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ABSTRACT OF THE DISSERTATION 

 

The Relation Between Race-based Stressors and Cognitive Control Processes  

in Latinx College Students 

by 

Salvador Roberto Vazquez 

Doctor of Philosophy in Education 

University of California, Los Angeles, 2023 

Professor Jennie Katherine Grammer, Chair 

 

Latinx is the fastest growing ethnic group in the United States. As a result, the 

demographic landscape of colleges across the nation is also changing to reflect this new reality. 

However, many Latinx students are still not finishing college at the same rate as other ethnic 

groups. One area of research that is lacking regarding Latinx students is their experiences around 

learning, studying, and testing. While many studies illustrate the unique circumstances that 

Latinx students face when going to college (e.g., likely to be first-generation student, strong 

sense of family obligation, experiencing racial discrimination) few have explored how these 

experiences relate directly to cognitive processes associated with learning.   

The testing effect paradigm has been well studied by cognitive psychologists, who have 

demonstrated self-testing is a very effective way to learn. Although the testing effect has been 

well researched in predominately Caucasian college students, little is known about how well it 

translates to other groups. The present study aims to look at how the heterogenous educational 

experiences of Latinx students at a Southern California university relates to cognitive processes 
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of learning. Using a well-studied cognitive phenomenon known as the Testing Effect, this study 

used survey measures, experimental tasks (a Flanker task and a Spatial Working Memory Task), 

and electroencephalography (EEG) to assess which sociocultural experiences relate to measures 

of cognitive processes involved in learning on a testing effect task. Results indicate that race-

based stress may account for overall lower accuracy on the testing effect task, but Latinx 

participants benefitted from testing as evidenced by better accuracy and reactions times on test 

condition items. The Error Related Negativity and Feedback Related Negativity were not present 

in the testing effect task, but both the P300 and alpha power were present and associated with 

race-based stress. Findings from this study will contribute to a better understanding of the 

importance of studying the unique experiences of Latinx college students as they relate to 

cognitive processes involved in learning and the considerations students and educators may need 

to take before using testing as a learning tool. 
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The Relation Between Race-based Stressors and Cognitive Control Processes 

in Latinx College Students 

Latinx is the fastest growing ethnic minority group in the United States, accounting for 

52% of total population growth as of 2018 (Flores et al., 2019). In colleges and universities, 

Latinx enrollment has increased by 180% from 1999 to 2016 (Gromlich, 2017). Yet, while 

college completion rates for Latinx students have increased in recent years, only 20% of Latinx 

high school sophomores will eventually earn a bachelor’s degree (Carnevale & Fasules, 2017). 

When it comes to better understanding the social experiences of Latinx students in higher 

education that may contribute to their rates of success in college, studies have made great strides 

looking at complex social issues such as immigration status (Guyll et al., 2010), racism and 

microaggressions (Minikel-Lacocque, 2013), and funds of knowledge (Gonzalez et al., 1995). 

While these studies and others like them have made a concerted effort to disaggregate the Latinx 

experience and investigate the nuance of the group, research in cognitive psychology tends to 

treat Latinx people as a monolithic and homogenous group. As a result, Latinx students have 

rarely been the focus of studies on factors influencing their cognition and learning in educational 

settings and even less so in studies using electrophysiological instruments. Studies that can 

establish whether there is a link between the social experiences of Latinx students and cognitive 

processes can simultaneously begin to fill the large gap between contextualized research in 

Education and the lab-based research common in Cognitive Psychology, and better understand 

the nuance of how social experiences among Latinx college students relate to their abilities to 

study and learn in school settings.  

Towards this aim, this study will employ a White comparison sample group. There are 

valid criticisms drawing attention to why more research needs to focus on the heterogeneity 
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within non-White ethnic and racial groups (Aceves et al., 2022; Ayala & Chalupa, 2016), 

including the ideas that between group comparisons can highlight differences that further 

stigmatize one group, they can encourage deficit-oriented interpretations, and they often help 

maintain the “White-centric” approach that is dominant in the social sciences (Aceves et al., 

2022). One of the goals of this study is to contextualize the Latinx experience in higher 

education by highlighting that Latinx students are more likely to face race-based stressors than 

White students. The cumulative effects of race-based stressors and common stressors 

experienced by most students regardless of race may have detrimental effects on cognitive 

processes that facilitate effective learning strategies. By contextualizing these experiences with a 

White comparison group, it is the intent of the author to bring to light potential avenues for 

future research on the mechanisms involved in complex interactions between the social 

environment and cognition in educational settings.   

Literature Review 

Race-based Stressors Reported by Latinx College Students 

Studies on the experience of Latinx students when entering college have reported that 

Latinx students often face stressors that can make it difficult to succeed. Three forms of stressors 

that are commonly reported in the literature by Latinx students include racism in the form of 

microaggressions, acculturative stress, and minority stress. 

Microaggressions 

 Students of color in college settings are less likely to report overt forms of racism 

because such forms of racism are less likely to be socially condoned. Instead students of color 

are more likely to report experiencing covert forms of racism which are subtle insults that can be 

automatically or unconsciously conveyed verbally, nonverbally, and/or visually (Solorzano et al., 
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2000). As a result of microaggressions being able to hide in everyday interactions and their 

seemingly innocuous nature, the cumulative effects of microaggressions have the tendency to 

reduce academic performance among students of color due to a depletion of emotional and 

psychological resources (Sue, 2005; Sue & Constantine, 2007).  

Studies focusing specifically on Latinx students have found that in college settings they 

are more likely to encounter microaggressions in the form of verbal and nonverbal racial affronts 

from faculty, teaching assistants, and students; racial jokes; and from the institution as 

characterized by the university structures, practices, and discourses that support a racial climate 

that is hostile to people of color (Yosso et al., 2009). Having to deal with microaggressions when 

entering college adds an additional step towards adjusting to the new environment that requires 

Latinx students to resist and reject the racism they encounter by drawing on cultural resources. 

Yosso and colleagues (2009) emphasize that in academic settings, microaggressions are likely to 

function much like stereotype threat (Steele & Aronson, 1995) by causing underperformance on 

tests and other academic assignments. However, considering the pervasiveness of 

microaggressions, its effects may be more enduring.  

Acculturative Stress 

Acculturative stress generally occurs when the member of a minority group must contend 

with the prevailing cultural values of the dominant group (Born, 1970; Mena et al., 1987). As 

such, it is most often experienced by recent immigrants but has also been reported among later 

generations (Mena et al., 1987; Padilla et al., 1986). Acculturative stress can result from 

problems with adapting to the cultural values, practices, and language of the dominant culture, in 

addition to discrimination, thus potentially resulting in anxiety and depression (Gil et al., 1994; 

Williams & Berry, 1991).  
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 Studies have demonstrated that Latinx college students do contend with acculturative 

stress and it often leads to those same students experiencing some form of psychological distress 

(Crockett et al., 2007; Rodriguez et al., 2000). The link between acculturative stress and 

academic performance among Latinx college students has not been extensively researched. Mena 

and colleagues (1987) did find that a higher level of acculturative stress was linked to academic 

underperformance among college students, but the sample was only 4% Latinx. Among 

adolescents, negative correlations between acculturative stress and academic performance has 

been found in Latinx middle and high school students (Albeg & Castro-Olivo, 2014; Roche & 

Kuperminc, 2012; Schwartz et al., 2007).  

Minority Stress 

Minority stress is the result of negative experiences in the campus environment that 

minority students perceive to be linked to social, physical, or cultural attributes of said minority 

students (Arbona & Jimenez, 2014; Smedley et al., 1993). Studies have linked minority stress 

with mental health outcomes such as psychological distress, depression, and anxiety (Jones et al., 

2007; Kessler et al., 1999; Neville et al., 2004). However, many of these studies have focused on 

samples of individuals from different ethnic backgrounds or on Black students at predominantly 

White institutions.  

 While it has been found that at colleges where Latinx students are not a minority that 

minority stress does not negatively affect psychological adjustments, considering the current 

political climate, Latinx students’ experiences with minority stress may be particularly salient at 

the moment, even at institutions that are not predominantly white (Rodriguez et al., 2000). A 

more recent study indicates that minority stress can contribute to diminished mental health at 

universities where Latinx are not the minority (Arbona & Jimenez, 2014). More importantly, it 
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has been indicated that minority stress is distinct from other forms of stress in college and that 

Latinx college students are more likely to experience it during their first year in college 

(Smedley et al., 1993; Wei et al., 2011). 

 The literature clearly indicates that Latinx college students are more likely to contend 

with stressors above and beyond academic stress experienced by many college students. These 

stressors in turn are believed to lead to psychological distress and other serious conditions such 

as anxiety and depression that may be interfering with their ability to study, learn, or perform 

well on tests. The next section examines how these stressors may be impacting the learning 

process for Latinx students.   

Linking the Latinx College Experience to Learning and Cognition 

While studies in education have made a concerted effort to explore the experiences of 

Latinx as a group, research in cognitive psychology tends to treat Latinx people as monolithic 

and homogenous when examining cultural factors. As a result, Latinx students have rarely been 

the focus of studies on factors influencing their cognition and learning in educational settings. 

This is problematic because it can prevent researchers from focusing on the unique 

circumstances of Latinx students that need to be addressed. As mentioned earlier, the ever-

growing prevalence of the Latinx group within our schools and society deem it important to have 

a clear understanding of the Latinx student experience and its relations to learning and cognition. 

It has already been highlighted that Latinx college students are more likely to report instances of 

racism in the form of microaggressions, acculturative stress, and minority stress. However, less 

is known about how these stressors might affect Latinx students’ ability to learn in academic 

settings. While the link between stressors and psychological distress has been established in 

some studies, there are fewer studies that have examined the link between the stressors and 
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cognition.  

Relation between Stereotype Threat and Executive Functions as a Case Study 

The purpose of this section is to examine the relation between stereotype threat and 

executive functions as a case study to illustrate gaps in the methodology and what we stand to 

gain from research linking the social experiences of students of color and their cognition in 

academic situations.   

Previously, Yosso and colleagues (2009) have suggested that examining the links 

established between stereotype threat, academic performance, and cognition would be a helpful 

step toward better understanding how race-based stressors such as microaggressions, 

acculturative stress, and minority stress might affect learning and cognition. Stereotype threat 

occurs when a member of a group fears they might confirm a negative stereotype of poor 

performance in a given domain, often leading to poorer performance in that domain (Steele, 

1997). The very first study on stereotype threat demonstrated that simply having Black college 

students write in their race on a form before a test was enough to prime any negative stereotypes 

they may have had about their ability to perform well and this led to underperformance on a 

difficult verbal test (Steele & Aronson, 1995).  

In addition to replicating these findings with different ethnic, racial, and gender groups, 

studies have since also focused on underlying mechanisms that lead to underperformance in a 

stereotype threat condition (Wheeler & Petty, 2001). Particular attention has been paid to 

cognitive processes known as executive functions. Executive function often refers to three 

cognitive processes necessary for goal directed behavior: updating/monitoring of working 

memory, attention shifting, and response inhibition (Miyake et al., 2000). Some studies have 

suggested that stereotype threat interferes with an individual’s working memory. Schmader and 
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Johns (2003) found that for both a group of women and Latinx college students, priming 

negative stereotypes correlated with reduced working memory capacity and the reduction in 

working memory mediated the stereotype threat effect and reduced performance on a math test 

for women. Beilock and colleagues (2007) also demonstrated that participants working on math 

problems with high working memory demands were more likely to fail only in the stereotype 

threat condition.  

With regards to attention shifting, most stereotype threat studies suggest that 

underperformance as a result of not wanting to confirm a negative stereotype about one’s group 

can be interpreted as a strong motivation to avoid failure (Schmader et al., 2008). This results in 

individuals in a stereotype threat condition to focus more on their own behavior and actively 

attend to signs of failure. For instance, well learned and automatic processes are susceptible to 

stereotype threat except when participants are distracted with another task (Beilock et al., 2006). 

In a study that employed a task similar in design to the one that was used in this study, 

participants in the stereotype threat condition were distracted by negative feedback to math 

problems they solved incorrectly and consequentially were less likely to attend to learning 

feedback that provided them with potential solutions to the problems for a later re-test (Mangels 

et al., 2012).  

Although there seem to be no studies directly linking response inhibition to stereotype 

threat, studies do suggest that stereotype threat activates negative thoughts. For example, it has 

been speculated that to perform well on a task, people who experience stereotype threat must 

actively suppress those thoughts, thus engaging cognitive resources that are used to inhibit 

prepotent responses (Schmader et al., 2008). However, studies that attempt to measure 

underlying processes during stereotype threat conditions often had trouble doing so with self-
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report measures. For example, participants in a study by Bosson et al. (2004) demonstrated 

significantly more anxiety during stereotype threat when anxiety was measured using an implicit 

indicator of underlying anxiety, in this case body language, than using a self-report measure of 

anxiety when compared to a non-stereotype threat control group (Bosson et al., 2004). Therefore, 

it is safe to reason that individuals in stereotype threat situations may find it more difficult to 

inhibit certain prepotent responses and that one reason why this has not been well studied is 

because it may be difficult to observe with existing measures.  

Since stereotype threat is so closely tied to an individual’s racial and ethnic identity 

(among many other identities), it stands to reason that experiencing microaggressions, 

acculturative stress, and minority stress may similarly result in a depletion of cognitive processes 

which in turn can lead to diminished abilities to study and learn in academic settings. However, a 

feature of stereotype threat studies is that they examine the effects of race-based stress by 

priming individuals at the moment or just before engaging with an academic task. It is more 

likely that Latinx college students are primed by race-based stressors throughout their college 

going experience and hence may present a cumulative effect on their cognition. Therefore, to 

understand this general effect rather than the effect as it relates to a specific priming event, this 

study will use surveys to assess experience with race-based stress. 

Another thing that is clear from the existing stereotype threat literature focusing on 

cognitive outcomes is that researchers cannot rely solely on self-report measures. I now turn to 

the potential merits of using electroencephalography (EEG) to measure covert cognitive 

processes.  

Measuring Cognitive Processes with EEG  

EEG studies have helped establish well-studied neural correlates of cognition that can be 
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used to measure covert cognitive processes (Deouell & Knight, 2009). For instance, a study on 

children in kindergarten and first grade found changes due to schooling in event related 

potentials (ERPs) that reflect attention and response monitoring but no analogous behavioral 

differences in accuracy or response time (Morrison et al., 2019). This suggests that there are 

certain cognitive processes (e.g., attention, working memory, and response inhibition) that are 

related to learning that can be measured with neural methods but not with existing behavioral 

tasks and self-report scales. In other words, EEG allows researchers to see in real time neural 

responses that give us insight into processes that we cannot observe and that are difficult to 

measure behaviorally. Considering these limitations in self-report and behavioral measures, this 

study will use EEG to allow for a different level of measurement that is distinct from self-report 

or observer ratings. The aim is that using EEG to measure covert cognitive processes may 

expand our understanding of how experiences like racism and race-based stressors might affect 

learning and the brain, especially in situations where participants are unable to articulate such 

effects. To do this, this study will also employ the use of a well vetted learning phenomenon 

known as the Testing Effect. 

The Testing Effect 

One area where these considerations might be particularly important involves the study of 

the Testing Effect (TE). The TE is an area of study in cognitive psychology that has the potential 

to help students to learn more efficiently but has yet to be widely adopted by students and 

educators (Vaughn & Kornell, 2019). The TE occurs when testing oneself repeatedly results in 

better long-term recall than having studied the material by less elaborative means. In other 

words, the TE is an act of successfully retrieving information stored in memory that makes that 

information more recallable in the future (R. A. Bjork, 1975). Although the term used in the 
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literature is testing effect, the use of the word testing is a misnomer because the task serves as a 

form of studying in addition to serving as a form of assessment. When engaging with a Testing 

Effect task, the person is practicing the act of retrieving the information from memory. By using 

this task, the goal is to examine the process of learning and not any behavioral phenomena 

associated with taking a test, such as test anxiety. As a result, this task really elicits moments in 

which researchers can confidently observe and measure underlying learning processes.  

In empirical studies, with the testing effect task often involves two conditions: testing and 

studying. In the testing condition, participants are exposed to a study block followed by at least 

one testing block in which they attempt to recall the previously learned stimuli. The study 

condition involves no testing at all, only re-study of the stimuli in each additional presentation 

block. After all the study and testing blocks have been administered, participants are then given 

an immediate retention test. This is also followed by a longer delay retention test (usually up to 

one week later) to test long-term retention. In all these studies participants in the test condition 

outperform those in the study condition on delayed retention tests. Although tests are typically 

used in school contexts to assess a student’s knowledge about a specific topic or area, the testing 

effect suggests that testing is also a useful learning tool because of its ability to modify memory 

(R. A. Bjork, 1975).  

