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 We investigated the role of feedback and performance expectation as a potential mediator 

of performance deficits in working memory tasks as a function of working memory capacity 

span. After completing an RSPAN task, 173 participants were randomly assigned into three 

different performance expectation conditions: 95th percentile condition, where we projected a 

high expectation for participants to perform well on the subsequent task; 40th percentile 

condition, where we projected a low expectation for participants to have more difficulty with the 

subsequent task; and no feedback, where participants were not given any type of feedback and 

moved on to the second task. After taking the second test, their scores were recorded to 

determine their capacity span and changes in their performance. Under the 95th percentile 

condition, we found that high working memory participants (HWM) scored significantly lower 

on the second test, after projecting high expectations for their performance. Likewise, HWM 

participants also showed a deficit in performance after projecting low expectations for their 

performance. We speculate that HWM participants internalize feedback, both positive and 

negative, in a counterproductive manner, so that their performance is hindered on future tasks. 

Interestingly, low working memory participants (LWM) in the 40th percentile condition perform 
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significantly better on the second task. We think LWM participants use this negative feedback 

productively as a motivator and draw reserved resources toward the second task. Our study 

suggests that working memory capacity is not as stable a construct as previously believed, and 

that different types of people interpret feedback differently to either be productive or 

counterproductive on future tasks.                
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CHAPTER 1 
INTRODUCTION 

Within cognitive psychology, the idea of working memory is used to refer to the system 

or systems involved in the temporary storage of information while simultaneously processing 

information necessary for the performance of complex tasks such as learning, reading 

comprehension, and reasoning (Baddeley, 2002). There have been many expansions of working 

memory since Baddeley and Hitch’s original model, but commonalities exist between models. 

First, the varying models agree that working memory capacity is limited and these limitations are 

due to different factors such as decay and interference (Engle, Tuholski, Laughlin, & Conway, 

1999) and the ability to manage attentional resources (Redick & Engle, 2006). One source of 

potential interference can be attributed to anxiety. A moderate amount of anxiety, or an optimal 

level of arousal, is necessary to best complete complex cognitive tasks, but when the level of 

anxiety exceeds the optimal threshold it results in a decline in performance. A second 

commonality of the models is the inclusion of a management and control system. Working 

memory capacity reflects the efficiency of executive functions, particularly the ability to 

maintain task-relevant demands in the face of distracting task-irrelevant information (Engle et 

al., 1999). The ability to monitor and control attention is a major source of individual 

differences, differentiating high- and low- working memory capacity persons (Borella, Carretti, 

& Mammarella, 2006). If it is assumed that working memory capacity is limited in attentional 

resources, then an excess amount of anxiety will consume processing resources that would 

normally be allocated to processing task-relevant information (Tobias, 1985).  

One research approach to the study of attention has manipulated working memory 

capacity by inducing test anxiety with either a stereotype threat or by projecting a strong 

performance expectation that caused participants to “choke” (Beilock & Carr, 2001). Unlike past 
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research that has focused on manipulating social identity (stereotype threats), the purpose of our 

study is to challenge one’s conceptualization of their mental capabilities by categorizing 

individuals into particular performance groups and investigating whether a characterization of 

one’s mental ability will affect their working memory capacity. Our present study investigates 

the effect of anxiety associated with expectations and competency threat upon working memory 

performance. Specifically, our study focuses on the anxiety that is created by a fictitious “label” 

of competency (i.e., a percentile rank) and how that affects one’s performance on subsequent 

working memory tests. To help build our case for the investigation of anxiety and working 

memory, we review research exploring the effects on working memory caused by anxiety, how 

stereotype threat and expectations create performance pressure and fear of choking, and different 

factors that reduce working memory capacity.  

High levels of anxiety are said to cause interference with cognitive capacity if the 

capacity required by a task exceeds the amount available (Tobias, 1985). Anxiety is usually 

defined as an unpleasant, complex state of emotions that include cognitive, behavioral, somatic, 

and emotional components (Sarason, 1984). Anxiety heightens physiological activity (e.g., heart 

rate, sweating) and can also cause self-disparaging thoughts (Sarason, 1961). Specifically, high 

levels of test anxiety can cause an adverse effect on task performance. Students who feel extreme 

uneasiness and nervousness about an exam may be experiencing test anxiety. High anxiety 

persons typically do more poorly on tests than do low anxiety persons, particularly under 

stressful conditions. This performance difference is mainly due to the differences in the ability to 

control and focus attention of high- and low- anxious persons during the task. The low anxious 

person is more fully focused on task-relevant information while the high anxious person is 

internally focused. The task can not be performed adequately when attention is divided between 
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internal (self) cues and external (task) cues (Wine, 1971). Cadinu, Maass, Rosabianca, and 

Kiesner (2005) have demonstrated this detrimental phenomenon using stereotype threat. In their 

study, participants completed the first half of a math test and then were introduced with a 

stereotype that could elicit pressure and fear caused by the perceived stigmatism of their group. 

