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ABSTRACT 

My dissertation examines how experiencing heightened pressure during conceptual 

mathematics instruction impacts children’s mathematics learning and engagement. Classrooms 

can be stressful places for many students, with the pressures of children’s larger socio-cultural 

contexts often taking shape in everyday interactions. In the current educational landscape, many 

students feel a great deal of pressure at school and may also worry that their academic abilities 

will be judged based on negative stereotypes, a phenomenon often referred to as stereotype 

threat (see Steele & Aronson, 1995). These pressures can be especially pronounced in the 

mathematics classroom:  a “high stakes” subject area in which stereotypes remain highly salient. 

In a series of classroom-based experiments, I compare impacts of two different but sometimes 

co-occurring sources of pressure that many students experience in the mathematics classroom: 

stereotype threat (pressure from increased salience of a self-relevant negative stereotype, and the 

potential of being judged stereotypically) and evaluative performance pressure (pressure from 

the possibility of obtaining or losing an incentive).  While both sources of pressure can increase 

anxiety, they differ in the extent to which identity is implicated and threatened. Although most 

prior research on pressure and academic achievement has focused exclusively on testing 

situations, findings from these experiments indicate that the role of pressure in shaping academic 

achievement extends beyond impacts on test performance to also shape initial knowledge 

acquisition. Impacts of pressure on student learning depended on both the pressure source and 

student characteristics.  
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CHAPTER ONE: INTRODUCTION 

  

Classrooms can be busy, bustling, chaotic, stressful places, with the social pressures of 

children’s larger socio-cultural context sometimes taking shape in everyday interactions. In the 

current competitive educational landscape, many children feel a great deal of pressure at school 

(e.g. Luthar & Kumar, 2018; Watson, Johanson, & Dankiw, 2014).  Coupled with this general 

evaluative pressure, children from marginalized groups may also worry that their academic 

abilities will be judged based on negative stereotypes (e.g. Larnell, Boston & Bragelman, 2014; 

Legette, 2018; Nasir et al., 2009, 2017). Thus, children may experience both generalized 

evaluative performance pressure as well as stereotype threat in the mathematics classroom, 

worrying that their performance will be judged through the lens of negative stereotypes (Steele & 

Aronson, 1995).  These pressures can be especially pronounced in mathematics contexts, a high 

stakes subject area in which stereotypes are often particularly salient (Leslie, Cimpian, Meyer, & 

Freeland, 2015; Cimpian, & Leslie, 2017).   

How do these pressures shape children’s learning and engagement in mathematics?  

While pressure can in some cases increase motivation and effort (e.g. Angrist & Lavy, 2009; 

Levy, List & Sadoff, 2016), it can also result in distracting thoughts and worries that interfere 

with cognition (see Maloney, Sattizahn, & Beilock, 2014). Evaluative performance pressure and 

stereotype threat share some commonalities. Importantly, both sources of pressure can lead to 

intrusive thoughts and worries that tax executive functions, (EFs), which are cognitive resources 

needed for attentional control, manipulation of mental representations, and task switching 

(Miyake et al., 2000; Schmader & Johns, 2003; Schmaeder & Beilock, 2012). However, the 

extent to which identity is explicitly implicated and potentially threatened differs, which could 
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mean that these sources of pressure have different implications for children’s mathematics 

trajectories. 

 In a series of classroom-based experiments, my dissertation examines how heightened 

pressure from either or both stereotype threat and evaluative performance pressure impacts early 

adolescents’ learning and engagement when experienced during initial mathematics learning 

opportunities. While most prior research on stereotype threat, pressure and academic 

achievement has focused exclusively on testing situations, many students also feel a great deal of 

pressure during everyday math instruction. This could have far-reaching consequences, 

impacting not only performance but initial knowledge formation as well. As learning is built on a 

foundation of prior knowledge, failure to master a concept at one time point could also impact 

subsequent learning opportunities, and decreased enjoyment and identification within a domain 

could have long-range impacts on course selection, academic identities, career goals and 

persistence. 

I focus on early adolescents because, due to both inherent developmental processes and 

the particular structure of schooling that predominates in the US, experiences and outcomes 

during early adolescence are pivotal in shaping academic trajectories (see Swanson, Spencer & 

Petersen, 1998; Spencer & Swanson, 2013).  Cognitive changes occurring during adolescence 

increase young people’s capacity for complex thought and social comparisons- but also heighten 

vulnerability to negative feedback from the environment. As identity construction and 

developing a sense of efficacy are keys tasks of adolescence, experiences during this 

developmental period can instigate recursive processes that have long-range implications for 

academic identities and aspirations (Erikson, 1959; Marcia, 1980; Swanson, Spencer & Petersen, 

1998; Spencer & Swanson, 2013). In the US school system, as students transition from 
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elementary to middle school, an increased emphasis on grades, test scores and academic tracking 

coincide with these developmental changes. The result of the poor fit between students’ 

developmental needs and the context of middle schools is that, for many students, the transition 

to middle school is marked by declines in academic self-efficacy, motivation identity and 

engagement with school (see Eccles, Midgley, Wigfield, Buchanan, Reuman, Flanagan & 

MacIver,1993). 

In all experiments, I used a methodological technique for maximizing both ecological 

validity and experimental control. As stimuli, students viewed a previously-recorded 

mathematics lesson on individual lap tops alongside their peers in their everyday classrooms. 

The lesson included cognitively demanding opportunities for higher order thinking intended to 

promote enduring conceptual understandings, such as comparisons across solution strategies 

including misconceptions.  The pressure manipulation (stereotype threat; evaluative performance 

pressure; both or neither) was also delivered via video, which enabled within classroom 

condition assignment.  Importantly, in order to distinguish between effects of pressure on 

learning versus performance, I varied whether the pressure manipulation was invoked before 

versus after the lesson and measured learning immediately following instruction as well as at a 1-

week delay. 

In Experiments 1 and 2, I examined impacts of these pressure sources separately. 

Experiment 1 tested impacts of stereotype threat. In Experiment 1a., I compared learning and 

engagement when stereotype threat was invoked either before learning or not at all. In 

Experiment 1b, I added a third experimental condition in which stereotype threat was invoked 

after instruction, in order to compare impacts of stereotype threat while learning with those of 

stereotype threat while testing. Experiment 2 tested effects of evaluative performance pressure 
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during either learning or testing.  In Experiment 3, I ran a 2 x 2 research design crossing 

stereotype threat and evaluative performance pressure to examine impacts of experiencing both 

sources of pressure simultaneously, as these pressures often co-occur in actual classrooms. In 

addition to examining overall impacts of these pressures, I considered student level factors that 

may moderate effects and support learning despite pressure. Together, these studies address the 

following overarching research questions:  

1) What sources of pressure help vs. harm learning?  

I hypothesized that stereotype threat, due to its implications for identity would be 

especially likely to harm learning, while evaluative performance pressure would have 

greater potential to in some instances support learning through increasing motivating and 

effort.  

2) For which students does pressure help vs. harm learning?  

In considering student level factors that might shape whether pressure helps vs. harms 

learning, I tested whether effects depended on either student’s baseline EFs or gender, 

both of which have been found to moderate effects of pressure in testing context (e.g. 

Attali, Neeman & Schlosser, 2011; Levitt et. al, 2016; Maloney, Sattizahn, & Beilock, 

2014; Maloney, Schaeffer& Beilock, 2013). I hypothesized that detrimental impacts of 

pressure would be greatest among students high in EFs, which has often been found to be 

the case when pressure is experienced while testing (e.g. Maloney, Sattizahn, & Beilock, 

2014; Maloney, Schaeffer& Beilock, 2013). I hypothesized that beneficial effects of 

pressure could be larger among boys, as prior research has often shown larger 

performance advantages under pressure among males (e.g. Levitt et al., 2016; Attali, 

Neeman & Schlosser, 2011). 
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3) What student characteristics support learning despite pressure?  

I examine whether students’ learning orientations (motivations for engaging in academic 

behavior, Midgley et al., 2000) and academic efficacy (beliefs that one’s academic efforts 

will result in desired outcomes, Midgley et al., 2000) can support learning despite 

pressure. Children’s learning orientations and beliefs about their academic efficacy are 

well-documented predictors of academic achievement (e.g. Bandura, 1993; Blackwell, 

Trzesniewski &Dweck, 2007). I examine whether benefits of these student characteristics 

extend to high pressure contexts and explore whether these student characteristics might 

even protect against detrimental effects of pressure.  

Theoretical Framing and Review of Relevant Literature  

Classrooms can be stressful places for many students, with the pressures of children’s 

larger socio-cultural contexts often taking shape in everyday interactions. In the post-recession 

educational landscape, characterized by increasingly rigorous content standards beginning in 

the earliest elementary grades (e.g., Bassok, Latham, & Rorem, 2016), heightened 

competitiveness of college admissions, and continued salience of high stakes assessments, many 

students feel a great deal of pressure at school (Luthar & Kumar, 2018; Wasserberg & Rottman, 

2016). Coupled with this general evaluative pressure, children of color, who now represent the 

plurality of students in US public schools (NCES, 2017), may worry that their academic abilities 

will be judged based on negative stereotypes, a phenomenon often referred to as stereotype 

threat (see Steele & Aronson, 1995). Worries about being judged stereotypically can be 

heightened in the context of high stakes testing (Wasserberg & Rottman, 2016; Wasserberg, 

2017), but are also experienced by many students during everyday classroom instruction 

(Larnell, Boston & Bragelman, 2014; Legette, 2018; Nasir et al., 2009, 2017).   
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These pressures can be especially salient in the mathematics classroom.  Math is often a 

“high stakes” subject, meaning that students’ scores on summative mathematics assessments are 

frequently used to evaluate teachers and schools in addition to the students themselves (e.g. Au, 

2007; Croft, Roberts & Stenhouse, 2015; Dulude, Spillane, & Dumay, 2017). Along with these 

performance pressures, racial as well as gender stereotypes can be especially salient in math 

contexts (e.g., Chestnut, Lei, Leslie, & Cimpian, 2018; Bian, Leslie, & Cimpian, 2018; Miller, 

Eagly & Linn, 2015; Nasir & Shah, 2011).  One reason that stereotypes can be especially 

influential in mathematics settings may be because mathematics ability is often viewed as 

something one either is or is not born with, depending not on effort but on innate talent or 

“brilliance” (Leslie, Cimpian, Meyer, & Freeland, 2015; Cimpian & Leslie, 2017).  

Consequently, many students experience both stereotype threat (pressure stemming from 

increased salience of identity and resulting concerns about being judged through the lens of 

negative stereotypes) and evaluative performance pressure (pressure stemming from increased 

salience of evaluation) during every day mathematics learning opportunities. Stereotype threat 

and evaluative performance pressure share commonalities. Importantly, both sources of pressure 

can lead to intrusive thoughts and worries that interfere with cognition (Beilock & Carr, 2005; 

Schmader & Johns, 2003; Schmader, Johns & Forbes, 2008). However, the extent to which 

identity is explicitly implicated and potentially threatened differs. When experiencing stereotype 

threat, a primary concern is that oneself could be judged poorly, while in the case of evaluative 

pressure, the direct concern is about how one’s performance will be judged. It is therefore 

important to distinguish between the roles of pressure to perform and stereotype threat as a 

specific type of pressure, as these sources of pressure may have different implications for 

children’s mathematics learning and identities.  
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Pressure and Academic Achievement: Motivator or Threat?  

 How do these different but often overlapping pressures shape children’s learning and 

academic engagement?  Although this question has been considered from several disciplinary 

perspectives, the answer is far from clear.  

On the one hand, pressure can act as a threat, resulting in distracting thoughts and 

worries. These intrusive thoughts impose upon executive functions (EFs), which are cognitive 

resources needed for attentional control, manipulation of mental representations, and task 

switching (Miyake et al., 2000; Schmader & Johns, 2003; Schmaeder & Beilock, 2012), making 

these valuable resources less available for engaging other academic tasks (Beilock & Carr, 2005; 

Schmader & Johns, 2003; Schmader, Johns & Forbers, 2008). An extensive research body 

demonstrates that experimental manipulations of either stereotype threat or evaluative 

performance pressure can harm academic performance (for reviews see Nguyen & Ryan, 2008-

effects of stereotype threat or DeCaro et. al, 2011- effects of evaluative pressure). This work is 

reviewed more extensively in Chapter 2, but as one well-known example of stereotype threat 

harming performance, Steele & Aronson (1995) found that high achieving African American 

undergraduate students underperformed on a verbal test when the test was described as 

diagnostic of ability, or when participants were asked to report their race before the test. The 

largest performance decrements under both stereotype threat and pressure are often seen among 

high potential individuals, such the university students in Steele & Aronson’s (1995) seminal 

study on stereotype threat, as well as individuals high in EFs more broadly, who otherwise have 

the highest performance (Beilock & Carr, 2005; Beilock & Decarro, 2007). This may be because 

these individuals are more likely to rely on cognitively demanding strategies to solve problems 
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when not experiencing pressure (Maloney, Sattizahn, & Beilock, 2014; Maloney, Schaeffer& 

Beilock, 2013). 

On the other hand, pressure can also act as a motivator, incentivizing increased effort and 

contributing to higher academic achievement (e.g. Angrist & Lavy, 2009; Leuven, Oosterbeek &  

Klaauw, 2010; Levitt, List & Sadoff, 2016). Indeed, a growing body of behavioral economics 

research indicates that raising the stakes of performance by introducing the possibility of earning 

incentives can result in improved academic performance (e.g. Angrist & Lavy, 2009; Leuven, 

Oosterbeek & Klaauw, 2010; Levitt, List & Sadoff, 2016; List, Livingston, & Neckermann, 

2018). This work is reviewed more extensively in chapter three, but includes as one example a 

large randomized field experiment conducted with students in the Chicago area, in which Levitt, 

List, Neckerman & Sadoff (2016) found that raising the stakes of performance by introducing the 

possibility of earning incentives improved test performance among elementary school students. 

The prospect for increased pressure to lead to better performance is also supported by findings 

that GRE performance is higher under pressure (i.e. the real GRE) than in a low stakes situation 

(i.e. a voluntary experimental section of the GRE that participants could select to take following 

the actual exam) (Attali, Neeman & Schlosser, 2011). The performance advantage under high 

stakes settings or incentives is often found to be larger among males (Levitt et. al, 2016; Attali, 

Neeman & Schlosser, 2011). The greater performance boost with heightened pressure among 

males has been hypothesized as possibly stemming from gender differences in time sensitivity to 

rewards or to males putting forth less effort in low pressure settings (Levitt et. al, 2016; Attali, 

Neeman & Schlosser, 2011).  

Much of the prior research on pressure and academic achievement has focused on adult’s 

performance in testing situations. However, children and adolescents also experience stereotype 
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threat and pressure during everyday classroom learning opportunities (e.g. Larnell, Boston & 

Bragelman, 2014; Legette, 2018; Nasir et al., 2009, 2011, 2017; Nasir, Snyder, Shah & Ross, 

2012). As compared with impacts of pressure during summative assessments, pressure 

experienced during day to day classroom instruction may have especially far-reaching 

consequences, shaping not only performance, but initial knowledge formation, academic 

identities and goals. Additionally, due to normative developmental changes across the lifespan, 

pressure may play a different role in shaping academic achievement among children and 

adolescents, as compared with impacts found in research conducted with adult populations. 

Pressure and Academic Achievement during Early Adolescence: Developmental 

Considerations 

In my dissertation, I examine the role of pressure in mathematics learning contexts during 

one particular developmental phase: early adolescence. Because adolescence is a pivotal time 

period for identity construction and for developing a sense of efficacy (see Erikson, 1959; 

Marcia, 1980; Swanson, Spencer & Petersen, 1998), experiences of either motivating or 

threatening pressure during this developmental period may set in motion recursive processes that 

have long range implications for young people’s academic identities and aspirations.    

 Adolescence is characterized by rapid growth and development across physical, 

cognitive and affective domains (see Swanson, Spencer & Petersen, 1998). These rapid changes 

contribute to adolescence being a time of both heightened opportunity and risk, in which 

contextual supports and challenges can have far-reaching, recursive consequences for young 

people’s life course outcomes. As described in Spencer & Swanson (2013, p. 19), “all humans 

have exposure to risks and protective factors, but the nature of the risks are different and the 

protective factors correlate with specifically experienced cultural supports and protective 
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factors”.  Normative biological, cognitive and affective changes can increase all adolescents’ 

vulnerability (Spencer & Swanson, 2013), and given the importance of identity formation during 

adolescence (see Erikson, 1959; Swanson, Spencer & Peterson, 1998) pressure experienced as a 

threat to identity may be especially significant for adolescents.   Thus, during adolescence, “the 

invisible or unacknowledged fact and character of vulnerability” is especially pronounced 

(Spencer & Swanson, 2013, p 19).  

As compared with either younger children or adults, adolescents’ learning and motivation 

may be especially susceptible to external social pressures. Whereas characteristics of younger 

children’s social and cognitive development are likely to reduce vulnerability to implicit social 

stressors such as stereotype threat and evaluative performance pressure, features of adolescent 

thought may heighten vulnerability to these same pressures. First, as compared with early 

adolescents, younger children are less likely to be aware of societal stereotypes, particularly 

those linking race and academic ability (McKown & Strambler, 2009; McKown & Weinstein, 

2003). Additionally, the “egocentrism of early childhood” is characterized by a lack of 

awareness of other’s thoughts such that young children are often not aware of or concerned with 

how others view them (see Elkind, 1967, Spencer 1985). This cognitive egocentrism can be 

protective against threats to identity and self- esteem, leading young children not to apply 

societal stereotypes to their sense of self as they might as they approach adolescence (see 

Harpalani, Qadafi & Spencer, 2013; Spencer, 1984, Spencer, 1985).  

In contrast, characteristics of normative of adolescent development can heighten 

vulnerability to social pressures. For instance, the “egocentrism of adolescence” (see Elkind, 

1967), which is characterized by a “failure to differentiate between the cognitive concerns of 

others and those of the self” (Elkind, 1967, p. 1025) can lead adolescents to believe that others 
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are preoccupied with their behavior. A consequence is that, “in actual or impending social 

situations, the young person anticipates the reactions of other people to himself” (Elkind, 1967, 

p. 1030). Indeed, adolescence, and early adolescence in particular, represents a period of 

“extreme self-consciousness” and of “greater awareness of social expectations and 

inconsistencies” (Swanson, Spencer & Petersen, 1998, p. 21).  These characteristics of 

adolescent development could heighten sensitivity to social pressures, including both evaluative 

performance pressure and stereotype threat. At the same time, like people of all ages, adolescents 

have exposure to a wide range of protective factors and supports that  may for some students 

contribute to resilient learning outcomes even in the face of pressure (see Spencer, 2006, 2008).   

Classrooms as Contexts for Development  

Children’s learning and development occurs across multiple interconnected contexts that 

include the child’s immediate settings (for example, the classroom), as well as more distal 

contexts that nevertheless shape the child’s day to day experiences (Bronfenbrenner, 1979). 

Examples of more distal domains of influence include settings that the child does not encounter 

directly yet impact his or her everyday experiences (for example, policy decisions made in 

school district offices impacting classroom environments) as well as the broader socio-

economic-political- cultural background, or macro system (for example, macro-economic 

patterns, societal beliefs and stereotypes). These multiple contexts of development interact with 

each other, and with a child’s own characteristics, to shape his/her learning and development, all 

within a particular socio-historical moment (Bronfenbrenner, 1979).  

In the US and many other industrialized nations, classrooms are particularly influential 

settings for learning and development more broadly. From a purely time use perspective, 

children spend large portions of their waking hours in school settings. The average length of the 
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school day for elementary aged children in the US is 6.8 hours, with most states requiring 

children to be in school for at least 180 days per year (NCES, 2018). Beyond the pure amount of 

time children spend in school, classrooms are often the spaces in which children first have 

meaningful interactions with adults beyond their immediate families and communities, encounter 

individuals of difference races and socioeconomic backgrounds, get feedback about their 

competencies relative to their peers and begin to engage in social comparisons.  

The classroom spaces in which children spend such significant portions of their lives and 

navigate these developmental tasks are powerfully shaped by the broader cultural and 

sociopolitical context. As posited in ecological systems theory (Bronfenbrenner, 1979), 

ideologies, beliefs and pressures in the broader context shape children’s experiences of their day 

to day environments (Bronfenbrenner, 1979). The role of these more distal, or macro-level, 

factors in shaping children’s immediate contexts can be especially pronounced when considering 

children’s classroom experiences. Importantly, the implications of these processes for children’s 

learning and development are not evenly distributed; inequality within the broader society shapes 

children’s immediate contexts of development (for discussion, see Spencer & Swanson, 2013; 

Velez & Spencer, 2018).  

Stereotypes and high stakes testing policies are two ways in which the broader 

sociocultural context shapes children’s learning experiences in uneven ways. For example, 

decisions about school funding, accountability structures and testing policies made at the state 

and federal level shape children’s classroom experiences in ways that intersect with race, gender 

and social class, and often act to reinforce disadvantage and privilege (Au, 2009; Diamond & 

Spillane, 2002; Picower, B. & Mayorga, 2015).  Additionally, school age children are aware of 

broadly held societal stereotypes, particularly along the lines of race (McKown & Strambler, 
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2009; McKown & Weinstein, 2003) and gender (Cvencek, Meltzoff &Greenwald, 2011), and 

these can influence children’s interests and expectations for success in academically-relevant 

activities (e.g. Bian, Leslie & Cimpian, 2017). Together, these processes contribute to disparities 

in children’s mathematics learning experiences, and contribute to mathematics achievement and 

participation remaining strongly patterned by student demographics, including race and gender 

(NSF, 2017).  

Learning Despite Pressure: Protective Factors  

Experiences of stress in the classroom are commonplace; nearly all students experience, 

at least at some point, potentially distracting worries and concerns while engaging in learning 

activities. However, despite the normative nature of at least some classroom stress, the type and 

intensity of stressors experienced, as well as the individual risk and protective factors students 

bring with them to an experience of stress, are not evenly distributed. Punitive high stakes testing 

pressures and concerns about being judged based on negative stereotypes in particular can 

intersect to create conditions of heightened challenge for children from marginalized groups (e.g. 

Wasserberg & Rottman 2016; Wasserberg, 2017).  

How do these pressures shape children’s learning and engagement in the mathematics 

classroom? While performance pressure and stereotypes can pose challenges to mathematics 

learning, its role in shaping children’s learning outcomes is not deterministic. The 

Phenomenological Variant of Ecological Systems Theory (PVEST) is a theory of development 

that acknowledges the importance of both risk and protective factors in shaping children’s 

iterative meaning making processes during an instance of stress engagement, within a particular 

context (Spencer, Dupree & Hartmann, 1997, Spencer et. al., 2006, Spencer, 2008). Thus, 

PVEST provides a helpful framework for disentangling pressure as distracting threat from 
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pressure as motivating incentive. Whether a child exhibits positive learning outcomes despite 

pressure will depend on the child’s net vulnerability, a function of both protective and risk 

factors (see Spencer, 2008), and the net stress of the experience itself, a function of the supports 

and challenges available in the context in which the pressure is encountered (see Spencer, 2008). 

Given the importance of meaning-making processes, it becomes clear that the role of pressure in 

shaping mathematics learning will not be deterministic or uniform.  Instead, the content of the 

pressure itself, as well as children’s risk and protective factors will shape children’s meaning 

making, coping processes and learning outcomes during instances of stress engagement.  

In my dissertation, I examine impacts of identity and non-identity threatening pressure 

sources experimentally elicited before a high quality yet challenging mathematics learning 

opportunity. I posit that whether a particular experience of pressure facilitates or interferes with 

learning will depend on how the pressure is experienced. Thus, in order to disentangle when 

pressure acts as motivating incentive vs. distracting threat requires taking into account the 

content of the pressure as this will have implications for children’s meaning making and coping 

processes while engaging the pressure source.  

Given the centrality of identity a particularly important dimension along which the 

content of pressure sources can vary is the extent to which identity is implicated.  I predicted that 

pressure that implicates and potentially threatens a child’s identity in math, as in the case of 

stereotype threat, would be especially likely to be experienced as threatening and to harm 

learning. On the other hand, I predicted that a pressure source that does not directly implicate a 

child’s identity would have greater potential to in some cases be experienced as motivating and 

boost learning.  My dissertation consists of a series of three experiments in which I first examine 

impacts of identity threatening and non-identity threatening separately and then together. This 
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experimental progression is structured to help to distinguish between the roles of pressure to 

perform and stereotype threat as a specific type of pressure, as these sources of pressure may 

have different implications for children’s mathematics learning and identities.  

In addition to the content of the pressure source, particularly whether or not identity is 

implicated, many risk and protective factors contribute to an individual child’s level of net 

vulnerability vs. resilience to heightened pressure during mathematics instruction. In my 

dissertation, I explore risk and protective factors that may contribute to some students being 

more or less vulnerable vs. resilient to these pressures.  I examine in particular whether 

children’s baseline EFs, learning orientations and academic efficacy act as risk or protective 

factors for learning in high pressure or threatening classroom contexts.  

Children’s views of themselves as students and beliefs about their academic efficacy are 

powerful predictors of learning generally (Bandura, 1993; Blackwell, Trzesniewski &Dweck, 

2007; Eccles & Wigfield, 2002), and could be especially important in high pressure or 

threatening learning contexts. Students who have high academic efficacy and believe that their 

learning efforts will result in desired outcomes may be more likely to experience heightened 

pressure as motivator than as threat.  

Likewise, students’ goal orientations, or motivations for engaging in academic behavior, 

are important predictors of learning and achievement outcomes (e.g. Dweck, 1986; Cury et. al, 

2002; Elliot et. al 2005), and could be particularly important in high pressure learning contexts. 

Goal orientations can be categorized into one of the following three classifications: Mastery 

Orientation (primary motivation for engaging in academic behavior is developing competence or 

understanding); Performance-Approach Orientation (primary motivation is demonstrating 

competence); or Performance-Avoid Orientation (primary motivation is to avoid demonstrating 
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incompetence) (Midgley et. al, 2000). The mastery orientation has been associated with the most 

positive learning and achievement outcomes, while the performance-avoid orientation has been 

associated with negative outcomes (Midgley et. al, 2000).   Possessing a mastery learning 

orientation, could be protective against impacts of pressure, as children who are motivated to 

learn for learning’s own sake might be less impacted by external pressures.  