One of the distinguishing features of testing as a study aid when compared to other more 

commonly used methods of studying (e.g., re-reading, highlighting, and taking notes) is the level 

of discomfort or unease that students often report. This feature of the testing effect is actually 

what some researchers consider to be one of the benefitting mechanisms that leads to increased 

gains in memory retention (Pyc & Rawson, 2009; Vaughn & Kornell, 2019). As a result, TE 

studies are situated in a broader body of work that looks at learning processes that require effort 
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and may not lead to immediate gains, such as desirable difficulties (E. L. Bjork & Bjork, 2011), 

productive struggle (Hiebert & Grouws, 2007; Warshauer, 2011), productive failure (Kapur, 

2008), and exploratory/discovery learning (Alfieri et al., 2011; DeCaro & Rittle-Johnson, 2012).  

All these phenomena involve putting students in uncomfortable situations where they are 

asked to work with material that is just above their level of comprehension with the goal of 

inducing them to struggle with the material. It is believed that in this act of struggle, students are 

exploring multiple potential solutions and connections, many of which lead to dead ends, but in 

the end allow them to learn from the many fruitless paths that were taken. It is often this struggle 

that leads students to report feeling uncomfortable or as if they are not learning. Studies looking 

at student’s judgements of learning indicates that students actually have a better sense of whether 

they know something or not after engaging with a testing effect task (Kornell & Son, 2009). This 

may be in part due to the elevated difficulty causing one to reevaluate their own knowledge, 

whereas those who re-study by re-reading a passage before taking a test on it, for example, are 

more likely to report feeling confident in part because re-reading gives them a false sense of 

understanding the material. While there are benefits to the TE that suggest all students should be 

adopting it as a method to study and learn, its ability to make students feel as though they are not 

learning may be problematic for students who report above normal levels of stress at school due 

to experiences with racial discrimination.  

Testing Effect and Latinx Students 

Although the TE has been consistently demonstrated in several studies, most research on 

the TE has been conducted with homogenous samples of convenience. This over-reliance on 

convenience and W.E.I.R.D. (western, educated, industrialized, rich, and democratic) samples 

(Henrich et al., 2010; Rad et al., 2018) has resulted in studies on student learning and cognition 
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that attempt to generalize findings to an increasingly diverse U.S. population while based mostly 

on middle-class and European-American individuals (Sears, 1986). While this approach seems to 

assume that cognitive processes are universal, research in education and neuroscience has 

demonstrated that the social context affects the brain and cognitive development (May, 2011; 

Morrison et al., 2019).  

Considering the TE in particular, although repeated replications of the TE (see Carpenter, 

2012; Roediger & Butler, 2011; Roediger & Karpicke, 2006b for reviews) have led to the 

recommendation that testing can be a powerful method for learning, these studies have mostly 

ignored the role that social and individual factors may have on the learning process which may 

make testing more beneficial for some students but not all. This is particularly evident for Latinx 

students when in addition to the aforementioned studies on microaggressions, acculturative 

stress, and minority stress,  studies have demonstrated that they face particular issues around 

stereotype threat (Guyll et al., 2010) and standardized testing (Contreras, 2005). Therefore, 

suggesting that testing is a suitable study method for all students can be problematic without 

studies that first assess how different groups of students perform on a TE task. 

Testing Effect and EEG 

Most of the TE research has involved the use of behavioral measures. However, while 

these methods provide measurable outcomes that indicate learning has occurred (e.g., accuracy, 

forgetting), it is not possible to measure cognitive processes associated with this TE by observing 

behavior alone. Using EEG methods, which yield measures of brain activity during task 

performance, make it possible to examine covert cognitive processes – including how the test 

items are processed and how participants respond when they are making a mistake – in real time.  
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ERP studies using similar testing paradigms have demonstrated the merit and feasibility 

of combining a TE task with EEG to measure cognitive processes of attention and working 

memory (Bai et al., 2015; Ernst & Steinhauser, 2012; Mangels et al., 2012; Pastötter & Bäuml, 

2016; Rosburg et al., 2015). For example, attention during studying can be indexed by examining 

the P300, a well-researched ERP component associated with attentional processes and updating 

working memory (Polich, 2011). In addition, it is also possible to explore what happens when 

students make errors. These errors are particularly interesting when examined using ERP 

methods, as there have been well documented individual differences in response to errors – as 

indexed by the Error Related Negativity (ERN) – that are linked to anxiety (Moser et al., 2013). 

Stereotype threat has been found to affect how people attend to feedback after having made an 

error by measuring the Feedback Related Negativity (FRN; Mangels et al., 2012). Participants in 

stereotype threat conditions are more likely to have larger FRN amplitudes when attending to 

negative feedback after having made an error, therefore making the FRN a component of interest 

when examining how race-based stressors might affect performance on the testing effect task.  

Some cognitive processes are more appropriately measured continuously, allowing for an 

examination of how processes change across intervals of time. In this investigation, alpha band 

oscillations, which occur in the range of 8 to 12Hz, were used to measure fluctuations in 

attention. Studies have indicated that lower alpha power is indicative of increased attentional 

processes (Klimesch, 2012; Lenartowicz et al., 2019; Ray & Cole, 1985). Examining alpha 

power during learning and working memory tasks can provide insight into covert attentional 

processes that may be associated with learning and performance on the task. 

Thus, by examining EEG components when individuals are engaged in a TE task and 

related cognitive tasks, it is possible to explore questions specific to the role that factors like 
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anxiety and race-based stress might have in undermining student performance. 

The Current Study 

 The overarching goal of this study is to determine if and how experiences with 

microaggressions, acculturative stress, and minority stress as reported by Latinx college students, 

relates to student’s ability to learn using a testing effect task and to neural correlates of covert 

cognitive processes such as attention and working memory. This study assessed stress due to 

racial discrimination using three different surveys on acculturative stress, minority stress, and 

microaggressions and related those findings to behavioral/neural measures of cognition and 

learning as measured by the testing effect task, a flanker task, and a spatial working memory 

task.   

 Study aims included:  

Study Aim 1: Replicate the Testing Effect with Latinx and White College Students 

 The first study aim is to replicate the testing effect with a sample of Latinx college 

students. The testing effect has been replicated many times over several decades by cognitive 

psychologists, however reported sample demographics are largely homogenous. Here the testing 

effect is examined in ethnic minority college students who are not well represented in previous 

research. 

Hypothesis 1: The testing effect’s long history of replicability suggests that there will be 

evidence of a testing effect with fewer test condition items being forgotten than study condition 

items during a 1-week delay recall test.  

Study Aim 2: Relate Race-based Stressors to Testing Effect Performance 

 The second study aim is to assess a relation between the level of stressors Latinx college 

students report (i.e., microaggressions, acculturative stress, and minority stress) and their 
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performance on the testing effect task. Much like stereotype threat, there is evidence suggesting 

that an individual, or combination of, stressor(s) can lead to underperformance on a demanding 

task. 

 Hypothesis 2: It is hypothesized that students who report higher levels of 

microaggression, acculturative stress, and/or minority stress will perform worse on the TE task 

than students who rate lower on the stressors.   

Study Aim 3: Relate Race-based Stressors to Correlates of Cognitive Processes 

The third study aim is to assess whether there are differences on cognitive control tasks 

associated with students’ ratings of microaggressions, acculturative stress, and/or minority status 

stress. 

Study Aim 3.1: First, associations between behavioral measures of attentional 

shifting/error monitoring and working memory (as indexed by performance on a flanker and 

spatial working memory task; SWM) and race-based stressors will be examined.  

Hypothesis 3.1: It is hypothesized that students with higher ratings of microaggressions, 

acculturative stress, and minority stress will exhibit diminished attentional shifting, and working 

memory as measured by behavioral correlates. 

 Study Aim 3.2: The second sub aim is to assess if neural correlates of cognitive control 

are associated with students’ ratings of race-based stress.  

Hypothesis 3.2: It is hypothesized that participants with higher ratings of 

microaggressions, acculturative stress, and/or minority stress will have larger FRN amplitudes 

after incorrect responses in the TE task and smaller P300 amplitudes when presented with 

learning feedback. Similarly, we would expect to see corresponding small P300 amplitudes in 

the SWM high load trials for individuals with high race-based stress and high alpha power 
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during feedback trials of the TE task and high load encoding and maintenance of the SWM task. 

Study Aim 4: Relate Neural Correlates of Cognition to Testing Effect Task Performance 

 The fourth study aim is to assess if neural correlates of cognition measured during the TE 

task are associated with behavioral measures of performance in the same task. 

 Hypothesis 4: Participants with larger FRN, smaller P300 amplitudes and higher alpha 

activity as elicited by feedback to an incorrect response on the TE task will have lower accuracy 

and slower reaction times on the testing effect task. 

 
Methods 

Overview 

To examine the relation between self-reported demographic, social, and cultural factors 

and Latinx and White students’ cognition and learning, survey measures and experimental tasks 

were used. During the experimental tasks, EEG data were also collected. Participation involved 

in-person visits, and online surveys/testing.  

Participants 

Conducting an exact power analysis using a predetermined specific effect size requires a 

strong empirical basis (Miller & Yee, 2015). As the questions posed in this study are novel, this 

basis is not available for all aspects of the present study. However, sample size was determined 

from power analyses using G*Power (Faul et al., 2007) software, following the traditional 

recommendation of 0.80 for power at alpha = 0.05 and analyses were computed for a medium 

and a large effect size. Considering a regression-based data analytic plan, it is estimated that a 

sample size of 74 is adequately powered to detect medium effects under each research aim (as is 

routinely seen in similar EEG and cultural research).  

The final sample consisted of 59 Latinx and 49 White undergraduate college students 
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recruited from UCLA. Participants were recruited via flyers, email, and word of mouth. 

Participants recruited via the Psychology department’s subject pool received 2 course credits (n 

= 65) and participants recruited via flyers, emails, and word of mouth were compensated with 

$20 cash (n = 43). Potential participants were screened based on the following criteria: they had 

to be an undergraduate student at UCLA, they self-identified as being White or Latinx, and they 

had to have no knowledge of the Japanese language. These criteria were assessed using a 

questionnaire. 

One hundred and eight undergraduate students (Mage = 19.8 years, SD = 2.3) from UCLA 

who met the screening criteria gave signed consent to participate in the study (See Table 1 for 

participant demographics). All 108 participants included in the final sample completed the 

survey, however sample size varied across individual survey measures and tasks. Participant data 

were retained for survey analyses if they answered all the questions for the survey of interest and 

were retained for EEG analysis if they met all inclusion criteria for the task of interest (see 

Electrophysiological Tasks and Measures and Appendix G for further details on exclusion 

criteria for experimental tasks and see Table 4 for sample sizes per survey scale).  

General Procedure 

Participants who met the screening criteria initially scheduled a 2-hour appointment to 

attend a laboratory located on campus. The day before the appointment participants were sent 

either a reminder email or text message with details about when and where to attend their 

appointment and how to prepare for the EEG recording. Upon arrival, participants were given a 

verbal summary of the consent document (IRB #20-000374) and given as much time as they 

needed to read the document and ask any questions. The assessment began once participants 

provided signed consent. 
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Before beginning assessment tasks, participants were outfitted with 32 Ag/AgCl scalp 

electrodes using the Brain Products actiCAP attached to an actiCHamp amplifier (actiCHamp, 

Brain Products GmbH, Gilching, Germany). EEG setup took 15 to 20 minutes. Participants 

completed 3 experimental tasks – including a Flanker task, the Testing Effect task, and the 

Sternberg Spatial Working Memory task– which were counterbalanced and opportunities to take 

short breaks were given in-between tasks.  

Following the completion of the experimental tasks, participants were asked to complete 

the survey portion of the study on Qualtrics using the same computer they used for the previous 

tasks. While participants were completing the surveys, research assistants began removing the 

EEG cap and electrodes for cleaning and disinfection. Participants who were compensated with 

cash were then asked to sign up for a brief 10-minute follow-up appointment 5 to 7 days later 

and were given the opportunity to ask any questions that they had about the study but were told 

that they would receive a full debrief during the follow-up appointment. Participants who were 

compensated with course credit were told they would receive an email with a link 5 days later 

and they would have 2 days to complete the study at home from their own computers.  

Approximately 5 to 7 days later, participants compensated with cash returned to the lab to take a 

surprise retention test of the Testing Effect task and a brief survey. Upon finishing they were 

fully debriefed, given the opportunity to ask questions, and were compensated for their 

participation. Participants who were compensated with course credit completed the surprise 

retention test and a brief survey on their home computers. They were debriefed with a written 

statement and told they could email the researcher with any additional questions they might 

have. 
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Table 1
Participant Demographics (N = 108)

Latinx White

(n  = 59) (n  = 49)

Variable Freq. Freq. Freq. %

Gender X 2
(3, 108) = 0.70, p  = .873

     Male 14 10 24 22.2

     Female 43 36 79 73.1

     Questioning 1 1 2 1.9

     Non-conforming/Queer 1 2 3 2.8

Family Income (US$) X 2(7, 107) = 65.88, p  < .001
     Less than 15,000 5 1 6 5.6

     15,000 to 34,999 13 0 13 12.1

     35,000 to 49,999 14 0 14 13.1

     50,000 to 74,999 12 1 13 12.1

     75,000 to 99,999 6 4 10 9.4

     100,000 to 199,999 8 14 22 20.6

     200,000 to 299,999 1 12 13 12.1

     300,000 or more 0 16 16 15

Parents’ Education (n  = 214) X 2(9, 108) = 62.36, p  < .001
     Less than elementary 13 0 13 6.1 X 2(10, 106) = 65.24, p  < .001
     Elementary 14 0 14 6.5

     Middle/Junior HS 25 1 26 12.1

     HS, no diploma 15 1 16 7.5

     HS or GED 19 3 22 10.3

     Some college, no degree 6 5 11 5.1

     Trade/technical/vocational training 0 3 3 1.4

     Associate degree 3 4 7 3.3

     Bachelor's degree 13 31 44 20.6

     Advanced degree (e.g., Master’s, MD, Ph.D., etc.) 5 50 55 25.7

     Other/Unknown 3 0 3 1.4

Home language other than English X 2(1, 108) = 51.66, p  < .001
     Yes 56 14 70 64.8

     No 3 35 38 35.2

Immigration Generation Status X 2(5, 108) = 58.38, p  < .001
     1

st 14 0 14 12.9

     2
nd 38 12 50 46.3

     3
rd 5 2 7 6.5

     4
th 2 14 16 14.8

     5
th 0 18 18 16.7

    International 0 3 3 2.8

Year in School X 2
(3, 108) = 6.10, p  = .107

    Freshman 18 21 39 36.1

    Sophomore 13 16 29 26.9

    Junior 15 6 21 19.4

    Senior 13 6 19 17.6

Transfer Student X 2
(1, 108) = 3.38, p  = .066

    Yes 14 5 19 17.6

    No 45 44 89 82.4

First Generation Student X 2(1, 108) = 61.69, p  < .001
   Yes 47 2 49 45.4

   No 12 47 59 54.6

Group Difference

Note:  Most participants reported education level of two parents. Frequencies and percentages for Parents’ Education reflect 

total number of parents. Group comparison for parents' education level includes comparisons for each parent.

Total
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Survey Measures 

 The present section will provide an overview of all the survey measures used in the study. 

Each measure will be described with a brief review of its origin, existing statistics of internal 

consistency for populations like this study’s sample, and when appropriate analyses examining 

internal consistency and constructs within the current sample.  

Demographic and Background Questions 

Demographic information regarding participants’ age, gender, race/ethnicity, and 

measures to assess socioeconomic status were collected. In addition, background information on 

participants’ family/home (e.g., language spoken, immigration generation, and parent 

occupation/income) and education (e.g., year in school, transfer status, and first-generation 

status) were also collected (see Table 1). 

Race-based Stress Measures 

Prior to the investigation, decisions were made to use the race-based stress measures for 

all participants, knowing that some of the survey items may not apply to the experiences of 

White college students. This was an intentional choice informed by Causadias et al. (2018) that 

demonstrated that psychological research tends to underemphasize the role of culture in the 

behavior of White participants and overemphasize culture among racial/ethnic minorities. 

Therefore, this choice was made in the attempt to avoid assuming that White college students do 

not experience race-based stress. This decision led to some challenges that are discussed in the 

current section and in the Limitations section. 

Three surveys were used to assess three aspects of race-based stress: acculturative stress, 

minority status stress, and microaggressions, including:  

The Multidimensional Acculturative Stress Inventory (MASI). The MASI is a 36-
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item scale that was developed to measure acculturative stress in individuals of Mexican origin 

(Rodriguez et al., 2002). Originally constructed and validated with a community sample of 

adults, the MASI has since also been validated with a group of adolescent children of Mexican 

descent between the ages of 14 and 20 (Rodriguez et al., 2015). Use with different samples has 

yielded different constructs through exploratory factor analysis, including four constructs from 

Rodriguez et al. (2002): Spanish competency pressures, English competency pressures, pressure 

to acculturate, and pressure against acculturation. Factors had high internal consistency 

(Cronbach a between .77 and .93) and the entire scale had an overall Cronbach a of .90 

(Rodriguez et al., 2002).  