This was expected to affect their performance on the second half of the test. Specifically, women 

in the stereotype-threat condition were told “recent research has shown that there are clear 

differences in the scores obtained by men and women in logical-mathematical tasks” (p. 574) 

and the no-threat (control) condition were told “there are no differences between men and 

women in logical mathematical tasks” (p. 574). Women in the stereotype-threat condition 

reported a higher number of negative thoughts related to their inability to perform and their lack 

of competence in math than their no-threat counterparts. Additionally, these participants also 

showed a significant decrease in performance from the first half to the second half of the test 

compared to the control group, who in fact, performed significantly better on the second half and 

reported less negative math-related thoughts. Their results support previous work that not only is 

there a reduction in working memory capacity, but an individual’s disruptive thoughts, elicited 

by a stereotype threat, can lead to detrimental performance.   

Stereotype threat refers to the fear experienced by an individual that their performance on 

a task will confirm an existing stereotype. An individual’s performance is hindered when a 

stigmatized social identity is made salient in the performance situation (Schmader & Johns, 

2003). According to a Steele’s (1997) model of stereotype threat, when one is in a situation 

where a negative stereotype exists about one’s group, the additional fear of being judged or of 

self-fulfilling the stereotype will cause them to under-perform in a manner consistent with the 

stereotype. An example that is commonly used is the stereotype that women have more difficulty 
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with math than men. If this stereotype becomes salient in a testing situation, women may 

experience a pressure that degrades their performance. Interestingly, it only takes a subtle 

reminder to make a well-known stereotype salient. Shih, Pittinsky, and Ambady (1999) 

presented women with a questionnaire comprised of questions designed to make salient their 

identity as women (e.g., Do you prefer single sex or coed college dormitories?) prior to taking a 

math test. Without introducing a direct stereotype about their performance the researchers found 

that participants who were primed to identify themselves as women achieved the lowest 

performance than participants in the control condition, where they were not primed to identify 

their gender. Similar to gender stereotypes, Schmader and Johns second Experiment (2003) 

found that asking participants to identify their ethnicity on a demographic questionnaire, prior to 

testing, affected performance. When informed the test was measuring general intelligence, 

Latinos performed lower compared to Whites and a control group of Latinos (under the no-threat 

condition). These results indicate that a stereotype can be made salient without an explicit 

statement, and that priming one’s ethnic identity can negatively affect performance. The 

stereotype threat reroutes attentional focus from the task onto task-irrelevant worries and induces 

anxiety caused by fear of confirming the negative stereotype (Steele, 1997). So, according to 

Steele’s model, increased anxiety caused by this stereotype will reduce cognitive resources, thus 

leading to performance deficits. This idea is further supported by Schmader and Johns study, 

where they found that women who completed a working memory test described as a measure of 

mathematical ability showed a reduction in cognitive capacity and performed poorer than the 

men.  

Our present study extends the work of stereotype threat by suggesting that the same 

anxiety and worries can be induced by focusing participants’ thoughts upon their academic 
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competency. Similar to the way one identifies themselves by gender or ethnic background, an 

individual can also identify with a certain level of academic competency. Performance 

information (feedback) aids students in making that identifying decision. Providing performance 

information (i.e., low competency [40th percentile rank] or high competency [95th percentile]) 

might elicit the same worries of confirming an expectation that is elicited by a stereotype threat 

and can overwhelm participants thereby negatively affecting their performance. Interestingly, 

this type of threat is not dependent upon stereotypes related to either gender or race.     

Past research has suggested that an expectation expressed by a stereotype (and the 

personal value placed on a domain by an individual) may influence performance regardless of 

stereotype salience (Smith & Johnson, 2006). In a stereotype threat situation, participants may 

feel that because of their particular stereotype the experimenter has an expectation for them to do 

poorly. It seems reasonable to suggest that whether stress or anxiety occurs depends on the 

personal salience of a given situation for an individual. Personal salience, in turn, is a product of 

those personality variables that shape perceptions of self and world (Sarason, 1984). When a 

stereotype becomes salient during a testing situation, worry will divide the tester’s attention, 

between the task demands and internal concerns. Specifically, categorizing an individual’s 

competency level will produce self-focusing worries in trying to fulfill this expectation or prove 

the expectation false. Situational conditions in which there are the greatest performance 

differences occur when self-focusing tendencies are elicited (Wine, 1971).   

Self-focusing tendencies are also elicited when high performance is expected and 

individuals have a fear of choking (Smith & Johnson, 2006). Choking refers to a substantial 

decreased in performing when burdened with performance pressure (Beilock & Carr, 2001). 

According to their figure of participants’ performance, Beilock and Carr (2005) operationally 
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classified choking as a performance decrement that suffers an estimated seven percent in 

accuracy. Performance pressure has been defined as an anxious desire to perform at a high level 

in a given situation (Beilock & Carr, 2001) and is thought to vary as a function of the personally 

felt importance of a situation (Baumeister, Hamilton, & Tice, 1985). Performance pressure can 

only elicit choking if the performer is aware of the need for good performance (Baumeister, 

1984).  Choking, like anxiety, creates mental distractions that compete for and reduce working 

memory capacity that would otherwise be allocated to task execution (Beilock, Kulp, Holt, & 

Carr, 2004).     