Finally, because a mechanism through which pressure can interfere with or facilitate 

learning is its impacts on children’s cognitive engagement during instruction, children’s baseline 

cognitive resources, EFs, may contribute to whether pressure harms or helps learning. I test 

whether having high baseline EFs acts as a risk or protective factor for coping with identity 

threatening and non-identity threatening pressure during conceptual math instruction.   

Race, Gender and Mathematics 

 Relationships between race, gender and mathematics achievement are complex. 

Although no inherent racial differences in academic ability exist, racialized patterns of 

achievement persist within the US; these patterns are often especially pronounced in 

mathematics test scores (NAEP, 2009; NAEP, 2011; NAEP, 2015; NCES, 2016).  Mathematics 

racial achievement gaps are in part shaped by uneven learning opportunities, as students of color 

are more likely to have math teachers who are inexperienced or not qualified to teach math and 

to consequently receive low quality math instruction (Rahman et al., 2017), and may be further 

compounded by experiences of racial microaggressions and stereotype threat in the classroom 

(Goings & Bianco, 2016; Larnell, Boston & Bragelman, 2014; Legette, 2018; Nasir et al., 2009, 

2017). Concerns about being judged stereotypically can lead to intrusive thoughts and worries 

that tax executive functions (EFs), which could interfere with children’s engagement with 

instruction, reducing learning, even when high quality instruction is available. Thus, experiences 
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of stereotype threat in the classroom may further compound the gap in opportunity stemming 

from unequal access to high quality instruction.   Similarly, although males and females do not 

differ fundamentally in mathematics aptitude, gender gaps in mathematics achievement and 

participation persist, with boys continuing to exhibit higher performance on standardized tests, 

particularly at the highest levels of achievement (Hyde et al., 2008; Reardon et al., 2018).  

Additionally, gender and race intersect in complex ways to shape children’s mathematics 

learning experiences.  In mathematics and science contexts, African American and Latinx female 

students can experience a double stereotype threat (e.g. Brown & Leaper, 2010; McGee 

&Bentley, 2017; Young, Young & Capraro, 2017), yet often are able to draw on supports to 

navigate threatening mathematics learning contexts, although this success is not without strain 

(McGee & Bentley, 2017; McGee & Spencer, 2012).  Indeed, African American and Latinx 

females often exhibit high mathematics achievement relative to male students of their same race 

or ethnicity. As one example, the male advantage in mathematics test performance described 

above is driven nearly entirely driven by White and Asian students (Reardon et al., 2018).  

Although males of color may not face a double threat (Brown & Leaper, 2010) in 

mathematics contexts, negative racialized stereotypes pertaining to males can be especially 

strong, and become increasingly so as children approach adolescence (Ellis, Rowley, Nellum & 

Smith, 2018; Goings & Bianco, 2016).  Thus, stereotypes, along with many other contextual 

factors, can pose unique challenges to academic success for African American and Latinx male 

students (Ellis et al., 2018; Swanson, Cunningham & Spencer, 2005). These include as one 

important example a near complete absence of male teachers and male teachers of color in 

particular in elementary classroom settings (e.g.  Goings & Bianco, 2018). Given consistent 

gender differences in academic achievement among students of color (e.g., Kaba, 2005; 
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Saunders, Davis, Williams, & Williams, 2004; Reardon et al., 2018), it is important to consider 

the possibility of gender variation in race related experiences, such as stereotype threat (for 

discussion, see Chavous et al., 2008).  

Mathematics during early adolescence  

Mathematics during the early adolescent years can be a source of both challenge and 

opportunity. Cognitive changes occurring during adolescence increase young people’s capacity 

for complex thought and social comparisons- but also heighten vulnerability to negative 

feedback from the environment. In the US school system, as students transition from elementary 

to middle school, an increased emphasis on grades, test scores and academic tracking coincide 

with these developmental changes. The result of the poor fit between student’s developmental 

needs and the context of middle schools is that, for many students, the transition to middle school 

is marked by declines in academic self-efficacy, motivation identity and engagement with school 

(Eccles et. al, 1993; Eccles, 2004; Wigfield & Eccles, 2002). These can be especially 

pronounced in math. Math grades, intrinsic motivation and interest often decline during the 

transition from elementary to middle school (Fredericks & Eccles, 2002; Gottfried, Fleming, & 

Gottfried, 2001; Gottfried, A.E. Marcoulides, Gottfried, G. A., Oliver & Guerin, 2007; Wigfield, 

Eccles, Schiefele, Roeser, & Davis-Kean, 2006).  

During the upper elementary and middle school years, the math curriculum becomes 

increasingly abstract and conceptual. For example, it is during this time that students must make 

the conceptual leap from whole numbers to fractions (National Mathematics advisory, 2008). 

This lays the groundwork for engaging successfully in abstract quantitative reasoning, but 

moving from thinking in terms of whole numbers to ratios is a major source of difficulty for 

many students (Siegler et al., 2012; Hecht, Close & Santisi, 2003).  
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Engaging with abstract math concepts within the context of high quality math instruction 

provides early adolescents the opportunity to exercise their growing capacities for abstract 

thinking and reasoning (Blumenfield, Kempler & Krajci, 2008; Middleton & Midgley, 2002), 

and students’ successful engagement with conceptual math during middle school is predictive of 

positive life course outcomes, including enrollment in advanced math courses during high school 

and college going (Spielhagen, 2006). Indeed, access to high quality, conceptual math instruction 

within the context of a supportive instructional environment during middle school can 

powerfully support not only students’ math achievement, but also academic identity and 

achievement more broadly (Wynne & Moses, 2008; Grant, Crompton & Ford, 2015). While 

grappling with challenging and abstract math concepts during middle school can act as a 

leverage point for increased interest and success in advanced math and careers, the increasingly 

abstract nature of the mathematics curriculum can also be a source of challenge.  

In addition to challenges stemming from the nature of the curriculum itself, pressure and 

anxiety or, alternatively, disengagement, can both create challenges to math success during the 

middle school years. On the one hand, as math performance is often high stakes, for example 

being used in course placement and grade promotion decisions, students may feel so much 

pressure to perform well that anxious ideation interferes with their learning and performance. On 

the other hand, if students do not see mathematics as having personal relevance within their 

current or future lives, students may feel little motivation to perform well and may disengage 

during math learning and testing opportunities. Thus, both caring too much (i.e. anxiety) and 

caring too little (i.e. disengagement) can pose challenges to mathematics success during middle 

school. 
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Contributions of the Current Work 

 As discussed above, the broader sociocultural context shapes children’s mathematics 

learning experiences. One important consequence of this is differences in the extent to which 

pressure imbues children’s classroom learning experiences, the types of pressures present and 

how these pressures are experienced. Evaluative performance pressure and stereotype threat have 

been well studied in performance contexts. However, this work has not fully taken learning and 

instruction into account- leaving open the question of how these pressures may impact initial 

learning and could differentially incentivize or impair learning for students in a systematic way.  

 Experiences of pressure during everyday instruction could have especially far-reaching 

consequences, particularly in a field such as mathematics where learning is cumulative. While 

experiencing pressure during testing can harm performance and possibly future motivation and 

learning, it does not directly affect a student’s knowledge base beyond any benefits of 

successfully retrieving test items during a test, such as those demonstrated in the test effect 

literature (see Roediger & Karpicke, 2006). Effects of pressure during instruction conversely are 

likely cumulative as students progressively build new understandings on a foundation of prior 

knowledge. If experiences of pressure prevent students from fully benefitting from instruction at 

one time point, subsequent learning opportunities could also be affected. In my dissertation, I 

build upon understandings gleaned from the study of pressure in performance contexts to begin 

to build our understanding of the role of these pressures in shaping children’s initial learning.  

Based on the damaging effects of pressure on available cognitive resources and test 

performance (e.g. Schmader & Johns, 2003; Schmaeder & Beilock, 2012), it is likely that these 

stressors may also impact learning, as learning is a cognitively demanding endeavor- perhaps 

even more so than testing.  Learning requires that students are able to attend to instruction, hold 
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in mind related prior knowledge, and incorporate new understandings gleaned from instruction 

into existing knowledge schemas. If cognitive resources are compromised due to stereotype 

threat or incentivized performance pressure, students’ ability to successfully engage in this 

cognitively demanding process of learning may be compromised. At the same time, because 

mathematics is a subject in which students often exhibit disengagement (Sullivan, Tobias & 

McDonough, 2006; Martin et al, 2012), it is also possible that increased pressure could boost 

student learning and achievement through incentivizing increased focus and effort.  

I focus on the impact of pressure within a particular instructional context, that of a 

cognitively demanding conceptual mathematics lesson. The lesson’s objective was to teach 

students to compare ratios with different denominators. It centered on a comparison between a 

correct strategy (lowest common multiple) and a misconception (subtraction).  The act of 

comparing and contrasting solutions, including misconceptions, is a recommended educational 

practice that has been shown to promote deep learning (Durkin & Rittle-Johnson, 2012; Richland 

& McDonough, 2010; Rittle-Johnson & Star, 2007). At the same time, comparing correct and 

incorrect solution strategies places high demands on student’s cognitive resources, as students 

must be able to learn from the misconception discussion, but ultimately inhibit it as a prepotent 

response, and encode the correct strategy (Zaitchik, Iqbal, & Carey, 2014). Just as performance 

on challenging test items is most harmed during experiences of stereotype threat or performance 

pressure, this type of high quality- high demand learning could be especially compromised by 

situational stressors that tax cognitive resources.  In order to maximize ecological validity while 

also allowing for controlled stimuli (i.e. ensuring that all students are exposed to the exact same 

high-quality instruction), I implement a research methodology in which students view a 
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previously-recorded conceptual math lesson alongside their peers in their normal math 

classrooms.  

I focus on the role of pressure in shaping mathematics learning and interest as children 

transition from middle childhood to early adolescence. This is a pivotal time period for identity 

construction (Erikson, 1968), and children’s learning experiences during this time may have 

especially important implications for their academic trajectories.   

Overview of Studies 

In a series of three classroom based experiments, my dissertation examines how 

experiencing increased pressure during cognitively demanding mathematics instruction impacts 

5th grade students’ mathematics learning and interest. I focus on two different but often 

overlapping sources of pressure that many students experience during everyday math instruction: 

stereotype threat (pressure from increased salience of a self-relevant negative stereotype, see 

Steele & Aronson, 1995) and incentivized performance pressure (pressure from the possibility of 

obtaining or losing an incentive).  Importantly, these pressure sources differ in the extent to 

which identity is implicated. Thus, I hypothesized that while stereotype threat would most likely 

have harmful effects on mathematics learning and engagement, incentivized performance 

pressure could in some cases have the potential to boost learning and engagement through 

increased motivation and effort.  

In the first portion of my dissertation, I examine these pressure sources separately. 

Chapter 2 tests effects of stereotype threat. Experiment 1a tests impacts of an implicit race based 

stereotype threat prior to instruction on mathematics learning and interest among students of 

color. Mathematics learning and interest is compared when stereotype threat is invoked either 

before instruction or not at all. Experiment 1b tests effects of stereotype threat prior to instruction 
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and stereotype threat prior to testing, comparing learning and interest when stereotype threat is 

invoked either before instruction, before testing or at neither time. Chapter 3 examines effects of 

incentivized performance pressure prior to instruction or testing. Mathematics learning and 

interest is compared when incentivized performance pressure is invoked before instruction, 

before testing or not at all. In this portion of my dissertation, I consider the role of student gender 

and baseline executive functions (EFs) in shaping impacts of stereotype threat and pressure. 

Finally, as stereotype threat and incentives often co-occur in actual classrooms, in the second 

portion of my dissertation, I examine the role of both pressure sources in shaping children’s 

mathematics learning and interest. This experimental progression is intended to contribute 

understanding of similarities and differences between stereotype threat and evaluative 

performance pressure, helping to better distinguish between pressure to perform and stereotype 

threat as a particular type of pressure in order to disentangle when pressure acts as a distracting 

threat vs. motivating incentive. 

Specifically, in Experiment 3, I ran a 2 x 2 research design crossing stereotype threat and 

incentivized performance pressure before learning. Participants were randomly assigned to one 

of four design cells that resulted from crossing two between-subjects factors: stereotype threat 

(vs. not) and incentivized performance pressure (vs. not). In Chapter 4, I examine impacts of 

stereotype threat and incentivized performance pressure, and, as in the earlier chapters, consider 

the role of gender and baseline EFs.  In this experiment, I also gathered additional measures of 

student characteristics, including learning orientations, academic efficacy, novelty preferences 

and mathematics anxiety. In Chapter 5, I explore student characteristics that can promote 

learning, even in high pressure or threatening contexts. Specifically, I examine relations between 

students’ learning orientations, academic efficacy, attitudes towards novelty and mathematics 
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anxiety and learning gains during the lesson. I test whether these relations differ or are similar in 

high and low-pressure contexts. The goal of these analyses is to identify student characteristics 

that support learning generally, and to examine whether these relationships extend to high 

pressure contexts. 
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CHAPTER TWO: STEREOTYPE THREAT DURING LEARNING AND TESTING  

Introduction 

 Stereotype threat— a situational context in which individuals are concerned about 

confirming a negative stereotype — is often shown to impact test performance, with one 

hypothesized mechanism being that cognitive resources are temporarily co-opted by intrusive 

thoughts and worries, leading individuals to underperform despite high content knowledge and 

ability (see Schmader & Beilock, 2012). A large body of research indicates that experiences of 

stereotype threat in performance contexts can lead capable individuals to underperform relative 

to their knowledge base (for reviews, see Nguyen & Ryan, 2008; Pennington et al., 2016). The 

most pronounced performance decrements under stereotype threat are often seen among 

individuals with the greatest potential to excel, such as those high in EFs (see Beilock, 2008; 

Maloney, Schaeffer & Beilock, 2013).  

This chapter examines whether stereotype threat may also impact initial student learning 

and knowledge formation when experienced prior to instruction (Experiment 1a), and compares 

impacts of stereotype threat during learning with those of stereotype threat during testing 

(Experiment 1b).  Specifically, in Experiment 1a., a race based stereotype threat was invoked 

implicitly either before instruction or not at all. Experiment 1b replicates findings from 

Experiment 1a and also compares effects of stereotype threat while learning with those of 

stereotype threat while testing. In Experiment 1b, stereotype threat was invoked either before 

instruction, before testing, or not at all.   

Stereotype Threat and Performance  

Much of what we know about stereotype threat comes from studies conducted in 

performance contexts- in which participants are asked to demonstrate their knowledge of 
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previously-learned material. In the first study on this phenomenon, Steele & Aronson (1995) 

found that high-achieving Black undergraduate students underperformed on a verbal test when 

the test was described as diagnostic of ability, or when participants were asked to report their 

race before the test. 

Since this seminal study, effects of stereotype threat on performance have been studied 

extensively. In these studies, stereotype threat is most often invoked by giving participants a 

prompt before a test that includes some combination of increasing identity salience, such as by 

asking participants to report their race or presenting the study as being concerned with how 

individual differences influence performance, and raising the stakes of performance, such as 

presenting the task as diagnostic of ability. For example, in Steele & Aronson’s (1995) seminal 

study, stereotype threat was invoked among African American adult participants by describing 

the study as “being concerned with ‘various personal factors involved in performance’ and as 

‘diagnostic’ of participants’ ability.  In contrast, in the control condition, the test was described 

as simply aimed at better understanding factors involved in problem solving.  African American 

participants who received the former instructions underperformed relative to African American 

participants who received the control prompt and relative to white participants who received 

either prompt. 

 Along with additional research on effects of racial stereotypes on academic performance 

among African Americans (for review, see Nguyen et al., 2008), researchers  have extended the 

study of stereotype threat’s effects on performance to several different populations about which 

negative stereotypes exist, including: females (math/spatial ability: Shapiro, 2012; Smith, 2007); 

the elderly (memory: Chasteen, 2005; Hess, 2003), and low SES individuals (intellectual ability: 

Croizet & Claire, 1998).  Experimental invocations of stereotype threat have been shown to lead 
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to performance decrements even among individuals who are members of groups about which 

there is not a widely-shared negative stereotype, such as white men when told that their math 

performance will be compared with that of Asian men (Aronson, Lustina, Good, & Keough, 

1999). 

However, notwithstanding the shared capacity for vulnerability to stereotype threat, the 

burden of actually contending with stereotype threat falls disproportionately on individuals 

whose identities are negatively stereotyped. In US K-12 classrooms, African American and 

Latinx students shoulder the greatest burden of stereotype threat. Alongside a student population 

that is more diverse than ever before (NCES, 2017), negative stereotypes about the academic 

abilities of people of color persist (Nasir, 2017), and students are aware of these stereotypes from 

a young age, with most children being aware of broadly held stereotypes about the academic 

abilities of people of color by at least age ten (McKown & Weinstein, 2003; McKown & 

Strambler, 2009). Stereotype threat, therefore, is a source of stress that disproportionately affects 

students of color and may contribute to achievement gaps.  

Although the majority of research on stereotype threat has been conducted with adults, a 

growing body of research documents that stereotype threat can also harm children’s test 

performance. Much of this research has examined effects of stereotype threat on girls’ 

performance on math, science and spatial skills tests (for meta-analytic review, see Flores & 

Wicherts). Yet, gender differences in children’s mathematics performance are quite small and in 

many cases nonexistent at the K-12 level (see Reardon, 2018), suggesting that racial stereotypes 

may be more salient and thus play a greater role in shaping students’ experiences in the context 

of K-12 classrooms. A few notable studies have shown effects of racial stereotypes on children’s 

academic performance. For example, McKown & Weinstein (2003) found that when a test was 
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described as diagnostic of ability, 6-10-year-old African American and Latinx students who were 

aware of racial stereotypes about academic ability underperformed. Attending a predominantly 

minority school does not appear to inoculate students to detrimental effects of stereotype threat. 

Indeed, Wasserberg (2014) found stereotype threat effects among African American and Latinx 

3rd to 5th graders attending highly segregated urban schools (>95% students of color) who were 

stereotype aware.  In this study, when racial group membership was made salient by asking 

students to indicate their race prior to testing, students who were aware of academic stereotypes 

showed decreased performance under diagnostic testing conditions. Relative to the younger 

students, 5th graders were more likely to be stereotype aware and thus more impacted by 

stereotype threat (Wasserberg, 2014). 

Stereotype Threat and Cognition 

 More recently, research on stereotype threat in testing contexts has moved beyond 

documenting effects on performance, towards understanding mechanisms and moderators. While 

many different mechanisms and moderators have been explored (for review, see Pennington et 

al., 2016), much of this work highlights that cognitive resources play a central role as both 

moderators and mechanisms of stereotype threat’s effects. In a review article, Rydell & Boucher 

(2017) underscore the central role of cognitive recourses. Under stereotype threat, the 

discrepancy between one’s positive view of self and the negative stereotype about one’s in-group 

creates an unsettling conflict. Efforts to resolve this tension (e.g. distancing self from the 

stereotyped group, suppressing negative thoughts) can tax cognitive resources, leaving 

individuals under threat with fewer cognitive resources available to devote to grappling with test 

items, and this reduction in cognitive resources is the proximal cause of underperformance in the 

face of threat (Rydell & Boucher, 2017).  
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Stereotype threat’s impacts on performance depend on both test-taker’s baseline 

cognitive resources and how cognitively demanding test items are. Performance under stereotype 

threat is most affected on challenging, cognitively demanding problems, such as those that 

require comparison or suppression of a prepotent response (e.g. Davies, Conner, Sedikides, & 

Hutter, 2016; Maloney, Sattizahn & Beilock, 2014). Additionally, performance effects are often 

largest among individuals who are high in baseline EFs, as these individuals are more likely to 

rely on cognitively demanding strategies to solve problems when not experiencing stereotype 

threat (Beilock & Carr, 2005; Beilock & Decarro, 2007; Maloney, Sattizahn, & Beilock, 2014; 

Maloney, Schaeffer, & Beilock, 2013). Research that attends to cognition, taking into account 

both the cognitive demand of tasks and resources of individuals, can help to elucidate stereotype 

threat effects.  

Stereotype Threat and Learning  

   Learning is a cognitively demanding process, in many ways more imposing on 

attentional resources than test-taking. Students must attend to instruction, hold in mind related 

prior knowledge, and incorporate new understandings gleaned from instruction into existing 

knowledge schemas. Stereotype threat’s effects on cognitive resources make it likely to disrupt 

learning, particularly during high quality, cognitively demanding instruction as students 

experiencing stereotype threat may be less able to engage in opportunities for higher order 

thinking that promote enduring conceptual change. Despite this concerning possibility, our 

understanding of how stereotype threat impacts children’s learning remains limited, as most 

research on stereotype threat has been conducted in testing contexts. While research on the 

effects of stereotype threat on initial learning pales in comparison to the extensive literature on 

stereotype threat in testing contexts, the relatively few studies that have focused on stereotype 
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threat during initial learning opportunities indicate that stereotype threat’s effects can indeed 

extend to initial learning (see Rydell & Boucher, 2017 for review).  

The majority of research on stereotype threat effects on learning has focused on gender 

stereotypes about women’s math and spatial abilities.  In a series of studies, Rydell, Rydell & 

Boucher (2010) found that invoking negative stereotypes related to women’s math and spatial 

ability harmed adult women in: learning to use a novel type of math involving using symbols to 

determine which equation to insert values into (Study 1) and in learning to solve modular 

arithmetic problems (Study 2). Stereotype threat has also been shown to harm adult women in 

learning to complete visual search efficiently (Rydell, Shiffrin, Boucher, Van Loo, & Rydell, 

2010). Additionally, Mangels et al. (2012) found that experiencing stereotype threat decreased 

the extent to which adult women learned from mistakes they made during a challenging math 

test. In this study, the researchers used brain imaging and behavioral measures to compare 

women’s responses to, and learning from, accuracy feedback during a GRE-like exam, under 

threatening and non-threatening conditions. They found that for participants experiencing 

stereotype threat, increased emotional salience of negative accuracy feedback (as evidenced by 

brain imaging) predicted less engagement with an optional tutorial showing how to solve the 

incorrect problem and worse learning from the tutorial even when participants did engage with it 

(Mangels et al. 2012). This pattern of results suggests two pathways whereby stereotype threat 

may harm learning: decreased engagement leading to less effort and cognitive load interfering 

with attempts to learn.   

Although stereotype threat’s performance effects were first documented among African 

American participants in response to negative racial stereotypes, even less research has examined 

impacts of stereotype threat on African American students’ learning. In one of the few studies to 
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do so, Taylor & Walton (2011) found that experiencing stereotype threat while learning esoteric 

vocabulary words decreased learning among African American adults.  

While the findings reviewed above indicate stereotype threat can impact initial learning, 

most of this work has tested effects of stereotype threat among adults when asked to learn 

circumscribed tasks in laboratory contexts, limiting the ecological relevance of this work and its 

applicability to educational contexts. Additionally, the instructional content were all relatively 

low demand (for example, asking participants to memorize new definitions or problem-solving 

procedures) and covered topics outside standard curricula. Additionally, the normal bustle and 

diversions of day to day classroom contexts were absent from these tightly controlled laboratory 

studies. Finally, while much of this work has examined stereotype threat’s effects on learning in 

among adults, learning has especial relevance and importance for children. 

In a 2012 article in Educational Psychology Review, Appel & Kronberger underscored 

the need for more research on stereotype threat in learning contexts, calling for greater 

participation from educational psychologists in this endeavor. However, very few studies on 

stereotype threat during learning opportunities have been conducted since this time- and even 

fewer by educational psychologists in ecologically relevant contexts.  With the exception of two 

studies that examined differential responses to performance feedback in threatening and non-

threatening conditions and that considered the implications of these different responses for 

learning (Forbes, Duran, Leitner & Magerman, 2015; Mangels et al., 2012), every study included 

in Rydell & Boucher’s (2017) review chapter on stereotype threat and learning was conducted 

prior to 2012. Additionally, despite increased participation from educational and developmental 

psychologists in research on stereotype threat in performance contexts, very little research has 

examined effects of stereotype threat on children’s learning. 
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The two experiments reported in this chapter extend the study of stereotype threat to 

consider impacts on children’s classroom learning during a high quality conceptual math lesson 

Both studies examine stereotype threat effects among early adolescents in the context of 

mathematics instruction that requires higher order thinking, which is ideally the case in everyday 

high-quality math instruction.  Specifically, the lesson covered ratio, which is a topic within the 

normal math curriculum for children this age (National Governors Association Center for Best 

Practices, 2010). As described more fully in the methods section, the lesson prompts students to 

compare and contrast correct and incorrect strategies for comparing ratios. Mathematics 

instruction that incorporates “desirable difficulties” (Bjork, 1994), such as comparing and 

contrasting multiple solution strategies including misconceptions, can powerfully promote 

enduring conceptual understanding and reduce misconception endorsement (Begolli & Richland, 

2016; Richland & McDonough, 2010; Rittle-Johnson & Star, 2007).  However, this type of 

instruction places high demands on learners’ EFs, as students must hold in mind and draw 

connections between multiple solution strategies, while also inhibiting the pre-potent 

misconception (Zaitchik, Iqbal, & Carey, 2014).  If students are experiencing cognitive load due 

to stereotype threat, they may be less likely to realize the full benefits of this type of instruction.  

Experiment 1a 

Methods 

 

Participants 

All 5th grade students at two K-6 charter schools were invited to participate in year 1, 

yielding 118 participants (3 classes at school 1; 2 classes at school 2). An additional cohort of 

students from school 1 was invited to participate in year 2, yielding an additional 51 students (3 

classes). Thirty-three students who were absent on one or more study days and did not have 
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complete data were excluded from analysis. Nearly all participants were members of minority 

groups that are negatively stereotyped academically. The majority of students (127) self-reported 

their race/ethnicity to be Black/African American. Additional students identified as 

Hispanic/Latino (2), or both Hispanic/Latino and Black/African American (6). No students 

identified as Asian and only one student, who was excluded from further analysis, identified as 

White. The remaining 135 participants were nearly evenly split by gender with slightly more 

girls (Control condition: 33 girls, 31 boys; Stereotype Threat (ST) condition: 37 girls, 34 boys). 

The distribution of participants' race/ ethnicity identification was comparable across conditions. 

Teacher and Experimenter Demographics 

Children’s regular math teachers were present in the classroom throughout the study. In 

all but one classroom, the teacher was a white female. In one class at school 1, the teacher was a 

Black/African American male.  The primary experimenter for all classrooms was a white female.  