This study administered the MASI scale to both Latinx and White participants. To my 

knowledge, this is the first study to attempt measuring how White participants respond to 

acculturation stress measures that are designed for a Latinx population. This resulted in some 

challenges when aggregating scores and identifying constructs. The first obvious challenge was 

that not all White participants responded to all the items. This was in part because some items 

did not apply to them (e.g., Spanish comprehension pressure items) and some constructs were 

difficult to adapt for White participants. For instance, items representing the pressure to 

acculturate construct would be defined as feeling stress due to pressure to adopt the majority 

culture, which in the case for most White participants would be adopting their own culture. 

Similarly, the pressure against acculturation items would imply that White participants feel stress 

from pressure to adapt to cultures other than the dominant culture. The author believes that these 

concepts are not irrelevant to the experience of being White in the United States. Similar 

constructs such as white fragility and replacement conspiracy theories among white supremacists 

all highlight fears and concerns over interactions with members from different racial groups and 
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the threat of a majority-minority population in the United States (DiAngelo, 2016; Krosch et al., 

2022; Obaidi et al., 2022). However, items in the MASI are more deeply rooted in the day-to-day 

experiences of Latinx individuals in the United States while the analogous concepts for White 

participants seem to be rooted in their racial identity and how that affects their perception of their 

environment. Therefore, when comparing Latinx and White participants on the MASI scale, only 

the mean score of all 18-items that both groups answered (a = .91; see Appendix A) are used for 

analyses. 

The Minority Status Stress Scale (MSSS). The MSSS is a 33-item measure of ethnic 

minority stress that was originally validated with a sample of African American, Latinx, and 

Filipino college students attending a predominantly White university (Smedley et al., 1993). Two 

studies assessing minority stress with a diverse sample of Latinx college students have 

demonstrated that not all 33-items in the original scale pertain to Latinx students (Arbona & 

Jimenez, 2014; Rodriguez et al., 2000). Rodriguez et al. (2000) used a short version consisting of 

19 items (see Appendix B) which loaded onto 3 factors: college climate (a = .88), ethnic 

discrimination (a = .90), and intra-ethnic group pressures (a = .80).  

Using statistical procedures suggested by Brown (2015), confirmatory factor analysis 

using the same model from Rodriguez et al. (2000) examined model fit with three index 

categories: exact fit, parsimony correct index, and comparative fit index. Overall test of exact fit 

was significant, X2(149) = 316.30, p < .001, with an SMSR = 0.04. Parsimony correct index 

RMSEA = 0.10, 90% CI [0.08, 0.12], and comparative fit index CFI = 0.92. Due to the relatively 

small sample size and evidence suggesting that model fit statistics can vary according to many 

different parameters (Beauducel & Wittmann, 2005) the following cutoffs were used to 

determine model fit: SMSR < .08, CFI > .90, and RMSEA < .10 (Bentler, 1990; Brown, 2015; 
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MacCallum et al., 1996). These results suggested a mediocre fit with the same three factor model 

from Rodriguez et al. (2000). Further analysis revealed very high significant correlations 

between the three factors (.85 to .90, p < .001), therefore means scores of the entire scale were 

used for analyses. 

Racial Microaggression Scale. A new microaggression measure was designed for this 

study (see Appendix C). Participants were first presented with definitions of racial 

microaggressions from Sue & Constantine (2007) with examples of racial microaggressions 

sourced from items on the Racial and Ethnic Microaggression Scale (REMS; Nadal, 2011). The 

first of two questions asked participants to answer yes or no if they had ever experienced 

microaggressions during their time at UCLA. Participants who responded in the affirmative were 

then asked how often they experienced microaggressions using a 6-point Likert type scale (see 

Appendix C). For the purposes of analysis, responses from both items were collapsed into a 

single item such that participants who responded “no” to the first item were coded as a zero on 

the scale from the second item. 

Covariates 

To demonstrate that race-based stressors are associated with performance and neural 

activity during the experimental tasks, other forms of stress and related symptomology were 

statistically controlled during regression analyses. The following scales were used to measure 

stress related to college, anxiety, and depression.  

College Stress Scale (CSS). As a control for other forms of stress undergraduate students 

are likely to experience, participants responded to the 18-item College Stress Scale with three 

subscales measuring academic stress, social stress, and financial stress. The CSS was originally 

validated with a sample of Latinx college students and had strong internal consistency in all three 
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subscales (a = .80 to .85; Rodriguez et al., 2000). 

Confirmatory factor analysis with the existing sample indicated that the previous three 

factor model was not a good fit for this sample, X2(132) = 246, p < .001, with an SMSR = 0.07, 

RMSEA = 0.09, 90% CI [0.07, 0.11], CFI = 0.86. Mean scores of the entire scale were used for 

analyses (a  = .89). 

Brief Symptom Inventory (BSI) for Anxiety and Depression. The BSI-18 is a 

shortened version of the 53-item BSI (Derogatis, 1993) that focuses on screening for the most 

common mental health disorders (i.e., anxiety, depression, and somatization; see Asner-Self et 

al., 2006 for more detailed history).  

Anxiety and Depression subscales from the BSI-18 were used in this study. Previous 

studies have suggested using a composite score from the entire scale, however confirmatory 

factor analysis indicated statistically good model fit for this sample with a two-factor model of 

anxiety and depression, X2 (53)= 65.7, p = 0.11, SRMR = 0.04, CFI = 0.98, RMSEA = 0.05, 90% 

CI [0.00, 0.08], so both scales were used (Asner-Self et al., 2006). Cronbach a was .86 for each 

subscale. 

Electrophysiological Procedures 

EEG Recording 

Continuous EEG was recorded with 32 Ag/AgCl scalp electrodes using the Brain 

Products actiCAP attached to an actiCHamp amplifier (actiCHamp, Brain Products GmbH, 

Gilching, Germany). The electrooculogram generated from blinks was recorded using two 

Ag/AgCl electrodes placed below each eye. Impedances were maintained below 50kOhms. 

During recording, data was referenced to electrode site Cz, digitized at 500Hz, and offline re-

referenced to the average of all electrode sites (exclusive of face electrodes) at 500 Hz.  
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EEG Preprocessing 

 All preprocessing procedures were conducted using BrainVision Analyzer software 

(BrainVision Analyzer, 2019). Recorded EEG data from all tasks and participants were first 

visually inspected for bad channels and artifacts. Any between task data was then marked for 

exclusion during analysis (e.g., data recorded before and after the task, practice trials, etc.). For 

ERP analyses, an infinite impulse response (IIR) band pass filter with a high cutoff of 0.1Hz and 

low cutoff of 30Hz was applied to waveforms. For spectral power data, an IIR band pass filter 

with a high cutoff of 1Hz and a low cutoff of 48Hz was applied. All data was re-referenced from 

Cz to an average of all scalp electrodes. Extreme artifacts were then automatically rejected 

according to the following criteria: a) the absolute voltage range for any individual channel was 

greater than 500μV and b) activity was less than 0.5μV. Independent component analysis was 

used to identify and correct for ocular movement artifacts. 

 ERP Preprocessing. After ocular correction, data was segmented into response and 

stimulus segments as described per individual tasks below. All segments with artifacts were 

automatically rejected according to the following criteria: a) gradient larger than 50μV/ms, b) an 

absolute voltage range greater than 300μV, and c) activity less than 0.5μV. Response and 

stimulus segments were baseline corrected in the range of -200ms to -100ms and -100ms to 0ms, 

respectively. Segments were then averaged, and low pass filtered at 30Hz. 

 Spectral Power Preprocessing. After ocular correction, data was segmented. All 

segments with artifacts were automatically rejected according to the following criteria: a) 

gradient larger than 50μV/ms, b) an absolute voltage range greater than 300μV, and c) activity 

less than 0.5μV. Total spectral power was calculated using a continuous wavelet transform with 

the following criteria: a) morlet complex, b) minimum and maximum frequencies of 3Hz and 
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48Hz, respectively, c) 45 logarithmic frequency steps, d) instantaneous amplitude wavelet 

normalization, and e) a morlet parameter of 5. Spectral power was logarithmically normalized 

relative to a reference interval (SWM: -1200ms to -600ms before target stimulus, TE Task: -

1000 to -500ms before performance feedback stimulus) and reported in decibels (dB). 

Experimental Tasks 

 Testing Effect Task. The testing effect task that will be used in this study is based on 

similar experimental tasks that have been successfully used in EEG studies to elicit ERPs (Ernst 

& Steinhauser, 2012; Mangels et al., 2012; Pastötter & Bäuml, 2016). Implementing a within-

subjects design, all participants completed both the testing condition (experimental) and study 

condition (control). Both the testing condition and study condition were comprised of a sequence 

of slides presenting either 30 English-Japanese word translation multiple-choice questions 

(testing condition) or 30 English-Japanese word pairs (study condition) from a list of 60 English-

Japanese translation pairs. The task included four blocks in which every participant received all 

60 English-Japanese word pairs during the first block to study and were asked to remember 

them. During blocks 2, 3, and 4, participants received 30 English-Japanese word pairs to study 

and 30 English-Japanese word translation questions to test themselves on. Study and test 

condition blocks were counterbalanced and word stimuli presentation within each block was 

randomized. Test condition stimulus slides had a Japanese word in the center and four English 

translations words at each corner (1 correct response and 3 distractors). Participants were asked 

to select the correct English translation word by pressing a corresponding keyboard key. Study 

condition stimuli slides had the correct English-Japanese translation pairs and participants were 

asked to memorize them. Word pairs and corresponding word questions were presented an equal 

number of times in each condition (see Figure 1 for task design and parameters).  
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Figure 1 

Testing Effect Task Design and Parameters 

 

Note. A) Testing Effect task design illustrating which blocks were counter balanced and when 
EEG was recorded. B) Study trial parameters. C) Test trial parameters. 

Word Selection. The 60 English-Japanese word pairs were selected from a list of the 

most frequently used Japanese nouns (Tono et al., 2013). All selected nouns are among the top 

1000 most frequently used nouns in the Japanese language. Only nouns representing concrete 

objects (e.g., car) that could be easily imagined by the participants were selected (see Appendix 

D for list of selected nouns). Any Japanese nouns considered to be a part of the American 

English lexicon (e.g., sushi, samurai, manga, etc.) were not included in the final list of 60-word 

pairs. One hundred and eighty unique distractor nouns were randomly selected from this same 

list of frequently used nouns (see Appendix E). Only nouns representing concrete objects were 

kept in the final set of distractors.  

 Parameters and Procedure. A testing condition trial was comprised of 1) a pre-stimulus 

fixation point that lasted 500ms, 2) a stimulus with the Japanese word in the center and four 
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English answer choices (3 distractors and 1 correct response) at each corner of the slide for 

7000ms or until the participant made a response, 3) a 1000ms blank screen, 4) a 500ms fixation 

point, 5) performance feedback with a green check mark for correct responses and a red cross for 

incorrect responses in the center of the slide for 1000ms, 6) a 500ms fixation point, 7) learning 

feedback with the correct English-Japanese word pair for 750ms, and 8) and a 500ms intertrial 

blank screen. Using the EEG recording software, time markers were placed when the participant 

made a response to the question, when the performance feedback was presented, and when the 

learning feedback was presented to assess and analyze the ERN, FRN, and P300 at those time 

points. 

A study condition trial was comprised of 1) a pre-stimulus fixation point that lasted for 

500ms and 2) a stimulus with an English-Japanese word pair for 3000ms. Time markers were 

placed when the stimulus was presented to assess and analyze the P300 and alpha power.  

After a 5-minute distraction period, participants took an immediate retention test in which 

they were presented with test questions for all 60 word pairs to assess how many they 

remembered. One week later, participants were asked to come in again for a brief follow up in 

which they were given a surprise re-test or were sent a link to take a follow-up survey in which 

they were presented with a surprise re-test at home.  

 Flanker Task. Version 0.9 of the ERP Core Eriksen Flanker task was used to measure 

the ERN as a correlate of error monitoring and attentional shifting (Kappenman et al., 2020). The 

task consisted of 10 blocks of 40 trials each for a total of 400 trials. Participants were presented 

with stimuli consisting of 5 arrows and asked to fixate on the center arrow (see Kappenman et 

al., 2020 for task illustration). During each trial participants pressed a left button if the center 

arrow was pointed left and a right button if the center arrow was pointed right. During congruent 
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trials all arrows were facing the same direction and during incongruent trials the 4 surrounding 

arrows were facing opposite of the center arrow. Each trial was comprised of 1) a 1200 to 

1400ms fixation point/response window and 2) a stimulus slide with the arrows for 200ms. The 

ERN was measured when the participant committed a response.  

Figure 2 

Spatial Working Memory Task Parameters 
 

 

Spatial Working Memory Task. A computerized variation of the “Sternberg” spatial 

working memory task was used to measure participants’ working memory (Lenartowicz et al., 

2021). One advantage of using this task is that it is already designed to capture both behavioral 

and neural correlates of working memory. Each trial contained 1) a fixation point for 500ms, 2) 

an encoding display of 1, 3, 5, or 7 yellow dots for 2000ms, 3) a fixation point for a duration of 

either 3000ms, and 4) a probe display of a single dot for 2000ms in either a location that matched 

one of the previous dots or in a location that did not match any of the previous dots (see Figure 2 

for illustration of task parameters). Participants were instructed to press a left or right button on a 

keyboard if the probe location matched or did not match a location from the target/encoding 

display, respectively (Lenartowicz et al., 2016). There was a total of 40 trials, 10 for each load, 

and trials were presented in a random order to each participant. In the analyses, data from trials 

with 1 and 3 dots were combined to create a low load variable and trials with 5 and 7 dots were 
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combined to create a high load variable. 

Electrophysiological Measures 

 This study’s approach is to use well studied EEG measures to assess the covert cognitive 

processes underlying the TE. Since no studies to the author’s knowledge have looked at these 

specific EEG components in relation to a TE task, the study is employing the flanker and SWM 

tasks to provide convergent evidence that the neural activity occurring in the TE task is similar to 

neural activity from well-studied experimental tasks.  

 

Error Related Negativity (ERN) 

The ERN will be measured in both the flanker task and the TE task and serves as a 

correlate for error monitoring and selective attention. Although the ERN is typically measured in 

speeded response tasks like the flanker, examining it in a learning task may provide some insight 

into processes related to error detection and adjusting one’s performance when attempting to 

learn something new. The mean amplitude for the ERN was measured from -50ms to 50ms 

following a committed error and relative to a pre-response baseline of -200ms to -100ms at the 

midline electrode sites for both the Flanker and Testing Effect task.  

Feedback Related Negativity (FRN) 

Table 2
Summary of Neural Correlates of Cognitive Processes

EEG Measure Cognitive Process Experimental Task

Error Related Negativity (ERN)
error monitoring, attention 

shifting
Flanker, Testing Effect

Feedback Related Negativity (FRN) feedback appraisal Testing Effect

P300
attention, working memory 

updating
Testing Effect, SWM

Alpha Spectral Power attention, working memory Testing Effect, SWM
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The FRN is similar to the ERN in that it is a negative waveform that occurs when making 

an error, but it is locked to presentation of a feedback stimulus. A larger FRN amplitude after 

receiving negative feedback on the TE task may be an indication of feedback appraisal as part of 

a reinforcement learning system that is used to alert a person when they have made a correct or 

incorrect response (Gehring et al., 2011). The FRN mean amplitude was measured from 150ms 

to 250ms following performance feedback at midline electrode sites during the Testing Effect 

task.  

P300 

The P300 has been implicated with several cognitive processes including attention, 

working memory, and memory updating (Polich, 2007). For the TE task, measuring the P300 

when receiving learning feedback (i.e., given the correct answer after having made an incorrect 

response) may provide insight into knowing if participants are attending to the learning feedback 

and if that attention results in improved performance on the task. Evidence from the SWM task 

indicates that with increased working memory load the P300 amplitude increases during 

encoding (Lenartowicz et al., 2021). Larger P300 amplitudes on the TE task may suggest similar 

cognitive processes are occurring as in the SWM task. The P300 mean amplitude was measured 

from 350ms to 500ms after learning feedback for the Testing Effect task and 350ms to 500ms 

after target stimuli in the Spatial Working Memory task, both at midline electrode sites.  