While negative stereotypes can threaten intellectual performance, positive stereotypes 

may also be harmful, negatively affecting performance by creating concern about failure to meet 

high expectations held for a group (with which an individual identifies). For every group with a 

negative stigmatism, members from the counter group are stereotyped as being comparably more 

proficient (Smith & Johnson, 2006). For example, take the previously described stereotype that 

women perform more poorly in math than men. While there is certainly a negative stereotype 

about women, the same stereotype projects certain performance expectations for men. In a 

similar stereotype threat condition, a study by Cheryan and Bodenhausen (2000) found that when 

Asian American women were reminded of the stereotype that Asians are good at math and that 

others may expect them to do well because of this stereotype, their performance suffered. This 

suggests that an increased awareness of the personal relevance of a positive stereotype can also 

hinder one’s performance. Further, Jones and Berglas (1978) contended that performance 

decrements were most likely to occur when a person is publicly expected to succeed, but 

privately expects not to.  When individuals are aware that others hold high expectations for their 

performance, they may experience increases in performance pressure (Beilock & Carr, 2001). A 
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study by Baumeister et al., (1985) found that performers’ own expectations of success improved 

their performance, such that it motivated them, whereas an audience’s expectations for success 

lowered their performance. An audience expecting success will be especially disappointed by 

failure, thus creating more pressure on the performer to meet the expectation. This research is 

relevant to the current study because projecting an expectation on an individual based on their 

performance compared to others will likely produce the same fear of falling short on subsequent 

testing. Similar to one’s level of competency, positive stereotypes (when they form the basis for 

salient public expectations) can place significant performance pressure on members of that 

group, thereby negatively affecting their performance (Cheryan & Bodenhausen, 2000).               

Research on threat and working memory capacity has mainly focused on using social 

identity, including sex, race, and age to manipulate academic performance. The present study 

focuses on challenging one’s mental identity as opposed to their social identity.  Instead of a 

direct stereotype manipulation, this study provides academic feedback (categorizing participants’ 

performance) and investigates whether suggesting one’s competency will affect their 

performance. Participants will be administered a working memory test, then given feedback on 

how well they did (the manipulation) by assigning them randomly into one of three 

groups/conditions: 95th percentile, 40th percentile, or no-feedback condition. The 95th percentile 

condition is expected to create a high level of expectation for the second task and the 40th 

percentile condition is expected to create a low level of expectation for the second task. After, 

participants will complete a second working memory test. Participants in the no-feedback 

condition will continue on to the second test without any explicit feedback or expectations. We 

hypothesize (1) that low working memory participants assigned to the 40th percentile condition 

will feel threatened in their capabilities and, similar to stereotype threat conditions, participants 
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will experience a fear of confirming the negative stigmatism. Consequently, we expect that their 

performance will be hindered; (2) that low working memory participants assigned to the 95th 

percentile condition will feel no added pressure by the expectation and their performance will be 

stable across both tasks; (3) that high working memory participants assigned to the 95th 

percentile condition will feel a weight of expectation and be overwhelmed with an anxious desire 

to perform as one expects them to, in turn, allocating resources to this internal worry instead of 

the task and hindering their performance (Beilock & Carr, 2005); (4) that high working memory 

participants assigned to the 40th percentile condition will use the negative information about their 

performance as motivation and likely increase in performance. The assumption is that high 

working memory participants are likely to be academically high achievers (Engle, Kane, & 

Tuholski, 1999) so they may have strategies to succeed in the face of pressure. Participants in the 

no-feedback condition, both high- and low- working memory capacity, are expected (5) to have 

stable performance across both tasks. The expectation of doing well and the fear of doing poorly, 

as characterized by their conditions, will place a burden on the participants causing a reduction in 

working memory capacity. Furthermore, we hypothesize (6) that participants in both of these 

conditions will report perceiving the second test to be more difficult than the first because of the 

added pressure.   
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CHAPTER 2 
METHODS 

Sample 

 The participants (N = 173) in this study were undergraduate educational psychology 

students from the University of Florida who participated for credit toward a course requirement.  

Materials 

Bell Curve Survey  

Upon signing the informed consent, participants were administered a Bell Curve Survey 

(Appendix A) asking them to indicate where they believe their academic competency fell, on a 

bell curve, compared to their peers. The survey served to help answer questions about individual 

performance expectations and set the stage for the manipulation by highlighting comparisons 

between individuals.          