Design and Procedures 

   Procedures were administered during three visits over a two-week period at each school 

using a pretest, lesson and immediate posttest, delayed posttest design.  Participants were 

randomly assigned within each classroom to either the Learning under a Stereotype Threat (ST) 

condition or Control condition to minimize variability across schools and teachers. Random 

assignment of participants to conditions within classrooms ensured that there were no differences 

in ethnic backgrounds of experimenters or teachers between experimental groups.  

• At Visit 1, students completed a group-administered pretest to assess their starting 

understanding of ratio. This assessment, as well as the immediate and delayed posttests, 

measured conceptual and procedural understanding of ratio as well as misconception 

usage- the frequency with which students incorrectly made use of subtraction to attempt 
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to solve problems requiring use of ratio concept (for test properties, see Begolli & 

Richland, 2016). An example assessment is available in the Appendix. 

• At Visit 2, students interacted individually with a videotaped lesson on ratio, which 

centered on a comparison between two common solution strategies for solving ratio 

problems – one a frequent misconception (Subtraction) and one a correct solution (Least 

Common Multiple, or LCM). Greater details on the lesson and math assessments are 

provided below.  

Stereotype threat was manipulated prior to the video lesson, before learning. Specifically, at the 

start of the video lesson, students in the ST condition viewed a video screen in which the 

following prompt was visible and read aloud: “Thank you for being part of this study. Please 

turn to page 2 in your packet and fill in your race. Professors at the University of Chicago are 

very interested in knowing about you and how you perform on the test after the lesson. Your 

information is very important to us, because we want to learn how to best help kids like you 

learn math.”  Students in the Control condition viewed a video screen in which the following 

prompt was visible and read aloud: “Thank you for being part of this activity. Please turn to 

page 2 in your packet and write today’s date. We’re glad that you are doing this activity because 

it will help us learn about some of the best ways to teach kids math.” In both conditions, the 

prompt was visible on the screen for 30 seconds. With the exception of this introduction, the 

video was otherwise identical between the two conditions.  

This stereotype threat manipulation is quite similar to other manipulations of stereotype 

threat- particularly those employed with children in school contexts (e.g. Wasserberg, 2014; 

McKown & Strambler, 2009).  This manipulation of stereotype threat involved both increasing 

identity salience (by asking participants to provide their race and describing the study as being 
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focused on better understanding how kids like you learn math), and raising the stakes (by 

informing students that an important aim of the study was to see how well they performed on a 

test after the lesson).   

All students completed a mathematics posttest immediately following the video lesson.  

Following the posttest a subset of the students also completed measures to gather data on their 

situational interest and mathematics engagement (more detail on these measures are provided 

below). An abbreviated version of the Situational Interest Survey (Chen, Darst, & Pangriza, 

2001) was administered to a subset of participants in both conditions, with test reliability leaving 

two measures: instant enjoyment and exploration intention. A subset of students in both 

conditions were also given the option to work on non-required math puzzles during free time 

after finishing the intervention video and posttest.  

• At Visit 3, students completed a delayed posttest and a measure of EF, the d2 test of 

attention, (Brickenkamp & Zillmer, 1998), followed by a short demographics survey.. 

Materials  

 Video instruction. All participants watched an instructional video introducing the 

concept of ratio and strategies for comparing ratios. The instructional video was originally 

recorded as a live, semi-scripted lesson on ratio by a teacher with a diverse class of 5th grade 

students recruited for the recording. The teacher in the video was a white female and the students 

visible in the lesson frame were recruited to include both boys and girls of African American, 

Hispanic, Asian, and Caucasian race/ ethnicity.   The format of the lesson was an interactive 

class discussion. To simulate the active participation afforded by real classroom discussions, the 

video prompted students who were watching the video on a computer at key points during the 

lesson to answer questions on a worksheet paper, often the same ones posed to the students in the 
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video, asking them to make inferences and draw connections with the lesson content. The lesson 

centered on a comparison between two common solution strategies for solving ratio problems – 

one a frequent misconception (Subtraction) and one a correct solution (Least Common Multiple, 

or LCM).  

Mathematics assessments. At all three visits, students completed a mathematics 

assessment measuring both their conceptual understanding of ratio and their ability to solve 

problems that require ratio comparisons (for test properties see Begolli & Richland, 2016). The 

tests assessed students’ ability to produce correct procedures to solve ratio problems like the one 

shown in the video lesson, as well as their ability to adapt procedures to novel problem types and 

contexts and to explain their reasoning for using a given solution strategy. The assessments also 

allowed for measurement of misconception usage- the frequency with which students incorrectly 

made use of subtraction to attempt to solve problems requiring use of ratio concept.  The same 

test items were used on the assessments at each visit, but question order varied. Repeating 

assessment items allowed me to most closely assess changes in performance between sessions. 

No feedback was provided after each test, so it is unlikely that student learning would improve 

based on repeated tests alone.   All assessments contained a mix of multiple choice and free 

response questions. An example assessment is available in the appendix. All free response 

questions were coded for accuracy, and all work shown was coded for validity of the attempted 

strategies, by at least two coders who were blind to participant condition (with Cohen’s Kappa’s 

between 0.88 and 1.00). The coding manual is available in the appendix.  

Situational Interest. A subset of the students also completed an abbreviated version of 

the Situational Interest Survey (Chen, Darst, & Pangriza, 2001), a 20-item instrument designed 

to measure five components of situational interest (instant enjoyment, attention demand, novelty, 
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challenge and exploration intention) in middle school students. I chose to shorten this previously 

validated scale due to time constraints associated with conducting research in school settings. In 

the abbreviated 10-item version, students rated from 1 to 5 the extent to which they agreed or 

disagreed with two items measuring each of the five components of situational interest. As 

discussed in Gogol et al. (2014), because testing time in educational research is typically scarce, 

the use of long scales to assess motivational-affective constructs can be problematic and short 

scales and even single-item measures can often be as useful as their lengthier counterparts for 

assessing motivational and affective constructs including academic anxiety, academic self-

concept (Gogol et al, 2014) and Math Anxiety (Nunez-Pena, Guilera, Suarez-Pellicioni, 2014).  

In order to assess the reliability of the shortened assessment, Cronbach’s alphas for each 

of the original constructs of situational interest were calculated: instant enjoyment 0.778; 

exploration intention 0.674; Novelty 0.573; Attention demand, 0.572; and Challenge 0.477. 

Subscales with Cronbach’s Alphas < 0.65 were excluded from further analyses, leaving two 

constructs of situational interest: instant enjoyment and exploration intention.  

Math puzzles. Once they had completed the immediate posttest, a subset of students was 

given the option to work on four math puzzles. Students were informed that these puzzles were 

optional and they could choose whether or not to complete them. The math puzzles did not test 

specific content, but instead involved detecting patterns and completing sequences - a type of 

math task often considered fun and engaging by students. The students' other option was to 

independently read quietly. We recorded the number of puzzles each student attempted.  

Executive Function (EF). EF was assessed using the d2 Test of Attention, a measure of 

sustained and selective attention and inhibitory control, normed with US and German children, 

adolescents, and adults (Brickenkamp & Zillmer, 1998). The task requires participants to search 
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for target characters (“d”s with two dashes surrounding it) from among perceptually similar 

distractors (e.g., “d”s with one dash, “p”s with two dashes) under a time pressure. The focal 

outcome score analyzed in this study was the total number of items processed minus errors (TN-

E), which yielded a range of 188-665. Internal consistency for this measure is high across the 

literature (α ≥ 0.8) (Clark, 2005). Test-retest reliability is also high at one day (α > 0.8), but 

declines over time (Clark, 2005).  Additionally, TN-E score correlates with other measures of 

attention and EF, including Stroop and Tower of London, supporting the validity of this measure 

(Clark, 2005). The task was group-administered to each class. 

Results 

Sample 

 Results for 135 students for whom I obtained complete data are included in the analyses 

reported below. Students at school 2 and at school 1 in year 2 (n = 79; 43 ST) also were 

administered the situational interest survey, and students at school 2 (n = 40; 21 ST) were 

administered the optional puzzles.  

Analytic Plan  

 I first report an analysis of pretest performance to ensure that random assignment was 

successful, and then describe analyses pertaining to my main questions of interest: how student 

EF and stereotype threat during instruction impacted learning. I examine this using three types of 

outcome measures.  These measures were used to examine main effects on learning, as well as to 

test the hypothesis that high EF students would be most affected by the threat manipulation (with 

high EF students defined as those scoring above the median on the d2). 

• First, I examine immediate and sustained uptake of the misconception (subtraction) presented 

in the lesson, calculating uptake of the misconception immediately (proportion of problems 
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solved with the misconception strategy at immediate posttest minus misconception use at 

pretest) and sustained over a delay (proportion of problems solved with the misconception 

strategy at delayed posttest minus at pretest). Any gains in use of the misconception after the 

lesson may indicate that the student memorized the first solution that was presented, without 

engaging in the higher order comparative processing within the lesson, which would have 

made clear that this is an invalid way to solve the problem.  Thus, misconception gains could 

signal that students are motivated to memorize everything presented in the lesson in order to 

be able to perform well - at the possible expense of the type of deep, critical engagement with 

comparative instruction that promotes enduring conceptual understanding. Additionally, if 

EF resources were compromised, these participants may have been unable to engage in that 

higher-level comparative thinking. 

• Second, I examine learning as defined as immediate and sustained gains in accuracy.  

Accuracy was calculated as correct set up and reasoning on a combination of procedural and 

conceptual items. Immediate learning was operationalized as accuracy gains from pretest to 

posttest, and sustained accuracy was operationalized as gains from pretest to the posttest 

administered a week after instruction.  

• Lastly, I analyzed the impact of experiencing stereotype threat during instruction on the 

extent to which students reported that they enjoyed the lesson and desired to learn more 

about the topic covered in the lesson, as well as their likelihood of actually choosing to 

engage in a non-required math activity.  
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Performance at Pretest 

Neither frequency of misconception use nor overall accuracy differed by condition at 

pretest (both ps > .5) or between high and low EF students (both ps > .4). Mean misconception 

use and accuracy at pretest for students in the two learning conditions are reported in Table 2.1. 

Effects of Stereotype Threat Manipulation Overall 

In a series of regressions, EF (entered as a continuous variable with values ranging from 

136 to 665) and Condition assignment (binary coded: 0 = Control; 1 = ST) were first used to 

predict immediate and sustained changes in misconception use and content knowledge in the 

overall sample. Mean immediate and sustained gains in misconception use and accuracy for 

students in the Control and ST learning conditions are shown in Table 2.1, and all results and 

effect sizes from the regression are available in Table 2.2. 

  Pretest Means (SE) Immediate Gains (SE) Sustained Gains (SE) 

 Misconception Accuracy Misconception Accuracy Misconception Accuracy 

Control 

n = 64 

0.46 (.06) 0.15 (.02) -0.11 (.04) 0.18 (.03) -0.01 (.05) 0.14 (.03) 

ST 

n = 71 

0.42 (.06) 0.14 (.02) 0.05 (.05) 0.16 (.03) 0.08 (.04) 0.08 (.03) 

Table 2.1. Immediate and sustained changes in use of the misconception and accuracy for 

students in the control and stereotype threat (ST) learning conditions 
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Change from Pretest r2 p EF 

Βstandardized 

p Condition 

Βstandardized 

p 

Immediate  

 

Misconception .064* .014 -.132 .126 .227** .009 

Accuracy .036^ .093 .182* .038 -.074 .397 

One Week 

Delay  

Misconception .023 .223 -.105 .230 .119 .176 

Accuracy  .039^ .076 .15^ .086 -.143 .100 

Note. ^ p < .10, * p < 0.05, **p <0.01 

Table 2.2. Contributions of executive function (EF) and learning condition to immediate and 

sustained changes in misconception use and accuracy 

First, experiencing stereotype threat while learning predicted significantly   greater   

immediate   uptake   of   the   misconception (p = .009). This suggests that those students 

experiencing stereotype threat while learning may have been especially focused on memorizing 

content from the lesson at the expense of engaging in the cognitively demanding contrast and 

comparison process that promotes deep learning and conceptual change. The differences reduced 

over time, however, most likely because the misconception use of the Control condition 

increased between immediate and delayed posttest, returning to closer to pretest levels. Effects 

were less strong in the overall sample for use of the correct solutions, with no immediate 

differences in accuracy but the condition differences widened over time, revealing a trend to 

differences in sustained learning (p = .09). 

Student EF was positively related to immediate learning of correct content (p = .04)    and 

somewhat greater (p = .09) sustained gains for correct content, indicating that EF may play an 

important role in learning from this lesson, and that high EF participants learned more overall. 
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EF Variations in Effects of Stereotype Threat Manipulation 

While there were some impacts of condition and EF on learning for the full sample of 

participants, I next investigated the prediction from the testing literature, that the effects of 

stereotype threat are highest for high EF individuals. Condition assignment was used to predict 

immediate and sustained changes in misconception use and content knowledge among high and 

low EF students separately. All results and effect sizes from the regressions are available in 

Table 2.3, and mean immediate and sustained changes in misconception use and accuracy for 

high and low EF students in the Control and ST learning conditions are shown in Figures 2.1 and 

2.2 

   r2 Model p Condition  

Βstandardized 

Condition 

p 

High EF 

Students  

Immediate  Misconception Use 0.096 0.011 0.310 0.011 

Accuracy   0.015 0.329 -0.122 0.329 

Sustained  Misconception Use 0.109 0.007 0.331 0.007 

Accuracy  0.069 0.033 -0.263 0.033 

Low EF 

Students  

Immediate  Misconception Use 0.018 0.284 0.134 0.284 

Accuracy 0.000 0.977 0.004 0.977 

Sustained  Misconception Use 0.008 0.488 -0.087 0.488 

Accuracy  0.000 0.975 0.004 0.975 

Note. ^ p < .10, * p < 0.05, **p <0.01 

Table 2.3. Impact of stereotype threat during instruction on immediate and sustained changes in 

misconception use and accuracy from pretest among high vs. low executive function (EF) 

students  
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Figure 2.2. Immediate and sustained changes in accuracy for high and low  executive 

function  (EF) students in the control and  stereotype threat (ST) learning conditions 
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Figure 2.1 . Immediate and sustained changes in misconception use for high and low 

Executive Function  (EF) students in the control and stereotype threat (ST) learning 

conditions 
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As shown in Table 2.3, among high EF students, experiencing stereotype threat while 

learning predicted greater immediate and sustained uptake of the misconception, and smaller 

sustained gains in correct content, with much larger effect sizes than when considering the 

sample as a whole. In contrast, for low EF students, learning condition did not impact immediate 

or sustained gains in either correct content or misconception use. 

Post hoc analyses revealed that statistically significant results all had above 0.75 

observed statistical power to detect effects, with the exception of sustained gains in the high EF 

group (.60). Non-significant results had smaller r2 and thereby were underpowered to detect 

relationships, so Type II errors of unidentified effects were possible. 

Student Attitudes 

In order to better understand how stereotype threat during learning impacted students’ 

subjective experience of the lesson and likelihood of choosing to engage in a non-required math 

activity, I compared students’ responses to the exploration intention and instant enjoyment 

subscales of the situational interest survey and number of optional math puzzles completed in the 

two conditions. 

I first examined whether these subscales were related to learning. Exploration intention 

was related to student learning, with those students who reported greater desire to   learn more 

about the topic showing significantly greater overall gains in accuracy, r (79) = .22, p < .05. In 

contrast, instant enjoyment did not predict overall gains in accuracy, r (79) = .22, p = .48. 

I next assessed relations to the manipulation. A one-way ANOVA revealed that students 

in the ST condition reported both significantly less enjoyment than students in the Control 

condition (Mean Control: 4.01(0.16); ST: 3.43 (0.19), F (1, 77) = 5.22, p = .03; partial g2 = 

0.063; observed power = 0.616), and less exploration intention (Mean Control: 3.76 (0.18); ST: 
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3.25 (0.18), F(1, 77) = 4.01, p = .05; partial g2 = 0.048; observed power = 0.496). These 

differences in students’ experience of the lesson are striking because they emerged immediately 

after the first posttest, when performance did not yet systematically differ across conditions. 

Moreover, students who had experienced stereotype threat during instruction were less likely to 

choose to engage in optional math activities after the intervention, attempting significantly fewer 

math puzzles than students who had not experienced stereotype threat during instruction (Mean 

Control: 3.47 (0.30); ST: 2.29 (0.43), F(1, 38) = 5.00, p = .03; partial g2 = 0.116; observed 

power = 0.587). 

Discussion 

These data provide the first evidence that stereotype threat during conceptually 

demanding instruction can harm mathematics attitudes and learning. Increasing the salience of 

race in the context of an evaluative introductory prompt led to increased misconceptions and 

decreased retention for the conceptual content—particularly among high EF students, who 

otherwise benefited most from this type of instruction. Overall, EF facilitated learning, 

predicting greater gains from the lesson. However, stereotype threat had a greater detrimental 

impact on learning among high EF students. Low EF students learned less regardless of learning 

condition, while greater between-condition differences were found for high EF students. 

Two primary, non-exclusive, mechanisms could explain these results, and both receive some 

support in this study. First, it is possible that worry ideation based on a fear of confirming 

negative stereotypes compromised participants’ EF capacity during instruction. With reduced EF 

available for high EF students accustomed to engaging these resources in the sorts of abstract 

mathematical thinking intended during this lesson, these typically higher performing, high EF 

students suffered the most. This is consistent with much research on pressure, anxiety, and 
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stereotype threat, which shows the largest effects for high EF or working memory individuals 

(for reviews, see Beilock, 2008; Maloney et al., 2014). The ST threat may have led these 

students to switch from concept formation learning strategies that demand high EF resources, to 

less cognitively effortful memorization strategies. 

A second possible contributory explanation for the results was that students who were 

administered the experimental prompt reported less interest and enjoyment in the mathematics. 

Additionally, these participants made the choice to spend less time on optional math puzzles. 

These findings suggest that students who experienced stereotype threat during instruction may 

have been less likely to think about content from the lesson between sessions or make 

connections with topics covered during their math classes, leading to worse consolidation of 

learning and resulting in the lower performance. These data were limited since they were not 

collected from all participants, but they suggest the potential importance of this pathway 

impacting both children’s learning and engagement in mathematics. 

This pathway received some support, as exploration intention predicted student learning, 

although enjoyment did not. This suggests that differences in exploration intention resulting from 

experiences of stereotype threat during learning may have contributed to between-condition 

learning differences, but that differences in enjoyment likely did not. However, even though 

within the boundaries of this experiment, decreased enjoyment among students who experienced 

stereotype threat during instruction likely did not drive between-condition learning differences, 

decreased enjoyment in the face of stereotype threat may have important long-term implications, 

possibly impacting career goals   and leading to less persistence in the content domain. This 

mechanism is crucial to consider, because it suggests ways that perceptions of stereotype threat 
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could have long-term implications for student engagement with a domain of knowledge, such as 

mathematics. 

This work is a first step in understanding the phenomenon of stereotype threat during 

higher order thinking and learning, and it raises the possibility that subtle threats could    be 

contributing to real and persistent achievement gaps by race, ethnicity, and gender. Importantly, 

whereas the effects of stereotype threat during testing are immediate but temporary and do not 

affect the knowledge base from which children progressively build new understandings, the 

effects of stereotype threat during instruction persist even when the threat is no longer present 

and are cumulative, as learning is built on a foundation of prior knowledge. To more fully 

understand similarities and differences between stereotype threat during learning versus testing 

opportunities, in Experiment 1b, I directly compared impacts of stereotype threat while learning 

with those of stereotype.  

Experiment 1b 

Experiment 1b replicates and extends Experiment 1a by examining impacts of stereotype 

threat during cognitively demanding conceptual math instruction or at the time of testing. 

Specifically, in this study, I tested how experiencing an implicit race-based academic stereotype 

threat during cognitively demanding conceptual math instruction or after the lesson, directly 

before the immediate posttest, impacted immediate and sustained learning and performance gains 

among African American and Latinx 5th graders.  

I hypothesized that invoking stereotype threat prior to instruction could interfere with 

students’ cognitive engagement during the lesson, leading to less sustained learning among  

students high in EFs, which would replicate findings from Experiment 1a. Specifically, I 

predicted that high EF students who were asked to report their race before the lesson would 
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perform similarly to those in the control group on the immediate posttest, but exhibit no or 

smaller sustained learning gains at the delayed posttest, despite the threat no longer being 

present. This learning trajectory might indicate that students experiencing stereotype threat 

during the lesson were motivated to disprove the threat, and thus focused on memorizing 

problem solving steps and procedures, a low cognitive demand learning strategy that can 

maximize immediate learning gains at the expense of more enduring retention (Bjork, 1994; 

Christina & Bjork, 1991). Or, intrusive thoughts and worries may have loaded executive 

functions, limiting students’ cognitive engagement with opportunities for higher order thinking 

and comparison embedded in the lesson to support sustained conceptual learning.  Regardless of 

the mechanism, however, this reduction in learning would be important to understand due to the 

loss of an opportunity for higher order thinking and learning. 

I also hypothesized that, as demonstrated in many prior studies of stereotype threat, 

invoking stereotype threat after the lesson and immediately before the test could lead students to 

underperform on the immediate posttest, but would not harm learning- and thus at the delayed 

posttest, these students would demonstrate similar gains to students in the control group.  

Method 

Participants 

  All 5th grade classes at 4 schools in the Chicago area were invited to participate. All 

schools invited to participate had student populations comprised nearly exclusively of students of 

color, who are disproportionately burdened by the challenges of contending with stereotype 

threat in K-12 classrooms. A total of eight fifth grade classes (193 students) participated in the 

study. Students who were absent on one or more study days or who reported their race to be 

either White or Asian were excluded from analysis, yielding a sample of 155 participants (87 
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girls). Students in the sample reported their race/ethnicity to be: Black or African American 

(55%), Latinx (29%), or Biracial (16%). 

The sample was determined to be adequate to detect effect sizes where Cohen’s f2   is 

0.074 or greater, which was the smallest statistically significant result obtained in Experiment 

1a. In Experiment 1a, this result was obtained for immediate gains in misconception use in the 

full sample, r2= 0.064, f2 = 0.074.  Soper's sample size calculator (Soper, 2013), indicated the 

minimum sample size needed to detect effects of this size for a model with 2 predictors at a 

desired power of 0.80 and alpha of 0.05 to be 132. The initial and final sample were both slightly 

larger, allowing for uncertainty in the number of student absences. 

Teacher and Experimenter Demographics 

Children’s regular math teachers were present in the classroom throughout the study. In 

all classrooms, this teacher was a white female. The primary experimenter for all classrooms was 

also a white female.  

Design and Procedures  

 Students were randomly assigned within classroom to one of three conditions: Learning 

under stereotype Threat (LT) condition; Testing under stereotype threat (TT) condition; or 

Control (NT) condition. Stereotype threat was invoked using the same procedure as in 

Experiment 1a either: at the start of the lesson, before learning (LT condition); before the 

immediate posttest, after learning (TT condition) or not at all (NT condition). Procedures were 

otherwise identical to those in Experiment 1a. 
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Results 

Sample 

 Results for 155 participants for whom I obtained complete assessment data are included 

in the analyses reported below (NT: n = 50, LT: n = 53, TT: n = 52). Self-reported demographics 

of participants at each school are shown in Table 2.4. 

  Black/African 

American  

Hispanic/Latinx 

 

Biracial 

 

 

Total 

School 1 

(10 girls) 

0 18 4 22 

School 2 

(19 girls) 

0 26 2 28 

School 3 

(24 girls) 

31 1 13 45 

School 4 

(34 girls) 

55 0 5 60 

Total 86 45 24 155 

 

Table 2.4. Student Demographics 

Analytic Plan  

As in Experiment 1a, I first report on accuracy and misconception use at pretest to ensure 

that random assignment was successful. I then conducted analyses testing for main effects and 

interactions between stereotype threat and EF on immediate and sustained learning gains. In this 

experiment, there were no main effects of stereotype threat for the full sample. However, the 

analysis detected significant interactions between learning condition and EF in predicting 

immediate and sustained gains in accuracy and misconception use. Thus, I next examined effects 

of stereotype threat among high and low EF students separately, in order to better understand this 

interaction and to test the hypothesis that, as was found to be the case in Experiment 1a, high EF 

students would be most affected by the stereotype threat manipulation. I first tested for main 

effects of experiencing stereotype threat at either time point. Because I found a main effect of 
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stereotype threat among high EF students, I then examined distinct effects of stereotype threat 

experienced during instruction versus testing. 

I operationalized students as high versus low EF based on a median split of d2 scores 

drawn from a corpus of data collected from 628 5th grade students in the Chicago area over the 

past 5 years. In analyses examining impacts of stereotype threat among high EF students I 

include only students who scored above the median (TN-E 295) obtained in this larger data set. 

Relative to published norms obtained with German children aged 9 to 11, a TN-E score of 295 

corresponds with a percentile rank of 72.6 (girls) and 88.5 (boys) (Brickenkamp & Zillmer, 

1998). Relative to published norms obtained with German children aged 11 to 12, this score 

corresponds with a percentile rank of 54 (girls) and 61.8 (boys) (Brickenkamp & Zillmer, 1998). 

TN-E score did not differ by gender in this sample.  

Performance at pretest  

Neither frequency of misconception usage nor overall accuracy differed by condition at 

pretest (all ps > 0.3, Table 2.5). High and low EF students did not differ in misconception use at 

pretest (p =0.57), although high EF students had greater overall accuracy at pretest (p =0.004).  
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 Pretest Score  Immediate Gains  Sustained Gains  

 Misconception 

M (SE)  

Accuracy 

M (SE) 

Misconception 

M (SE)  

Accuracy 

M (SE) 

Misconception 

M (SE) 

Accuracy 

M (SE)  

NT 

n = 50 

0.27 (.04) 0.07 (.01) -0.08 (.06) 0.18 (.04) -0.09 (.04) 0.12 (.03) 

ST  

n = 105 

0.27 (.03) 0.09 (.01) 0.02 (.04) 0.14 (.02) -0.01 (.03) 0.10 (.02) 

Table 2.5. Pretest Performance and Learning Gains Among Students in the Control (NT) and 

Stereotype Threat (ST) Conditions 

Effects of Stereotype Threat Manipulation in the Full Sample 

  In a hierarchical regression, I tested for main effects and interactions of Condition 

assignment and EF on immediate and sustained gains in accuracy and misconception use. 