Alpha 

Alpha oscillations are a continuous waveform that can be measured across an extended 

period. Unlike ERPs which are time-locked to a specific event, alpha can be measured over 

several seconds or minutes. This makes it ideal for measuring processes that do not have a 

definitive beginning or ending such as attention and working memory. A decrease in alpha 
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power in the SWM task is associated with increased attentional processes that tend to occur 

when attending to tasks that require a lot of working memory capacity (Lenartowicz et al., 2016, 

2021). Similarly, lower alpha oscillations during negative performance feedback and learning 

feedback in the TE task may indicate an increase in attentional processes.  

Alpha spectral power was quantified as the mean normalized power values of EEG 

oscillations in the 8 to 12Hz frequency band occurring over parietal/occipital electrodes. Alpha 

was recorded during negative performance feedback and learning feedback for incorrect 

response trials in the Testing Effect task and during high load encoding and maintenance trials in 

the Spatial Working Memory task. EEG time series recordings were divided and averaged into 

appropriate time windows.  

EEG Exclusion Criteria 

 Appendix F provides a summary of the number of participants that were excluded in the 

analyses of ERPs and alpha power for each task. In tasks that involved quantifying an EEG 

measure from incorrect responses, a minimum of 6 incorrect responses were required to maintain 

statistical power (Boudewyn et al., 2018). Similarly, any participant that was missing more than 

25% of trials either due to participant behavior or presence of artifacts in the EEG data were also 

excluded from analyses (Luck, 2014).  

Confirming Presence of ERP Components 

 Before conducting analyses to address the proposed research questions, the presence of 

individual ERP components was confirmed. The identification of ERPs was done using 

parameters defined in the existing literature, visually inspecting ERP waveforms derived from 

this investigation, and repeated measures analyses of variance (RMANOVA). Specifically, for 

each component of interest a 7 (midline electrode sites: Fz, FCz, Cz, CPz, Pz, POz, Oz) x 2 (task 
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conditions) RMANOVA was conducted (see Table 3 for a summary of results). All 

RMANOVAs violated the assumption of sphericity; therefore, all degrees of freedom are 

reported using Greenhouse-Geisser estimates. Any ERP components that cannot be confirmed 

will be used in the analyses, but findings will be interpreted with caution.  

Table 3
Confirming Presence of ERP's of Interest

Measures Sum of Squares df Mean Square F p η²p

Flanker Task
ERN and CRN

Correct vs Incorrect Response 440.57 1 440.57 135.07 < .001 0.57
Residual 332.70 102 3.26

Electrode Site Mean Activity 3084.15 1.86 1655.33 103.49 < .001 0.50
Residual 3039.86 190.04 16.00

Response x Electrode Site 1619.49 1.75 926.99 131.10 < .001 0.56
Residual 1260.06 178.20 7.07

Testing Effect Task
ERN and CRN

Correct vs Incorrect Response 0.10 1 0.10 0.10 0.753 0.00
Residual 98.05 101 0.97

Electrode Site Mean Activity 339.21 1.88 180.37 29.99 < .001 0.23
Residual 1142.54 189.94 6.02

Response x Electrode Site 0.93 1.73 0.54 0.20 0.788 0.00
Residual 469.83 174.91 2.69

FRN - Performance Feedback
Positive vs Negative Feedback 1.65 1 1.65 1.58 0.211 0.02

Residual 105.17 101 1.04
Electrode Site Mean Activity 750.56 1.55 483.87 34.43 < .001 0.25

Residual 2202.06 156.67 14.06
Feedback x Electrode Site 7.98 1.82 4.38 1.70 0.188 0.02

Residual 473.92 183.96 2.58
P300 - Learning Feedback

Correct vs Incorrect Response 12.82 1 12.82 7.27 0.008 0.07
Residual 177.99 101 1.76

Electrode Site Mean Activity 4515.41 1.99 2269.43 119.48 < .001 0.54
Residual 3816.88 200.96 18.99

Response x Electrode Site 96.84 2.09 46.35 10.73 < .001 0.10
Residual 911.24 211.04 4.32

Spatial Working Memory Task
P300 - Target Stimulus
Low Load vs High Load 0.01 1 0.01 0.01 0.907 0.00

Residual 105.26 100 1.05
Electrode Site Mean Activity 1384.16 1.62 853.42 31.34 < .001 0.24

Residual 4416.31 162.19 27.23
Target Load x Electrode Site 69.70 1.95 35.77 10.63 < .001 0.10

Residual 655.41 194.84 3.36
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Flanker Task 

 ERN. As seen in Figure 3, visual inspection of the grand-average ERP waveforms for 

correct and incorrect response trials reveals an enhanced negative deflection around time of error 

commission relative to correct responses at FCz. To assess significant differences in mean 

amplitude at electrode sites and between response types, a 7 (electrode sites) x 2 (correct and 

incorrect responses) RMANOVA was conducted. There was a significant main effect of 

response type, indicating that mean amplitude was more negative during incorrect responses. A 

significant main effect of electrode site indicated that mean amplitude was significantly more 

negative at frontal sites Fz and FCz than at more posterior sites. Both main effects are consistent 

with the literature on ERNs (Gehring et al., 2011). The interaction between response type and 

electrode site (see Figure 4) is significant, indicating that amplitude at frontal sites was on 

average more negative during incorrect responses on average relative to amplitude at posterior 

sites. Mean amplitude during incorrect responses was maximally negative at FCz, M = -3.87uV, 

SE = 0.26, 95% CI [-4.39, -3.37], and the difference between incorrect and correct responses was 

also maximal at FCz as confirmed by post hoc analysis, t(102) = 15.54, ptukey < .001. These 

findings confirm the presence of the ERN at FCz and all further analyses examining the ERN 

during the Flanker task will use mean amplitude at FCz. 

Testing Effect Task  

ERN. Visual inspection of the grand-average ERP waveforms for correct and incorrect 

response trials revealed that there was no difference in mean amplitude (see Figure 5). Results 

from the 7 (electrode sites) x 2 (correct and incorrect response) RMANOVA indicated a 

significant main effect of electrode site, suggesting that mean amplitude was more negative at 

frontal sites and more positive at more posterior sites (see Figure 6), but there was no significant 
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Figure 3 

Flanker Response Trials Grand Average ERP at FCz 

 

Note. Correct trials are in blue and incorrect trials are in red.  

Figure 4 

Flanker Response Trials Mean Amplitude Across Midline Electrodes 

 

Note. Electrode cites along the x-axis listed in order from front to posterior beginning with Fz. 
Bars are standard error. 

main effect of response type and no significant interaction. Negative deflection shortly after error 

commission during incorrect trials is maximally negative at FCz, (M = -0.73, SE = 0.13, 95% CI 

[-0.98, -0.48], indicating the potential presence of an ERN. However, because there is no 

significant difference between amplitudes on error relative to correct trials, it is difficult to 
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conclude whether the ERN is present. Accordingly, any significant findings pertaining to the 

ERN during the TE task will be interpreted with caution.  

Figure 5 

Testing Effect Task Response Trials Grand Average ERP at FCz 

 

Note. Correct trials are in blue and incorrect trials are in red. 

Performance Feedback FRN. The Feedback Related Negativity is a negative deflection 

observed approximately 200ms after receiving negative feedback (see Figure 7). However, as 

can be seen in Figure 5 a more prominent negative deflection occurs after positive feedback, 

which is inconsistent with the literature (Glazer et al., 2018). The 7 (electrode site) x 2 (positive 

and negative performance feedback) RMANOVA yielded a significant main effect for electrode 

sites but no main effect for performance feedback and no significant interaction (see Table 3). 

Electrode site main effect indicates that mean amplitude was on average significantly more 

positive at frontal sites than posterior sites (see Figure 6). Similar to the ERN findings above, 

there was not adequate evidence to suggest that the FRN is present so any significant findings 

will be interpreted with caution. 

 

 
 



 

    37 

Figure 6 

Testing Effect Task Response Trials Mean Amplitude Across Midline Electrodes 

 

Note. Electrode cites along the x-axis listed in order from front to posterior beginning with Fz. 
Bars are standard error. 
 

Figure 7 

Testing Effect Task Performance Feedback Trials Grand Average ERP at FCz 
 

 

Note. Positive feedback trials are in blue and negative feedback trials are in red. 
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Figure 8 

Testing Effect Task Performance Feedback Trials Mean Amplitude Across Midline Electrodes 

 

Note. Electrode cites along the x-axis listed in order from front to posterior beginning with Fz. 
Bars are standard error. 
 

Learning Feedback P300. Visual inspection of the mean amplitude after receiving 

learning feedback indicates a prominent positive deflection occurring at parietal sites peaking at 

approximately 400ms (see Figure 9). The 7 (electrode sites) x 2 (learning feedback after correct 

and incorrect responses) RMANOVA yielded significant main effects and a significant 

interaction (see Table 3). Main effect of electrode site indicated that mean amplitude was more 

positive at central/parietal sites and the main effect of learning feedback indicated that mean 

amplitude was more positive for learning feedback received after an incorrect response. The 

interaction indicates that mean amplitude was more positive for learning feedback received after 

an incorrect response at parietal to occipital sites and more negative at frontal sites when 

compared to learning feedback received after correct responses (see Figure 10). Mean amplitude 

was maximal at Pz for learning feedback received after an incorrect response, M = 3.26, SE = 

0.20, 95% CI [2.86, 3.66], and the difference between feedback after correct and incorrect 

responses was also maximal at Pz, t(101) = -6.86, ptukey < .001. Further analyses on the P300 for 

learning feedback in the testing effect task will use mean amplitude from Pz. 
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Figure 9 

Testing Effect Task Learning Feedback Trials Grand Average ERP at Pz 
 

 

Note. Feedback during correct response trials is in blue and during incorrect response trials is in 
red. 

 

Figure 10 

Testing Effect Task Learning Feedback Trials Mean Amplitude Across Midline Electrodes 
 

 

Note. Electrode cites along the x-axis listed in order from front to posterior beginning with Fz. 
Bars are standard error. 
 

Spatial Working Memory Task 

 Target Stimulus P300. Visual inspection of mean amplitude at central and parietal sites 
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after presentation of the target stimulus shows a positive deflection occurring at approximately 

300ms (see Figure 11). The 7 (electrode sites) x 2 (low and high load target stimulus) 

RMANOVA yielded a significant main effect of electrode site and a significant interaction, but 

there was no significant main effect of target stimulus load (see Table 4). Electrode site main 

effect indicated that mean amplitude was more positive over central sites and the significant 

interaction indicated that mean amplitude for high load targets was higher at central sites but 

lower at frontal and posterior sites when compared to low load targets (see Figure 12). Maximal 

mean amplitude was at CPz, M = 1.85, SE = 0.16, 95% CI [1.53, 2.17], and difference between 

low and high load target mean amplitude was only significant at CPz, t(100) = -4.38, ptukey 

= .002. Further analyses on the P300 for target stimuli in the SWM task will use mean amplitude 

from CPz. 

 

Figure 11 

SWM Task Target Stimulus Trials Grand Average ERP at CPz 
 

 

Note. Low load trials are in blue and high load trials are in red. 

Summary 

Using a multi-step process that included visual inspection of ERP data, examining 

existing literature, and statistical analysis, the following components were included in the final 
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Figure 12 

SWM Task Target Stimulus Trials Mean Amplitude Across Midline Electrodes 

 

Note. Electrode cites along the x-axis listed in order from front to posterior beginning with Fz. 
Bars are standard error. 
 

analyses. For the Flanker task, mean amplitude at FCz from -50ms to 50ms relative to 

participants’ incorrect response was used to quantify ERN. For the Testing Effect task, there was 

insufficient evidence for the ERN but mean amplitude relative to incorrect responses from -50ms 

to 50ms will be used and interpreted with caution. Similarly, it is not very clear that an FRN can 

be quantified for performance feedback during the Testing Effect task, but mean amplitude will 

be examined at FCz from 150ms to 250ms relative to negative performance feedback and 

interpreted with caution. The P300 for the Testing Effect task was quantified using mean 

amplitude at Pz from 350ms to 500ms relative to learning feedback presentation. For the Spatial 

Working Memory task, the P300 was quantified using mean amplitude at CPz from 350ms to 

500ms relative to presentation of target stimuli. 

Results 

 An overview of descriptive statistics and group comparisons for demographics, survey 

scales, task behavior, and relevant EEG components will be followed by results organized by 

study aims. All statistical analyses were conducted using R packages via the Jamovi graphical 
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user interface (The Jamovi Project, 2022). 

Descriptive Results 

Demographic Comparisons 

 Gender. The size of gender groups was skewed towards female, which is in line with 

demographic characteristics of the participant pool from which they were recruited. Specifically, 

participants consisted of Psychology students, and more than half were Latinx students. 

University of California statistics for the Fall 2022 quarter, for example, shows that social 

sciences are comprised of approximately 68% female undergraduate students and among Latinx 

students in the social sciences, approximately 72% identify as female (University of California, 

2023). In addition, among Latinx college students, researchers have recently highlighted the 

trend of fewer Latinx males in higher education (Saenz & Ponjuan, 2009). There was no 

significant difference in gender distribution between the Latinx and White participant sample 

groups for this study (see Table 1). 

 Family Income. Family income was significantly different between the Latinx and White 

participant groups (see Table 1). More Latinx participants reported a family income below 

$75,000 per year and White participants reported more family incomes of $100,000 or greater 

per year. 

 Parents’ Education. Participants were asked to report education level on up to two 

parents. There were group differences for both parent one and two (see Table 1). Overall, more 

Latinx participants reported that both parents had an education level of HS Diploma/GED or 

below while White participants reported that their parents had a bachelor’s degree or an 

advanced degree.  

 Home Language and Generation Status. More Latinx students reported that they spoke 
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a language at home other than English and that they had immigrated to the United States or have 

immigrant parents (1st and 2nd generation status) when compared to White participants (see Table 

1). 

 College Status. There were no group differences in terms of year in school and transfer 

student status. More Latinx participants reported that they were first-generation college students 

than White participants (see Table 1).  

  

Survey Descriptive Statistics and Group Comparisons 

 Descriptive statistics for the survey scales are reported in Table 4, including the full 

sample, disaggregated by race/ethnicity, and group comparison statistics. Differences between 

Latinx and White participants on the survey scales were statistically significant on all except the 

BSI Depression scale. On average Latinx participants in this sample reported experiencing more 

acculturative stress, more microaggressions, more minority stress, experience more college 

related stress, and experience more anxiety when compared to White participants.  

Experimental Tasks Descriptive Statistics and Group Comparisons 

 Descriptive statistics for the experimental tasks are reported in Appendix G, including the 

full sample, disaggregated by race/ethnicity, and group comparison statistics.  

 Flanker Task. Descriptive statistics from performance on the Flanker task indicate that 

the task functioned as expected. On average, reaction times were faster for incorrect responses 

Scales n Mean (SD) n Mean (SD) N Mean (SD) Group Difference Cohen's d
MASI (18-items) 59 1.09 (0.67) 48 0.43 (0.30) 107 0.79 (0.63) t (105) = 6.28, p  < .001 1.22
Microaggressions 59 1.71 (1.47) 49 0.18 (0.63) 108 1.02 (1.39) t (106) = 6.50, p  < .001 1.26
Minority Status Stress Scale (MSSS) 57 2.52 (1.02) 49 0.63 (0.46) 106 1.64 (1.25) t (104) = 11.90, p  < .001 2.31
College Stress Scale (CSS) 58 3.12 (0.72) 49 2.54 (0.63) 107 2.85 (0.74) t (105) = 4.43, p  < .001 0.86
BSI Anxiety 58 2.75 (0.95) 49 2.26 (0.91) 107 2.53 (0.96) t (105) = 2.72, p = .008 0.53
BSI Depression 55 2.41 (1.00) 48 2.10 (0.87) 103 2.27 (0.95) t (101) = 1.69, p  = .093 0.33

Table 4
Survey Descriptive Statistics and Group Comparisons

Latinx White Total

Note.  Cohen's d small ~ 0.2, medium ~ 0.5, large > 0.8
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than correct responses, t(107) = -26.28, p < .001, Cohen d = -2.53, and slower for incongruent 

trials in comparison to congruent trials, t(107) = -26.07, p < .001, Cohen d = -2.51. Accuracy 

was also as expected with congruent trials garnering more accurate responses than incongruent 

trials, t(107) = 16.09, p < .001, Cohen d = 1.55. Overall, very few trials were missed (M = 2.56, 

SD = 6.15) indicating that participants were engaged and responding within the appropriate time 

window.  

 Latinx and White participants performed significantly different on reaction time on 

correct responses and incorrect responses, accuracy on congruent trials, reaction time on both 

congruent and incongruent trials, reaction time on correct congruent and correct incongruent 

trials, reaction time on incorrect incongruent trials, and on the number of missed trials. In 

summary, White participants were faster, more accurate, and missed fewer trials than Latinx 

participants.  