Working Memory Tests  

To measure working memory capacity, a dual-processing test called the reading-span task 

(RPSAN) was used (Conway et al., 2005). The RSPAN task was originally developed from 

Daneman and Carpenter's (1980) work assessing working memory during reading. In the current 

study, participants evaluated sentences while memorizing letters for later recall. Participants 

were asked to read a sentence, presented on the computer screen, and decide whether or not that 

sentence makes sense (in the real world) by clicking either the “yes” or “no” button on the screen 

[e.g., Susan packed her stapler to protect her skin from burning in the sun.]. A letter is presented 

after each sentence decision (yes or no) and at the end of a series of sentence/letter combination 

trials (i.e., a set) participants were asked to recall the letters in the order presented. A set ranged 

from two to six sentences. Participants are asked to recall, as best they could, the letters in serial 

order. For example, if that particular set contained five sentences, than the participant would 
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have five letters that he/she would have to recall at the end. Having to decide whether or not the 

sentences made sense is meant to further engage participants into a dual task: understanding the 

sentences to make a judgment and recalling the letters at the ends of the sentences. Working 

memory capacity is indexed as the number of letters that participants recall correctly from each 

sentence/letter set.       

 The RSPAN task includes 18 sets of sentence/letter trials that contained two to six 

sentence/letter combinations. The sets are presented in random order so participants do not know 

how many sentences and letters they would be required to evaluate and recall at the beginning of 

each set. The test is administered on a computer. Each set begins with the presentation of a 

sentence and participants evaluate whether the sentence makes sense or not. After recording their 

decision (clicking “yes” or “no”), participants are presented a to-be-remembered letter for 2 

seconds. A blank screen lasting 1 second separates the presentation of each sentence and letter. 

After presentation of all sentence/letter combinations in a set, participants are prompted to recall 

all the letters in order in that set. Each set is separated by a prompt “next set”, which is displayed 

for 3 seconds. The computer records the letters recalled in the correct order, participants’ correct 

or incorrect responses to the sentences, and the time spent on each sentence.     

 We created the second RSPAN task to mirror the first. Between tasks, there were equal 

number of sets and equal number of nonsense and sense sentences. The letters to be recalled at 

the end of the sentence sets were also taken from the same sampling of letters. We compiled 

sentences of equal length to the first task, that is, number of words per sentence, and also of 

similar difficulty levels using the Flesch-Kincaid Grade Level readability scale.  

Difficulty Questionnaire 

Participants were administered a questionnaire following each test (twice). The Difficulty 

Questionnaire (Appendix C) asked participants to rate the level of difficulty perceived on each 



 

20 

test on a 1-10 scale and they were asked to explain their response. The questionnaire was 

evaluated for perceived difficulty on each test as a function of the condition they were assigned.     

Demographic Questionnaire 

Participants were administered a brief questionnaire regarding background information 

upon completing the study. The Demographic Questionnaire (Appendix B) was administered at 

the end of the study so there was no accidental priming of a stereotype threat that may affect 

their performance. The questionnaire asked questions regarding age, gender, ethnicity, etc. The 

questionnaire was evaluated for any demographic differences between conditions. 

Procedure 

Upon entering, a research assistant sat the participant at an individual computer in a quiet 

laboratory room. Participants were administered an informed consent form to read and sign. The 

research assistant then administered the Bell Curve Survey and asked participants to indicate 

where the feel their academic competency falls, on a bell curve, compared to their peers. The bell 

curve is used to introduce the idea of being compared to others that is highlighted when 

participants are assigned to their conditions. Participants were advised that the experiment would 

take about 1 hour and they would be completing two tests. The experimenter informed the 

participant that the test is a reliable measure of working memory capacity and that their 

performance is based on how accurately they evaluate sentences and the number of letters they 

can recall in order correctly. The research assistant also described working memory capacity as 

the ability to hold different pieces of information simultaneously while trying to process one 

specific piece of information so that the participant was made fully aware of the task. The first 

RSPAN test was then administered.   

 Following the first test, participants were administered the difficulty questionnaire. After 

completing the difficulty questionnaire, the research assistant informed the participants of their 
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“performance”. Participants were randomly assigned into one of the three conditions/groups. 

Those in the 95th percentile condition were told that their test score was greater than 95% of the 

scores of people taking the same test. Percentile ranks were specifically used in this study 

because it highlights the participant’s own performance, compared to others. Students are also 

familiar with this type of reporting, as it is common in standardized tests with which they have 

experience (i.e., the SAT or ACT).  Additionally, the research assistant explained to them what 

their percentile rankings mean and how their scores were compared to others. Explaining the 

meaning of percentile rankings provided addition assurance that participants are well informed of 

their performance and able to infer their own capabilities. Participants were told that based on 

their percentile rank they were expected to do extremely well on the subsequent test.  More 

specifically, we used 95th percentile group because that is considered high achieving, but still 

leaves room for improvement. In the 40th percentile condition the participants were told that their 

score was 60% lower than others who took the same test. Participants were told that based on 

their percentile rank they were expected to have difficulty on the subsequent test. The 40th 

percentile was specifically used because it is considered below average, but we considered it a 

realistic achievement group. In the no-feedback condition, participants completed the 

questionnaire, but were not informed of any score or expectation, and continued onto the second 

test. The no-feedback condition served as the control group and provides an important piece of 

information: that the two different RSPAN tasks are of equal difficulty level.  