Condition assignment (binary coded: 0 = Control; 1 =Stereotype Threat at either time point) and 

student EF (entered as a continuous centered variable) were first entered in the regression (Step 

1) to examine main effects. Next, to test for interactions between stereotype threat and EF, a 

condition * EF interaction term was created and added to the model (Step 2). All results from 

these regressions are shown in Table 2.6.  For the full sample of students, I found no main effect 

of stereotype threat on any of the four outcomes (Table 2.6).  Effects were non-significant 

regardless of whether or not student gender and school were included in the model as control 

variables.  I repeated these same analyses, testing for effects of stereotype threat experienced 

during versus after instruction separately and found that, for the full sample of students, neither 

stereotype threat during versus after instruction predicted immediate or sustained gains in 

misconception use or accuracy. These results diverge slightly from findings in Experiment 1a, 
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which showed trends towards worse learning under stereotype threat in the full sample of 

students- although these trends were driven entirely by high EF students. 

  

Learning Gains 

 Immediate Sustained 

 Misconception Accuracy Misconception Accuracy 

Predictor  Δ R2 Β Δ R2 Β Δ R2 Β Δ R2 Β 

Step 1 0.005  0.02  0.02  0.01  

    ST  0.07  -0.08  0.11  -0.05 

    EF  -0.01  0.12  0.05  0.08 

Step 2 0.04*  0.04*  0.04*  0.04**  

   ST x EF  0.31*  -0.31*  0.30*  -0.34* 

Total R2 0.04*  0.06*  0.05*  0.05**  

Note. All effect sizes are standardized  

Note. ^ p < 0.10. * p <0.05. ** p < 0.01 

Table 2.6. Multiple Regression Analyses Predicting Immediate and Sustained Learning Gains 

From Main Effects and Interactions of Stereotype Threat (Before Learning Or Testing) and EF 

However, while there were no main effects of stereotype threat, the analysis revealed 

significant interactions between learning condition and student EF for each of the outcomes 

examined (Table 2.6). To better understand these interactions, I next examined effects of 

stereotype threat on learning among high and low EF students separately.   

 

 



  54

EF Variations in Main Effects of Stereotype Threat Manipulation  

I next examined effects of stereotype threat among high and low EF students separately 

in order to test the prediction and replicability of the finding in Experiment 1a that detrimental 

effects of stereotype threat are concentrated among high EF students.  I first tested for main 

effects of experiencing stereotype threat at either time point.  Condition assignment (binary 

coded: 0 = Control; 1 = Stereotype Threat at either time point) was used to predict immediate 

and sustained changes in misconception use and accuracy among high and low EF students 

separately. High EF students who experienced stereotype threat at either time point had smaller 

sustained gains in correct content (Βstandardized = 0-.236, p = 0.026), and greater sustained 

misconception uptake (Βstandardized = 0.220, p = 0.038), with additional trends towards worse 

immediate learning (Table 2.7). 

   R2 ST 

Β 

Exact p 

value  

High EF 

Students  

Immediate  Misconception Use 0.040^ 0.200^ 0.060 

Accuracy   0.042^ -0.204^ 0.055 

Sustained  Misconception Use 0.048* 0.220* 0.038 

Accuracy  0.056* -0.236* 0.026 

Low EF 

Students  

Immediate  Misconception Use 0.013 -0.115 0.357 

Accuracy 0.010 0.100 0.426 

Sustained  Misconception Use 0.005 -0.068 0.586 

Accuracy  0.029 0.171 0.169 

Note. ^ p < 0.10. * p <0.05, **p <0.01. 

Table 2.7. Regression Analysis Predicting Immediate and Sustained Learning Gains From 

Stereotype Threat (Before Learning Or Testing) among High vs. Low EF Students 
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Main effects of stereotype threat among high EF students on sustained gains for both 

accuracy and misconception usage are robust and remain significant whether or not the following 

control variables are included in the model: student gender, school, pretest performance. In 

contrast, among low EF students, stereotype threat did not predict learning gains on any of the 

outcomes (Table 2.7). Effects remain non-significant when controls are included in the model. 

Mean immediate and sustained changes in misconception use and accuracy for high and low EF 

students in the Control and stereotype threat learning conditions are shown in Figures 2.1. and 

2.2. 

 

^ p < 0.10. * p <0.05 

Figure 2.3. Immediate and Sustained Learning Gains Among High EF Students in the Control 

and Stereotype Threat Learning Conditions 
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^ p < 0.10. * p <0.05 

Figure 2.4. Immediate and Sustained Learning Gains Among Low EF Students in the Control 

and Stereotype Threat Learning Conditions  

 Because I found a main effect of stereotype threat among high EF students, I next 

examined effects of stereotype threat experienced before learning versus testing separately for 

this group.  

 Stereotype Threat during Learning 

 I first tested for distinct effects of stereotype threat experienced while learning among 

high EF students. I repeated the same analysis as above in order to compare learning among 

students assigned to the LT and Control conditions. All results and effect sizes from the 

regression are shown in Table 2.8.  I found that, although immediate learning gains among 

students in the LT condition did not differ significantly from those of students in the Control 

condition, students assigned to the LT condition had significantly smaller sustained gains in 
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correct content (Βstandardized = -0.250, p = 0.043) and somewhat greater sustained misconception 

usage (Βstandardized = -0.250, p= 0.052). When school and gender were included in the model, 

impacts on sustained misconception usage attained significance (R square change = 0.06, 

Βstandardized = -0.250, p = 0.04.)  

  

  R2 LT 

Β 

Exact p 

value  

Immediate  Misconception Use 0.024 0.154 0.236 

Accuracy    0.035 -0.187 0.148 

Sustained  Misconception Use 0.063^ 0.250^ 0.052 

Accuracy  0.068* -0.260* 0.043 

Note. All effect sizes are standardized  

^ p < 0.10. * p <0.05.  

Table 2.8. Regression Analysis Predicting Immediate and Sustained Learning Gains From  

Stereotype Threat Before Learning (LT) Among High EF Students  

This pattern of results in which the detrimental impact of experiencing stereotype threat 

during learning is most evident at a delay replicates findings in Experiment 1a and suggests that 

intrusive thoughts from stereotype threat may have interfered with the deep engagement and 

conceptual learning needed for sustained retention of new content. Relative to students in either 

of the other two learning conditions, students assigned to the LT condition experienced striking 

declines in accuracy and increases in misconception usage between the immediate and delayed 

posttests (Figures 2.5 and 2.6).  
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Figure 2.5. Misconception Use Among High EF Students in the Control (NT), Learning Threat 

(LT) and Testing Threat (TT) Experimental Conditions  

 

Figure 2.6. Accuracy Among High EF Students in the Control (NT), Learning Threat (LT) and 

Testing Threat (TT) Experimental Conditions  
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while testing were evident immediately and reduced over time. As shown in Table 2.9, being 

assigned to the TT condition predicted larger immediate uptake of the misconception and trends 

towards smaller immediate gains in correct content. Although effects reduced over time, learning 

among students assigned to the TT condition did not rebound fully to that of students in the 

control condition (Figures 2.3 and 2.4).  

  R2 TT  

Β 

Exact p 

value  

Immediate  Misconception Use 0.085* 0.291* 0.028 

Accuracy   0.051^ -0.226^ 0.090 

Sustained  Misconception Use 0.050^ 0.224^ 0.093 

Accuracy  0.040 -0.201 0.134 

Note. All effect sizes are standardized  

^ p < 0.10. * p <0.05.  

Table 2.9 Regression Analysis Predicting Immediate and Sustained Learning Gains From 

Stereotype Threat Before Testing (TT) among High EF Students  

Discussion 

 Worries and concerns about being judged through the lens of negative stereotypes can 

characterize everyday learning experiences for many students from academically stigmatized 

groups (Nasir, 2017, D’ hondt, Eccles, Houtte, & Stevens, 2016). Stereotypes can be especially 

salient in mathematics contexts, a subject area in which success is often perceived as being 

dependent on innate talent or brilliance (Chestnut, Lei; Leslie& Cimpian, 2018). These worries 

and concerns can have real consequences for students’ learning. In the series of studies reported 

in this chapter, an implicit prompt to highlight identity and thereby potentially invoke stereotype 
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threat, either before or after conceptual mathematics instruction, harmed achievement among 

students high in EFs. In contrast, low EF students’ achievement was not impacted by stereotype 

threat at either time point. This pattern of results indicates that stereotype threat may be 

selectively harming learning and achievement among those very individuals with the greatest 

potential to excel within and contribute to the stereotyped domain, potentially contributing to 

what has been referred to as the “excellence gap” (see Plucker, et al., 2010).  

Additionally, in line with the concerning possibility raised in the discussion for 

Experiment 1a that effects of stereotype threat while learning may be more long-lasting than 

those of stereotype threat during testing, findings from Experiment 1b indicate that the role of 

stereotype threat in shaping initial learning differs from its role in performance contexts. While 

stereotype threat at either time point was harmful, when stereotype threat was experienced prior 

to instruction, effects were especially enduring. High EF Students who experienced stereotype 

threat during instruction showed the largest learning decrements at the delayed posttest, despite 

the threat no longer being present. In contrast, when stereotype was invoked after learning and 

immediately before the test, achievement decrements among high EF students were evident 

immediately and reduced over time. These findings indicate that stereotype threat in classroom 

contexts, whether experienced during learning or testing opportunities can meaningfully impact 

achievement among students high in EFs. Additionally, these findings suggest that impacts of 

stereotype threat while learning differ from those observed in testing contexts, underscoring the 

need for additional research on stereotype threat during opportunities for initial learning.  

In Experiment 1b, although high EF students in the Learning Threat condition exhibited 

similar learning gains as those in the control condition immediately following the lesson, they 

retained less learning from the lesson.  This learning trajectory among high EF students 
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experiencing stereotype threat during instruction replicates findings from Experiment 1a. These 

results may be because the cognitive load from experiencing stereotype threat while learning led 

students to engage with the lesson on a more superficial level- focusing on memorizing content 

and procedures, at the expense of deep engagement with novel concepts. For example, a student 

who focused his attention during the lesson on memorizing the procedures for solving ratio 

problems may have performed similarly to (or even better than) one who focused her energy on 

understanding the conceptual underpinnings of the lesson, but would be more likely to forget the 

information over time.  An additional possible explanation for this achievement trajectory should 

be considered as well, which is that students in the learning threat condition could have actually 

truly learned similar amounts during the lesson itself, but been motivated to forget content from 

the lesson, which they associated with an unpleasant experience, a phenomenon that may occur 

in response to stressful classroom contexts (see Ramirez, 2017). Additional research is needed to 

disentangle these possibilities. Research that closely examines pathways and mechanisms 

through which experiences of stereotype threat during instruction can lead to less sustained 

learning among students with the greatest potential could help to inform efforts to ameliorate 

these detrimental effects.    

To date, much policy and research on racialized achievement gaps has focused on 

supporting struggling students from historically under-performing groups to reach proficiency. 

However, the education research field has increasingly recognized the need to also attend to 

challenges faced by academically successful students of color, in order to reduce racialized 

patterns of representation at the upper ends of the achievement spectrum. Indeed, in a large-

scale, longitudinal study Reardon (2008) found that the black-white achievement gap grew most 

quickly among students who were performing above the median in reading and math at 
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kindergarten entry. Additionally, many of the most pronounced racial inequities are evident in 

enrollment patterns in gifted and talented programs (Grissom, & Redding, 2016).  One factor that 

has been suggested as contributing to achievement gaps at the upper end of the achievement 

spectrum is that high achieving black students may have access to fewer challenging learning 

opportunities (Reardon, 2008). Results from this study suggest that experiences of stereotype 

threat may also reduce cognitive engagement during conceptually challenging instruction, even 

when these opportunities are available, and highlight the importance of working to prevent 

experiences of stereotype threat in learning as well as testing contexts. Understanding and 

addressing factors shaping achievement gaps among high-achieving students will be a powerful 

leverage point towards increasing the diversity of STEM fields.   
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CHAPTER THREE: EVALUATIVE PERFORMANCE PRESSURE DURING 

LEARNING AND TESTING  

 

Introduction 

 

In Experiments 1a and b, identity threatening pressure during cognitively demanding 

math instruction acted as a threat, reducing learning and interest. While the size of the 

detrimental impact depended on students’ baseline EFs, there was no evidence that stereotype 

threat acted as a motivating incentive and improved outcomes for any subset of students.  

 In this Chapter, I describe impacts of experiencing evaluative performance pressure, 

heightened pressure not explicitly linked to identity, within the context of the same cognitively 

demanding math lesson. Specifically, I tested effects of an evaluative performance pressure 

manipulation in which students were told that their performance would determine whether or not 

their entire class would receive a desired incentive. As with stereotype threat, evaluative 

performance pressure can result in intrusive thoughts that interfere with cognition (Beilock & 

Carr, 2005; Schmader & Johns, 2003; Schmader, Johns & Forbers, 2008).  However, I 

hypothesized that because identity is not explicitly implicated, evaluative performance pressure 

might have greater potential to also act as a motivator. Among some students, it could improve 

learning through increased focus, while for others it could harm learning through intrusive 

thoughts and cognitive load.  

Among which students does evaluative performance pressure help vs. harm learning?  

In order to identify student level factors that might shape whether pressure helps vs. harms 

learning, I tested whether impacts of the evaluative performance pressure manipulation were 

moderated by either student’s baseline EFs or gender.  As elaborated upon in the introduction, 

gender and EF have been found to moderate effects of pressure experienced while testing. The 

largest performance decrements under pressure are often seen among high EF individuals, which 
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may be because these individuals are more likely to rely on cognitively demanding strategies to 

solve problems when not experiencing pressure (Maloney, Sattizahn, & Beilock, 2014; Maloney, 

Schaeffer& Beilock, 2013). On the other hand, in cases where pressure acts more as a motivating 

incentive than as a distracting threat, the largest performance gains under pressure are often seen 

among males (Attali, Neeman &Schlosser, 2010; Levitt, List, Neckerman & Sadoff, 2016).  This 

has been hypothesized as possibly stemming from gender differences in time sensitivity to 

rewards or to males putting forth less effort in low pressure settings (e.g. Attali, Neeman 

&Schlosser, 2010; Levitt, List, Neckerman & Sadoff, 2016).  

Pressure and Optimal Learning and Performance    

Although pressure and stress are often viewed through a negative lens as experiences to 

be avoided, human performance actually peaks under conditions of moderate stress and arousal 

(see Yerkes & Dodson, 1908; Sapolsky, 2015). Indeed, across many dimensions of human 

functioning, outcomes improve during the transition from a complete absence of stress to mild 

stress; however, as stress becomes more severe, outcomes plateau and eventually decline (see 

Sapolsky, 2015).  Likewise, we would expect children to learn best under conditions of moderate 

stress and arousal- when they are motivated to do well, but not overly stressed out.  

In the case of mathematics, when pressure is too low, learning and performance may be 

harmed due to inadequate task engagement and effort (Sullivan, Tobias & McDonough, 2006; 

Martin et al, 2012).  Alternatively, too much pressure and anxiety can also interfere with learning 

(and performance. Indeed, middle school students encounter challenges to mathematics success 

due to both too much (i.e. worry and anxiety) and too little (i.e. disengagement) pressure.  

On the one hand, too much pressure can pose a challenge to math success if intrusive 

thoughts and worries tax cognitive resources, limiting students’ cognitive engagement during 
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math learning and testing opportunities (e.g. Lyons, Simms, Begolli & Richland, 2018; Maloney, 

Sattizahn, & Beilock, 2014). Students may experience harmful pressure and anxiety in math 

contexts due to situational factors (for example, pressure associated with high stakes testing), as 

well as stable characteristics or traits (for example, math anxiety). Trait math anxiety is 

associated with low math knowledge and grades, as well as less adaptive motivational 

frameworks (Ashkraft & Krause, 2007; Gunderson, Park, Maloney, Beilock & Levine, 2018). 

Additionally, situational factors, such as experimental manipulations of heightened pressure have 

been shown to result in decrements in math performance (for review, see Beilock, 2008) and 

learning (e.g. Lyons, Simms, Begolli & Richland, 2017). As math achievement is often high 

stakes, for example being used in course placement, tracking and grade promotion decisions, 

many students feel a great deal of pressure during everyday math learning opportunities, which 

could interfere with math learning.   

On the other hand, if students do not see mathematics as having personal relevance 

within their current or future lives, they may feel little motivation to learn or perform well and 

may disengage during math learning and testing opportunities. Thus, while some students may 

feel so much pressure while doing math that anxious ideation interferes with their learning and 

performance, a significant portion of students may experience poor learning and performance 

outcomes due to limited task engagement and effort. Indeed, it has been observed, both in the US 

and internationally, that a significant number of students are disengaging or “switching off” in 

math (Sullivan, Tobias & McDonough, 2006; Martin Anderson, Bobis, Way& Vellar, 2012), 

with the middle school years being identified as a time period during which boys in particular  

may be especially susceptible to disengagement form math (Gottfried, Marcoulides, Gottfried, 
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Oliver & Guerin, (2007;Martin & Marsh, 2005). For these students, too little stress or arousal 

may contribute to disengagement, thus posing a challenge to their mathematics success.  

As too much (e.g. anxiety) and too little (e.g. disengagement) pressure can both pose 

obstacles to math success during middle school, raising the stakes of learning and performance 

has the potential to both help and hinder math achievement. On the one hand, heightened 

pressure could act as a distracting threat, interfering with cognitive engagement. On the other 

hand, increased pressure could act as a motivating incentive-  providing a nudge towards greater 

effort and engagement.   

Because optimal learning can occur when students are motivated, but not overly stressed 

out, ensuring that mathematics instructional time is spent under optimal levels of pressure could 

be a powerful leverage point for improving mathematics achievement. However, exactly how to 

do this is unclear due to the potential for increasing the pressure students experience while doing 

math to have positive as well as negative impacts depending on students’ initial stress and 

engagement during math.  

Despite extensive research demonstrating a non-linear relationship between stress and 

human functioning across many outcomes (for review, see Sapolsky, 2015), research in 

education contexts has mostly focused either on the role of pressure as a motivating incentive or 

on pressure as a distracting threat, with very little research engaging at once with the potential 

for pressure to act as both support and challenge to math success. This research, which is 

reviewed briefly below, has found both positive and negative effects of raising the stakes of 

performance for student outcomes.  

Pressure as motivating incentive. Research, predominantly in the field of behavioral 

economics, that has focused on the incentivizing potential of increased pressure has 



  67

demonstrated that rewarding students’ effort and performance can be effective in boosting 

achievement outcomes. Many studies have focused on the impact of financial incentives, 

documenting that paying students can result in better performance (e.g. Leuven, Oosterbeek & 

Klaauw, 2010; List, Livingston, & Neckermann, 2018.) However, it appears that non-financial 

incentives may be equally effective, at least among younger children. For example, in a large 

randomized field experiment conducted with students in the Chicago area, Levitt, List, 

Neckerman & Sadoff (2016) found that both financial and nonfinancial incentives improved test 

performance among elementary school students. The effects were somewhat larger for boys than 

for girls, which the authors suggest may be due to boys’ greater sensitivity to short-term 

incentives (Levitt at al., 2016).  

The prospect for increased pressure to lead to better performance is also supported by 

findings that GRE performance is higher under pressure (i.e. the real GRE) than in a low stakes 

situation (i.e. a voluntary experimental section of the GRE that participants could select to take 

following the actual exam) (Attali, Neeman & Schlosser, 2011). The performance advantage in 

the high stakes situation was larger for males than for females, which the authors suggest may be 

due to males putting in less effort in the low stakes situation (Attali et al., 2011).   

Pressure as distracting threat. While the possibility of being rewarded or sanctioned for 

performance can be motivating, it can also be distracting. In contrast to the behavioral economics 

literature, research in the fields of psychology and education has mostly explored the downsides 

of pressure.  Studies conducted in laboratory as well as classroom contexts demonstrate that 

experimentally invoking increased pressure can in many cases harm performance, likely due to 

intrusive thoughts and worries that tax EF resources (Schmader & Beilock, 2012), interfering 

with task engagement (DeCaro et. al., 2011). In addition to general worries about performance, it 
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is also possible that increased pressure and focus on evaluation may lead females and minorities 

to worry that their performance will be judged through the lens of negative stereotypes (Steele & 

Aronson, 1995).  

Gender and Mathematics  

 Gender gaps in mathematics achievement in high and low stakes settings. 

Mathematics achievement and eventual career trajectories continue to be patterned by gender in 

complex and oftentimes paradoxical ways, ultimately resulting in math-intensive fields 

remaining heavily male dominated (National Science Foundation, 2017). These patterns are not 

simple achievement gaps, however, since measures of mathematics achievement requiring 

sustained effort in low-stakes settings often favor girls, while the gender gap reverses on high-

stakes measures of math achievement such as standardized tests and mathematics competitions. 

For example, girls tend to earn higher grades than their male counterparts across subjects 

including math throughout middle and high school (e.g. Easton, Johnson & Sartain, 2017), invest 

more time in homework (e.g. Gershenson & Holt, 2015) and are more likely to persist to high 

school and college graduation (Stetser & Stillwell, 2014). Test scores, however, tell a different 

story: although gender gaps in average math achievement have reduced such that in most cases 

males and females perform similarly on standardized assessments of math achievement, where 

gender gaps in average achievement do exist, they tend to favor males (Reardon et al., 2018). In 

those cases, gender gaps vary across districts, with boys particularly continuing to exhibit higher 

average mathematics performance in wealthier school districts (Reardon et al., 2018). 

Additionally, even though gender gaps at average levels of performance have shrunk over time, 

gender gaps at the highest levels of mathematics achievement remain large. For example, 
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consistently less than 10 % of 9th to 12th grade students scoring in the Top 50 level of 

achievement on the American Mathematics Competition are female (Ellison& Swanson, 2018).  

Gender as risk and protective factor for mathematics success. In math contexts, 

females may worry that their learning and performance will be judged based on negative 

stereotypes (Shapiro, 2012; Spencer, Steele & Quinn, 1999). In addition to contending with 

negative stereotypes about their mathematics ability, girls and women are also more likely to 

exhibit high math anxiety (Hembree, 1990; Devine et al., 2012). Although math anxiety is a 

powerful  predictor of low math achievement across diverse contexts( see Chang & Beilock, 

2016; Foley et al., 2017), even when studies find gender differences in math anxiety they do not 

always find gender differences in math achievement. For example, in an adolescent sample 

(average age 12-15), Devine et al. (2012) found that girls had higher math anxiety and that high 

levels of math anxiety predicted lower math achievement. However, despite girls’ higher levels 

of math anxiety, their performance was equal to that of boys. The authors suggest these findings 

indicate that girls may have the potential to outperform boys in mathematics, if not for their math 

anxiety (Devine et al., 2012).  

As mathematical reasoning develops “from a set of biologically based cognitive 

capacities that males and females share” (see Spelke, 2005), it becomes important to consider 

what protective factors might be contributing to girls’ relative success in math, despite their 

higher math anxiety and the persistence of negative stereotypes about girls and math. Or, 

alternatively, what risk factors may pose challenges to boys’ math achievement, despite their 

relatively low math anxiety and the persistence of positive stereotypes about boys and math. One 

important protective factor for girls- or alternatively risk factor for boys- may be academic 

engagement. In elementary and middle schools, boys often exhibit lower levels of behavioral and 
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emotional academic engagement than do girls, which could be a contributor to boys’ relative 

declines in academic achievement during the middle school years (Kindermann, 2007; Marks, 

2000).  

 The gendered patterns of mathematics achievement described above, specifically the 

discrepancy in the directionality of gender gaps between high and low stakes measures of math 

achievement, suggest that the role of pressure should be more meaningfully considered in this 

context. One reason we might expect to see gender differences in the role of pressure in shaping 

mathematics achievement is that females tend to have higher mathematics anxiety (Hembree, 

1990; Devine et al., 2012). If females are starting out more anxious, introducing additional 

pressure would be more likely to push them outside the zone of optimal learning and 

performance- and into the zone of too much stress, where cognition suffers. In contrast, if males 

begin with relatively low anxiety, an added source of pressure would be more likely to push 

them into the zone of optimal learning and performance. Another reason that pressure could 

function differently for males and females is that concerns about being judged stereotypically 

could be intensified in the context of increased pressure and focus on evaluation. 

Methods 

Participants 

 Study participants were 5th grade students drawn from 5 schools in the Chicago area. 

Participating schools included 1 traditional public school (School 1), 2 Catholic schools (Schools 

2 and 3), 1 charter school (School 4), and 1 private school (School 5). Permission was obtained 

to conduct research in all 5th grade classrooms at participating schools (8 classes total). A total of 

205 students participated.  Twenty-seven students who were absent on one or more study days 
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were excluded due to missing data, leaving 178 students. A breakdown of student demographic 

information by school is shown in Table 1.  

Teacher and Experimenter Demographics 

Children’s regular math teachers were present in the classroom throughout the study. In l 

7 classrooms, the teacher was a white female.  In one classroom at school 5, the teacher was an 

African American male. The primary experimenter in all classrooms was a white female.  

  Hispanic African 

American  

White Biracial  Total 

School 1: 

Traditional 

Public 

Boy 2 20 0 1 23 

 Girl 0 15 1 5 21 

School 2:  

Catholic 

Boy 0 0 7 1 8 

 Girl 0 0 5 0 5 

School 3:   

Catholic   

Boy 1 6 1 2 10 

 Girl 4 2 0 2 8 

School 4:  

Charter  

Boy 21 0 2 6 29 

 Girl 17 0 3 7 27 

School 5: 

Private 

Boy 0 5 9 4 18 

 Girl 0 5 16 8 29 

Total  45 53 44 36 178 

Table 3.1. Student demographics  

Design and Procedures 

Study procedures and design were identical to those of Experiment 1b, with the exception 

of the particular pressure manipulation. As in Experiment 1b, students were randomly assigned 

within each classroom to experience heightened pressure during learning (LP condition), during 

testing (TP condition), or not at all (NP condition).  



  72

In this study, I examined impacts of a non-identity threatening source of pressure: 

evaluative performance pressure. The pressure manipulation used in this study was modeled on 

the pressure manipulation used in Beilock et al.  (2004), which effectively induced feelings of 

pressure and social evaluative threat by informing participants that their performance would 

determine not only whether or not they would receive a reward, but also whether or not a partner 

would receive the reward. To most closely mimic the types of pressure conditions experienced in 

schools, where rewards and sanctions are often delivered on a class or even school-wide level, in 

this study, students were told that whether or not their entire class would receive a reward was 

dependent on their performance. 