 Testing Effect Task. Participants performed very well on the retention tests for the TE 

task. As expected, performance was better on the 5-min delay retention test than on the 1-week 

delay retention test, t(98) = 13.87, p < .001, Cohen d = 1.39. Somewhat unexpected was that 

accuracy on test condition items at the 5-min delay test was better than accuracy on the study 

condition items, t(98) = 4.57, p < .001, Cohen d = 0.46. Participants responded more slowly to 

study condition items than test condition items on both retention tests (t5-min(98) = -5.89, p 

< .001, Cohen d = -0.59; t1-wk(98) = -7.58, p < .001, Cohen d = -0.76) suggesting a potential link 

to ease of retrieval for test condition items.   

Significant differences were observed between Latinx and White participants on all 

measures of the TE task, with the exception of reaction time on study condition items during the 

5-min delay retention test. Overall, White participants were more accurate and had faster 
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reaction times on all measures of the TE task compared to Latinx participants. 

 Spatial Working Memory Task. In line with previous research, performance on the low 

load trials was more accurate, t(104) = 17.77, p < .001, Cohen d = 1.73, and faster, t(104) = -

24.12, p < .001, Cohen d = -2.35, than on high load trials. Significant differences between groups 

were observed in the accuracy of high load trials and reaction time for incorrect low load trials 

with White participants being more accurate and faster compared to Latinx participants. 

EEG Measures Descriptive Statistics and Group Comparison 

 ERPs. ERP descriptive and group comparison statistics are outlined in Table 7. Average 

ERP amplitudes for each group were significantly different for the TE P300 when receiving 

learning feedback after an incorrect response and high target P300 on the SWM task. All 

significantly and marginally different ERPs were more positive for the White participants, which 

in the case of the P300 corresponds with increased amplitudes and more neural activity. 

 Alpha Power. Alpha power descriptive and group comparison statistics are outlined in 

Table 8. No significant group differences in alpha spectral power for either the TE task or the 

SWM task were observed.  

Summary 

 Taken together, descriptive analyses and group comparisons indicate that there are 

significant group differences on survey scales, experimental task performance, and neural 

correlates of cognition. Next, study aims were addressed to assess associations between race-

based stress and both testing effect performance and correlates of cognition. 
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Table 5
EEG Components' Descriptive Statistics and Group Comparisons

n Mean SD Min. Max. n Mean SD Min. Max. N Mean SD Min. Max. Group Difference Cohen's d
Flanker ERN 55 -3.94 2.71 -11.40 1.53 48 -3.81 2.53 -10.55 0.81 103 -3.88 2.61 -11.40 1.53 t (101) = -0.23, p  = .815 -0.05
TE ERN 54 -0.83 1.13 -3.50 2.31 48 -0.63 1.43 -3.61 2.77 102 -0.73 1.28 -3.61 2.77 t (100) = -0.79, p  = .433 -0.16
TE FRN Neg Perf FB 54 0.94 1.41 -2.36 3.86 48 1.30 1.86 -2.17 5.98 102 1.11 1.64 -2.36 5.98 t (100) = -1.12, p  = .264 -0.22
TE P300 Inc Learn FB 54 2.32 1.45 -0.57 5.14 48 4.32 2.11 0.39 8.52 102 3.26 2.05 -0.57 8.52 t (100) = -5.62, p  < .001 -1.12
SWM P300 High Load Target 55 1.36 1.34 -1.83 4.21 47 2.41 1.75 -1.01 8.40 102 1.84 1.62 -1.83 8.40 t (100) = -3.41, p  < .001 -0.68
TE Neg Perf FB Alpha 53 -0.63 1.91 -4.35 4.88 47 -1.18 1.52 -4.75 2.70 100 -0.89 1.76 -4.75 4.88 t (98) = 1.59, p  = .116 0.32
TE Inc Learn FB Alpha 53 -0.63 1.86 -4.28 5.07 47 -1.00 1.61 -5.56 2.76 100 -0.8 1.74 -5.56 5.07 t (98) = 1.07, p  = .287 0.21
SWM High Load Target Alpha 53 -4.23 1.84 -10.46 -1.50 42 -3.91 2.01 -8.87 -0.81 95 -4.09 1.91 -10.46 -0.81 t (93) = -0.81, p  = .418 -0.17
SWM High Load Maintenance Alpha 53 -3.14 1.56 -7.78 0.56 42 -3.01 1.87 -6.50 1.43 95 -3.08 1.70 -7.78 1.43 t (93) = -0.37, p  = .710 -0.08
Note.  ERPs are measured in microvolts (µV) and alpha spectral power in decibels (dB).

Latinx White Total
Range Range Range
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Aim 1: Replicate the Testing Effect with Latinx College Students  

Testing Effect Accuracy 

Whole Sample. A 2 (test and study conditions) x 2 (retention test delay: 5 minutes and 1-

week) RMANOVA was first conducted using the entire sample to assess if there was an overall 

testing effect. There was a significant main effect for task condition, F(1, 98) = 48.05, p < .001, 

η²p = 0.33, indicating that participants on average were able to recall more words in the test 

condition than words in the study condition across both delay retention tests (see Appendix G for 

means and Figure 13). There was also a significant main effect for retention test delay, F(1,98) = 

192.49, p < .001, η²p = 0.66, indicating that participants on average forgot more words during the 

1-week delay retention test than during the 5-minute delay retention test (see Figure 13). These 

findings were not supported by a significant interaction of task condition by retention test delay, 

F(1, 98) = 3.04, p = .084, η²p  = 0.03, indicating that the typical pattern of results observed in 

testing effect tasks in which recall of the study condition words is higher during more immediate 

recall and lower during further delayed recall was not observed in this study.  

Figure 13 

Testing Effect Task Accuracy on Retention Tests  
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Post hoc analysis confirmed these findings. On the 5-minute retention test words in the 

study condition were recalled more than words in the test condition, t(98) = -4.57, ptukey < .001. 

Findings met expected patterns during the 1-week retention test where words in the test condition 

were recalled more than words in the study condition, t(98) = -6.53, ptukey < .001. These findings 

suggest that participants on average forgot more words in the study condition than in the test 

condition over the period of one week. Despite the lack of a significant interaction, patterns 

suggest that testing is still beneficial for long term retention.  

Latinx Participants. Findings on the testing effect task were similar for the Latinx 

sample. The 2 x 2 RMANOVA yielded a significant main effect of task condition, F(1, 53) = 

26.36, p < .001, η²p = 0.33, a main effect of retention test delay, F(1, 53) = 127.12, p < .001, η²p 

= 0.70, but no significant interaction, F(1, 53) = 2.60, p = .112, η²p = 0.05. Latinx participants 

recalled more words in the test condition than in the study condition during the 5-minute 

retention test, t(53) = -2.86, ptukey = 0.03, and during the 1-week retention test, t(53) = -5.43, ptukey 

< .001.  

White Participants. The testing effect task results were similar for the White sample. 

The 2 x 2 RMANOVA yielded a significant main effect of task condition, F(1, 44) = 21.48, p 

< .001, η²p = 0.33, a main effect of retention test delay, F(1, 44) = 74.04, p < .001, η²p = 0.63, but 

no significant interaction, F(1, 44) = 0.54, p = .468, η²p = 0.01. White participants recalled more 

words in the test condition than in the study condition during the 5-minute retention test, t(44) = 

-4.04, ptukey = 0.001, and during the 1-week retention test, t(44) = -3.74, ptukey = .003.  

Between Group Effects. To assess if there were any differences between Latinx and 

White participants on the TE task, a between subjects 2 (task condition) x 2 (retention test delay) 

RMANOVA was conducted. Findings indicated a main effect of race, F(1, 97) = 13.67, p < .001, 
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η²p = 0.12, suggesting there are differences in performance on the TE task between Latinx and 

White participants. This was supported by a significant interaction between race and retention 

test delay, F(1, 97) = 5.38, p = .023, η²p = 0.05 (see Figure 14A), which indicated that on average 

Latinx participants forgot significantly more words 1-week later when compared to White 

participants (See Figure 14B). 

While the results do not mirror typical findings in TE tasks studies where study condition 

words are remembered better than test condition words during the immediate retention test and 

test condition words are remembered better one week later, the results do confirm that test words 

were remembered better than study words one week later, confirming the benefit of testing as a 

learning strategy. Therefore, the first hypothesis is confirmed as there is evidence that both the 

Latinx and White participants benefitted from testing because on average they forgot fewer test 

condition words during the 1-week retention test.  

Figure 14 

Testing Effect Performance by Race 
 

 

Note. A) Accuracy on 5-min delay and 1-week delay retention tests by race. B) Percent of words 
forgotten after 1 week. 
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Testing Effect Reaction Time 

Reaction time on retention tests may also be an indicator of how well something is 

learned and can provide more nuance on the potential effects of testing on learning outcomes. A 

between subjects 2 (test and study condition) x 2 (5-min and 1-week delay) RMANOVA was 

conducted to assess how reaction time was different for each group and changed over time. 

Overall, there was a main effect of delay retention test, a main effect of condition, and a three-

way interaction between delay, condition, and race. 

The delay main effect, F(1, 97) = 71.59, p < .001, η²p = 0.42, indicates that reaction time 

was significantly faster for both groups during the 5-min delay test than during the 1-week delay 

test, t(97) = -8.46, ptukey < .001.  

 The condition main effect, F(1, 97) = 71.31, p < .001, η²p = 0.42, indicates that reaction 

time was significantly faster for both groups when answering questions that were learned in the 

test condition than words learned in the study condition, t(97) = 8.44, ptukey < .001.  

 The three-way interaction between delay, condition, and race, F(1, 97) = 5.67, p = .019, 

η²p = 0.06, suggests that the change in reaction time from the 5-min to the 1-week delay retention 

test was moderated by participants’ race (see Figure 15). White participants had faster reaction 

times overall, t(97) = 2.84, ptukey = .005, but reaction times for both conditions became slower 

from the 5-min delay to the 1-week delay retention test, 0.36 seconds slower for study condition 

and 0.44 seconds slower for test condition. Latinx participants had slower reaction times overall, 

but reaction times became slower at a faster rate for study condition items (0.59 seconds slower) 

than test condition items (0.47 seconds) as can be observed in Figure 15. This is supported by 

post hoc analyses that show that for White participants, the difference between study and test 

reaction times at the 5-min delay test, t(97) = 4.73, ptukey < .001, MD = 0.26, became smaller at 
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the 1-week delay test, t(97) = 3.73, ptukey = .007, MD = 0.18. The opposite was true for Latinx 

participants who saw an increase in the difference between study and test reaction times from the 

5-min delay test, t(97) = 3.61, ptukey = .011, MD = 0.18, to the 1-week delay test, t(97) = 7.00, 

ptukey < .001, MD = 0.31. 

Figure 15 

Testing Effect Reaction Time Three-way Interaction  

 

Summary 

Results from accuracy and reaction times on the TE task suggests that both groups 

benefitted from testing when learning new Japanese vocabulary, but Latinx participants may 

have benefitted more with regards to reaction time as it suggests that their rate of forgetting for 

test condition words was slower than their rate of forgetting for study condition words.  

Aim 2: Relate Race-based Stressors to Testing Effect Performance  

Correlation and Multiple regression analyses were used to assess the predictive power 

self-reported microaggression, acculturative stress, and minority stress have on performance on a 

testing effect task. All stress variables will be included in a single model to assess if and how 

much more race-based stress predicts performance on the TE task. 
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Bidirectional correlation analyses were conducted to assess the relation between the self-

reported race-based stress scales, covariates, and performance TE task (see Table 6 for 

correlation matrix). Acculturative stress was significantly correlated with test condition item 

accuracy on the 5-min delay test and reaction time on study condition items on the 1-week delay 

test. Microaggressions was significantly correlated with accuracy on both condition items at both 

retention tests and it was not correlated with reaction time on any condition items and on either 

retention tests. Minority stress was correlated with accuracy on both condition items at both 

retention tests and with reaction times on test condition items on the 5-min delay test and study 

condition items on the 1-week delay test. The CSS and anxiety were the only two covariates that 

correlated with any measures of performance on the testing effect task. All significant 

correlations were in the expected direction: more stress correlated with less accuracy and slower 

reaction times on the TE task.  

Multiple regression analyses were conducted to assess if the three race-based stress 

constructs predicted performance on the TE task while controlling for other stressors (CSS: 

academic, social, and financial), anxiety, and depression (see Table 7 for multiple regression 

statistics). All multiple regression models were conducted using the same predictor variables and 

only the outcome variable changed for each model. Results indicate that race-based stressors did 

predict performance on the TE task above and beyond stressors measured by the CSS and both 

BSI Anxiety and Depression scales. Accuracy on both the study and test conditions during the 5-

minute delay retention test were significantly predicted by minority stress and test condition 

accuracy during the 5-minute delay retention test was marginally predicted by acculturative 

stress. All standardized coefficients were negative, indicating that participants who reported 

higher amounts of minority and acculturative stress were less accurate on the 5-minute delay  
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1 2 3 4 5 6 7 8 9 10 11 13 15
1 5-min Test Condition Accuracy —
2 5-min Study Condition Accuracy 0.67 *** —
3 1-week Test Condition Accuracy 0.70 *** 0.62 *** —
4 1-week Study Condition Accuracy 0.62 *** 0.67 *** 0.82 *** —
5 5-min Test Reaction Time -0.48 *** -0.25 * -0.46 *** -0.37 *** —
6 5-min Study Reaction Time -0.39 *** -0.43 *** -0.46 *** -0.48 *** 0.81 *** —
7 1-week Test Reaction Time -0.25 * 0.00 -0.20 * -0.15 0.64 *** 0.48 *** —
8 1-week Study Reaction Time -0.18 0.02 -0.13 -0.18 0.60 *** 0.51 *** 0.88 *** —
9 MASI (18 items) -0.30 ** -0.11 -0.19 -0.16 0.15 0.10 0.18 0.23 * —

10 Microaggressions -0.31 ** -0.29 ** -0.29 ** -0.31 ** 0.14 0.10 0.07 0.17 0.57 *** —
11 Minority Status Stress Scale (MSSS) -0.38 *** -0.31 ** -0.34 *** -0.37 *** 0.25 * 0.19 0.17 0.27 ** 0.62 *** 0.78 *** —
13 College Stress Scale (CSS) -0.20 * -0.14 -0.17 -0.18 0.16 0.15 0.16 0.19 0.40 *** 0.45 *** 0.55 *** —
15 Anxiety -0.22 * -0.13 -0.12 -0.15 0.14 0.06 0.13 0.10 0.35 *** 0.35 *** 0.36 *** 0.55 *** —
16 Depression -0.18 -0.03 -0.09 -0.11 0.16 0.06 0.06 0.09 0.33 *** 0.34 *** 0.24 * 0.48 *** 0.68 ***

Correlation Matrix for Testing Effect, Race-based Stressors, and Covariates
Table 6

Note.  * p < .05, ** p < .01, *** p < .001
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DV's
β t β t β t β t β t β t

5-min Test Accuracy 0.26 1.77† -0.15 -1.03 -0.13 -0.88 -0.26 -1.97† -0.43 -2.25* 0.16 0.95

5-min Study Accuracy 0.26 1.65 -0.18 -1.2 0.02 0.16 0.04 0.26 -0.49 -2.41* 0.04 0.23

1-wk Test Accuracy -0.16 0.99 -0.06 -0.37 -0.07 -0.48 -0.07 -0.47 -0.37 -1.77† 0.01 0.06

1-wk Study Accuracy 0.19 1.21 -0.08 -0.56 -0.09 -0.60 0.04 0.26 -0.41 -2.00* -0.05 -0.30

5-min Test Reaction Time 0.00 0.01 -0.00 -0.03 0.17 1.07 0.05 0.37 0.30 1.43 -0.15 -0.84

5-min Study Reaction Time 0.01 0.08 -0.09 -0.57 0.17 1.07 0.06 0.38 0.33 1.54 -0.23 -1.24

1-week Test Reaction Time 0.04 0.23 0.09 0.26 -0.02 0.19 0.19 1.32 0.09 0.41 -0.16 -0.83

1-week Study Reaction Time 0.01 0.07 -0.09 -0.56 0.11 0.73 0.19 1.31 0.26 1.23 -0.15 -0.81
R 2

adj.  = 0.03, F (6, 79) = 1.48
Note. † p < .1, * p < .05, ** p < .01, *** p < .001

R 2adj.  = 0.19, F (6, 79) = 4.34***

R 2adj.  = 0.09, F (6, 79) = 2.44*

R 2adj.  = 0.07, F (6, 79) = 2.04†

R 2adj.  = 0.10, F (6, 79) = 2.52*

R 2
adj.  = 0.03, F (6, 79) = 1.40

R 2
adj.  = 0.00, F (6, 79) = 1.00

R 2
adj.  = -0.01, F (6, 79) = 0.82

Depression Acculturative Stress Minority Stress Microaggressions

Table 7
Multiple Regression Analyses for Testing Effect Task

Common Stress Race-based Stress
CSS Anxiety
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retention test. 