The second RSPAN test was then administered. Upon completing the second test all 

participants were administered another difficulty questionnaire followed by the demographic 

questionnaire.  



 

22 

Finally, participants were debriefed. Participants were informed that their percentile 

rankings for the first test were fictitious. The manipulation (percentile groups) was not based on 

their actual performance, but assigned at random.  
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CHAPTER 3 
RESULTS/DISCUSSION 

Scoring 

 We wanted to include the data of participants who were genuinely attempting to solve 

both tasks, (i.e., making a plausibility decision regarding the sentence and remembering the 

letters). We used an existing standard of 85% accuracy criterion for all participants (Conway et 

al., 2005). Any participant who did not meet the 85% accuracy criterion was excluded from the 

analysis. This resulted in the removal of 6 participants, less than 4% of the data. At the 

conclusion of the task, five scores were reported: absolute score, total number correct, reading 

errors, speed errors, and accuracy errors. Absolute score was the sum of all perfectly recalled sets 

of letters. For example, if a participant correctly recalled 4 letters in a set size of 4, 5 letters in a 

set size of 5, and 3 letters in a set size of 6, the participant’s RSPAN absolute score would be 9. 

Total number correct represented the total number of letters recalled in the correct position. The 

types of errors reported were accuracy errors, speed errors, and reading errors. Accuracy errors 

occurred when a participant did not correctly identify the sentence as sense or nonsense. Speed 

errors occurred when the participant ran out of time in attempting to make a decision about the 

sentence. Reading errors were the combined total amount of accuracy errors and speed errors. 

 Tercile ranges to classify participants as high-, middle-, or low working memory were 

adopted from a previous experiment of 150 participants (using the same lab and participant pool 

source).Based on this sample of participants, we classified absolute span scores 43-72, 27-42, 

and 26 and below as high-, middle-, and low working memory participants, respectively.    

Performance 

 To test whether performance changes occurred in the second RSPAN task, we conducted 

a 2 x 3 x 2 analysis of variance (ANOVA) on the absolute span scores, with experimental 
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condition (performance groups 95th and 40th) and span type (high, middle, and low) as between-

subjects factors and time (test 1 and test 2) as a within-subjects factor. Span types corresponded 

to participants’ scores on their first RSPAN task. Condition and span type were treated as 

independent variables. Participants’ difference scores on test 2 (after the manipulation) were 

treated as the dependent variable. Changes in span scores (test 1 to test 2) were analyzed using a 

two-way ANOVA with two levels of condition (95th and 40th percentile) and three levels of span 

type (high, middle, or low). The main effect of change (in scores from test 1 to test 2) yielded an 

F ratio of F(2, 117) = 7.648, p < .001, such that overall change in span scores was significant. 

When we looked at the differences in scores for participants in the control (no-feedback) 

condition, there was no significant difference between their scores on the first test and their 

scores on the second test. That is, one test was not inherently more difficult than the other, t = 

.535; p < .595. This suggests that any changes in score in the 40th and 95th percentile conditions 

can be attributed to the presence of the manipulation (feedback). Follow up t-tests were 

conducted to examine differences within spans as a function of assigned condition. As 

hypothesized, there was a significant decrease in performance from the first RSPAN score (M = 

50.69, SD = 1.57) to second RSPAN score (M = 38.63, SD = 3.03) for high working memory 

(HWM) participants placed in the 95th percentile condition, t = -4.242; p < .001. Consistent with 

Beilock and Carr’s (2005) findings and our hypothesis, there was no significant change in 

performance for low working memory (LWM) participants from test 1 (M = 16.21, SD = 1.28) to 

test 2 (M = 17.67, SD = 2.47). In contrast to our hypothesis, HWM participants assigned to the 

40th percentile condition did significantly worse on their second test, t = -2.256; p < .038. After 

receiving negative feedback about their performance on test 1, HWM participants’ performance 

on test 2 decreased by 7 points. Results for the LWM participants in the 40th percentile condition 
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did not support our hypothesis, however they comprised the most significant and surprising 

finding. Low working memory participants in the 40th percentile condition did significantly 

better on test 2 when given negative feedback on their performance for test 1. In other words, 

when told their performance fell into the 40th percentile, LWM participants significantly 

increased in performance from test 1 (M = 19.67, SD = 1.28) to test 2 (M = 26.46, SD = 2.47), t 

= 3.497; p < .002. As hypothesized, there was no significant change in performance from the 

first test to the second test for participants assigned to the no-feedback condition (control). We 

made no specific hypotheses about mid-span participants, and an analysis of their performance 

revealed no significant changes across the three conditions. Figure 3-1 illustrates the differences 

in performance (by absolute span score) between HWM and LWM participants for the different 

performance conditions: 95th percentile, 40th percentile, and control. 
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Figure 3-1. Performance differences 

Difficulty Questionnaire 

 There was a small but significant difference in ratings of difficulty from test 1 to test 2 

for participants in the control condition, t = 2.888; p < .006, and experimental conditions 95th and 

40th, t = 2.09; p < .041 and t = 2.174; p < .034, respectively. Participants in all conditions 

perceived the second test to be more difficult than the first, but this difference was marginal, less 

than one point on the ten-point Likert scale participants used to rate the difficulty of each test. 
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When we analyzed span capacity, we found that HWM participants in the control and 95th 

percentile condition perceived the second test to be harder than that first, t = 2.54; p < .026 and t 

= 3.5; p < .004, respectively. The other groups of participants did not find one test to be 

significantly different in difficulty than the other. 