Specifically, students in the pressure conditions were told, either before learning (LP 

condition) or before testing (TP condition), that they would be taking a test, and if they scored at 

least 80%, their class would be given a pizza party, but if they failed to earn 80% or higher, their 

class would lose the pizza party. Specifically, students viewed a screen in which the following 

prompt was made visible and read aloud either before (LP condition) or after (TP condition) the 

lesson: 

Thank you for taking part in this study. We’re glad that you are doing this activity because it will 

help us learn about some of the best ways to teach kids math. To show our appreciation for your 

helping us out with our study, we are hoping to give your class a pizza party.  

 

You will be taking a test after the lesson. To make sure that people in your class pay attention to 

the lesson, we have selected some students to decide whether or not your class will get the pizza 

party at the end.  You are one of those students!  If ALL the selected students score above 80% 

on the test, your class will have the pizza party.  If ANY of these students get less than 80% on 

the test, your class will not have the pizza party.  So, your class is counting on you to score your 

best. If you do not earn at least 80% on the test, your class will lose the pizza party.  

 

In contrast, students in the no pressure condition were told the aim of the study was to 

better understand how students learn math and that after the lesson they would be asked to solve 
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some problems. Specifically, students viewed a screen in which the following prompt was made 

visible and read aloud:  

Thank you for taking part in this study. We’re glad that you are doing this activity because it will 

help us learn about some of the best ways to teach kids math. We appreciate your helping us out 

with this study!  Once we’ve finished the study, we will share what we find out about how kids 

learn math with your class. 

 

After the lesson, we will ask you to solve some problems and answer some questions about what 

you’ve learned. Please pay attention to the lesson. We hope that the lesson will help you to 

understand important math concepts more deeply! Understanding math concepts deeply will be 

important for middle school and high school math.  

 

Results 

Analytical Plan  

In the analyses that follow, I first describe pretest performance for students assigned to 

the 3 conditions, in order to confirm success of random assignment. In the description of pretest 

performance, I also report on student level factors that predicted pretest performance.I next 

describe gender differences in student learning gains across the No Pressure, Learning Pressure 

and Testing Pressure experimental conditions, and test whether impacts of pressure during 

learning or testing  differed for boys and girls. Finally, I describe gender differences in student 

engagement in the high vs. low pressure experimental conditions, and test whether the role of 

pressure during learning or testing in shaping engagement differed for boys and girls. 

Pretest Performance  

Pretest performance did not differ between students assigned to the 3 conditions or 

between boys and girls (all ps >0.24). Mean pretest scores among boys and girls assigned to each 

of the 3 learning conditions are shown in Table 3.2.  Pretest performance was not predicted by 

student EF or race, but did differ between schools. A dummy variable for student school, along 

with pretest performance, were included as controls in all analyses of learning outcomes. 
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Pretest 

Performance  

Immediate 

Gains 

Sustained 

Gains 

Boys Mean (SE)  Mean (SE) Mean (SE)  

NP 

(n=26) 

0.25 (0.06) 0.13 (0.04) 0.12 (0.04) 

LP 

(n=33) 

0.21 (0.05) 

 

0.16 (0.04) 0.18 (0.05) 

TP 

(n=30) 

0.20 (0.05)  0.23 (0.06) 0.22 (0.06) 

All 

(n=89) 

0.21 (0.03)  0.18 (0.03) 0.18 (0.03)  

Girls Mean (SE)  Mean (SE)  Mean (SE)  

NP 

(n=28) 

0.24 (0.05) 0.30 (0.07) 0.24 (0.06) 

LP 

(n=30) 

0.21 (0.04) 0.22 (0.04) 0.18 (0.04) 

TP 

(n=31) 

0.28 (0.05)  0.24 (0.05) 0.20 (0.05) 

All 

(n=89) 

0.25 (0.03) 0.25 (0.03) 0.20 (0.03)  

 

Table 3.2.  Mean pretest performance and learning gains among boys and girls assigned to the 

No Pressure (NP), Learning Pressure (LP) and Testing Pressure (TP) Conditions.  

 

Gender Gaps in learning in the high vs. low pressure experimental conditions 

I first conducted a series of regressions to examine predictors of student learning in the 

absence of pressure, among the 54 students (28 girls) assigned to the No Pressure (NP) 

condition. Pretest performance and a dummy variable for school were first entered into the 

regression (Model 1), as control variables. Dummy variables for each of the 5 schools were 

created, coded as 1 if the child was from that school; 0 otherwise. The variable for the school 

with the greatest number of students, school 4, was not entered into the regression. Next, student 

gender, race/ethnicity and EF were added to the model (Model 2). Student gender was entered as 

a dummy variable (1= female, 0 = male).  Dummy variables for student race/ethnicity were 

included in the model as follows: (African American; 1 if African American, 0 otherwise; 

Latinx: 1 if Latinx, 0 otherwise; White: 1 if White, 0 otherwise; Biracial: 1 if Biracial,  0  
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otherwise). As with school, the variable for the student/race ethnicity with the greatest number of 

participants, African American, was not entered into the regression. Student EF was entered as a 

continuous variable with values ranging form 132 to 444. Results of the full regression are 

shown in Table 3.3. Neither student EF nor race/ethnicity predicted learning outcomes, although 

it is possible that the model may have been underpowered to detect these relations.  

The only student characteristic that predicted either immediate or sustained learning gains 

among students in the no pressure condition, after controlling for school and pretest 

performance, was gender.  Girls exhibited significantly larger immediate learning gains 

(βstandardized =  0.29, p = 0.03), and trends towards greater sustained learning gains (βstandardized =  

0.21, p = 0.09). I also repeated the exact same analysis to examine predictors of student learning 

in the pressure conditions; gender did not predict learning gains among students in either the 

Learning Pressure or Testing Pressure conditions (all p s > 0.45). Mirroring broader-scale 

patterns of achievement, girls had larger learning gains in the low pressure context (Figure 3.1), 

while the gender gap disappeared, and showed possible trends towards reversing,  in the high 

pressure conditions. 
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 Immediate Gains  Sustained Gains  

Predictor  Δ R2 Β Δ R2 Β 

Step 1  0.25*  0.17*  

    Pretest  -0.45**  -0.38** 

School 1   -0.20  -0.18 

School 2     -0.20  -0.20 

School 3   -0.25^  -0.11 

School 5  0.05  0.04 

Step 2 0.16*  0.18*  

Gender  0.29*  0.21^ 

EF  0.10  0.21 

White   0.42  0.41 

Latinx   -0.08  0.03 

                                                    

Biracial 

 -0.06  -0.02 

Total R2 0.41  0.40  

Note. All effect sizes are standardized  

^  p <0.10 * p <0.05. **p <0.01. 

Table 3.3. Predictors of Student Learning in Low Pressure Context 
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Figure 3.1a . Learning Gains: No Pressure Condition 
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Figure 3.1.b Learning Gains: Learning Pressure (LP) 
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Figure 3.1. c Learning Gains: Pressure (TP) Condition 
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Gender differences in impacts of pressure during learning on learning outcomes  

 To examine whether gender differences in the role of pressure in shaping learning might 

help explain the differences in gender gaps in math across high vs. low pressure learning 

contexts, I next examined main effects and interactions of the Learning Pressure study 

manipulation and student gender.  

Pretest score, along with a dummy variable for school were first entered into the 

regression (Step 1), as control variables.  Main effects (Student gender, LP study manipulation) 

were added at step 2. Finally, to test the possibility that the role of heightened pressure in 

shaping learning differed for boys and girl in this study, a pressure * gender interaction term was 

added to the analysis (Model 3).  Results of the full regression are shown in Table 3.4. The 

analysis indicated that gender interacted with the LP study manipulation to predict sustained 

learning gains (βstandardized =  -0.32, p = 0.05) and may have also interacted to predict immediate 

learning gains (βstandardized =  -0.27, p = 0.07).  
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 Immediate Gains  Sustained Gains  

Predictor  Δ R2 Β Δ R2 Β 

Step 1  0.21***  0.14*  

    Pretest  -0.42***  -0.35*** 

    School 1   -0.21*  -0.16 

School 2  -0.17^  -0.11 

School 3   -0.23*  -0.13 

School 5   0.11  0.13 

Step 2 0.03  0.01  

Gender  0.16^  0.07 

Pressure while Learning   -0.07  -0.03 

Step 3 0.02^  0.03*  

Gender x Pressure while 

Learning  

 -0.27^  -0.32* 

Total R2 0.27  0.17  

Note. All effect sizes are standardized  

^  p <0.10 * p <0.05. **p <0.01. 

Table 3.4 Regression analysis showing main effects and interactions of the learning pressure 

(LP) study manipulation and student gender in predicting immediate and sustained learning gains  

 To better understand these interactions, I next examined effects of the LP study 

manipulation among boys and girls separately. The analyses indicate that, among girls, 

heightened pressure during instruction predicted smaller learning gains (Table 3.5, Figure 3.2), 
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suggesting that pressure acted more as a distracting threat than as a motivating incentive. Girls 

assigned to the LP condition had smaller immediate (βstandardized =  -0.26, p =0.04 ) and sustained 

(βstandardized =  -0.29, p =0.03 ) learning gains. In contrast, the pressure manipulation did not harm 

boys’ learning (Table 3.6). Instead, boys who were assigned to the LP condition actually had 

numerically larger learning gains as compared to boys assigned to the control condition, although 

these differences were not statistically significant (Figure 3.2).  
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Figure 3.2. Learning Gains among boys and Girls in the Control (NP) vs. Learning 

Pressure (LP) Study Conditions 
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 Immediate Gains  Sustained Gains  

Predictor  Δ R2 Β Δ R2 Β 

Step 1  0.28**  0.20*  

    Pretest  -0.45**  -0.33* 

 School 1   -0.34*  -0.28^ 

School 2      -0.10  -0.14 

School 3   -0.17  0.01 

School 5   0.05  0.14 

Step 2 0.06*  0.07*  

Pressure while Learning   -0.26*  -0.29* 

Total R2 0.34  0.28  

 

Table 3.5. Regression analysis showing impacts of Learning under Pressure among Girls  
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 Immediate Gains  Sustained Gains  

Predictor  Δ R2 Β Δ R2 Β 

Step 1  0.19*  0.15  

    Pretest  -0.39  -0.34* 

    School 1   -0.05  -0.02 

School 2      -0.15  -0.06 

School 3   -0.28*  -0.27 

School 5   0.16  0.10 

Step 2     

Pressure while Learning  0.01 0.07 0.02 0.13 

Total R2 0.20  0.17  

^  p <0.10 * p <0.05. **p <0.01. 

Table 3.6. Regression analysis showing impacts of Learning under Pressure among Boys 

Gender Differences in impacts of pressure during testing on learning outcomes  

Next, to examine possible gender differences in the role of pressure experienced in 

testing contexts, I examined main effects and interactions of the Testing Pressure (TP) study 

manipulation and student gender. As previously, pretest score, along with a dummy variable for 

school were first entered into the regression (Step 1), as control variables.  Main effects (Student 

gender, TP study manipulation) were added at step 2. Finally, to test the possibility that impacts 

of heightened pressure during testing differed for boys and girl in this study, a testing pressure * 

gender interaction term was added to the analysis (Model 3).  In contrast to findings for the 

learning pressure study manipulation, the analysis indicated no main effects of the testing 

pressure manipulation, or interactions with student gender (Table 3.7). Although the analysis did 
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not indicate a gender * testing pressure interaction, girls assigned to the testing pressure 

condition had numerically smaller learning gains than did girls assigned to the no pressure 

condition, while among boys the reverse pattern was seen (Figure 3.3) 

 Immediate Gains  Sustained Gains  

Predictor  Δ R2 Β Δ R2 Β 

Step 1  0.21***  0.16**  

    Pretest  -0.44**  -0.38*** 

School 1   -0.23*  -0.16 

School 2      -0.09  -0.03 

School 3   -0.19  -0.15 

School 5   0.05  0.10 

Step 2 0.03  0.01  

Gender  0.17*  0.22^ 

Pressure while Testing   0.04  0.16 

Step 3 0.12  0.01  

Gender x Pressure while Testing   -0.22  -0.20 

Total R2 0.25  0.19  

Note. All effect sizes are standardized  

^  p <0.10 * p <0.05. **p <0.01. 

Table 3.7. Regression analysis showing main effects and interactions of the testing pressure 

study manipulation and student gender in predicting immediate and sustained learning gains  
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Gender Gaps in engagement in the high vs. low pressure experimental conditions 

 I conducted a series of single linear regressions to test for gender differences in 

engagement (enjoyment, exploration intention, and likelihood of completing a non-required math 

activity). Mirroring findings for learning outcomes, in the no pressure condition, girls exhibited 

higher engagement as compared to their male counterparts (Table 3.8, Figures 3.4a and b). 

Specifically, in the no pressure learning condition, female students attempted more optional math 

puzzles (R 2 = 0.10, Β = 1.63, SE Β = 0.69, t = 2.38, p =0.02), and completed a greater number of 

these puzzles successfully (R 2 = 0.17, Β = 1.96, SE Β = 0.61, t = 3.21, p =0.002). Additionally, 

girls in the no pressure condition trended towards reporting greater exploration intention and 

numerically reported greater enjoyment.  
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Figure 3.3. Learning Gains among boys and girls in the control (NP) vs. testing 

pressure (TP) study conditions 
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 Exploration 

Intention 

Enjoyment  Puzzles Attempted Puzzles correct  

 R2 Β 

(SE) 

t R2 Β 

(SE) 

t R2 Β 

(SE) 

t R2 Β 

(SE) 

t 

Gender 0.05 0.47^ 

(0.29)  

1.66 0.02 0.30 

(0.27) 

1.10  0.10 1.63* 

(0.69) 

2.38 0.17 1.96** 

(0.61) 

3.21 

^  p <0.10 * p <0.05. **p <0.01. 

Table 3.8. Single regression analysis showing relations between gender and engagement 

outcomes in the no pressure (NP) learning condition  
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Intention: No Pressure Learning Condition
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 I next examined whether gender predicted these same outcomes among students 

experiencing heightened pressure during learning or testing. Among students who experienced 

heightened pressure while learning or testing , the gender gap in engagement not only 

disappeared, but in some cases reversed, mirroring findings on learning outcomes  

Among students in the Learning Pressure study condition, boys completed more optional math 

puzzles successfully (R 2 = 0.06, Β = -1.11, SE Β = 0.55, t = -2.03, p =0.045), and reported 

numerically greater enjoyment and exploration intention (Table 3.9, Figures 3.5a and b).  

 Among students who experienced pressure while testing, boys reported higher enjoyment (R 2 = 

0.07, Β = -0.58, SE Β = 0.27, t = -2.17, p =0.03; Table 3.10, Figures 3.6 a and b). 

 Exploration 

Intention 

Enjoyment  Puzzles Attempted Puzzles correct  

 R2 Β 

(SE) 

t R2 Β 

(SE) 

t R2 Β 

(SE) 

t R2 Β 

(SE) 

t 

Gender 0.001 -0.08 

(0.28) 

-

0.27 

0.01 -0.27 

(0.29) 

-

0.92 

0.04 -1.05 

(0.69) 

-

1.52 

0.06 -1.11* 

(0.55) 

-

2.03 

^ p <0.10 * p <0.05. **p <0.01. 

Table 3.9 Single regression analysis showing relations between gender and engagement 

outcomes in the learning pressure learning condition  
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 Exploration 

Intention 

Enjoyment  Puzzles Attempted Puzzles correct  

 R2 Β 

(SE) 

t R2 Β 

(SE) 

t R2 Β 

(SE) 

t R2 Β 

(SE) 

t 

Gender 0.04 -0.46^ 

(0.28) 

-

0.21 

0.07 -0.58* 

(0.27) 

-

2.17 

0.007 0.46 

(0.73) 

0.73 0.07 1.30 

(0.61) 

2.12 

^  p <0.10 * p <0.05. **p <0.01. 

Table 3.10 Single regression analysis showing relations between gender and engagement 

outcomes in the testing pressure learning condition  

0

1

2

3

4

5

Boys Girls Boys Girls

Enjoyment Exploration intention

5
-P

o
in

t 
Li

ck
e

rt
 S

ca
le

Figure 3.5 a Enjoyment and Exploration 

Intention: Learning Pressure Condition
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Discussion 

The findings reported here provide support for the possibility that gender differences in 

the role of pressure in shaping mathematics learning and engagement may help to explain the 

seemingly paradoxical ways in which mathematics achievement remains patterned by gender. 

Among students assigned to the No Pressure study condition, girls not only learned more, but 

also exhibited higher engagement outcomes.  In contrast, gender gaps in learning disappeared in 

the pressure conditions, with boys and girls showing similar learning gains when pressure was 

experienced either before or after learning. With the introduction of pressure, gender gaps in 
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Intention: Testing Pressure Condition
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engagement actually reversed, with boys who learned under pressure being more likely to engage 

in optional math activities and those who tested under pressure reporting greater enjoyment.  

The reversal of gender gaps across the low pressure versus heightened pressure  

experimental conditions raises the question as to whether this is due to heightened  pressure 

facilitating boys’ mathematics learning and engagement or harming girls’ mathematics learning 

and engagement. Did pressure during learning help boys or harm girls? How about pressure 

during testing? Answering these questions has important implications for practice because  better 

identifying when pressure helps versus harms learning could help to support learning for all 

students by allowing educators to leverage the potential for pressure to act as a motivator- while 

minimizing its potential to act as a distracting threat.  

The clearest answer from this experiment is that experiencing pressure during learning 

was harmful for girls (on average). Girls who experienced pressure while learning had 

significantly smaller learning gains immediately following the lesson and these differences 

persisted one week later- even when pressure was no longer heightened. Compounding these 

direct effects on learning, girls who experienced pressure while testing were less likely to 

attempt and complete optional math activities. However, trends in the data suggest that the 

disappearance or reversal of the gender gap in the heightened pressure experimental conditions 

may also be partially due to pressure boosting boys’ learning and engagement outcomes.  

In the no pressure condition, girls learned more from the lesson than their male 

classmates and were also more likely to complete optional math puzzles. Experiencing pressure, 

however, predicted worse learning, performance, interest and motivation among girls- 

particularly when the pressure was experienced during learning. This may be because, even in 

the no pressure condition, without the prospect of receiving an incentive, girls were already 
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engaging effort-fully with the lesson and assessments. Raising the stakes may have resulted in 

intrusive thoughts and worries that interfered with cognitive engagement while having limited 

incentivizing effects as girls were already engaged in the no pressure condition. In other words, 

girls appear to have started out in the optimal part of Yerkes & Dodson’s (1908) “inverted-U”, 

and the pressure manipulation may have pushed them into the right side of the U, where too 

much stress interferes with learning and performance outcomes. This may have been the case 

particularly if girls were more math anxious or if an increased emphasis on performance invoked 

concerns among girls that they would be judged stereotypically.  

In contrast, among boys, pressure appears to have possibly facilitated better learning and 

performance outcomes, bringing boys’ performance, interest and motivation up to the level at 

which girls were at in the no pressure condition. Raising the stakes may have motivated boys, 

who otherwise may have been more likely to disengage during instruction or testing, to put forth 

increased effort. Or, in other words, boys may have started out on the left side of Yerkes & 

Dodson’s (1908) “inverted-U”, where learning and performance suffers due to inadequate task 

engagement and effort, and the prospect of being rewarded for performance may have pushed 

them into an optimal level of stress.  

The findings reported here suggest the possibility that not feeling pressured enough may 

contribute to male’s relative underachievement on measures of mathematics achievement 

requiring sustained effort in low-stakes settings (e.g. Easton, Johnson & Sartain, 2017; 

Gershenson, & Holt, 2015), while experiences of too much pressure, possibly intersecting with 

mathematics anxiety and gender stereotypes, may contribute to female’s relative 

underachievement in high stakes mathematics settings such as competitions (e.g. Ellison& 

Swanso (2018), and eventual attrition from math-intensive fields (NSF, 2017). Future research 
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that probes what, exactly, it was about pressure that interfered with girls’ learning and 

engagement outcomes while supporting those of boys could help to identify ways to support 

mathematics achievement for all students across both high and low stakes settings.  
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CHAPTER FOUR: STEREOTYPE THREAT AND EVALUATIVE PERFORMACNE 

PRESSURE  

       Introduction 

Experiments 1 and 2 investigated impacts of stereotype threat and of evaluative 

performance pressure separately.  Findings from this first portion of my dissertation indicate that 

experiencing either pressure source during initial learning opportunities can impact mathematics 

learning and engagement- for better and for worse.  Results highlight that understanding the role 

of pressure in shaping mathematics learning requires taking into account student characteristics 

as well as the pressure source. Student gender and baseline EFs in particular both played 

important roles in shaping how learning and engagement was impacted by experiencing 

heightened pressure during conceptual math instruction. Additionally, the impacts of stereotype 

threat and evaluative performance pressure differed- as did the role of student gender and EFs in 

moderating effects.  

Although pressure sources were examined separately in Experiments 1 and 2, stereotype 

threat and evaluative performance pressure often co-occur in actual classrooms, with students of 

color being disproportionately likely to attend schools that are affected by high stakes 

accountability policies (e.g. Au, 2009; Croft, Roberts & Stenhouse, 2015; Wasserberg & 

Rottman, 2016; Wasserberg, 2017). These two stressors may interact and even exacerbate each 

other, as fears of being judged stereotypically can be intensified in the context of evaluative 

pressure related to high-stakes testing (Wasserberg & Rottman, 2016). For example, in 

qualitative interviews, African American students attending a high school that had adopted a test-

centric curriculum after receiving a failing grade from the state in hopes of avoiding sanctions 

reported experiencing high levels of both evaluative pressure and stereotype threat (Wasserberg 
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& Rottman, 2016). In the interviews, the high school students reported that their teachers made 

constant references to the state tests, and that fear of being negatively stereotyped exacerbated 

pressures associated with so constant a focus on test performance.  The students described 

feeling that their school was stereotyped as being a “dumb” school, and the students attending it 

as being “dumb, gang-affiliated troublemakers”, and, in one student’s words, the high-stakes 

testing context exacerbated the effects of these stereotypes: “Some of them think we’re going to 

be a D school again next year, or an F school again next year, or we’re going to get worse so 

what’s the point of working? Then there’s the other kids who are nervous because they feel like 

the school depends on them to raise the school’s grade.” (Wasserberg & Rottman, 2016).  

Although it is clear that many students experience both stereotype threat and evaluative 

performance pressure in their classrooms, limited research has addressed the effects of these 

stressors when experienced together. Are effects simply additive, or do they interact? Regarding 

detrimental effects of pressure, is experiencing two sources of pressure worse than experiencing 

just one?  On the one hand, it is possible that if students are already experiencing distracting and 

intrusive thoughts associated with one pressure source, adding another pressure source would not 

further impede learning. But, on the other hand, it could also be the case that experiencing 

multiple sources of pressure could intensify intrusive thoughts and be more damaging to learning 

than experiencing a single pressure source.  

There are also questions to be answered regarding some of the more positive aspects of 

pressure when identity threatening and non-identity threatening pressure sources are experienced 

simultaneously. Does the potential for evaluative performacne pressure to function as a 

motivator and enhance learning and engagement observed among boys in Experiment 2 extend 

to students who are also experiencing stereotype threat?  Or, do feelings of identity threat block 
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out the potential for pressure to function as a motivating incentive? Alternatively, could the 

potential for non-identity threatening pressure to act as a motivator actually counteract 

detrimental effects of stereotype threat?  

In Experiment 3, I investigated effects of both sources of pressure on students’ 

mathematics learning and engagement. To do so, I ran a 2 x 2 research design crossing 

stereotype threat and evaluative performance pressure. The primary focus of Experiment 3 is to 

better understand how experiencing both stereotype threat and evaluative performance pressure 

simultaneously impacts children’s mathematics learning and engagement.   

Additionally, while findings from Experiments 1 and 2 indicated that the impacts of 

experiencing stereotype threat during learning differed from those of experiencing evaluative 

performance pressure during learning and that these two stressors should not be treated as one 

and the same, because data were collected in different contexts, a direct comparison of these two 

stressors was not possible from the first two studies alone.  In addition to allowing for an 

investigation of the impacts of stereotype threat and evaluative performance pressure 

experienced concurrently, the design of Experiment 3 allows for a  more direct comparison of 

these two stressors.  In this chapter, I examine effects of stereotype threat and evaluative 

performance pressure on student learning. In addition to testing for main effects, I examine 

whether these two sources of pressure interact with each other as well as with student gender and 

EF in predicting learning gains. 

In this study, to better understand student characteristics that can support learning, even 

in high pressure or threatening contexts, I also collected a richer set of information on individual 

differences and student characteristics. In chapter 5, I explore student characteristics that can 

promote learning, even in high pressure or threatening contexts. Specifically, I examine relations 
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between students’ learning orientations, academic efficacy, attitudes towards novelty and 

mathematics anxiety and learning gains during the lesson. I test whether these relations differ or 

are similar in high and low-pressure contexts. The goal of these analyses is to identify student 

characteristics that support learning generally, and to examine whether these relationships extend 

to high pressure contexts.  

Methods 

Design and Procedures  

To consider the role of both stereotype threat and evaluative performance pressure in 

shaping student learning, in Experiment 3, I implemented a 2 x 2 research design crossing 

stereotype threat and evaluative performance pressure. Participants were randomly assigned to 

one of four design cells that resulted from crossing two between-subjects factors: stereotype 

threat before learning (vs. not) and incentivized performance pressure before learning (vs. not; 

see Figure 4.1).  

 

Figure 4.1. Experiment 3 Design 

In this study, stereotype threat, evaluative performance pressure, both or neither were 

invoked before learning using the same pressure manipulations as in the previous experiments. 

All other study procedures were also identical to those used in the first two experiments, with the 

exception of several additional measures, all of which were administered during the first study 
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session. These measures were added in order to better understand student characteristics that can 

support learning, even in high pressure or threatening contexts, and are described and analyzed in 

Chapter 5. 

Participants and Schools 

All 5th grade classes at 5 schools in the Chicago area were invited to participate in year 1. 

One school also participated in Year 2. All schools invited to participate had student populations 

comprised nearly exclusively of students of color, who are disproportionately burdened by the 

challenges of contending with stereotype threat in K-12 classrooms. School 1, which participated 

over 2 study years, is a traditional public elementary school located in a southwest suburb, with a 

student population comprised of predominantly African American students. School 2 is a charter 

elementary school located on Chicago’s southwest side, serving a predominantly Latinx student 

population. Schools 3 and 4 are university affiliated charter elementary schools, both located on 

Chicago’s south side and serving predominantly African American Student populations.  