Results were similar for the 1-week delay test but only minority stress significantly 

predicted performance on study condition items and marginally predicted performance on the 

test condition items. Standardized coefficients were also negative indicating that more minority 

status stress was associated with lower accuracy on the 1-week delay test.  

For reaction times, neither common stressors nor race-based stressors significantly 

predicted reaction times during the TE task. Despite significant group differences in reaction 

time, measures of stress used in this study do not account for any of those differences. 

Previous group comparisons (see Appendix G) indicate that Latinx participants were overall less 

accurate on both condition items and during both retention tests. They also reported significantly 

higher levels of minority and acculturative stress. In summary, evidence gathered from these 

analyses support the hypothesis that lower performance on the TE task for Latinx participants 

may be in part a result of high levels of acculturative and minority stress. 

Aim 3: Relate Race-based Stressors to Correlates of Cognitive Processes  

As in Study Aim 2, correlation and multiple regression analysis were used to assess if 

microaggressions, acculturative stress, and minority stress relate to behavioral and neural 

correlates of cognition as measured with the experimental tasks. Mean amplitudes of ERPs of 

interests and behavioral measures will serve as the outcome variables for the regression models. 

Behavioral Correlates of Cognitive Processes 

Behavioral measures from both the flanker task and the SWM task were examined as 

correlates for error monitoring/attentional shifting and working memory, respectively. For the 

flanker task higher accuracy suggests that participants were able to switch back and forth from 

congruent and incongruent trials with few errors, post-error slowing is a correlate for a 
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participants’ ability to adjust performance after having committed an error. For the SWM task, 

accuracy for high load trials was used to assess a participant’s working memory processes.  

Bidirectional correlations were conducted to assess the relation between race-based stressors, 

control variables, and behavioral measures of cognitive processes from the flanker task and the 

SWM task (see Table 8). Flanker accuracy was negatively associated with acculturative stress, 

college student stress, anxiety, and depression. Results indicate that as stressors increased,  

flanker accuracy decreased. Flanker post-error slowing was not significantly correlated with any 

of the stress scales. High load accuracy in the SWM task was negatively associated with 

microaggressions, minority stress, and anxiety. Like the flanker accuracy, increased stress was 

associated with a decrease in high load accuracy.  

Further analysis reveals that after controlling for college stress, anxiety, and depression, 

only flanker accuracy is significantly predicted by acculturative stress (see Table 9). Both flanker 

post-error slowing and SWM high load accuracy were not significantly predicted by any of the 

stress variables when controlling for common sources of stress. 

In summary, these results partially support the hypothesis that higher levels of race-based 

stress are associated with poorer cognitive performance as demonstrated by the significant

1 2 3 4 5 6 7 8
1 MASI (18 items) —
2 Microaggressions 0.57 *** —
3 Minority Status Stress 0.62 *** 0.78 *** —
4 College Student Stress 0.40 *** 0.45 *** 0.55 *** —
5 BSI Anxiety 0.35 *** 0.35 *** 0.36 *** 0.55 *** —
6 BSI Depression 0.33 *** 0.34 *** 0.24 * 0.48 *** 0.68 *** —
7 Flanker Accuracy -0.25 * -0.06 -0.15 -0.20 * -0.18 † -0.19 † —
8 Flanker Post-error Slowing -0.06 0.07 -0.03 -0.09 -0.02 -0.09 0.19 † —
9 SWM High Load Accuracy -0.09 -0.22 * -0.18 † -0.16 -0.22 * -0.15 0.00 -0.08

Correlation Matrix for Race-based Stress and Behavioral Correlates of Cognition
Table 8

Note.  † p < .1, * p < .05, ** p < .01, *** p < .001
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DV's

β t β t β t β t β t β t

Flanker Accuracy 0.00 0.03 -0.18 -1.23 -0.04 -0.26 -0.36 -2.66** -0.01 -0.06 0.24 1.40

Flanker Post-erro Slowing -0.12 -0.80 0.11 0.68 -0.12 -0.79 -0.05 -0.35 -0.11 -0.54 0.23 1.26

SWM High Load Accuracy -0.07 -0.47 -0.12 -0.77 -0.04 -0.24 0.05 0.38 0.05 0.25 -0.21 -1.14

Note. † p < .1, * p < .05, ** p < .01, *** p < .001

R 2adj.  = 0.09, F (6, 87) = 2.46*

R 2
adj.  = -0.03, F (6, 87) = 0.54

R 2
adj.  = 0.01, F (6, 84) = 1.20

Common Stress Race-based Stress

CSS Anxiety Depression Acculturative Stress Minority Stress Microaggressions

Table 9
Multiple Regression Analyses for Behavioral Correlates of Cognition

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 MASI (18 items) —
2 Microaggressions 0.57 *** —
3 Minority Status Stress 0.62 *** 0.78 *** —
4 College Student Stress 0.40 *** 0.45 *** 0.55 *** —
5 BSI Anxiety 0.35 *** 0.35 *** 0.36 *** 0.55 *** —
6 BSI Depression 0.33 *** 0.34 *** 0.24 * 0.48 *** 0.68 *** —
7 Flanker ERN -0.03 -0.04 -0.03 -0.10 -0.07 -0.02 —
8 TE ERN -0.04 -0.03 -0.11 -0.19 † -0.14 0.01 -0.06 —
9 TE FRN Neg Perf FB -0.03 -0.03 -0.15 -0.12 -0.04 0.01 -0.17 0.10 —

10 TE P300 Inc Learn FB -0.24 * -0.28 ** -0.39 *** -0.36 *** -0.27 ** -0.22 * 0.13 -0.02 0.21 * —
11 SWM P300 High Load Target -0.22 * -0.35 *** -0.32 ** -0.28 ** -0.14 -0.27 ** -0.03 -0.12 0.18 † 0.38 *** —
12 TE Neg Perf FB Alpha 0.02 0.05 0.16 0.11 0.18 † 0.10 0.03 -0.04 -0.19 † 0.06 -0.04 —
13 TE Inc Learn FB Alpha 0.11 0.09 0.22 * 0.21 * 0.12 0.14 -0.06 -0.10 -0.17 † 0.02 -0.17 † 0.76 *** —
14 SWM High Load Target Alpha -0.07 0.06 -0.12 0.13 0.00 0.16 -0.07 0.17 0.04 -0.14 -0.30 ** -0.04 0.09 —
15 SWM High Load Maintenance Alpha 0.07 0.07 -0.08 0.13 0.08 0.17 0.05 0.20 † 0.10 -0.06 -0.21 * 0.01 0.09 0.74 ***

Table 10
Correlation Matrix for Race-based Stress and EEG Components

Note.  † p < .1, * p < .05, ** p < .01, *** p < .001
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negative association between flanker accuracy and acculturative stress.  

Neural Correlates of Cognitive Processes 

To understand the relations between race-based stress and neural correlates of cognition, 

first bidirectional correlation analyses were conducted to assess the relation between race-based 

stressors, control variables, and neural correlates of cognitive control during the experimental 

tasks (See Table 10 for ERP and alpha power correlations).  

There were significant associations between all three race-based stressor scales and the 

TE task P300 when receiving learning feedback after incorrect trials. The same was observed for 

the SWM task P300 when encoding a high load target. All significant ERP correlations were  

negative and indicate that with increased acculturative stress, microaggressions, and minority 

stress, P300 amplitudes are more likely to be smaller or less positive. For alpha spectral power 

correlations, only minority stress was positively associated with alpha power during the TE task 

when receiving learning feedback after an incorrect trial. This result suggests that as minority 

stress increases so does alpha activity. 

Multiple regression analyses indicate several marginal and significant relationships 

between race-based stress and neural correlates of cognition (see Table 11 for statistical results). 

Specifically, the P300 for learning feedback during incorrect response trials was significantly 

predicted by a model with all six measures of stress including the three race-based stress scales. 

Of the three race-based stress scales, only minority status stress was marginally associated with 

the TE P300 for learning feedback on incorrect trials. The SWM P300 for encoding high load 

targets was marginally associated with depression, but none of the race-based stressors. As 

expected, the P300 associations are all in the negative direction, suggesting that as stress 

increases—both common indicators of stress and race-based stressors—P300 amplitudes 
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decrease or become more negative. 

Alpha power for the TE task when receiving negative performance feedback was 

marginally associated in a positive direction with anxiety. Alpha power when receiving learning 

feedback after an incorrect response on the TE task was marginally predicted by minority stress 

in a positive direction. Both models, however, were not significant. The positive associations 

indicate that alpha power was higher for individuals who experienced more anxiety in the case of 

negative performance feedback and for those who experienced more minority stress in the case 

of learning feedback during incorrect trials.  

For the SWM task, alpha power during high load target encoding was marginally associated with 

CSS and microaggressions in a positive direction and significantly associated with minority 

stress in a negative direction. Alpha during high load maintenance was marginally associated 

with CSS and microaggression in a positive direction and with minority stress in a negative 

direction. 

 In summary, although not all the EEG correlates of cognitive control were significantly 

associated with race-based stress or other indicators of stress, significant and marginal 

associations with the P300 and alpha suggest that some race-based stressors may interfere with 

working memory and attention processes.  
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DV's
β t β t β t β t β t β t

Flanker ERN -0.10 -0.69 0.05 0.31 -0.02 -0.11 -0.03 -0.20 0.03 0.14 -0.01 -0.03

TE ERN -0.19 -1.30 -0.22 -1.39 0.23 1.50 0.08 0.53 -0.08 -0.42 0.06 0.31

TE Negative Perf. FB FRN -0.09 -0.57 -0.05 -0.31 0.08 0.67 0.12 0.83 -0.29 -1.44 0.13 0.72

TE Inc. Learning FB P300 -0.10 -0.69 -0.09 -0.61 -0.09 -0.62 0.04 0.31 -0.33 -1.76† 0.07 0.38

SWM High Load Target P300 -0.13 -0.92 0.19 1.27 -0.28 -1.85† 0.05 0.34 -0.11 -0.57 -0.18 -1.05

TE Negative Perf. FB Alpha -0.05 -0.31 0.27 1.70† 0.00 0.00 -0.18 -1.23 0.32 1.63 -0.17 -0.93

TE Inc. Learning FB Alpha 0.11 0.75 -0.02 -0.10 0.12 0.77 -0.03 -0.23 0.38 1.91† -0.28 -1.52

SWM High Load Target Alpha 0.28 1.94† -0.21 -1.27 0.19 1.22 -0.06 -0.37 -0.49 -2.44* 0.31 1.69†

SWM High Load Maintenance Alpha 0.26 1.76† -0.23 -1.42 0.21 1.33 -0.11 -0.69 -0.35 -1.69† 0.33 1.77†

R 2
adj.  = -0.06, F (6, 84) = 0.12

R 2
adj.  = 0.01, F (6, 82) = 1.12

R 2
adj.  = -0.02, F (6, 82) = 0.74

R 2adj.  = 0.11, F (6, 82) = 2.76*

R 2adj.  = 0.10, F (6, 81) = 2.59†

R 2
adj.  = 0.02, F (6, 80) = 1.32

Note. † p < .1, * p < .05, ** p < .01, *** p < .001

R 2
adj.  = 0.03, F (6, 80) = 1.43

R 2adj.  = 0.08, F (6, 75) = 2.14†

R 2
adj.  = 0.05, F (6, 75) = 1.72

CSS Anxiety Depression Acculturative Stress Minority Stress Microaggressions
Common Stress Race-based Stress

Table 11
Multiple Regression Analyses for EEG Components
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Aim 4: Relate Neural Correlates of Cognition to Testing Effect Task Performance 

Correlation and multiple regression analyses were used to assess the association between 

the neural correlates of cognition and performance measures on the TE task. Mean amplitudes 

for the P300 and FRN and alpha spectral power during feedback trials served as outcome 

variables with accuracy and reaction time data from the TE task serving as predictor variables. 

Bidirectional correlations were conducted between the neural correlates of cognition and 

behavioral performance measures from the Testing Effect task. There was only one marginal 

association between the P300 for learning feedback during incorrect trials and test condition 

accuracy during the 5-min delay retention test (see Table 12).  

Multiple regression analysis revealed a marginal association between alpha power when 

receiving negative performance feedback and reaction times for study condition items in the 5-

min delay retention test, but the regression model was not statistically significant (see Tables 13 

and 14 for regression statistics). 

In summary, there were no statistically significant associations between neural correlates 

of cognition and task performance in the TE task. 
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Correlation Matrix for Neural Correlates of Cognition and Testing Effect Task
1 2 3 4 5 6 7 8 9 10 11 12

1 5-min Test Condition Accuracy —
2 5-min Study Condition Accuracy 0.67 *** —
3 1-week Test Condition Accuracy 0.70 *** 0.62 *** —
4 1-week Study Condition Accuracy 0.62 *** 0.67 *** 0.82 *** —
5 5-min Test Reaction Time -0.48 *** -0.25 * -0.46 *** -0.37 *** —
6 5-min Study Reaction Time -0.39 *** -0.43 *** -0.46 *** -0.48 *** 0.81 *** —
7 1-week Test Reaction Time -0.25 * 0.00 -0.20 * -0.15 0.64 *** 0.48 *** —
8 1-week Study Reaction Time -0.18 † 0.02 -0.13 -0.18 † 0.60 *** 0.51 *** 0.88 *** —
9 TE ERN 0.05 0.04 0.00 0.02 -0.02 0.05 0.01 0.04 —

10 TE FRN Neg Perf FB 0.01 -0.01 0.00 -0.03 -0.03 0.02 -0.04 0.00 0.10 —
11 TE P300 Inc Learn FB 0.19 † 0.04 0.13 0.12 -0.11 -0.07 -0.08 -0.15 -0.02 0.21 * —
12 TE Neg Perf FB Alpha -0.04 0.04 0.01 0.02 0.05 -0.08 0.12 0.08 -0.04 -0.19 † 0.06 —
13 TE Inc Learn FB Alpha 0.03 0.08 0.09 0.15 0.04 -0.03 0.01 0.04 -0.10 -0.17 † 0.02 0.76 ***

Table 12

Note.  † p < .1, * p < .05, ** p < .01, *** p < .001
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Discussion 

 Cognitive psychologists have demonstrated the effectiveness of testing as a learning 

strategy, but few of these studies have acknowledged the social context that, in other domains, is 

often associated with students’ ability to study and learn. The goal of this study was to 

contextualize the types of stress experienced by Latinx students and relate those experiences to 

cognitive outcomes as measured during a testing effect task.  

Results from the current project indicate that both Latinx and White participants 

performed better on test condition items 1-week after initially learning the Japanese vocabulary, 

but White participants overall performed more accurately and had faster reaction times than 

Latinx participants. A main goal of the investigation was to understand the associations between 

DV's
β t β t β t β t

TE ERN 0.08 0.51 0.02 0.14 -0.09 -0.47 0.03 0.17

TE Negative Perf. FB FRN 0.02 0.13 -0.00 -0.00 0.06 0.32 -0.09 -0.46

TE Inc. Learning FB P300 0.25 1.65 -0.17 -1.17 -0.02 -0.13 0.10 0.55

TE Negative Perf. FB Alpha -0.14 -0.90 0.11 0.72 0.03 0.14 0.01 0.06

TE Inc. Learning FB Alpha -0.09 -0.55 0.03 0.17 -0.01 -0.05 0.18 1.00

R 2
adj.  = -0.02, F (4, 88) = 0.58

Note. † p < .1, * p < .05, ** p < .01, *** p < .001

R 2
adj.  = -0.04, F (4, 90) = 0.13

R 2
adj.  = -0.04, F (4, 90) = 0.06

R 2
adj.  = 0.01, F (4, 90) = 1.17

R 2
adj.  = -0.03, F (4, 88) = 0.25

Table 13
Multiple Regression Analyses for Testing Effect EEG Measures and Task Accuracy

5-min Test Acc. 5-min Study Acc. 1-week Test Acc. 1-week Study Acc.