We reviewed the differences in statements made by the participants when asked to justify 

their difficulty ratings of the tests. Only four of the sixty questionnaires reviewed listed feedback 

or expectation as an explanation for difficulty rating. All four of the questionnaires that listed 

feedback or expectation as an explanation for difficulty rating were from participants assigned to 

the 40th percentile condition: three HWM and one LWM participant. Interestingly, all three 

HWM participants perceived the second test to be more difficult as a function of concentrating 

on the negative feedback that was provided about their performance. The opposite was reported 

by the LWM participant, who felt the second test to be easier than the first, but also reasoned it 

to be because of concentration on the negative feedback. The three HWM participants reported, 

“…Given my scores on the last test, I put more concentration into it”, “It was difficult to 

concentrate after receiving my score”, and “After hearing what I got on the first experiment I got 

nervous taking the second one.” The LWM participant reported, “I found the test to be just a bit 

easier than the last one because I felt I had to focus more because of the score I got on the 

previous one.” Another potential difference between high- and low- working memory individuals 

could be attributed to how feedback, particularly negative feedback, is processed. It appears that 

high working memory participants may be overwhelmed by the concentration on feedback and 

use this information counterproductively, experiencing performance decrements on the second 

task. In contrast, the low working memory participant concentrated on the feedback, similar to 



 

27 

HWM participants, but somehow used this information productively and exerted more effort to 

perform better on the second task.  

Demographic Questionnaire 

 There were no significant differences in scores from test 1 to test 2 for either females or 

males. We were unable to analyze ethnicity because of the unequal distribution of ethnicity in 

our sample (Asian: N = 6, Black: 28, Hispanic: 19, White: 110, Other: 4).   

Bell Curve 

 When participants were asked to rate their own perceived level of competency at the 

beginning of the experiment, the average across all participants was 80. Participants, on average, 

rated themselves as being 30 points over the average. This is consistent with Dunning, Heath, 

and Suls’ (2004) review that on average, people will overrate themselves, saying their skills are 

“above average,” a statistical impossibility. In their empirical research review, Dunning, Heath, 

and Suls found that self-assessments are, at best, modestly correlated with actual performance.           
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CHAPTER 4 
GENERAL DISCUSSION 

The purpose of our study was to introduce a challenge to participants’ competency and to 

test whether performance is affected by this challenge.  Similar to the findings of stereotype 

threat research, we expected to find that challenging participants’ views of their own competency 

would result in decreased performance.  We proposed that, in addition to identifying with social 

factors (i.e., race and gender), people identify with a level of competency. Therefore, challenging 

one’s believed competency would be similar to challenging a part of their identity. Our results 

provide evidence that under certain conditions, performance on working memory tasks can 

fluctuate substantially (See Figure 1). More importantly, the differences in type of feedback 

given may either motivate or hinder people’s performance as a function of their working memory 

span.  

We hypothesized that (1) high working memory participants in a high pressure 

performance situation, like the 95th percentile condition, would perform lower on the second task 

because they would choke under the pressure of maintaining performance in the 95th percentile. 

In contrast, we hypothesized (2) that HWM participants in the 40th percentile condition would 

excel after hearing negative feedback because of their ability to overcome pressure in real-life 

performance pressure situations. Consistent with our hypothesis, HWM participants showed a 

deficit in performance when given positive feedback and high expectations for their 

performance. This is also consistent with Beilock and Carr’s (2005) claim that under high 

pressure performance situations, HWM participants show decrements in performance. 

Surprisingly, HWM participants also did significantly worse after receiving negative feedback 

and low expectations for future performance. We originally assumed that because HWM 

participants are likely to be high-achievers in many real-life situations like learning and 
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comprehension (Engle, Kane, & Tuholski, 1999) they may possess skills or strategies to 

overcome pressure. However, it may be the case that HWM participants view both conditions as 

high pressure and their performance decrement can be explained through the reallocation of 

attentional resources from task-relevant information to task-irrelevant worries. Recall that 

Beilock and Carr (2005) classified their participants as choking when they suffered a seven 

percent performance decrement. Based on the performance from our study, HWM participants in 

both the 95th and 40th percentile condition experienced choking; their performance suffered 16% 

and 9% in accuracy span scores, respectively.        

Similar to other stereotype threat research, we hypothesized (3) that low working 

memory participants in a competency threatening situation, similar to the 40th percentile 

condition, may experience fear of confirming a negative stereotype, thus experiencing a 

performance decrement after hearing the feedback and low expectation for future performance. 