A total of ten fifth grade classes (249 students) participated in the study. Thirty-seven 

students who were absent on one or more study days were excluded from analysis. Ten students 

who reported their race to be either White (9) or Asian (1) were excluded from the main 

analyses. Students who reported their race/ethnicity as biracial with at least one negatively 

academically stereotyped identity were retained in analyses.  

The remaining sample included 201 students who were present on all study days and 

completed all math assessments and learning activities. Self- reported demographics of these 

participants are shown in Table 4.1 Due to time constraints and/or students getting pulled out of 

class early, a few students were unable to complete additional measures and surveys. 

Specifically, 3 students did not complete the PALS survey, 6 students did not complete the 
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Mathematics Anxiety measure and 12 students did not complete the EF measure. These students 

were retained in analysis and the missing indicator method was used to handle missing values. 

Specifically, I created a dummy variable for each of the potentially missing measures (PALs, 

Math Anxiety, EF). The dummy variable was coded as “1” if the value was missing and “0” if 

otherwise and was included in the regressions.  

 Girl Boy Total 

Black 73 80 153 

Latinx 12 14 26 

Biracial* 14 8 22 

Total 99 102 201 

Table 4.1. Study 3 Participant Demographics 

* Biracial girls reported their race/ethnicity as: White and African American (4 students), 

African American and Latino (1 student), African American and Asian (2 students), African 

American and Other (4 students), Latinx and Other (3 students). Biracial boys reported their 

race/ethnicity as: White, African American and Latinx (1 student), African American and Latinx 

(2 students), African American and Other (5 students).  

Teacher and Experimenter Demographics 

Children’s regular math teachers were present in the classroom throughout the study. In 

five classrooms, the teacher was an African American female.  In four classrooms, the teacher 

was a white female, and in one classroom, the teacher was an African American male. The 

primary experimenter in all classrooms was either a White or South Asian female.  
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Results  

Analytic Plan 

 As for the previous experiments, I first report an analysis of pretest performance to 

ensure that random assignment was successful.  I then describe analyses pertaining to my main 

questions of interest: how experiencing evaluative performance pressure and/or stereotype threat 

during instruction impacted immediate and sustained learning gains, and whether these pressures 

interacted with each other or with student gender and EF. I then examine impacts on student’s 

affective engagement with the lesson, including the extent to which students reported that they 

enjoyed the lesson and desired to learn more about the topic covered in the lesson. 

 Performance at Pretest 

Pretest performance did not differ among students assigned to the four learning 

conditions or between boys and girls (all p s > 0.15). Pretest performance among boys and girls 

assigned to each of the learning conditions are shown in Table 4.2.  
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Pretest 

Performance  

Immediate 

Gains 

Sustained 

Gains 

Boys Mean (SE)  Mean (SE) Mean (SE)  

NTP 

(n=22) 

0.14 (0.05) 0.24 (0.06) 0.14 (0.06) 

LT 

(n=27) 

0.10 (0.02) 0.10 (0.03) 0.07 (0.03) 

LP 

(n=20) 

0.13 (0.04) 0.30 (0.07) 0.28 (0.08) 

LTP 

(n=32) 

0.15 (0.05) 0.18 (0.05)  0.13 (0.04) 

All 

(n=101) 

0.13 (0.02) 0.19 (0.02)  0.15 (0.03)  

Girls Mean (SE)  Mean (SE)  Mean (SE)  

NTP 

(n=23) 

0.05 (0.02) 0.22 (0.05) 0.19 (0.05) 

    

LT 

(n=24) 

0.09 (0.03) 0.30 (0.06) 0.29 (0.06) 

LP 

(n=33) 

0.15 (0.04) 0.19 (0.04) 0.12 (0.03) 

LTP 

(n=20) 

0.15 (0.05) 0.21 (0.06) 0.16 (0.05) 

All  

(n=100) 

0.11 (0.02) 0.23 (0.03) 0.18 (0.02)  

 

Table 4.2. Mean pretest performance and learning gains among boys and girls assigned to the 

No Stereotype Threat or Evaluative Pressure (NTP), Learning under Stereotype Threat (LT), 

Learning under Evaluative Pressure (LP), and Learning under Stereotype Threat and Evaluative 

Pressure (LTP) Conditions  

Learning under Stereotype threat and/or incentivized performance pressure: Relations 

between learning condition, student gender and EF  

 In a series of regressions, I examined main effects and interactions of evaluative 

performance pressure, stereotype threat, student gender, and EF on immediate and sustained 

learning gains. Pretest performance and a dummy variable for school were first entered into the 



  100

model as control variables (Step 1). As discussed in the methods section, I used the missing-

indicator method to handle missing EF data, and a dummy variable coded as “1” if EF data was 

missing, “0” if not was also included in the model at this step. Evaluative performance pressure 

(binary coded: 0= no evaluative performance pressure; 1=evaluative performance pressure), 

stereotype threat (binary coded: 0= no stereotype threat; 1= stereotype threat), student gender 

(binary coded: 0=boy, 1=girl) and EF (entered as a continuous variable with values ranging from 

133 to 404) were then added to the model (Step 2, main effects). Next, to examine interactions 

between gender and learning condition and between EF and learning condition, the following 

interaction terms were added to the model: evaluative performance pressure x gender, stereotype 

threat x gender, evaluative performance pressure x EF, and stereotype threat x EF.  Finally, in 

Step 4, I tested for interactions between stereotype threat and evaluative performance pressure. 

All results from the regression are shown in Table 4.3. 
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Table 4.3. Multiple Regression Analyses Predicting Immediate and Sustained Gains in Accuracy 

From Main Effects and Interactions of Stereotype Threat (ST) and Evaluative Performance 

Pressure (EPP) with Gender and EF   

 Immediate Sustained 

Predictor  Δ R2 Β Δ R2 Β 

Step 1 (Controls)  0.10**  0.07*  

    Pretest  -0.20**  -0.15* 

    School 1   0.10  0.06 

    School 2  0.18*  0.17* 

    School 3  0.27**  0.23* 

    School 4  0.15^  0.14 

Missing EF Indicator   0.10  0.09 

Step 2 (Main Effects)  0.07**  0.04^  

Gender  0.07  0.09 

EF  0.23**  0.19** 

ST  -0.03  0.01 

EPP  0.03  -0.004 

Step 3 (Interactions)  0.05*  0.06**  

Gender  0.01  0.10 

EF  0.26*  0.23* 

ST  -0.14  -0.06 

IPP  0.22  0.31 
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ST x Gender  0.29**  0.28* 

ST x EF  -0.07  -0.12 

EPP x Gender  -0.22^  -0.32** 

EPP x EF  -0.04  -0.13 

Step 4 (Interaction)  0.00  0.003  

EPP x ST  -0.04  -0.11 

Total R2 0.21  0.18  

^  p <0.10 * p <0.05. **p <0.01. 

Table 4.3. Multiple Regression Analyses Predicting Immediate and Sustained Gains in Accuracy 

From Main Effects and Interactions of Stereotype Threat (ST) and Evaluative Performance 

Pressure (EPP) with Gender and EF  (Continued)  

 The analysis did not detect main effects of either stereotype threat or evaluative 

performance on either immediate or sustained learning gains, but revealed significant 

interactions between learning condition and student gender. Gender and evaluative performance 

pressure interacted in predicting both immediate (Βstandardized  = - 0.22, p =0.07) and sustained 

(Βstandardized =- 0.32, p = 0.009) gains in accuracy.  Gender also interacted with stereotype threat to 

predict immediate (Βstandardized =0.29, p = 0.009) as well as sustained (Βstandardized = 0.28, p = 0.01) 

accuracy gains.   The analysis did not detect interactions between incentivized performance 

pressure and stereotype threat. The analysis showed main effects of student EF; students with 

higher baseline EFs exhibited larger learning gains, both when measured immediately and at a 

delay- even when controlling for prior knowledge.  EF did not interact with learning condition.  

Because the analysis revealed interactions between gender and learning condition- 

suggesting that effects of stereotype threat and evaluative performance pressure differed for boys 
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and girls-I next examined impacts of evaluative performance pressure and of stereotype threat 

among boys and girls separately.  

Gender Variations in Main Effects of Evaluative Performance Pressure and Stereotype 

Threat Manipulations 

Evaluative performance pressure. I first examined gender variations in effects of 

evaluative performance pressure. Evaluative performance (binary coded: 0= no EPP, 1= IPP) 

was used to predict immediate and sustained gains in accuracy for boys and girls separately, 

controlling for school, pretest score, and EF. A dummy indicator for whether EF data was 

missing was also included in the model. All results from the regressions are shown in Tables 4.4a 

and b.  In line with findings in Experiment 2, evaluative performance pressure was generally 

more harmful for girls and more beneficial for boys (Figures 4.1 a and b). Among girls, the 

evaluative performance pressure manipulation predicted numerically smaller immediate learning 

gains and significantly smaller sustained learning gains (Βstandardized = - 0.21, p = 0.04, Figure 

4.2a). In contrast, among boys, the evaluative performance manipulation predicted numerically 

larger immediate gains and marginally significantly larger sustained learning gains (Βstandardized = 

0.17, p =0.08, Figure 4.2b).  
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 Immediate  Sustained  

Predictor  Δ R2 Β Δ R2 Β 

Step 1  0.17*  0.13^  

Pretest  -0.30**  -0.20^ 

School 1  0.09  -0.001 

School 2  0.35**  0.27* 

School 3  0.28*  0.21^ 

School 4  0.15  0.13 

EF  0.15  0.19^ 

Missing EF Ind.   0.05  0.09 

Step 2 0.01  0.04*  

EPP  -0.10  -0.21* 

Total R2 0.18  0.17  

^  p <0.10 * p <0.05. **p <0.01. 

Table 4.4 a. Multiple regression analysis predicting immediate and sustained learning gains 

from evaluative performance pressure (EPP) manipulation (girls)  
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 Immediate  Sustained  

Predictor  Δ R2 Β Δ R2 Β 

Step 1 (Controls)  0.21**  0.11  

Pretest  -0.20*  -0.15 

School 1  0.11*  0.12 

School 2  0.09  0.14 

School 3  0.32*  0.31* 

School 4  0.17  0.18 

EF  0.33**  0.20* 

Missing EF Ind.  0.19*  0.12 

Step 2 0.02  0.03^  

EPP  0.15  0.17^ 

Total R2 0.23  0.14  

^  p <0.10 * p <0.05. **p <0.01. 

Table 4.4 b. Multiple regression analysis predicting immediate and sustained learning gains from 

evaluative performance pressure manipulation (boys)  
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Stereotype threat. I next examined gender variations in effects of the stereotype threat 

manipulation. Stereotype Threat (binary coded: 0= no ST, 1= ST) was used to predict immediate 

and sustained gains in accuracy for boys and girls separately. The same controls were used as in 

the previous analyses: school, pretest score, and EF.  A dummy indicator for whether EF data 

was missing was also included in the model. All results from the regressions are shown in Tables 

4.5 a and b. The analysis indicated that, unlike in Experiments 1a and b, girls’ learning gains 

were not harmed by the stereotype threat manipulation. Instead, girls actually exhibited 

numerically larger sustained learning gains when asked to report on their race before the lesson, 

although these differences did not approach statistical significance (Figure 4.3a). One possible 

reason for this contrast with findings in Experiments 1a and b that is considered more fully in the 

discussion may have been the much greater presence of African American female teachers 

among participating schools in this study.  

 Unlike girls, boys who experienced stereotype threat had significantly smaller immediate 

learning gains (Βstandardized = -0.20 p =0.04) and marginally smaller sustained learning gains 

(Βstandardized = -0.18, p =0.09).  Detrimental effects of stereotype threat were seen among boys 

regardless of EF level (Figure 4.3b), which also contrasts with findings in Experiments 1a and b.  

Possible reasons for this difference, which are considered more deeply in the discussion, are 

differences in students’ prior knowledge across studies as well as changes in the broader 

sociocultural and political context from when experiments 1a and b took place.  
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 Immediate  Sustained  

Predictor  Δ R2 Β Δ R2 Β 

Step 1 (Controls)  0.17*  0.13^  

Pretest  -0.30**  -0.20^ 

School 1  0.09  -0.001 

School 2  0.35**  0.27* 

School 3  0.28*  0.22^ 

School 4  0.15  0.13 

EF  0.14  0.19^ 

Missing EF ind.   0.05  0.09 

Step 2 0.02  0.04^  

ST  0.14  0.19^ 

Total R2 0.19  0.17  

^  p <0.10 * p <0.05. **p <0.01. 

Table 4.5a. Multiple regression analysis predicting immediate and sustained learning gains from 

stereotype threat (ST) manipulation (girls)  
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Figure 4.3 a. Stereotype Threat did not Harm  Immediate or 

Sustained Learning Gains among Girls
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 Immediate  Sustained  

Predictor  Δ R2 Β Δ R2 Β 

Step 1 (Controls)  0.21**  0.11  

Pretest  -0.20*  -0.15 

School 1  0.11  0.12 

School 2  0.09  0.15 

School 3  0.32*  0.31* 

School 4  0.17  0.18 

EF  0.33**  0.20* 

Missing EF Ind.   0.19*  0.12 

Step 2 0.04*  0.02  

ST  -0.19*  -0.15 

Total R2 0.25  0.13  

^  p <0.10 * p <0.05. **p <0.01. 

Table 4.5b. Multiple regression analysis predicting immediate and sustained learning gains from 

stereotype threat (ST) manipulation (boys)  
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Impacts of Pressure on Engagement Outcomes  

While the results discussed above focus on impacts of stereotype threat and evaluative 

performance pressure on students’ learning, it is also important to consider the ways in which 

experiences of pressure might shape students’ affective engagement with mathematics. In the 

following analyses, I examine effects of the pressure manipulations on the extent to which 

students reported enjoying the lesson (enjoyment) and feeling motivated to learn more about the 

topic (exploration intention).  

I conducted a series of regressions to test for main effects and interactions between 

stereotype threat and evaluative performance pressure on students’ enjoyment and exploration 

intention.  Stereotype threat and evaluative performance pressure were entered into the model at 

step 1. The interaction term (stereotype threat x evaluative performance pressure) was added to 

the model at step 2. All results from the regression are shown in table 4.6. When the interaction 

term was included in the model, the analysis detected main effects of stereotype threat and of 

evaluative performance pressure on exploration intention. Students who experienced evaluative 

performance pressure while learning reported lower exploration intention (Βstandardized = -0.25, p 

=0.01), and students who experienced stereotype threat while learning also exhibited trends 

towards lower exploration intention (Βstandardized = -0.19, p =0.07). The analysis also indicated an 

interaction between the two pressure sources in predicting exploration intention (Βstandardized = 

0.26, p =0.04).  The analysis did not indicate statistically significant main effects or interactions 

of stereotype threat or evaluative performance pressure on enjoyment, but students who 

experienced either pressure source also reported numerically lower enjoyment.   
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 Enjoyment  Exploration Intention  

Predictor  Δ R2 Β Δ R2 Β 

Step 1  0.01  0.01  

Stereotype Threat  -0.07  -0.03 

Evaluative 

Performance 

Pressure  

 -0.08  -0.10 

Step 2  0.004  0.02*  

Stereotype Threat   -0.14  -0.19^ 

Evaluative 

Performance 

Pressure  

 -0.15  -0.25* 

Stereotype Threat 

x Evaluative 

Performance 

Pressure  

 0.11  0.26 

Total R2 0.015  0.03  

^  p <0.10 * p <0.05. **p <0.01. 

Table 4.6. Multiple regression analysis showing impacts of Stereotype Threat and Evaluative 

Performance Pressure on Enjoyment and Exploration Intention 

In the analyses described above, I tested for main effects and interactions of stereotype 

threat and of evaluative performance pressure. Examining student interest and enjoyment in the 

four conditions, however, there appeared to possibly be a harmful effect of experiencing any 
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source of pressure on student’s enjoyment and exploration intention (see figure 4.4). To explore 

this possibility, I conducted a regression analysis in which I collapsed across pressure condition, 

and tested whether being assigned to any of the three pressure conditions predicted differences in  

interest or enjoyment (Table 4.7). As compared to students in the control group, students in any 

of the three pressure conditions reported diminished exploration intention (Βstandardized = -0.16, 

p=0.02) and possibly lower enjoyment (Βstandardized = -0.12, p =0.08).  
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Figure 4.4. Enjoyment and Exploration Intention Among 

Students in the Four Learning Conditions 
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 Enjoyment  Exploration Intention  

Predictor  Δ R2 Β Δ R2 Β 

Any Threat or 

Pressure   

0.02^ -0.12^ 0.03* -0.16 

^  p <0.10 * p <0.05. **p <0.01. 

Table 4.7. Regression analysis showing impacts of any pressure on enjoyment and exploration 

intention 

Discussion 

Findings in Experiment 3 suggest the existence of complex and non-uniform relations 

between pressure and academic achievement. One of the most striking findings was the 

emergence of strong gender differences in the impacts of stereotype threat and of evaluative 

performance pressure. Bolstering findings reported in the preceding chapters, results from this 

experiment provide evidence that experiences of pressure during mathematics learning 

opportunities can have meaningful implications for children’s mathematics learning and 

engagement. While experiences of stereotype threat and evaluative performance pressure in the 

mathematics classroom can both have meaningful implications for children’s cognitive and 

affective engagement with math, results highlight that identity threatening versus non-identity 

threatening pressure sources can play different roles in shaping mathematics learning. Results 

from Experiments 1 and 2 indicated that this was likely the case, and that stereotype threat and 

evaluative performance pressure should not be treated as one and the same; it is now possible to 

make this conclusion with greater confidence, as in the current experiment students within the 

same classroom were randomly assigned to experience the different pressure sources while 

learning.  
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Findings from this experiment show the potential for evaluative performance pressure to 

act as both motivating incentive and distracting threat. Among boys, experiencing evaluative 

performance pressure appears to have acted as a motivator, boosting learning outcomes- likely 

through increased effort. Among girls, the same pressure source appears to have acted as a threat, 

harming learning -  likely through increases in intrusive thoughts. These results replicate findings 

in Experiment 2 and suggest that gender differences in impacts of evaluative performance 

pressure on learning may play a role in explaining the reversal of gender gaps in mathematics 

achievement across low vs. high stakes settings.  

Results also show the potential for stereotype threat to act as a distracting threat and harm 

learning. While detrimental effects of stereotype threat were not inevitable, unlike evaluative 

performance pressure, there was not evidence of stereotype threat actually functioning as a 

motivating incentive and boosting learning outcomes. Boys of color who were asked to report 

their race before the lesson had smaller learning gains, while girls’ learning was not affected by 

the stereotype threat manipulation. 

There was no evidence that the two different pressure sources interacted. Among boys, 

these was a main (facilitative) effect of evaluative performance pressure and a main (harmful) 

effect of stereotype threat regardless of whether or not boys experienced just one or both sources 

of pressure. Among girls, there was a main (harmful) effect of evaluative pressure that was seen 

regardless of whether or not girls also experienced stereotype threat.  This contrasts with what 

might be expected based on findings showing that high stakes testing pressures can heighten the 

salience of stereotypes (e.g. Wasseerberg, 2017), but suggests that stereotype threat and 

evaluative performance pressure may act through different pathways to shape children’s 

learning.  



  114

In Experiment 3, detrimental effects of stereotype threat on learning were seen among 

boys regardless of EF level, and were not driven solely by high EF students.  This contrasts with 

findings reported in Chapter 2, which detected effects of stereotype threat only among students 

high in EFs. These cross-study differences are likely real effects, not stemming solely from 

differences in power across studies. Examination of effect sizes in Experiments 1a and b suggest 

that stereotype threat truly did not reduce learning gains among low EF students in these studies, 

and these cross-study differences were not solely because impacts of stereotype threat among 

low EF students did not reach statistical significance in the earlier studies.  

Among low EF students in Experiment 1a, stereotype threat effect sizes for immediate 

and sustained gains were both extremely small in magnitude (below 0.005) and positive, the 

opposite direction that would be observed if stereotype threat had harmed learning (see Table 

2.3, Figure, 2.2). In Experiment 1b, stereotype threat effects among low EF students were 

slightly larger in magnitude, but still well below statistically significant effect sizes, and also in 

the opposite direction as would be expected if stereotype threat had harmed learning (See Table 

2.7, Figure 2.3). There are several possibilities for this difference, which I discuss below.  

A possible reason that detrimental effects of stereotype threat were seen regardless of 

student EF level in Experiment 3, but not in Experiments 1a and b, is that participants in 

Experiment 3 had higher prior knowledge (as measured by pretest performance), particularly as 

compared with participants in Experiment 1b. Detrimental effects of pressure and cognitive load 

can be greatest among high EF individuals because  when not experiencing cognitive load, these 

individuals are most able to engage with learning and testing opportunities in cognitively 

demanding ways, for example engaging with the conceptual underpinnings of comparative 

mathematics instruction (e.g. Begolli & Richland, 2016; Begolli, Richland, Jaeggi, Lyons, 
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Klostermann &  Matlen, 2018; Lyons, Simms, Begoli & Richland, 2018), or using cognitively 

demanding solution strategies to solve problems (e.g. Maloney, Sattizahn & Beilock, 2014; 

Maloney, Schaeffer & Beilock, 2013). If low EF students in Experiments 1a and b weren’t 

engaging with the conceptual underpinnings of the lesson and were instead engaging with the 

lesson on a more superficial level even in the absence of pressure, cognitive load from stereotype 

threat would be less likely to harm their learning. Among students in the current study, however, 

higher levels of prior knowledge may have served as a support that enabled students with lower 

levels of EFs to still engage with the conceptual underpinnings of the lesson when not 

experiencing intrusive thoughts and cognitive load. This could be a reason that detrimental 

effects of stereotype threat were seen even among low EF boys in this study.     

 Changes in the broader sociocultural and political context between Experiments 1a and b 

and Experiment 3 may also play a role in explaining why detrimental effects of stereotype threat 

were concentrated among high EF students in the first two experiments, but were seen among 

boys regardless of EF level in Experiment 3. While children develop awareness of broadly held 

stereotypes from young ages, the exact age at which children become stereotype aware varies- 

from child to child to child and depending on the salience of a given stereotype in the child’s 

lived experience.  Children who are higher in EFs, for example, may be more cognitively mature 

and thus may develop awareness of stereotypes at younger ages. Additionally, awareness of 

highly salient stereotypes tends to develop earlier. Greater salience of discrimination and 

macroaggression in children’s lived experiences may lead children to develop awareness of 

stereotypes at earlier ages. For example, McKown & Weinstein (2003) found that awareness of 

broadly held racial stereotypes increased rapidly between age 6 and 10 among all children, but 

particularly among children of color. At age six, for example, 15 % of Latinx and African 
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American children in McKown & Weinstein’s (2003) study demonstrated awareness of widely 

held racial stereotypes (compared with 6 % of White and Asian students), while by age ten, the 

proportion of Latinx and African American children who were stereotype aware had increased to 

80% (compared with 63% of White and Asian students).  

Data for Experiment 3 was collected during late 2016 and early 2017, a time in which 

racial stereotypes and tensions were especially salient and visible in the US. Experiments 1a and 

b took place during 2014 and 2015, a time in which despite still being present, racial tensions 

and stereotypes were possibly less apparent to young children. It is thus possible that in the 

earlier context, children lower in EFs may have been less likely to have developed strong 

stereotype awareness, which may have protected them against experiencing the stereotype threat 

study manipulation as threatening. In contrast, it is possible that due to the increasing visibility of 

racial stereotypes in the 2016/2017 context, children who participated in Experiment 3 tended to 

be stereotype aware by age 10 and 11, regardless of EF level, and were thus more likely to 

experience the stereotype threat study manipulation as threatening. This is only one possible 

explanation, and there is no research that I am aware of showing that children’s awareness of 

racial stereotypes increased between these years. However, life course development occurs in 

“contexts that are shaped by the particular historical moment” (see Spencer & Swanson, 2013) 

and this possibility therefore should thus not be dismissed.  

Another marked difference in findings on impacts of stereotype threat in the current study 

is that detrimental effects of stereotype threat were only seen among boys, while stereotype 

threat harmed learning among both boys and girls in Experiments 1a and b. Particularly given 

increasing salience of racial stereotypes in the broader socio-cultural context during Experiment 

3, the finding that stereotype threat did not harm learning among girls is at first surprising.  Girls’ 
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resilience to the stereotype threat manipulation reminds us that children are embedded in  

multiple interconnected contexts that include the child’s immediate settings as well as more 

distal influences, such as the sociocultural and political context (Bronfenbrenner, 1979). 

Supports present in a child’s immediate context can help the child to successfully cope with 

stressors and even mitigate risks from more distal contexts of development, such as heightened 

salience of racism and racial stereotypes. While none of the students who participated in 

Experiments 1a and b had African American female math teachers, the majority of participants 

in the current study did. With the exception of students in one class, even those students who 

were not themselves taught by an African American female math teacher were still attending 

schools in which there was an African American female math teacher for their grade. Because 

students were not randomly assigned to teachers of different races and genders, this conclusion 

must be considered tentatively, but for girls in Experiment 3, having a female African American 

math teacher may have served as a support that mitigated against detrimental effects of 

stereotype threat.  
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CHAPTER FIVE: STUDENT CHARACTERISTICS THAT SUPPORT LEARNING 

ACROSS HIGH AND LOW PRESSURE CONTEXTS 

Introduction 

In chapters two through four, I examined impacts of experiencing heightened pressure 

during conceptual math instruction among early adolescents and tested whether student gender 

and baseline EFs moderated effects. In this chapter, I explore the role of additional and more 

nuanced student characteristics in supporting learning across high and low pressure contexts 

among the students who participated in Experiment 3. The goal of these analyses is to identify 

student level protective factors that can promote learning and engagement despite pressure. 

The students who participated in all studies learned. In all four experiments and across all 

study conditions, students showed learning gains, demonstrating greater understanding of ratio 

on the posttests compared to their pretest understandings. These gains were sustained over at 

least a week with students continuing to show greater mastery of the material covered in the 

lesson at the delayed posttest, as compared with their pretest understanding.  