DV's
β t β t β t β t

TE ERN -0.20 -0.96 0.18 1.00 -0.03 -0.14 0.09 0.43

TE Negative Perf. FB FRN -0.09 -0.46 0.10 0.53 -0.12 -0.53 0.11 0.41

TE Inc. Learning FB P300 -0.18 -0.87 0.11 0.64 0.28 1.26 -0.35 -1.63

TE Negative Perf. FB Alpha 0.25 1.22 -0.34 -1.89† 0.14 0.60 -0.02 -0.11

TE Inc. Learning FB Alpha 0.23 1.10 -0.21 -1.16 -0.21 -0.92 0.20 0.89

R 2
adj.  = -0.03, F (4, 90) = 0.36

R 2
adj.  = -0.04, F (4, 90) = 0.21

R 2
adj.  = 0.00, F (4, 90) = 1.00

R 2
adj.  = 0.01, F (4, 88) = 1.30

R 2
adj.  = -0.02, F (4, 88) = 0.50

Note. † p < .1, * p < .05, ** p < .01, *** p < .001

Table 14
Multiple Regression Analyses for Testing Effect EEG Measures and Task Reaction Times

5-min Test RT 5-min Study RT 1-week Test RT 1-week Study RT
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TE performance and race-based stressors. Latinx participants reported significantly more 

experience with race-based stressors, however there was a negative association between 

performance on the TE task and race-based stressors for both Latinx and White participants. 

When considering the neural correlates of cognitive processes, the P300 and alpha spectral 

power when receiving learning feedback after incorrect response trials were significantly 

associated with minority status stress. Lastly, while we see these parallel associations, we did not 

see these associations within the TE task.  

The Social Context for Latinx College Students 

 Experiencing stress and its detrimental effects is not unique to the Latinx population, 

however results from this study reinforce findings from previous research indicating that Latinx 

students contend with stressors related to their ethnic/racial background in addition to stressors 

related to everyday college experiences (Crockett et al., 2007; Guyll et al., 2010; Minikel-

Lacocque, 2013; Rodriguez et al., 2000; Yosso et al., 2009). Results from this study revealed the 

stark difference in the social context that surrounds Latinx students and White students attending 

the same university. Latinx students reported experiencing more acculturative stress, minority 

stress, and microaggressions. These troubling results are compounded by evidence from this 

study indicating that Latinx students also experience higher levels of common college stressors 

(e.g., academic, social, and financial) and anxiety.  

Other factors that were not examined in this study, such as first-generation status and 

being a transfer student, may also affect how Latinx college students experience college at a 4-

year institution. Future studies will need to examine if the stress related to being a transfer or 

first-generation student is distinct from race-based stress and relates to cognitive processes. 

As UCLA nears its goal of achieving Hispanic-Serving Institution (HSI) status in the next 
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few years, it may seem hopeful that this will lead to contextual changes that support Latinx 

students, but studies have found that even at institutions where Latinx students are not the 

minority, such as HSIs, experience with race-based stress still persists (Arbona & Jimenez, 2014; 

Sanchez, 2019; UCLA HSI Task Force, 2022). Concerted efforts will need to be made to provide 

effective support to help Latinx students persist towards earning a bachelor’s degree.  

The Testing Effect and Latinx Students 

 One of the goals of this study was to examine how Latinx students would perform on a 

Testing Effect task, considering that no known study has focused on the effectiveness of the 

testing effect on a group of Latinx students.  

 As hypothesized, Latinx students did remember more test condition items than study 

condition items during the 1-week delay retention test, suggesting that Latinx students benefit 

from the testing effect despite reporting higher levels of stress. In addition, while reaction times 

for White participants on study and test condition items seem to have converged at the 1-week 

delay retention test, for Latinx students, reaction times on study condition items slowed down at 

a quicker rate after 1 week than reaction times on test condition items. This increased efficiency 

in task performance, as indexed by the reaction time results, might even suggest that Latinx 

students benefitted more from the testing effect. Reaction time in semantic retrieval tasks like the 

one used in this study is often equated to ease of retrieval and automaticity; faster reaction times 

equating to easier and more automatic retrieval processes (Gimbel & Brewer, 2011). This is 

further reinforced by R. A. Bjork & Bjork's (1992) New Theory of Disuse which posits that the 

act of retrieving an item from memory both enhances retrieval strength and storage strength. 

Therefore, repeated retrieval attempts in the testing effect task makes remembering the items 

easier and hence faster to recall. For Latinx participants, results indicated that the testing effect 
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enhanced both storage strength as evidenced by remembering more test condition items and 

retrieval strength as evidenced by faster reaction times for test condition items.  

While there were similarities in performance across groups, this study also provided 

evidence that the social context still plays a role in Latinx students’ performance. Specifically, in 

comparison to White participants, Latinx participants remembered fewer Japanese words and had 

slower reaction times at both time points and forgot more words on the 1-week retention test. 

These differences in accuracy were predicted by race-based stress, in particular minority status 

stress, but differences in reaction time were not associated with any stress measure, including 

college stress, anxiety, or depression. Without direct evidence to address this distinction, the 

literature on stress and memory allows for some speculation. For instance, studies have 

demonstrated that memory processes are affected by the temporal proximity of the stressful 

event (Vogel & Schwabe, 2016). When a stressful event occurs long before memory encoding, 

the stress is more likely to impair memory formation. When the stressful event occurs shortly 

before or after encoding, it is likely to enhance memory formation. In addition to temporal 

proximity, stress that is related to the material that is being learned will enhance memory 

processes while unrelated stressors are less likely to promote long term retention (Schwabe & 

Wolf, 2010; Smeets et al., 2007).  

Participants in the study were asked to answer questions on minority status stress with 

reference to their time spent at UCLA, hence these are stressors that likely occurred before the 

testing effect task. In addition, there is no reason to expect that minority stress is related to the 

content of the testing effect task. It is possible that minority stress and perhaps other race-based 

stressors are interfering with encoding processes which would likely lead to lower accuracy on 

the task. On the other hand, if the testing effect task was stressful for the students, that form of 
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stress was more immediate and related to the task itself, hence it would enhance memory 

processes taking place during the task and this might be evident in faster reaction times on test 

condition items. Both Latinx and White participants rate of change on test condition item 

reaction times across one week were only 0.03 seconds apart, hence it can be said that the testing 

effect had equal effects on both groups. However, the differences observed between both groups 

may be attributed to differences in the type of stressors they were experiencing. Overall higher 

accuracy and faster reactions times for White participants may be a result of lower instances of 

race-based stress and higher stress due to the testing task itself, respectively. Whereas for Latinx 

participants higher instances in race-based stress may have resulted in lower accuracy score but 

stress due to the task resulted in reaction times indicating enhanced retrieval strength.  

Researchers have suggested that one way to compensate for the detrimental effects of 

stress on memory is to use effective learning strategies that can be recalled automatically (Vogel 

& Schwabe, 2016). The premise here is that even under stressful moments, if people default to 

learning strategies that are effective, such as testing, then they can counteract those detrimental 

effects. Whereas testing might be effective at improving retrieval strength, it is often still a very 

rote process. Using other methods of learning that promote making associations with prior 

knowledge in conjunction with testing may provide more optimal results. It must also be said 

that instilling these learning strategies at an early age is necessary to make them more automatic, 

especially when considering that studies suggest that college students can sometimes be resistant 

towards using effective learning strategies such as testing (Kornell & Son, 2009). Evidence from 

this study demonstrates that even if using effective learning strategies may compensate for 

detrimental effects on learning from stress, it may not be enough to overcome the effects of race-

based stress. 
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EEG and Covert Cognitive Processes 

 Using neural measures in addition to behavioral performance measures provides another 

dimension that can capture covert cognitive processes. Studies have demonstrated that behavioral 

and survey measures can sometimes fail to capture covert processes, especially those that may be 

difficult for participants to articulate. EEG in particular is well suited for measuring cognitive 

processes in a TE task as it can provide high temporal resolution and allows for real time 

measurements. 

ERN in the Testing Effect Task  

 The ERN is an ERP component that is typically found in speeded-response tasks such as 

the flanker task that was used in this study. An understanding of its functional significance is still 

debated but major theories suggest that it may signify error detection/comparison, a response 

conflict, or serve as a signal to improve task performance (Gehring et al., 2011; Weinberg et al., 

2012). With these theories in mind, it was expected that errors on the TE task would also elicit an 

ERN, but this was not the case. Both correct and incorrect responses on the TE task elicited 

nearly identical negative deflection amplitudes indicating that, at least in terms of brain activity 

captured when making a response, there was no difference between correct and incorrect 

responses. In other words, errors were likely not detected.  

 Looking towards the design of the flanker task and the TE task may provide an 

explanation for these results. The flanker task requires very simple procedures to make a correct 

response. Participants must look at the central arrow and press the left or right key on the 

keyboard when the arrow is pointing left or right, respectively. Because of the simple nature of 

the task, one might say that participants develop expertise rather quickly, making it possible for 

them to know when they have committed an error (i.e., press the wrong key). The TE task was 
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not designed to be a speeded-response task, instead it was designed to facilitate the learning of 

Japanese vocabulary words. Since all the participants in the study were novices in the Japanese 

language, it was very likely that participants did not know when they made mistakes responding 

to test condition items until they received feedback telling them that they were incorrect. One 

would expect that if the study included experts in the Japanese language, then there would be 

indications of an ERN when they incorrectly answer a test condition item.  

Only a few studies have examined expertise using the ERN, but one may provide some 

insight into this finding. Krigolson et al. (2009) investigated the underlying neural mechanisms 

of developing perceptual expertise and found that individuals who were classified as low learners 

because their mean accuracy on the task was below 70% had lower ERN amplitudes than 

participants classified as high learners (> 70%). In addition, ERN amplitudes for high learners 

gradually increased, meaning errors they made as they gained more expertise in the task elicited 

larger ERN amplitudes than errors they made early in the task when they had less expertise. This 

was not true for low learners. This study supports this speculation about how and when the ERN 

would appear in a non-speeded learning task and how that relates to learning, but future 

investigations will be needed to truly assess these associations. 

Another interesting parallel between the ERN and the TE task has to do with a theory on 

the function of the ERN which suggests that it is part of a reinforcement learning system that 

involves dopamine signals sent to the anterior cingulate cortex to modify performance on the 

task (Holroyd & Coles, 2002). Students often report feeling like they are not learning when they 

use testing as a learning strategy (Vaughn & Kornell, 2019). This may be in part due to the 

hypothesis on expertise. If participants do not know when they have committed an error, then 

there may be a lack of dopaminergic response that would reinforce the person’s ability to learn 
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from their mistake. This lack of reinforcement for making a mistake may lead an individual to 

feel like they are not learning or making any gains while studying using testing. There is 

evidence supporting the notion that reduced dopamine response is associated with reduced ERN 

signals and impaired performance in situations where learning is important (Nieuwenhuis et al., 

2002). The biggest take away from assessing the ERN in the TE task is that there remains much 

to investigate, and future studies should focus on how our ability to monitor performance 

functions in tasks that are relevant in educational settings.  

Minority Stress Interferes with the P300 and Memory Updating 

 Results indicated a marginal negative association between the P300 when receiving 

learning feedback after an incorrect response and minority stress, suggesting that because Latinx 

participants reported significantly higher rates of minority stress, they were also more likely to 

have smaller P300 amplitudes. The P300 is most commonly associated with attentional processes 

and subsequent context or memory updating (Hajcak & Foti, 2020; Polich, 2007). When placed 

into the context of this study’s design, the P300 was examined as an indicator that when 

participants incorrectly answered one of the testing condition items they would attend to the 

correct answer when it was given as learning feedback and update or re-encode this information 

so that they could use it on subsequent trials when answering the question again. Evidence from 

this study suggests that the association between the P300 and minority stress may provide insight 

into these processes.  

 Other studies have also investigated the role of the P300 when faced with race-based 

stressors. Mangels et al. (2012) studied the effects of stereotype threat on women while engaged 

with a math test. Results from that study also indicated marginal associations between the P300 

and learning outcomes for women in the stereotype threat condition but those findings were 
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overshadowed by stronger associations between the Late Positive Potential (LPP) and error 

correction and the FRN and engagement with learning feedback. Although this study did not 

investigate the LPP—a sustained positive deflection that is increased in response to emotionally 

arousing stimuli—the LPP is often associated with the P300 and some even suggest that they are 

the same waveform (Hajcak & Foti, 2020). This study also did not provide evidence that an FRN 

was elicited from the TE task. The FRN is strongly associated with the ERN and is often also 

referred to as the Feedback ERN because it is a negative deflection that occurs in response to 

negative feedback. The absence of the FRN in the TE task may be associated with reasons why 

the ERN was also not present.  

 Although the literature linking EEG components, learning, and race-based stress is small, 

evidence thus far points in the direction of race-based stress, such as minority stress, may 

interfere with attention and memory updating processes used to learn from errors. Future studies 

should expand the scope of the types of race-based stressors being assessed as well as further 

examine if the P300 alone signifies attention and memory updating or if it should be examined in 

tandem with the LPP.  

Alpha Power and Working Memory 

 Alpha oscillations during the TE task were found to be positively associated with 

minority stress only during learning feedback on incorrect response trials. The direction of this 

association was as expected considering that less alpha activity is associated with increased 

attentional and working memory processes. As minority stress increased, alpha power also 

increased, suggesting that minority stress may be interfering with working memory processes 

during the testing effect task. Results from the SWM task were to provide convergent evidence 

for processes occurring in the TE task, however findings for this were mixed. During high load 



 

    72 

encoding and goal maintenance on the SWM task, minority stress was negatively associated with 

alpha power. This is the opposite of what was expected, and it suggests that high levels of 

minority stress were associated with less alpha power or better attentional and working memory 

processes. SWM task alpha power, however, was positively associated with college stress and 

microaggressions, and the overall regression model for SWM high load encoding suggested a 

positive relationship between all stressors and alpha power. Studies examining different working 

memory tasks have found similar inconsistencies in which the same neural correlate relates to 

working memory differently in separate tasks that are measuring the same constructs 

(Lenartowicz et al., 2021).  

One possible explanation may have to do with the type of task being used to measure 

working memory processes. For instance, associations between alpha power and working 

memory processes may function differently in a vocabulary learning task. Pi and colleagues 

(2023) used frontal and parietal alpha power to assess working memory processing during a 

foreign language learning task and concluded that alpha power may not be a consistent indicator 

of cognitive processes during foreign language learning tasks. More studies are necessary to 

assess if alpha power is an interpretable correlate of working memory processes during a 

language learning task and if race-based stressors are associated with those processes.   

A Note on Neuroscience as a Recruitment Tool 

 While collecting data for this study, there was a keen interest from participants about the 

purpose of the study and what it would all mean once the results were analyzed. When debriefing 

Latinx participants, many asked a lot of follow up questions and some even asked if they could 

participate as a research assistant for the remainder of the project. It was apparent that the 

confluence of social issues that were very personal for Latinx participants with neuroscientific 
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methods was a point of interest for many of the Latinx students. When placing this anecdote in 

the context of limited representation of Latinx individuals in the STEM (Science, Technology, 

Engineering, and Math) fields, it seems like those who are conducting interdisciplinary research 

that address the social issues that affect individuals of color have a powerful recruitment tool for 

getting more students of color involved in the STEM fields. The motivation from students is 

there, and it is up to researchers to recognize this and create these opportunities for those 

students interested in participating.  

Limitations 

 A large part of the sample in this study came from the psychology research subject pool. 

This makes the sample one of convenience and limits generalizability. However, this study 

specifically focuses on the experiences of college students and therefore findings should not be 

generalized beyond that population. In particular, the focus on the experiences of Latinx college 

students, still makes this study one of the few to address if the TE is beneficial for Latinx 

students and one of the few that does this with electrophysiological instruments. It is the author’s 

hope that this study will inspire more like it in the future.  

Some concessions had to be made considering the Covid-19 pandemic and the 

subsequent remote learning policies at UCLA. Initially, to follow social distancing 

recommendations, participants were asked to conduct the 1-week retention test at home where 

researchers had very little control over the research environment. Although there did not appear 

to be any differences between those who took the test at home and those who conducted both 

parts of the study in the lab, participants at home may have been exposed to more potential 

distractions that could have affected their performance. The pandemic also made access to 

participants difficult because EEG data collection requires in-person participation. As a result, 
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there may have been selection bias in that the study only attracted individuals who were willing 

to take any potential risks involved with being near other people for an extended period.  

Although the decision to administer the race-based stress scales to a sample of White 

participants was made with the intention of reducing culture (mis)attribution bias, this did result 

in some constraints in terms of measuring race-based stress for the analyses (Causadias et al., 

2018). Many of the items on the MASI and the MSSS were rated as not applicable by White 

participants. This limited the number of items that were included in the final analyses for the 

MASI therefore potentially affecting the internal validity of the scale. However, there was slight 

variation in responses to the race-based stress scales from White participants. Chances are that in 

some cases this was due to intersectional identities. For example, some White participants who 

also identified as Jewish reported having experienced microaggressions more frequently than 

their White peers who did not report any other cultural identity. In line with evidence supporting 

the notion that culture is rarely attributed to explaining the behavior of White individuals, more 

research is needed to examine how White individuals in the United States experience race-based 

stress and to develop appropriate measurement scales. 

