interviews with
each participant (determines
mathematical mindset)

RQ2: What relationship
exists, if any, between high
school seniors’
mathematical mindsets and
their parents’ or guardians’
mathematical mindsets?

None used

Individual interviews with
each participant (determines
mathematical mindset)

RQ3: What relationship
exists, if any, between high
school seniors’
mathematical achievement
and their parents’ or

Student Demographic
Survey (determines SAT
score, overall GPA, and

highest level mathematics
course taken)

Individual interviews with
each participant (determines
mathematical mindset and
mathematical experience)
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guardians’ mathematical

mindsets?

RQ4: What relationship Grit-S Scale for students Individual interviews with
exists, if any, between high (determines general grit) | each participant (determines
school seniors’ mathematical mindset and
mathematical grit and their st