This finding should not be considered inconsequential, as students were engaging with a 

conceptually challenging math lesson in a learning context absent many supports known to 

facilitate conceptual learning. For instance, although the lesson itself was high quality and 

incorporated instructional supports to promote relational reasoning, the video-delivered format 

did not offer affordances for students viewing the lesson to engage in mathematical 

conversations or to ask questions, both of which can support conceptual math learning (Kazemi 

& Hintz, 2014; Richland et al., 2016). Additionally, while the lesson’s objectives and content 

were topics within the normal math curriculum for 5th grade children (National Governors 
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Association Center for Best Practices, 2010), the particular time that students viewed the lesson 

was often out of sync with their classroom’s learning progression.  Beyond just the absence of 

these supports for learning, the experiments introduced additional pressures to challenge 

learning. Yet, even when contending with both stereotype that and evaluative performance 

pressure, students learned. What factors contributed to children’s successful learning, despite 

these non-ideal learning contexts?  

In the section that follows, I explore student characteristics that promoted learning, 

despite these challenges. Specifically, I examine relations between student characteristics 

(including learning orientations, academic efficacy, attitudes towards novelty and mathematics 

anxiety) and learning and engagement outcomes (students’ immediate and sustained learning  

gains as well as their reported enjoyment and exploration intention following the lesson). I test 

whether these relations change or remain constant across high and low-pressure contexts. The 

goal of these analyses is to identify student characteristics that support learning overall, and to 

examine whether these relationships extend to high pressure contexts.  

Learning Orientations  

Learning goal orientations, or motivations for engaging in academic behaviors, can be 

categorized into one of the following three classifications: Mastery Orientation (primary 

motivation for engaging in academic behavior is developing competence or understanding); 

Performance-Approach Orientation (primary motivation is demonstrating competence); or 

Performance-Avoid Orientation (primary motivation is to avoid demonstrating incompetence) 

(Midgley et. al, 2000). The mastery orientation has been associated with the most positive 

learning and achievement outcomes, while the performance-avoid orientation has been 

associated with negative outcomes (Midgley et. al, 2000). Students’ learning goal orientations 
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are important predictors of learning and achievement outcomes (e.g. Dweck, 1986; Cury et. al, 

2002; Elliot et. al 2005).  It is therefore important to understand the extent to which students’ 

goal orientations influence risk and resilience to stressors including stereotype threat and 

evaluative pressure, when experienced in learning contexts.   

  Students who endorse an incremental theory of intelligence, or growth mindset, are more 

likely to possess a mastery goal orientation (e.g. Dweck & Leggett, 1998; Dinger, & Dickhäuser, 

2013), and are also less vulnerable to stereotype threat (Aronson, Fried & Good, 2002). Both 

because of this link and due to the positive learning outcomes generally associated with the 

mastery orientation, we might expect possessing a mastery goal orientation to be protective 

against stereotype threat and evaluative pressure. However, a 2011 study by Chalabaev and 

colleagues that manipulated stereotype threat and goal orientations suggests that the opposite 

may be true. In this study, inducing a performance avoidance goal orientation buffered the 

detrimental impact on women’s math performance of a gender stereotype threat (Chalabaev et al, 

2011). However, it is important to note that this study examined effects of experimentally 

induced learning goals, as opposed to students’ own internalized learning orientations, which 

could play a different role in supporting learning despite pressure. 

In this chapter, I examine relations between children’s own learning orientations and their 

mathematics learning and engagement outcomes following a conceptually challenging 

mathematics lesson. To help to clarify the relationship between students’ goal orientations and 

vulnerability vs. resilience to stressors including stereotype threat and evaluative pressure, I 

examine whether introducing pressure changes relationships between children’s learning 

orientations and their mathematics learning and engagement outcomes.  

Academic Efficacy  
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Children’s views of themselves as students and beliefs about their academic efficacy are 

powerful predictors of learning across contexts (Bandura, 1993; Blackwell, Trzesniewski 

&Dweck, 2007; Eccles & Wigfield, 2002). Academic efficacy could be especially important in 

high pressure or threatening learning contexts, as children who feel confident their efforts can 

result in desired outcomes may be more likely to experience heightened pressure as a motivating 

incentive than as a distracting threat. In this chapter, I examine whether academic efficacy 

predicts learning and interest outcomes.  I then test whether introducing pressure alters these 

relationships to explore whether academic efficacy may act as a protective factor among students 

contending with heightened pressure during learning opportunities.  

 Academic efficacy and mastery goal orientation are both well-known to predict 

educational achievement (e.g. Ames, 1992; Wolters, 2004; Honicke & Broadbent, 2016). 

However, how students’ academic efficacy and goal orientations shape in-the-moment 

engagement and learning within a particular learning context is underexplored. The current study 

examines the role of these student characteristics in shaping in the moment learning and 

engagement in high and low pressure contexts. I tested: (1) whether student’s academic efficacy 

and goal orientations predicted learning gains from a single high quality, yet challenging, 

conceptual mathematics lesson, (2) whether these same traits predicted students’ enjoyment of 

the lesson and desire to learn more about the lesson’s content, (3) whether these relationships 

differed across high versus low pressure learning contexts, and (4) whether these relationships 

differed between boys and girls.  

Methods 

Participants 
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Participants were 201 5th grade students. Participating schools and students are described 

in the preceding chapter and in Table 4.1.   

 

Procedure 

 Students completed the procedures described in Chapter 4. As noted, these students 

completed additional measures in order to better understand the role of student level protective 

factors in promoting learning despite pressure.  All of these measures are described below. The 

analyses reported focus on Mastery Learning Orientation and Academic Efficacy.  

Individual Differences Measures 

Learning orientations. Students’ Learning Orientations, or motivations for engaging in 

academic behavior, were measured with The Mastery Goal Orientation, Performance-Approach 

Goal Orientation and Performance-Avoid Goal Orientation subscales from the Patterns of 

Adaptive Learning (PALS) Instrument (Midgley et al., 2000). The Mastery Goal Orientation 

subscale (Cronbach’s Alpha = 0.85) includes 5 items assessing the extent to which students’ 

reasons for putting forth effort in school include developing their own competence or 

understanding. The Performance-Approach Goal Orientation subscale (Cronbach’s Alpha = 

0.89) includes 5 items that assess the extent to which students are motivated by the goal of 

demonstrating their own competence. The Performance-Avoid Goal Orientation subscale 

(Cronbach’s Alpha = 0.74) includes 4 items that measure the extent to which students are 

motivated to avoid demonstrating incompetence (Midgley et. al, 2000). Mastery Goal 

Orientations have been associated with adaptive patterns of learning, while Performance-Avoid 

Goal Orientations have been associated with maladaptive patterns of learning (Midgley et al., 
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2000). A Performance-Approach Goal Orientation has been associated with both adaptive and 

maladaptive patterns of learning (Midgley et al., 2000). 

Academic related Perceptions, Beliefs and Strategies. Students’ academic related 

perceptions, beliefs and strategies were assessed using the Academic Efficacy and Avoiding 

Novelty subscales from the Patterns of Adaptive Learning (PALS) Instrument (Midgley et. al, 

2000). The Academic Efficacy (Cronbach’s Alpha = 0.78) subscale includes 5 items that gauge 

students’ perceptions of their ability to do school work (Midgley et. al, 2000). The Avoiding 

Novelty subscale (Cronbach’s Alpha =0.78) includes 5 items that gauge students’ preference for 

avoiding unfamiliar school work (Midgley et. al, 2000).  

Mathematics Anxiety. The mathematics anxiety measure used in this study was 

modified from the Single Item Mathematics-Anxiety Scale (SIMA) (Núñez-Peña, Guilera & 

Suárez-Pellicioni, 2014). SIMA asks adult participants to respond to a single item, “How math 

anxious are you?” on a Lickert scale. Children in our study were asked to respond to the single 

item, “Math makes me feel nervous”, also on a Lickert Scale. A 2014 validation study of the 

SIMA shows strong validity and strong test-retest reliability of the single item measure (Núñez-

Peña, Guilera & Suárez-Pellicioni, 2014), and scores on the single item mathematics anxiety 

measure have shown correlations with s-MARS scores of between 0.49 and 0.85 (Ashcraft, 

2002).  

Results  

Analytic Plan  

  I first report on analyses examining relations between student’s academic efficacy, 

learning orientations, novelty preference, mathematics anxiety and demographic variables 

including gender and school. I then report on analyses to identify student characteristics that 
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were related to successful mathematics learning and engagement outcomes across learning 

conditions. These analyses revealed academic efficacy and mastery learning orientation to relate 

to students’ learning and engagement outcomes. I then conducted additional analyses to more 

closely examine the role of academic efficacy and mastery learning orientation in supporting 

chilren’s in-the moment mathematics learning and engagement in high and low pressure  

learning contexts. I tested (1) whether these relations differed when students learned under 

conditions of stereotype threat or evaluative performance pressure and, (2) whether these 

relations differed between boys and girls.  

Relations between student’s academic efficacy, learning orientations, novelty preference, 

mathematics anxiety and demographic variables including gender and school 

I examined whether student gender or school predicted learning orientations, academic 

efficacy novelty preference, or mathematics anxiety. Boys and girls did not differ significantly in 

learning orientations, academic efficacy, or novelty preference (all ps > 0.1), but girls reported 

higher mathematics anxiety, F (1, 192) = 6.80, p =0.01.   

School did not predict learning orientations, novelty preference, or mathematics anxiety 

(all ps > 0.2). The analysis, however, did reveal an effect of school on academic efficacy, F 

(4,194) = 4.186, p <0.001. Post hoc analyses using Bonferroni correction for multiple 

comparisons indicated that students at both of the university affiliated charter schools had 

significantly higher academic efficacy, as compared with students at either the other charter 

school or traditional public school ( mean differences from  0.47 to 0.65, significance levels 

between 0.048 and 0.003).  Academic efficacy did not differ between the 2 university-affiliated 

charter schools, or between the Hispanic serving charter school and traditional public school.  

Student Characteristics that Promoted Learning across Conditions 
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To identify student characteristics that may have supported students’ successful 

mathematics learning and engagement, I examined bivariate correlations between the six student 

characteristics identified and learning outcomes (immediate gains in accuracy, sustained gains in 

accuracy), and between the six student characteristics and measures of interest and engagement 

(enjoyment, exploration intention) (Table 5.1).  

 Through examination of these bivariate correlations, I identified academic efficacy and 

mastery orientation as likely supports for learning and engagement, with academic efficacy being 

most predicted of learning outcomes and mastery orientation most related to engagement. 

Specifically, results of the Pearson correlation indicated that there were significant positive 

relations between academic efficacy and both students’ immediate learning gains, r (198) =0.19, 

p=0.008, and enjoyment of the lesson, r (198) =0.24, p =0.001. There was also a marginally 

significant positive relation between academic efficacy and sustained learning gains, r (198) 

=0.13, p =0.07. The Pearson correlation also indicated significant positive relations between 

mastery learning orientation and students’ enjoyment of the lesson, r (198) = 0.18, p=0.01, and 

desire to explore the topic further r (198) =0.18, p=0.01.  
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 1 2 3 4 5 6 7 8 9 10 

1. Immediate 

Gains 

- 0.79*** 0.08 -0.02 0.19** 0.09 -0.08 -0.05 -0.08 -0.02 

2. Sustained 

Gains 

  0.01 -0.03 0.13^ 0.04 -0.05 -0.10 -0.03 -0.06 

3. Enjoyment    0.67** 0.24** 0.18** 0.09 -0.06 -0.09 -0.10 

4. Exploration 

Intention 

    0.09 0.18* -0.03 -0.12 -0.10 -0.05 

5. Academic 

Efficacy 

     0.32*** -0.00 -0.04 -

0.33*** 

-

0.35*** 

6. Mastery 

Learning 

Orientation  

      -0.02 0.08 -0.18* -0.02 

7. Perf. 

Approach  

       0.57*** 0.23** 0.02 

8. Perf. 

Avoid 

        0.20** 0.13 

9. Avoid 

Novelty 

 

         0.28** 

10. Math 

Anxiety 

          

^  p <0.10 * p <0.05. **p <0.01. 

Table 5.1. Bivariate correlations between student characteristics and learning and engagement 

outcomes  
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Risk and Protective Factors for Learning Despite Pressure 

Because academic efficacy and mastery learning orientation were identified as both 

playing roles in supporting student learning and/or engagement during this difficult lesson- 

despite generally challenging learning contexts, I next examined the role of academic efficacy 

and mastery orientation more closely.  As discussed in the introduction, I hypothesized that both 

academic efficacy and mastery learning orientation might act as protective factors and could be 

especially important in supporting learning in high pressure or threatening contexts. To explore 

this hypothesis, I tested whether these student characteristics interacted with stereotype threat or 

evaluative performance pressure in predicting mathematics learning and engagement outcomes.  

Additionally, based on emergent findings showing gender differences in learning and in impacts 

of the pressure manipulations, I tested whether relations between these student characteristics 

(academic efficacy and mastery orientation) and learning and engagement outcomes differed 

between boys and girls.  

Academic efficacy and learning gains. I first conducted a series of regressions to test 

whether the role of academic efficacy in supporting learning remained after controlling for 

school and pretest performance and to examine whether the role of academic efficacy in 

supporting learning differed in more versus less pressured contexts or between boys and girls.  

Pretest performance and a dummy variable for school were first entered into the model as 

control variables (Step 1). Academic Efficacy (entered as a continuous variable with values 

ranging from 1.4 to 5), evaluative performance pressure (binary coded: 0= no evaluative 

performance pressure; 1=evaluative performance pressure), stereotype threat (binary coded: 0= 

no stereotype threat; 1= stereotype threat), and student gender were then added to the model 

(Step 2, main effects). As in previous analyses, I used the missing-indicator method to handle 
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missing data, and a dummy variable coded as “1” if Academic Efficacy data was missing, “0” if 

not was also included in the model at this step. Next, to test for possible interactions between 

academic efficacy and learning condition or between academic efficacy and gender, the 

following interaction terms were added to the model: academic efficacy x evaluative 

performance pressures, academic efficacy x stereotype threat, academic efficacy x gender (Step 

3, interactions).  Results of the full regression are shown in Table 5.2.  

The results indicate that, even after controlling for school and pretest performance, 

academic efficacy remained a strong predictor of immediate learning gains (Βstandardized = 0.22, 

p=0.003) and a possible predictor of sustained learning gains (Βstandardized =0.15, p=0.06).  The 

finding that academic efficacy remained a significant predictor of learning gains even after 

controlling for pretest performance and school suggests that academic efficacy supported 

learning during the focal lesson itself and the observed correlation was not simply an artifact of 

students with greater academic efficacy also having higher prior achievement.   

None of the interaction terms included in step 3 were significant, suggesting that the role 

of academic efficacy in supporting learning extends across high and low pressure contexts and is 

similar for male and female students.  
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^  p <0.10 * p <0.05. **p <0.01.   

Table 5.2. Multiple regression analysis showing relations between academic efficacy (AE), 

gender, stereotype threat (ST), evaluative performance pressure (EPP)and learning outcomes   

 Immediate Accuracy Gains Sustained Accuracy Gains 

Predictor  Δ R2 Β Δ R2 Β 

Step 1 (Controls)  0.09*  0.06*  

Pretest  -0.21**  -0.15* 

School 1  0.11  0.07 

School 2  0.17*  0.17* 

School 3  0.27**  0.24** 

School 5  0.17^  0.16^ 

Step 2 0.05*  0.03  

AE  0.22**  0.15^ 

Missing AE Ind.   0.02  0.03 

ST  -0.04  0.00 

EPP  0.05  0.01 

Gender  0.10  0.11 

Step 3 0.01  0.01  

AE x ST  -0.25  0.23 

AE x EPP  0.15  0.01 

AE x Gender  0.47  -0.48 

Total R2 0.15  0.10  
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Academic efficacy and engagement. I next conducted a series of regressions to test 

whether the role of academic efficacy in supporting engagement differed in more versus less 

pressured contexts or between boys and girls.  Academic Efficacy (entered as a continuous 

variable with values ranging from 1.4 to 5), evaluative performance pressure (binary coded: 0= 

no evaluative performance pressure; 1=evaluative performance pressure), stereotype threat 

(binary coded: 0= no stereotype threat; 1= stereotype threat), and student gender were first 

entered into the model (Step 1, Main effects). Again, I used the missing-indicator method to 

handle missing data, and a dummy variable coded as “1” if Academic Efficacy data was missing, 

“0” if not was also included in the model at this step.  Next, to test for possible interactions 

between academic efficacy and learning condition or between academic efficacy and gender, the 

following interaction terms were added to the model: academic efficacy x evaluative 

performance pressure, academic efficacy x stereotype threat, academic efficacy x gender.  

Results of the full regression are shown in Table 5.3.  

 As shown, academic efficacy predicted student’s enjoyment of the lesson (Βstandardized 

=0.23, p=0.001, but did not predict students’ desire to explore the topic further.  As was the case 

for the learning outcomes, academic efficacy did not interact with student gender or learning 

condition to predict engagement outcomes.  
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^  p <0.10 * p <0.05. **p <0.01. 

Table 5.3. Multiple regression analysis showing relations between academic efficacy, gender, 

stereotype threat (ST), Evaluative Performance Pressure (EPP) and engagement outcomes    

 

 Enjoyment Exploration Intention 

Predictor  Δ R2 Β Δ R2 Β 

Step 1 0.07*  0.02  

Academic 

Efficacy 

 0.23**  0.09 

Missing 

Academic 

Efficacy Indicator 

 -0.05  0.03 

ST  -0.06  -0.02 

EPP  -0.07  -0.10 

Gender  0.03  0.04 

Step 2 0.003  0.003  

Academic 

Efficacy x ST 

 -0.21  -0.18 

Academic 

Efficacy x EPP 

 0.12  -0.06 

Academic 

Efficacy x Gender 

 0.07  0.18 

Total R2 0.07  0.023  
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Mastery learning orientation and learning gains. I conducted a series of regressions to 

test whether masterly learning orientation predicted learning gains after controlling for school 

and pretest performance and to examine whether the role of mastery learning orientation in 

supporting learning differed in more versus less pressured contexts or between boys and girls.  

As in the previous analysis, pretest performance and a dummy variable for school were 

first entered into the model as control variables (Step 1). Mastery learning orientation (entered as 

a continuous variable with values ranging from 2.6 to 5), evaluative  performance pressure 

(binary coded: 0= no evaluative  performance pressure; 1=evaluative performance pressure), 

stereotype threat (binary coded: 0= no stereotype threat; 1= stereotype threat), and student 

gender were then added to the model (Step 2, main effects). Again, I used the missing-indicator 

method to handle missing data, and a dummy variable coded as “1” if Academic Efficacy data 

was missing, “0” if not was also included in the model at this step. Next, to test for possible 

interactions between mastery learning orientation and learning condition or between mastery 

learning orientation and gender, the following interaction terms were added to the model: 

mastery learning orientation x evaluative performance pressure, mastery learning orientation  x 

stereotype threat, mastery learning orientation x gender (Step 3, interactions).  Results of the full 

regression are shown in Table 5.4. As shown, mastery learning orientation did not predict 

immediate or sustained learning gains in the full sample. Additionally, mastery learning 

orientation did not interact with either learning condition or student gender in predicting learning 

gains.  
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^  p <0.10 * p <0.05. **p <0.01. 

Table 5.4. Multiple Regression Analyses Showing relations between Mastery Learning 

Orientation, Gender, Stereotype Threat (ST), Evaluative Performance Pressure (EPP) and 

Learning Outcomes 

 Immediate  Sustained  

Predictor  Δ R2 Β Δ R2 Β 

Step 1 (Controls)  0.09**  0.07*  

Pretest  -0.21**  -0.15 

School 1  0.11  0.07 

School 2  0.17*  0.17* 

School 3  0.27**  0.24** 

School 5  0.17^  0.16^ 

Step 2 0.02  0.01  

Mastery   0.09  0.02 

Missing  Mastery  0.04  0.02 

ST  -0.06  -0.01 

EPP  0.03  0.00 

Gender  0.07  0.10 

Step 3     

Mastery x ST  -0.10  0.12 

Mastery x EPP  -0.14  -0.73 

Mastery x Gender  -0.37  0.02 

Total R2 0.11  0.08  
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Mastery learning orientation and engagement. I next conducted a series of regressions 

to test whether the role of mastery learning goal in supporting engagement differed in more 

versus less pressured contexts or between boys and girls.  Mastery learning orientation (entered 

as a continuous variable with values ranging from 2.6 to 5), Incentivized performance pressure 

(binary coded: 0= no incentivized performance pressure; 1=incentivized performance pressure), 

stereotype threat (binary coded: 0= no stereotype threat; 1= stereotype threat), and student 

gender were first entered into the model (Step 1, Main effects). Again, I used the missing-

indicator method to handle missing data, and a dummy variable coded as “1” if Mastery 

Learning Orientation data was missing, “0” if not was also included in the model at this step.  

Next, to test for possible interactions between mastery goal orientation and learning condition or 

between mastery goal orientation and gender, the following interaction terms were added to the 

model: mastery goal orientation x incentives, mastery goal orientation x stereotype threat, 

mastery goal orientation x gender.  Results of the full regression are shown in Table 5.5.  

 As shown, mastery goal orientation predicted both students’ enjoyment of the lesson 

(Βstandardized =0.20, p=0.006) and desire to explore the topic further (Βstandardized =0.19, p=0.009). 

Mastery learning goal did not interact with either gender or learning condition.   
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^  p <0.10 * p <0.05. **p <0.01. 

Table 5.5. Multiple regression analysis showing relations between mastery learning orientation, 

gender, stereotype threat (ST), Evaluative Performance Pressure (EPP) and engagement 

outcomes    

Discussion  

Findings from this study suggest that academic efficacy can be a powerful support for 

learning during challenging math instruction. Students’ level of academic efficacy predicted 

learning gains above and beyond demographic variables and pretest performance-  with students 

 Enjoyment Exploration Intention 

Predictor  Δ R2 Β Δ R2 Β 

Step 1 (Main 

Effects)  

0.05^  0.05^  

Mastery   0.20**  0.19** 

Missing Mastery   -0.05  0.02 

ST  -0.10  -0.05 

EPP  -0.09  -0.11 

Gender  -0.02  0.01 

Step 2 

(Interactions)  

0.004  0.007  

Mastery x ST  -0.69  -0.91 

Mastery x EPP  0.03  0.12 

Mastery x Gender  -0.03  -0.01 

Total R2 0.06  0.05  
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higher in in academic efficacy displaying larger learning gains, even after controlling for 

student’s pretest score and school. This finding suggests that academic efficacy supported 

learning during the focal lesson itself:  given the same instructional input, students who were 

higher in academic efficacy learned more. Students with high academic efficacy also reported 

enjoying the lesson more, but were no more likely to report a desire to learn more about the 

topic. 

Mastery learning orientation, on the other hand, did not predict learning gains during this 

lesson, but did predict enjoyment and exploration intention. Students high in mastery learning 

orientation were more likely to report wanting to learn more about the topic covered in the 

lesson.  

This pattern of results suggests that academic efficacy and mastery goal orientation may 

contribute to educational achievement outcomes through different pathways.  Academic efficacy 

benefited students through facilitating learning gains during a challenging instructional episode. 

The benefits of possessing a mastery orientation on the other hand may stem from students with 

a mastery learning orientation, being more likely to seek out additional learning opportunities 

that extend and deepen their understanding of concepts introduced within a particular 

instructional episode.    

Academic efficacy did not interact with stereotype threat or incentives to predict 

engagement or learning outcomes. Instead, the relationship between academic efficacy and 

learning gains extended across both high and low pressure learning contexts. Likewise, mastery 

learning orientation did not interact with either of the pressure manipulations to predict 

engagement outcomes. Having the desire to master new concepts supported students in wanting 

to learn more about the topic covered in the lesson, even when they had experienced pressure or 
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threat during the lesson itself.  These findings suggest that academic efficacy and mastery 

learning orientations may play an important role in supporting positive academic trajectories, 

even among students experiencing heightened pressure.  
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CHAPTER SIX: CONCLUSSIONS 

Pressures within the broader socio-cultural context imbue children’s everyday 

mathematics learning experiences. High stakes testing pressures and stereotypes in particular are 

often salient in the mathematics classroom. Findings from the series of studies reported here 

indicate that these types of pressures can have meaningful implications for children’s 

mathematics trajectories. In many cases, heightened pressure harmed children’s mathematics 

learning and engagement.  Importantly, however, results from these studies highlight that effects 

of pressure on children’s learning are neither homogeneous nor inevitable. Instead, the role of 

pressure in influencing children’s learning and engagement was shaped by the identities and 

resources students brought to the classroom as well as by the nature of the pressure itself, 

particularly whether or not identity was implicated. Impacts of pressure were found to depend on 

the content of the pressure (stereotype threat vs. evaluative pressure) as well as student 

characteristics, including baseline EFs and gender.  

In undertaking this work, I set out to disentangle pressure that acts as a motivator from 

pressure that acts as a threat in order to better understand: what sources of pressure help vs. harm 

learning and for which students does pressure help vs. harm learning? The answers to these 

questions have important theoretical as well as practical implications. Examining the role of 

pressure content and student level factors in shaping impacts of pressure can help to shed light on 

mechanisms through which pressure impacts learning and performance. Most importantly, better 

identification of the situations in which pressure helps vs. harms learning will help to enable 

educators to avoid harmful effects of pressure while leveraging pressure’s motivating qualities in 

order to improve mathematics learning and engagement for all students.    



  139

Findings from each of the experiments reported here show evidence of pressure 

functioning as a threat. In many cases, pressure experienced during math instruction harmed not 

only children’s learning, but their motivational-affective engagement as well. As predicted given 

its implications for identity, stereotype threat was especially likely to act as a threat, reducing 

learning and engagement- particularly among boys and high EF students.  While there was 

evidence that protective factors could in some cases mitigate detrimental effects of stereotype 

threat, there was no evidence of stereotype threat functioning as a motivator and facilitating 

learning or engagement. Additionally, findings on impacts of evaluative pressure point to the 

potential for pressure to function as a threat even when identity is not directly implicated. 

Although many of the impacts of pressure observed were negative, findings on impacts of 

evaluative pressure suggest the possibility for heightened pressure to in some cases act not as a 

threat but as a motivator. Evidence for the role of pressure as motivator was less strong than for 

the role of pressure as threat, but findings on the impacts of evaluative pressure raise the 

intriguing possibility that when identity is not implicated, heightened pressure can in some cases 

actually facilitate children’s mathematics learning and engagement.   

Evidence of Pressure as Threat across Experiments 

 Findings from each of the four experiments indicate that a single, short, and relatively 

subtle experimental manipulation to heighten pressure had detrimental impacts on mathematics 

learning for at least some groups of students. Identity-threatening pressure was especially likely 

to function as a distracting threat.  