In addition to this, the study employed both behavioral and neural correlates for cognition 

but relied on self-report measures for assessing race-based stress. Stress can be measured in 

many ways and relying on a single method to measure stress may provide a partial understanding 

of stress. Future iterations of this work should explore using non-invasive biological measures of 

stress such as cortisol and heart rate variability, in addition to self-report measures. 

Conclusion 

 Latinx and White students are contending with different social context while attending 

college. Latinx must contend with more stress in the form of race-based stressors and some of 
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these stressors may interfere with their ability to perform well on learning tasks. Testing as a 

study strategy, though, is beneficial for students who face increased levels of stress and should 

continue to be promoted as an effective learning strategy. But if we want to improve the situation 

for Latinx students, the social context needs to be changed. Instead of improving cognitive 

processes via training and study strategies, it may be more fruitful and rewarding to improve 

cognitive processes by reducing barriers in the social environment.  
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Appendix A 
 

The Multidimension Acculturative Stress Inventory (MASI) – 18-items 
 

Response Scale 

0 Does not apply to me 

1 Not at all stressful 

2 A little stressful 

3 Somewhat stressful 

4 Very stressful 

5 Extremely stressful 

Items 

1. I have a hard time understanding others when they speak English. 

2. It bothers me that I speak English with an accent. 

3. Since I don't speak English well, people have treated me rudely or unfairly. 

4. I have been discriminated against because I have difficulty speaking English. 

5. I don't speak English or don't speak it well. 

6. I feel pressure to learning English. 

7. I feel uncomfortable being around people who only speak English. 

8. It bothers me when people don't respect my (ethnicity) values. 

9. People look down upon me if I practice (ethnicity) customs. 

10. I feel uncomfortable when I have to choose between (ethnicity) and American ways of 

doing things. 

11. It bothers me when people pressure me to assimilate to the American way of doing 

things. 
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12. Because of my cultural background, I have a hard time fitting in with Americans. 

13. I don't feel accepted by Americans. 

14. I feel uncomfortable when others expect me to know American ways of doing things. 

15. I have had conflicts with others because I prefer American customs (e.g., celebrating 

Halloween, Thanksgiving) over (ethnicity) ones. 

16. I feel uncomfortable because my family does not know (ethnicity) ways of doing things. 

17. I feel uncomfortable when others expect me to know (ethnicity) ways of doing things. 

18. People look down upon me if I practice American cultures. 
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Appendix B 
 

Minority Status Stress Scale (MSSS) – 19-items 
 

Instructions 
 
The following set of questions include items and events that may be sources of stress for college 

students. Rate the stressfulness of each item based on your experiences since you started at 

UCLA. If you are a transfer student, think about your most recent experiences at UCLA only. 

Response Scale 

0 Does not apply 

1 Not at all stressful 

2 

3 

4 

5 Extremely stressful 

Items 

1. The university does not have enough professors of my race. 

2. Racist policies and practices of the university 

3. The university lacks concern and support for the needs of students of my race 

4. Seeing members of my race doing low status jobs and Whites in high status jobs on 

campus 

5. Few courses involve issues relevant to my ethnic group. 

6. White students and faculty expect poor academic performance from students of my race. 

7. The university is an unfriendly place. 

8. Having to always be aware of what White people might do. 
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9. Negative attitudes/treatment of students of my race by faculty 

10. Being treated rudely or unfairly because of my race 

11. Being discriminated against 

12. Others lacking respect for people of my race. 

13. Having to “prove” my abilities to others (i.e., work twice as hard) 

14. Pressure that what “I” do is representative of my ethnic group’s abilities, behavior, and so 

on. 

15. The lack of unity/supportiveness among members of my race at the university 

16. Trying to maintain my ethnic identity while attending the university. 

17. White people expecting me to be a certain way because of my race (i.e., stereotyping) 

18. Relationships between males and females of my race (e.g., lack of available dating 

partners) 

19. Pressures from people of my same race (e.g., how to act, what to believe)
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Appendix C 
 

Racial Microaggression Scale 
 
Instructions 
 
The following set of questions will be about your experience with racial microaggressions. 

 

Racial microaggressions are “subtle, stunning, often automatic, and non-verbal exchanges which 

are ‘put downs’” and have also been described as subtle insults delivered through dismissive 

looks, gestures, and tones (verbal, nonverbal, and/or visual) toward people of color; often 

automatic or unconscious. 

 

Simply stated, racial microaggressions are brief, everyday exchanges that send denigrating 

messages to people of color because they belong to a racial minority group. 

 

Here are some examples of microaggressions that are commonly reported by people of color: 

• Assumptions of being less educated, poor, not intelligent, having a lower paying job, 

being from a particular neighborhood.  

• Instances of surprise at your accomplishments and being told you are “articulate.” 

• People avoiding you on the street, holding onto their belongings tighter in your 

presence, not sitting next to you in public spaces, avoiding eye contact with you, 

receiving substandard service in stores. 

• People claiming that they don’t see color/race, they are color-blind, racism doesn’t exist 

anymore, that you complain or think about race too much, or that all racial groups 

experience the same obstacles. 
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• Assumptions that you speak a language other than English, that you eat food associated 

with your race/culture every day, being asked that you teach someone words in your 

“native language,” that all people in your racial group look alike or are all the same, 

someone wanting to date you only because of your race, having your physical features 

objectified because of your race, and someone not believing that you were born in the 

U.S. after telling them.  

• Lack of representation of members of your race in media, in prestigious professions, in 

government, at work, and at school. 

• Being ignored or your opinion being overlooked at work or school, being treated in an 

unfriendly way by people at work or school. Being treated differently than your White 

counterparts. 

 

Items and Response Scales 

1. Have you ever experienced any racial microaggression during your time at UCLA? 

Yes or No 

2. How frequently would you estimate that you have experienced racial microaggressions 

during your time at UCLA? Choose an answer that best approximates your experience. 

1 I have only experienced racial microaggressions once since I started college 

2 Hardly at all or a few times a year 

3 A few times a quarter 

4 Monthly 

5 Weekly 

6 Daily
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Appendix D 
 

Testing Effect Task Word List 
 

Japanese English Japanese English 

kodomo child yama mountain 

shigoto job byouin hospital 

hito person hana flower 

me eye ongaku music 

uchi house eki station 

hi sun eiga movie 

kotoba word musume daughter 

te hand zu drawing 

kokoro heart yume dream 

kane money iro color 

kao face natsu summer 

machi city koukou high school 

koe voice kaji fire 

kuruma car neko cat 

karada body otto husband 

otoko man uta song 

onna woman sakana fish 

gakkou school sensou war 

haha mother densha train 

mise store doubutsu animal 

atama head musuko son 

denwa telephone ame rain 

hon book mimi ear 

yoru night fuyu winter 

kazoku family ki tree 

chichi father oto sound 

heya room umi ocean 

daigaku university ashi foot 

asa morning shashin photo 

inu dog kuchi mouth 
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Appendix E 
 

Testing Effect Task Distractor Word List 
 

spring hip vegetable machine desk 
fall hill window fan plate 
nose valley door factory button 
apartment clinic forest pot castle 
moon cartoon piano stairs bridge 
star portrait document coffee tent 
sentence bus bird leaf nurse 
arm plane toilet floor seed 
leg storm baseball bone hotel 
coin bicycle team table grass 
chin letter salt teacher document 
town boat bread brain farmer 
truck class meat restaurant cow 
van tea finger camera mirror 
neck building earth wave smoke 
girl chest garden insect butter 
boy horse tool muscle soup 
office student rock shoe needle 
brother wind egg library thread 
sister rice clothes milk twig 
hair food baby fruit cabin 
magazine doctor paper box barn 
pamphlet athlete novel guitar pool 
evening parent knife taxi diary 
noon sky supermarket lunch tape 
grandfather park bath dinner ticket 
grandmother medicine snack breakfast notebook 
church stomach chair market shadow 
rabbit ball gold menu garlic 
hamster wall skin key gate 
plant air preschool poem nest 
noise shoulder seat refrigerator race 
lake bank tooth airport firework 
river snow bed apple sand 
pond uncle sugar lip weapon 
knee aunt wife weather claw 
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Appendix F 
 

 
 

Table F1
EEG Data Exclusion Criteria

Measures & Data Type Exclusion Criteria Trial Type Number Excluded

Flanker Task

ERP more than 25% missing trials 0
ERP more than 25% incorrect trials 3
ERP less than 6 incorrect trials 1

Testing Effect Task
ERP less than 6 incorrect trials 3

Spectral Power more than 25% missing trials
Feedback Stimulus 2

Spectral Power less than 6 incorrect trials 3
Spatial Working Memory Task

ERP more than 25% missing trials
Low Load Target Stimulus 3
High Load Target Stimulus 2

Spectral Power more than 25% missing trials
High Load 9



 

    85 

Appendix G 

 
 

Table G1
Experimental Tasks Descriptive Statistics

Measures n Mean (SD) n Mean (SD) N Mean (SD)

Flanker Task
Overall Accuracy 59 88.3% (7.0) 49 88.9% (5.3) 108 88.6% (6.2)

Reaction Time - Correct Responses 59 444.53 (54.37) 49 416.41 (38.18) 108 431.77 (49.54)

Reaction Time - Incorrect Responses 59 366.48 (59.05) 49 337.74 (32.00) 108 353.44 (50.56)

Accuracy - Congruent Trials 59 94.4% (6.4) 49 97% (3.1) 108 95.6% (5.4)

Accuracy - Incongruent Trials 59 82.2% (9.8) 49 80.7% (9.3) 108 81.5% (9.5)

Reaction Time - Congruent Trials 59 409.25 (54.77) 49 379.44 (36.05) 108 395.72 (49.31)

Reaction Time - Incongruent Trials 59 464.03 (61.16) 49 436.84 (42.23) 108 451.70 (54.89)

Reaction Time - Correct Congruent Trials 59 411.62 (54.63) 49 380.84 (36.48) 108 397.66 (49.52)

Reaction Time - Correct Incongruent Trials 59 482.93 (55.56) 49 459.51 (39.96) 108 472.30 (50.26)

Reaciton Time - Incorrect Congruent Trials 53 366.79 (91.3) 45 350.20 (105.5) 98 359.17 (97.91)

Reaction Time - Incorrect Incongruent Trials 59 366.94 (59.02) 49 335.86 (27.23) 108 352.84 (49.62)

Missed Trials 59 3.85 (9.03) 49 1 (1.32) 108 2.56 (6.15)

Post-error Slowing 59 50.22 (39.6) 49 43.83 (29.52) 108 47.32 (35.37)

Testing Effect Task
5-minute Delay Test

Overall Accuracy 54 84.4% (12.0) 45 90.1% (8.6) 99 87.4% (11.1)

Overall Reaction Time 54 2.69 (0.56) 45 2.46 (0.56) 99 2.59 (0.57)

Accuracy - Test Trials 54 86.8% (10.9) 45 93.4% (7.2) 99 89.8% (9.9)

Accuracy - Study Trials 54 82.0% (15.7) 45 88.5% (11.3) 99 85% (14.2)

Reaction Time - Test Trials 54 2.60 (0.60) 45 2.33 (0.54) 99 2.48 (0.59)

Reaction Time - Study Trials 54 2.78 (0.57) 45 2.59 (0.64) 99 2.7 (0.61)

1-week Delay Test
Overall Accuracy 54 66.3% (16.3) 45 78% (15.2) 99 71.6% (16.8)

Overall Reaction Time 54 3.23 (0.67) 45 2.86 (0.56) 99 3.06 (0.65)

Accuracy - Test Trials 54 70.2% (16.6) 45 81.0% (14.2) 99 75.1% (16.4)

Accuracy - Study Trials 54 62.4% (17.6) 45 75% (17.8) 99 68.1% (18.7)

Reaction Time - Test Trials 54 3.07 (0.69) 45 2.77 (0.59) 99 2.94 (0.66)

Reaction Time - Study Trials 54 3.38 (0.69) 45 2.95 (0.59) 99 3.19 (0.68)

Spatial Working Memory Task
Overall Accuracy 58 84.1% (5.9) 47 86.6% (7.3) 105 85.2% (6.7)

Reaction Time - Correct Responses 58 1048.19 (147.53) 47 1009.69 (119.27) 105 1030.95 (136.35)

Reaction Time - Incorrect Responses 58 1290.13 (193.73) 47 1250.54 (147.7) 105 1272.41 (174.96)

Accuracy - Low Load Trials 58 90.3% (6.0) 47 92% (8.0) 105 91.0% (7.0)

Accuracy - High Load Trials 58 77.9% (7.4) 47 81.2% (8.2) 105 79.4% (7.9)

Reaction Time - Low Load Trials 58 995.08 (148.98) 47 944.36 (123.77) 105 972.38 (139.94)

Reaction Time - High Load Trials 58 1157.59 (157.02) 47 1120.16 (119.01) 105 1140.83 (141.87)

Reaction Time - Correct Low Load Trials 58 977.68 (146.74) 47 934.55 (126.56) 105 958.38 (139.11)

Reaction Time - Correct High Load Trials 58 1130.15 (157.5) 47 1094.2 (124.61) 105 1114.05 (144.17)

Reaction Time - Incorrect Low Load Trials 54 1258.37 (296.33) 35 1121.26 (275.13) 89 1204.45 (294.4)

Reaction Time - Incorrect High Load Trials 58 1313.68 (203.24) 47 1297.33 (160.24) 105 1306.36 (184.56)

Missed Trials 58 3.60 (2.51) 47 3.34 (2.73) 105 3.48 (2.6)

Latinx White Total

Note. Reaction times for Flanker and Spatial working memory task are in milliseconds and in seconds for Testing Effect task.
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Table G2
Experimental Tasks Group Comparisons

Measures Group Difference Cohen d
Flanker Task

Overall Accuracy t (106) = -0.45, p  = .653 -0.09
Reaction Time - Correct Responses t (106) = 3.05, p  = .003 0.59

Reaction Time - Incorrect Responses t (106) = 3.05, p  = .003 0.59
Accuracy - Congruent Trials t (106) = -2.59, p  = .011 -0.50

Accuracy - Incongruent Trials t (106) = 0.82, p  = .415 0.16
Reaction Time - Congruent Trials t (106) = 3.27, p  = .001 0.63

Reaction Time - Incongruent Trials t (106) = 2.63, p  = .010 0.51
Reaction Time - Correct Congruent Trials t (106) = 3.37, p  = .001 0.65

Reaction Time - Correct Incongruent Trials t (106) = 2.47, p  = .015 0.48
Reaciton Time - Incorrect Congruent Trials t (96) = 0.83, p  = .406 0.17

Reaction Time - Incorrect Incongruent Trials t (106) = 3.40, p  < .001 0.66
Missed Trials t (106) = 2.45, p  = .016 0.47

Post-error Slowing t (106) = 0.93, p  = .352 0.18
Testing Effect Task

5-minute Delay Test
Overall Accuracy t (97) = -3.06, p  = .003 -0.62

Overall Reaction Time t (97) = 2.08, p  = .040 0.42
Accuracy - Test Trials t (97) = -3.48, p  < .001 -0.70

Accuracy - Study Trials t (97) = -2.13, p  = .023 -0.47
Reaction Time - Test Trials t (97) = 2.37, p  = .020 0.48

Reaction Time - Study Trials t (97) = 1.61, p  = .111 0.32
1-week Delay Test

Overall Accuracy t (97) = -3.69, p  < .001 -0.74
Overall Reaction Time t (97) = 2.91, p  = .005 0.59
Accuracy - Test Trials t (97) = -3.45, p  < .001 -0.70

Accuracy - Study Trials t (97) = 3.53, p  < .001 -0.71
Reaction Time - Test Trials t (97) = 2.33, p  = .022 0.47

Reaction Time - Study Trials t (97) = 3.32, p  = .001 0.67
Spatial Working Memory Task

Overall Accuracy t (103) = -1.94, p  = .056 -0.38
Reaction Time - Correct Responses t (103) = 1.45, p  = .151 0.28

Reaction Time - Incorrect Responses t (103) = 1.15, p  = .251 0.23
Accuracy - Low Load Trials t (103) = -1.22, p  = .225 -0.24
Accuracy - High Load Trials t (103) = -2.18, p  = .032 -0.43

Reaction Time - Low Load Trials t (103) = 1.87, p  = .065 0.37
Reaction Time - High Load Trials t (103) = 1.35, p  = .180 0.26

Reaction Time - Correct Low Load Trials t (103) = 1.59, p  = .115 0.31
Reaction Time - Correct High Load Trials t (103) = 1.27, p  = .205 0.25

Reaction Time - Incorrect Low Load Trials t (87) = 2.19, p  = .031 0.48
Reaction Time - Incorrect High Load Trials t (103) = 0.45, p  = .654 0.09

Missed Trials t (103) = 0.51, p  = .609 0.10
Note.  Cohen's d small ~ 0.2, medium ~ 0.5, large > 0.8

Latinx & White
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