We also predicted (4) that LWM participants in the 95th percentile condition would not 

experience any performance differences because they would not be threatened by the situation, 

thus not experiencing the added pressure. Beilock and Carr (2005) concluded that LWM 

participants do not suffer from the same disadvantage in high pressure situations as HWM 

participants, as evidenced by their finding that performance remained relatively stable in their 

high pressure condition. We expand on Beilock and Carr’s results by demonstrating that under 

certain performance situations, particularly when providing negative feedback and low 

expectations for future performance, LWM participants may actually improve in performance, 

scoring significantly higher after receiving feedback. This result is in direct contrast to our 

hypothesis and is the direct opposite of the findings from previous stereotype threat studies 

(Cadinu et al., 2005; Shih, Pittinsky, & Ambady, 1999). We speculate that negative feedback 
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might have acted as a motivator for our participants who had lower working memory scores. It is 

important to note that while LWM participants’ performance increased after being given 

feedback, they still underperformed relative to HWM participants. Low working memory 

participants may interpret feedback differently and use this information productively for future 

performance. An alternative speculation would be that LWM participants may have expended 

attentional reserves during the second test, utilizing extra, normally untapped, attentional 

resources. Obviously, further empirical work will be necessary to substantiate these speculations. 

It may be that certain types of interference (i.e., feedback information, expectations, feelings of 

pressure, or threatening situations) tap into these attentional reserves, allowing LWM 

participants to make use of normally untapped resources during subsequent performance 

situations. Our results support our hypothesis about LWM participants in the 95th percentile 

condition; they were unaffected by the positive feedback and high expectation for future 

performance. Probably due to the absence of performance pressure to overcome competency 

threat, LWM participants remained in a neutral state, performing similarly on test 1 and test 2.   

 We also predicted (5) that participants in the control condition would perform similarly 

on both tests and (6) that all participants in the experimental conditions would report the second 

test to be harder than the first. The results support our hypothesis about the control condition; all 

participants performed similarly on test 1 and test 2 when given no feedback, suggesting that 

there were no practice effects present, and that test 2 and test 1 were similar in difficulty level. 

After analyzing the difficulty questionnaires, we found that all participants found the second test 

to be more difficult than the first, irrespective of what condition they were assigned to. When we 

examined ratings between high- and low- span participants in both experimental conditions, we 
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found that HWM participants in the 95th percentile condition perceived the second test to be 

significantly more difficult than the first. 

 Results from our study broaden the literature on individual differences between span 

types. The capability to control attention, especially when there are competing demands, is a 

determining factor in one’s working memory capacity (WMC). After analyzing the data, we 

ruled out the idea that fatigue negatively influenced WMC scores. There were no differences in 

performance from test 1 to test 2 among any of the three different span types in our control 

condition. Differences in performance were only elicited by the manipulation. One measurable 

difference of WMC between high- and low- working memory persons is the ability to control 

attention so that one can remain attentive to the task in the face of task-irrelevant distractions, 

regardless of whether distractions are externally or internally generated (Barrett, Tugade, & 

Engle, 2004). High working memory participants’ ability to focus their attention (i.e., on 

performance pressure) limits their awareness of other information, constraining the range that 

they may attend to or process (Conway, Cowan, & Bunting, 2001). Additionally, Wiley (1998) 

found that, in a creative problem-solving task, presenting misleading information for the purpose 

of activating misleading solution attempts caused HWM participants to fixate their attention on 

the misleading information. This reallocation of attentional resources may negatively impact 

WMC and the ability to attend to all the information in the task. It may be the case that HWM 

capacity can sometimes cause too much attentional focus and if the focus is on task-irrelevant 

information, task performance will suffer. High working memory participants in both the 95th 

and 40th percentile condition may have felt pressure to fulfill high expectations or pressure to 

overcome failure, respectively, thus drawing their attention away from the working memory task. 
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Both external (i.e., feedback and expectation) and internal (i.e., thoughts and feelings) distracters 

can draw attentional resources away from a task (Barrett et al., 2004). 

 An alternate explanation that could highlight the differences between high- and low- 

working memory participants is the use of feedback. Based on a few explanations given by 

participants, we found that both high- and low- working memory participants concentrated on the 

negative feedback, but HWM participants felt the second test to be more difficult and 

experienced a decrease in performance. The LWM participant who attributed their performance 

on the second test to feedback felt the second test to be easier, so an argument could be made to 

say that LWM participants use feedback information productively while HWM participants use 

feedback counterproductively. We only collected data on one LWM participant, so this argument 

is speculative and will need to be researched in the future.  