In experiment 1a, a stereotype threat manipulation that increased the salience of racial 

identity and evaluation before learning had harmful effects on both children’s cognitive and 

motivational-affective mathematics engagement. Specifically, children of color who were asked 
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to report their race and told they would be taking a test following the lesson retained less 

learning over time- showing smaller learning gains on the delayed posttest, although the threat 

was no longer present. Additionally, children who experienced stereotype threat while learning 

enjoyed the lesson less, reported a diminished desire to learn more and were less likely to choose 

to engage in an optional math activity.  

The reduction in sustained learning gains seen among participants in Experiment 1a was 

greatest among students with high baseline executive function (EF) resources, who otherwise 

learned most from this lesson. Indeed, the detrimental effects on learning outcomes were driven 

exclusively by students high in EFs. Findings from Experiment 1b replicated these effects on 

learning among high EF students. In this experiment as well, when stereotype threat was invoked 

before the lesson, high EF students retained less learning over time. As in Experiment 1 a, High 

EF students who experienced stereotype threat while learning showed smaller learning gains at 

the delayed posttest although the threat was no longer present. In contrast, when stereotype threat 

was invoked after learning in Experiment 1b, high EF students showed worse performance on 

the immediate posttest, but detrimental effects of stereotype threat while testing reduced at the 

delayed posttest when the threat was no longer present. 

There are several possible and nonexclusive reasons for the finding that the greatest 

detrimental effects of stereotype threat on learning were seen among high EF students in 

Experiments 1a and b. One possibility is that having low EFs was actually protective against 

experiencing the distracting and intrusive thoughts associated with identity threatening pressure. 

This could have been the case if students lower in attention and inhibitory control were more 

likely to have been distracted during the study. If these students were looking around the 

classroom as the study got underway, they may not have been looking at the video screen during 
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the prompt to increase the salience of racial identity and evaluation- and thus were less likely to 

be affected by the stereotype threat manipulation. Another possibility is that early adolescents 

lower in EFs may be less meta-cognitively aware, and less likely to have already developed 

strong awareness of societal stereotypes linking race and mathematics ability. If either of these 

two explanations were the case, lower EF students may not have actually experienced distracting 

intrusive thoughts associated with identity threat to the same extent as their higher EF peers.  

It is also possible that students lower in EFs did experience intrusive thoughts associated 

with stereotype threat, but that these thoughts did not have the same detrimental impact on 

learning as they did among high EF students. This could be the case if even in the low pressure 

learning condition, low EF students did not engage in the cognitively demanding comparison 

processes intended in the lesson. If low EF students were more likely to engage with the lesson 

on a superficial level even in the absence of increased pressure, intrusive thoughts could be less 

damaging than for high EF students, who would otherwise have engaged deeply with the 

conceptual underpinnings of the lesson. As EF and pretest performance were often positively 

related (although this varied across schools), it could also be the case that students lower in EFs 

were less likely to have the prior mathematical knowledge necessary to engage with and benefit 

from the lesson-regardless of learning condition.  

Findings from Experiment 3 can help to elucidate which of these explanations likely 

played the greater roles. Experiment 3 also offers evidence of stereotype threat during learning 

functioning as a distracting threat. In this experiment, detrimental effects of stereotype were seen 

among both high and low EF students, but only for boys. Specifically, boys who experienced 

stereotype threat during learning had smaller learning gains.  These detrimental effects were seen 

among boys regardless of EFs. As there were no changes in the experimental protocol between 
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Experiments 1 and b and Experiment 3 that would have made it less likely that low EF students 

were simply distracted and not viewing the video screen during the stereotype threat prompt, this 

explanation for the absence of stereotype threat effects among low EF students in the earlier 

experiments becomes less likely. It thus seems unlikely that low EF students in Experiments 1a 

and b did not experience intrusive thoughts simply because they tended to be distracted during 

the experimental manipulation.  

Changes in the broader socio-cultural and political context between Experiments 1a and b 

and Experiment 3 do support the possibility that low EF students in the first two experiments 

may have been less likely to experience intrusive thoughts associated with stereotype threat 

because they were less stereotype aware. The age at which children develop awareness of 

broadly held stereotypes depends on both child characteristics and the salience of the particular 

stereotype. Awareness of highly salient stereotypes tends to develop earlier, and children who 

are more cognitively advanced may also develop awareness of stereotypes at younger ages 

(McKown & Weinstein, 2003). Experiment 3 took place in late 2016 and early 2017, a time 

during which explicit racism and racial stereotyping was highly visible in the US, while 

Experiments 1a and b took place during 2014 and early 2015, a time in which despite still being 

present, racism and racial stereotypes were more often implicit and may not have been as visible 

to young children. It is thus possible that in the earlier context, low EF children may have been 

less likely to have already developed strong awareness of stereotypes linking race and 

mathematics ability, while in the later context this was less likely to be the case.  

As compared with students in the earlier studies, participants in Experiment 3 also had 

higher prior knowledge, as measured by pretest performance. This difference suggests that it 

could also have been the case that low EF students in the earlier experiments may have still have 
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experienced the stereotype threat prompt as threatening, but that their learning was less likely to 

be harmed by these intrusive thoughts. This could have been the case if these students were more 

likely to engage with the lesson on a superficial level (e.g. memorizing procedures as opposed to 

drawing connections and comparisons across solution strategies) even in the absence of 

distracting thoughts. Among low EF students in Experiment 3 on the other hand, it is possible 

that high prior knowledge served as a support that enabled them to engage with the conceptual 

underpinnings of the lesson when not experiencing distracting thoughts.  

While identity-threatening pressure was especially likely to function as a distracting 

threat, findings in Experiments 2 and 3 indicate that pressure can also have detrimental 

consequences, even when identity is not directly implicated. In Experiment 2, raising the stakes 

by introducing the possibility of earning (or losing) an incentive harmed learning and 

engagement among girls. Experiment 3 replicated these findings, again showing detrimental 

effects of the evaluative pressure manipulation only among girls. A possible reason that 

heightened pressure may have harmed girls’ learning is that girls may have already been feeling 

optimal levels of pressure even without experimentally heightening pressure. Indeed, girls tended 

to exhibit higher engagement and learning in the No Pressure conditions, suggesting that they 

may have been starting out in the optimal part of the “inverted-U” relationship between arousal 

and human cognition, in which learning and performance peak (e.g. Yerkes & Dodson, 1908; 

Sapolsky, 2015).  Experimentally heightening pressure may have created conditions in which too 

much pressure interfered with girls’ learning and performance. Additionally, it is possible that 

(although the evaluative pressure manipulation did not directly heighten the salience of identity), 

girls may have in some cases experienced the evaluative pressure manipulation as a threat to 
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identity. This could have been the case if an increased emphasis on performance led girls to 

worry that their math ability would be judged through the lens of gender stereotypes.  

Evidence of Pressure as Motivator across Experiments  

Although in many cases pressure harmed mathematics learning and engagement, findings 

suggest that pressure may also have the potential to function as a motivating incentive, 

particularly when identity is not threatened. In Experiment 2, boys exhibited lower learning and 

engagement outcomes as compared to girls in the no pressure condition. However, when 

pressure was heightened by introducing the possibility of earning (or losing) an incentive, this 

gender gap disappeared.   Although this was partially due to pressure harming outcomes among 

girls, trends in the data suggest that pressure may have also facilitated learning and engagement 

outcomes among boys. Indeed, when pressure was invoked either before or after learning, boys 

in Experiment 2 had numerically higher immediate and sustained learning gains. If boys were 

more likely to start out in left hand side of the “inverted-U” where learning and performance 

suffers due to too little stress (e.g. Yerkes & Dodson, 1908; Sapolsky, 2015) , experimentally 

heightening pressure may resulted in optimal levels of pressure- the type of context in which  

students learn best because they are engaged without being overly stressed out. 

Findings from Experiment 3 offer additional indications of the potential for pressure to 

function as a motivating incentive and facilitate learning outcomes. Again in this experiment, 

when pressure was experimentally heightened by introducing the possibility of earning (or 

losing) an incentive,  boys’ learning outcomes improved. In this experiment as well, when 

pressure was heightened before learning, boys had numerically larger immediate learning gains 

as well as larger sustained learning gains. Evaluative performance pressure did not interact with 
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the stereotype threat manipulation, suggesting that pressure’s potential to function as a 

motivating incentive can act alongside its role as a distracting threat.  

Supporting Learning across High and Low Pressure Contexts  

 Experiences of stereotype threat and evaluative pressure can pose challenges to 

mathematics learning. However, findings across experiments indicate that harmful effects of 

pressure on mathematics learning are not inevitable. Instead, the protective factors children 

brought to the classroom, as well as the supports present in the classroom, shaped children’s 

learning and engagement when contending with heightened pressure. Importantly, academic 

efficacy and mastery goal orientation, student characteristics that facilitated learning and 

engagement in low pressure contexts, continued to do so when pressure was heightened.  These 

student characteristics did not interact with or moderate effects of pressure. Instead, irrespective 

of learning condition, having a mastery learning orientation and high academic efficacy 

promoted positive learning and engagement outcomes. Thus, although it does not appear that 

having a mastery learning orientation or being high in academic efficacy can eliminate harmful 

effects of pressure, this finding suggests that supporting students to develop academic efficacy 

and a mastery approach would promote children’s mathematics engagement and learning across 

both high and low pressure contexts.  

 In addition to student level protective factors, classroom and instructional level supports 

can promote learning even when students are experiencing pressure. For example, in Experiment 

3, evidence of pressure’s facilitative role and potential to function as a motivating incentive 

particularly for boys was seen even among students also experiencing threatening pressure.  
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Thus, just as experiences of threatening pressure did not diminish the facilitative qualities of 

academic efficacy and mastery learning orientation, experiences of threatening pressure did not 

block out the potential for non-identity threatening pressure to act as a motivator.  

While none of the supports discussed thus far eliminated detrimental effects of pressure, 

these findings are encouraging because they suggest that factors that promote learning general do 

extend to high pressure contexts. Findings in Experiment 3, however, suggest the potential for 

supports present in the classroom to actually avert detrimental effects of pressure. Specifically, 

findings in Experiment 3 suggest the possibility that the presence of same gender teachers of 

color may have supported girls not to experience heightened salience of racial identity as 

threatening- but perhaps instead as motivating. Future work that more directly tests this 

hypothesis and examines the particular ways in which teachers with shared identities support 

learning and engagement in the face of identity threat will contribute to better understanding of 

ways to support resilience among children from academically stigmatized groups.     

 It is important to note that even in cases in which detrimental effects of pressure were 

detected, children learned. In addition to the student and classroom level supports discussed thus 

far, another support for student learning may have been the lesson itself. The lesson was 

conceptually challenging yet well supported. As discussed in more detail previously, the lesson 

incorporated desirable difficulties, such as comparisons across solution strategies including 

misconceptions, that when well supported promote enduring conceptual understandings (Begolli 

& Richland, 2016; Bjork, 1994; Richland & McDonough, 2019; Rittle-Hohnson & Star, 20017) . 

Importantly, the desirable difficulties within the focal lesson were well supported: the teacher 

used linking gestures to highlight connections between solution strategies, both solution 

strategies were continuously visibly available to students, and were spatially aligned. Thus, the 
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quality of the lesson itself may have played a role in supporting successful learning despite a 

low-support/high challenge learning context.  

Although testing this hypothesis is beyond the scope of my dissertation, future research 

that explicitly tests which types of instruction are most effective in high pressure, threatening or 

low-support learning contexts could help to identify ways to support student learning even in 

high pressure or low support contexts. A common and understandable response to challenging, 

chaotic or high pressure learning contexts can be to reduce the rigor of instruction. For example, 

high stakes testing pressures can lead teachers to focus instruction on ensuring students can 

execute procedures correctly over ensuring students gain conceptual understanding of the 

material (Au, 2007, 2009; Flores & Clark, 2009). Additionally, time pressures and worries about 

students having inadequate prior mathematics knowledge  and skills or poor   attentional control 

can lead teachers to believe that drawing connections between multiple  solution strategies 

including misconceptions may be less effective for their students (Begolli et al., 2018). It is also 

possible that beliefs about which students will benefit from conceptual math instruction may 

intersect with stereotypes, contributing to students from marginalized groups being less likely to 

receive high quality conceptual math instruction. Yet, access to conceptual, intrinsically 

challenging yet well-supported instruction may actually be especially important in high pressure 

or low support learning contexts.  

Broader Impact 

In today’s rapidly changing and interconnected world, preparing the next generation to 

participate fully in democracy, as well as for individual economic success, requires that schools 

not only teach mathematics facts and procedures, but also support students in developing 

complex mathematical reasoning abilities. Indeed, one of the most important, yet challenging, 
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tasks facing educators is to ensure that all students develop the abstract thinking and critical 

reasoning skills needed to participate fully in our economy and society. Numerical literacy and 

fluidity with math concepts and quantitative reasoning skills are especially essential, and have 

important implications for equity.  

In many cases, unequal access to high quality instruction contributes to opportunity and 

achievement gaps in math. Nearly 30 years ago, the activist Robert Moses argued that students 

denied access to high quality mathematics instruction “are barred from acquiring the knowledge 

and skills necessary for participation in an economy driven by rapid technological change” 

(Moses et. al, 1989), and the importance of deep math knowledge and abstract quantitative 

reasoning abilities has only grown.  Research during the last decades of the 20th century as well 

as the early years of the 21st century, indicated that low income and minority students were 

especially likely to receive math instruction that emphasized disconnected concepts, memorizing 

rules, and arriving at a single correct answer over understanding processes and why an answer is 

correct) (Anyon, 1980, Atweh, 1998; Ladson). More recent research, however, has not found 

gaps by SES or race in the amount of procedural vs. conceptual math instruction children 

receive, and has shown overall increases in coverage in advanced math content during the first 

decade of the 21st century (e.g Engel, Claessens, Watts, & Farkas, 2016).  However, although 

educational reform efforts and curriculum changes such as the Common Core appear to have 

increased access to conceptual math instruction by shifting educator attention to the more 

conceptual, reasoning-based aspects of classroom mathematics, access to high quality math 

instruction is necessary but not sufficient for supporting children to develop conceptual math 

understandings. It is also essential that students are able to engage deeply with that instruction: 

consequently, the contexts in which children learn matter. Differences in the extent to which 
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pressure and identity threat imbue children’s everyday mathematics learning experiences can 

shape mathematics learning and engagement in systemic ways- contributing to mathematics 

achievement and eventual career trajectories remaining patterned by race and gender in ways that 

result  in math-intensive fields remaining heavily male dominated (National Science Foundation, 

2017). This underscores that while increasing access to high quality math instruction is 

important, it is not enough and that we must also attend to the classroom contexts in which 

instruction occurs.  The extent to which learning is pressured varies greatly across schools, 

classrooms and individual students, and can have important implications for children’s learning.  

Children spend huge portions of their lives in classrooms, and it is important to ensure that these 

are identity safe spaces in which children feel motivated and engaged without experiencing 

threatening pressure.  

Findings across experiments indicate that heightened pressure during mathematics 

learning opportunities can in many cases harm children’s mathematics learning and engagement. 

Detrimental impacts of pressure were neither immense nor universal. However, the finding that a 

single, short (~ 30 s.), and relatively subtle prompt to heighten pressure before a mathematics 

lesson often reduced children’s learning and engagement is concerning, as for many children 

experiences of evaluative pressure and stereotype threat in the mathematics classroom are both 

more frequent and severe. The pressures children feel while learning math are often linked to 

more salient and stressful consequences than winning or losing a desired incentive (e.g. being 

retained in grade, failing to get into a desired college, or even concerns that one’s school will be 

closed). Additionally, children of color often experience racial macroaggressions as well as 

instances of overt racism (e.g. Going & Bianco, 2016) that are far less subtle than the stereotype 

threat manipulation used in these studies. Future more qualitative, ecologically-embedded and 
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for obvious reasons non- experimental research examining how children experience, make 

meaning of and cope with these more severe pressures will be important for deepening our 

understanding of the role of pressure in shaping children’s mathematics trajectories. The current 

work, however, indicates that even subtle threats and pressures may be creating conditions of 

unequal opportunity for learning and doing math and that these may be contributing to real and 

persistent gaps in mathematics achievement and participation by race and gender. This highlights 

that alongside working to improve access to high quality instruction, ensuring that all students 

are able to benefit fully from this instruction requires that educators work to guard against 

experiences of pressure and stereotype threat during learning as well as testing opportunities.  
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APPENDICES 

 

Appendix A: Assessment Items  

 

1) Andre and Jasmin are both mixing paints.  Andre’s paint has 4 cups of blue paint and 1 cup of 

white paint.  Jasmin’s paint has 5 cups of blue paint and 3 cups of white paint.  

 

Andre’s Paint Jasmin’s Paint 

  

 

Figure A.1 Paints assessment item  

 

Whose paint will be darker blue? 

 

Please show all your work.  

 

 

 

 

 

 

 

 

 

 

Whose paint will be darker blue? ____________ 

 

2) Jamal and Sam played video games at Dave and Buster’s and then went to turn in their tickets 

for prizes. For every game they won, they got 1 ticket. Jamal played 27 games and won 11 

tickets. Sam played 9 games and won 3 tickets.  Who won the bigger portion of games he 

played?  

Please show all your work.  
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Who won the bigger portion of games played? ____________ 

3) Ken and Yoko shot several free throws in their basketball game. The result of their shooting is 

shown in the table. Who made the bigger portion of shots he took?   

 

 

 

 Shots Made Total Shots Tried 

Ken 12 20 

Yoko 16 25 

Table A. 1 Free throws assessment item 1 

 

Please show all your work.  

 

 

 

 

 

 

 

Who made the bigger portion of shots? ___________ 

 

 How do you know?  

a) I compared Ken’s shots made with Yoko’s shots made 

b) I compared Ken’s shots tried with Yoko’s shots tried 

c) I compared Ken’s shots made to shots tried with Yoko’s shots made to shots tried 

d) I compared Ken’s shots missed with Yoko’s shots missed 

 

4) One of the judges recorded all the missed shots with check marks. Which player had more 

check marks?  

Please show all your work.  

 

 

 

  

Which player had more checkmarks?  ___________ 

 

How do you know?  

a) I compared Ken’s shots made with Yoko’s shots made 

b) I compared Ken’s shots tried with Yoko’s shots tried 

c) I compared Ken’s shots made to shots tried with Yoko’s shots made to shots tried 

d) I compared Ken’s shots missed with Yoko’s shots missed 

 

 

5) What is the definition of “ratio”? 
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6) Shani and Keisha have both set up lemonade stands.  Shani’s lemonade recipe uses 2 cups of 

lemon juice and 1 cup of water.  Keisha’s lemonade recipe uses 3 cups of lemon juice and 2 cups 

of water.  

 

Shani’s Lemonade Keisha’s Lemonade 

  

 

Figure A 2. Lemonade assessment item  

Whose lemonade tastes more “lemony”? 

 

Show all your work.  

 

 

 

Whose lemonade tastes more “lemony”? ____________ 

 

7) After school, Jenna and Nia played in a free-throw tournament. Their results are in the table 

below. Who made the bigger portion of shots she took?  

 

 Shots Made Total Shots Tried 

Jenna 8 15 

Nia 12 20 

Table A2. Free throws assessment item 2 

Please show all your work.  

 

 

 

 

 

Who made the bigger portion of shots? ___________ 

 

 How do you know?   

a) I compared Jenna’s shots made with Nia’s shots made 

b) I compared Jenna’s shots tried with Nia’s shots tried 

c) I compared Jenna’s shots made to shots tried with Nia’s shots made to shots tried 

d) I compared Jenna’s shots missed with Nia’s shots missed 

 

 

For the next five questions, please circle your response. 
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8) Shawna and Deonte each tossed coins and recorded how many times they guessed heads or 

tails correctly. Shawna tossed 7 coins and guessed 4 correctly. Deonte tossed 21 coins and 

guessed 12 correctly.  

Which of the following strategies will tell us who was better at guessing? 

 

a) Find the least common multiple for 7 and 21 

b) Find the least common multiple for 4 and 7 

c) Both are correct 

d) Neither are correct 

 

9) Shawna and Deonte kept track of incorrect guesses with frowny faces �.  

Which of the following strategies will tell us who had more frowny faces �? 

 

a) Find the least common multiple for 21 and 7 

b) Subtract 7 – 4 and 21 – 12   

c) Both are correct 

d) Neither are correct 

 

 

10) A weather channel in Chicago and a weather channel in Miami both tried to predict all the 

rainy days last month. The Chicago weather channel correctly predicted 16 rainy days out of 20 

rainy days total. The Miami weather channel correctly predicted 8 rainy days out of 10 total 

rainy days.   

Which of the following strategies will tell us which channel is better at predicting rain? 

 

a) Subtract 20 – 16 and 10 – 8  

b) Find the least common multiple for 20 and 10 

c) Both are correct 

d) Neither are correct 
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Appendix B: Coding Manual  

 

Coding Manual  

1. Division 

a. Long Division 

b. Division using the division sign 

c. Example 

Figure B 1. Division example  

d.  

2. LCM 

 

a. The MOST CORRECT answer for all problems (except for problems asking 

about check marks) 

b. Finding a least common denominator and making ratios with the same 

denominator 

Figure B2. LCM Example 
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3. Subtraction 

a. Normal arithmetic subtraction 

b. Note: Sometimes may draw check marks that do not look like subtraction but are  

i. Ex: Answer is 25-16=9 and 20-12=8, but the student instead drew nine 

check marks and 8 check marks.  This would be coded as subtraction. 

Figure B3. Subtraction Example  

 

1.  

ii. Note: Student may do addition but really be subtracting. 

1. Ex: may write 9+16=25. This would be coded as subtraction. 

2. For this reason, Always count what the student does/look closely at 

their work 

4. Ratio 

a. Code ratio if student wrote out problem as the three different ways to write a ratio 

i. 3/5 

ii. 3:5 

iii. 3 to 5 

b. ONLY use ratio if the numbers are set up like this but no work is done with 

them(just because you see 3/5 doesn’t mean it’s a ratio, check to see if they tried 

to get the same common denominators—because that would be LCM) 

i.  

 

 

 

5. .Valid Strategy 

a. A strategy is considered valid if the student’s setup could give them the correct 

answer from their work. 

i. If the student thought about something that would work that we had not 

thought about 

ii. Pretty rare to code something as a 5 

6. Invalid Strategy 

a. Anything the student did that is not one of the other codes and would not count as 

a 5 

b. Examples: addition, partially rewriting the problem, multiplication, drawing a 

diagram, using a less than or greater than sign, etc. 

i. Anything that may seem odd and have no correlation to the other codes 

ii. Generally will use this code a lot 
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7. Rewriting the problem.  

a. When the problem is rewritten EXACTLY as it is shown 

b. If leave certain parts out or only rewrite certain parts of the problem, it IS NOT 

rewriting the problem. 

c. For word problems, this would mean rewriting the words very close to verbatim 

d. For chart problems, this would mean redrawing the chart exactly as is shown 

i. Exception: If they redraw the chart as is shown but add anything to it 

(color in cups differently, shade only half the cups, write numbers on top 

of each other instead of next to each other as is shown in the original 

problem, etc.) then it is NOT considered rewriting the problem 

ii. Usually when the problem is only partially rewritten, it is coded as a 6, 

unless the student did some kind of arithmetic that can be coded as 

something else 

iii. Example- Here to student rewrote the majority of the problem with only 

adding the word “because” which did not help to explain how he was 

thinking in any way. This would be coded as a 7 because he repeats the 

problem extremely close to verbatim. 

 

8. Cross Multiplication 

a. When the student sets up ratios and cross multiplies the diagonal numbers 

i. Sometimes will cross multiply without setting up the ratios (Student will 

just refer to the numbers in the table). This still counts as cross 

multiplication. 

ii. Note: ALWAYS check to see if the student attempted to do LCM or any 

type of division, as this would be more “correct” to code as than to code as 

cross multiplication 

 

 

9. 999. Nothing is written  

a. Either for the work or for the answer 

b. NOTHING IS WRITTEN (if in the work space they write “I don’t know” this 

would still be coded as a 6 because there is something there). 

c. If student has nothing in the work space, code as 999, even if student wrote 

something on the contender line. However, if student wrote "I don't know" or drew a 

cross out or something, code as 6, not 999 

 

Final Notes 

 

• Always code for the MOST correct answer  

o Order of correctness: LCM, Division, Cross Multiplication, Ratio, Subtraction, 

Other Valid Strategy, Invalid Strategy, Rewriting the Problem, No answer 
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� this is the order for all problems except “check mark” problems where the 

most correct answer is Subtraction 

• If a student crosses out “correct” strategies and uses a different one to find their answer, 

still code for the MOST correct strategy they used, even if it is crossed out 

o If a student does LCM and crosses it out and then does subtraction and gets their 

answer from the subtraction, still code for LCM even though it is crossed out 

• If student does one thing in his/her work, but in writing describes something else, code 

for whichever is most correct. Example, if student shows subtraction work, but then 

writes “ but when I did the fractions Nia was best”, code as ratio 

• Always pay attention to the TYPE of problem you are coding 

o Different problems have different “correct” answers 

� Check mark problems- Most correct answer is subtraction 

� All other problems-Most correct answer is LCM 

 

• Do not take off for spelling (eg if student misspells contender’s name, still code as correct 

if it is clear who the student means)  

 

• If student answers a question by pointing to something else, code as what they are 

pointing to. For instance, in the second part of the Ken/Yoko problem if student refers to 

work done in 1st part of problem, give credit 

•  

Ratio Code  

Overview:  

1 = mentions comparison or a relationship between two quantities or numbers, etc. (does not 

have to be the exact definition, but must relate two things to each other or express the idea of 

proportion). If a student gives an accurate or valid description of 'ratio' - even if it is not quite the 

definition we provided or is a more specific example (e.g., the rate of something; the odds of 

something happening) - code as 1. 

 

0 = does not mention comparison or relationships at all (this includes things like, "The difference 

between two numbers", since "difference" is not proportional), or otherwise does not express the 

idea of proportion. 

 

999 = no answer/blank 

 

Details  

 

• A correct definition of ratio must include relationship and a correct number concept. 

Correct number concepts include: number, amount, quantiy (accept any spelling or 

quality). Incorrect number concepts that would not be coded as 1 include: anything 

refering to addition or subtraction, pattern, something/other. 

 

• If the student provides a correct example, code it as 1. 

• If the student answers rate, fraction, or percent, code it as 1. 

• If a student defines ratio in the context of the Ken and Yoko problem, code it as 1. [Ex/ 

"how many times you attempted something and how many times it worked. 