Results from our study also add to the research on expectation and choking under 

pressure. Literature suggests that when a certain level of performance is expected (either high or 

low), the added pressure is believed to reduce one’s working memory capacity causing a deficit 

in performance by reallocating attentional resources to task-irrelevant concerns. The added 

anxiety associated with threats and expectations illustrate differences in performance between 

high- and low- working memory persons. In a high stakes testing situation, HWM participants 

might “choke under pressure” or reallocate their attentional resources, but for LWM participants 

the added pressure of performance may increase their performance. The performance differences 

between high- and low- working memory capacity participants are especially highlighted in our 

40th percentile condition, where participants received negative feedback and low expectations for 

future performance. Grouping participants into performance groups and projecting expectations 

in correlation with those groups is similar to the grouping people experience in real-life learning 
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situations. Consequently, the findings of our research are likely to apply to real-life testing 

situations. 

There has been considerable research examining stereotype threats in the education 

system and ways to alleviate the corresponding performance pressure. Given our findings, 

educators and policy makers may want to reexamine how students are placed into particular 

scoring categories, such as percentile groups, or groups formed by ability; where performance is 

highlighted in comparison to peers. Unknowingly, some students may interpret positive or 

negative feedback productively or counterproductively. In accordance with our results, if it is 

assumed that HWM participants are generally high achievers, high-achieving students may 

interpret both positive and negative feedback as pressure, causing them to choke in both 

situations. Consequently, teachers may want use caution in giving specific feedback to high-

achieving students because of the students’ possible interpretations of the feedback. However, 

for low-achieving students (if it assumed WMC correlates to school achievement) it may be 

beneficial to highlight their performance in order to motivate them to perform past their own 

expectations.  

Working memory capacity is correlated with a variety of real-world cognitive tasks 

(Engle et al., 1999) including reading comprehension, language comprehension, learning to spell, 

and writing; a plethora of other skills needed to excel in an academic setting are affected. If 

working memory is not as stable and consistent as originally believed, there may be a range of 

motivators that affect performance on working memory span tasks. It is important to understand 

how individual differences may affect performance, reactions to high-pressure situations, and 

how feedback is interpreted, especially when discussing real-world cognitive tasks.  
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CHAPTER 5 
LIMITATIONS 

While the findings from our study help to move forward our understanding of working 

memory, a few limitations and shortcomings do exist. For example, because some of our results 

were unexpected, we do not have an accurate measure or assessment as to why the specific 

changes in performance occurred for the different span types. Our difficulty questionnaire was 

not as informative as we had hoped. Only four participants referred to the feedback and 

expectations as a function of effort change toward the subsequent task. A more detailed self-

assessment could be used in future work to specifically prime responses related to feelings of 

pressure, effort change, and motivation toward the second task. Without a detailed assessment, 

our explanations for the surprising results should be interpreted with caution. 



 

35 

CHAPTER 6 
FUTURE RESEARCH 

Future research should assess, in more detail, the cognitive processes that underlie the 

discrepancies in performance as a function of feedback and perceived performance pressure. A 

self-report or questionnaire assessing motivation or feelings of pressure may provide additional 

information as to why different types of achievers are affected differently by feedback and 

projections of expectation. Likewise, a questionnaire may examine participants’ reports of 

potential effort changes between test 1 to test 2 and how they were affected by feedback and 

expectations for future performance. Instead of asking open-ended questions, future researchers 

should consider developing a more structured questionnaire, asking specific questions about 

underlying processes that may have occurred (e.g., Did you put forth more effort/less effort?, Did 

you feel more pressure given your feedback?).  

 Additionally, future research may want to include another cognitive task that is correlated 

to working memory capacity and is more reflective of tasks in real-life learning situations. By 

including a typical cognitive task, like a vocabulary test or reading comprehension assignment, 

the findings from the study could more likely generalize to classroom settings. That is, findings 

from the study can specifically relate to different types of achievers and how different types of 

students are likely to interpret feedback and expectations. 
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APPENDIX A 
BELL CURVE SURVEY 

Date:_______________Subject#_________________Experiment:________________ 

Please indicate on this normal distribution bell curve where your competency lies compared to 
your peers. 
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APPENDIX B 
DEMOGRAPHIC QUESTIONAIRE 

Date:_______________Subject#_________________Experiment:________________ 

What is your age?   _____ 

What is your gender? 
 

o Female 
o Male 
 

How would you classify yourself? 
 

o American Indian or Native Alaskan 
o Asian or Pacific Islander 
o Black (not of Hispanic origin) 
o Hispanic or Latino 
o White 
o Other: __________________ 
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APPENDIX C 
DIFFICULTY QUESTIONNAIRE 

Date:_______________Subject#_________________Experiment:________________ 

How difficult did you perceive this test to be? 

1          2          3          4          5          6          7          8          9          10 

Please give a brief explanation of why you gave the test this rating. 
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APPENDIX D 
SAMPLE SCRIPT 

 “Here are the printed results of your performance on the reading span task (RSPAN).  This is 

your score and based on your performance you fall into the - - percentile group. This means that 

your test score is greater/less than - - % of the scores of people taking the same test and 

essentially, of measurable intelligence since WMC is related to fluid intelligence.  So, based on 

your performance we are expecting you to do very well/expecting you to have more difficulty 

with this second test.” 
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