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ABSTRACT 

 

 

Though labeled as measures of working memory capacity, N-back tasks and Operation 

Span (OSPAN) correlate inadequately to use them interchangeably. Further, both tasks 

appear to have unique relationships with Raven’s Advanced Progressive Matrices 

(RAPM), a measure of fluid intelligence, but the nature of these relationships have been 

inadequately characterized (e.g., Kane et al., 2007). In an effort to address this gap in the 

literature, participants in the present study completed the aforementioned three tasks as 

well as inspection time (a measure of perceptual speed; Fox et al., 2009)  along with two 

measures of attentional control, the Stroop task (e.g., Spieler, Balota, & Faust, 1996) and 

the antisaccade task (e.g., Kane et al., 2001). Analyses revealed that perceptual speed and 

the antisaccade task were important to explaining the relationship between N-back and 

RAPM whereas the Stroop interference effect corresponded to the link between OSPAN 

and RAPM. These results suggest that perceptual speed helps explain why N-back relates 

uniquely to RAPM relative to OSPAN with attentional control measures further 

differentiating these two commonly used working memory tasks. 
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INTRODUCTION 

 

 

Working memory (WM) training has received a lot of attention, but the nature of 

that attention has been mixed. The source of this research interest stems from the findings 

of Jaeggi et al.’s (2008) training study, in which the researchers demonstrated an 

impressive relationship between dual N-back training and improvements on two different 

measures of fluid intelligence (Gf). The dual N-back training task involved having 

participants hear a series of consonants while simultaneously viewing a series of slides 

depicting a square in a variety of locations. Within each stream of information, 

participants had to indicate whether the current stimulus was the same as the stimulus 

presented N trials back. As participants successfully completed the task, the value of N 

was increased. The idea was that as the task became more difficult, WM would adapt to 

the increasing demands. This adaptation would result in a higher functioning WM that 

would be observable as improvements in tasks tapping related constructs, in this case Gf. 

Such findings were particularly exciting because the broader implication was that 

cognitive processes that have been associated with positive real-world outcomes could be 

targeted and improved. The researchers theorized that the dual N-back task trained WM, 

and that the increased working memory capacity was the driving force behind 

improvements in Gf. Since the publication of this study though, this theoretical account 

has been called into question (e.g., Moody, 2009; Shipstead, Redick, & Engle, 2010, 

2012). However, a satisfying explanation of Jaeggi et al.’s (2008) results has yet to be 

reached.  
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N-back as a Measure of Working Memory 

 Much of the validation for considering dual N-back to be a WM task comes from 

face validity, in that dual N-back and single N-back appear to require participants to 

engage in relatively similar tasks (Jaeggi et al., 2007). While dual N-back consists of 

streams of both visual and aural stimuli, single N-back only involves one stream of 

information from a single modality but the purported similarity between them appears to 

be justified as dual N-back and single N-back performance have been found to be highly 

correlated (r = .72, p < .01; Jaeggi, Buschkuehl, Perrig, & Meier, 2010). The validity of 

single N-back as a working memory measure itself though also relies heavily on face 

validity, as well as neural activation patterns. Single N-back appears to require the 

participant to store multiple items in memory, maintain attention, and update stored items 

as stimuli progress. Additionally, engaging in a verbal single N-back task results in 

regional neural activation in areas known to be associated with working memory 

including the dorsolateral prefrontal cortex and the anterior cingulate cortex (Braver et al., 

1997; Jonides et al., 1997). While alone this evidence may seem convincing, problems 

arise when relating N-back tasks to other established working memory measures  

  In the training literature, this problem was revealed for the dual N-back task 

when looking for transfer effects, which are the demonstration of enhancements in 

performance on non-trained tasks. Jaeggi and colleagues (2008) originally reasoned that 

improvements in their dual N-back task were indicative of improvements in general WM 

functioning, a view that would be supported by testing the change in performance on a 

task that is also thought to measure WM but is distinct from that used in training (i.e., a 

near transfer task; Shipstead et al., 2010). The problem arises in dual N-back training 
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studies when demonstrating near transfer effects to complex span tasks, a category of 

well-investigated measures of WM (e.g., Conway et al., 2005; Unsworth & Engle, 2007).   

The hallmark characteristic of complex span tasks is the alternation between storage and 

processing throughout the task (Engle, Cantor, & Carullo, 1992). As a result, complex 

span tasks engage storage, processing, and attentional control; cognitive processes key to 

the construct of WM (Baddeley, 2003; Engle, 2002). One commonly used complex span 

task is Operation Span (OSPAN), which requires the participant to perform mathematical 

operations in between viewing and storing letters for later recall. Participants typically 

complete sets consisting of a number of storage and operation trials (usually 3-7) after 

which they must report the letters viewed during the set in the order that they were 

presented (Unsworth & Spillers, 2010). Despite the purported overlap between complex 

span tasks and N-back tasks as measures of WM, improvements in complex span tasks, 

like OSPAN, as a result of dual N-back training have yet to be demonstrated though 

many attempts have been made (Chooi & Thompson, 2012; Jaeggi, Studer-Luethi et al., 

2010; Lilienthal, Tamez, Shelton, Myerson, & Hale, 2013; Redick et al., 2012). Should 

dual N-back training actually confer changes to mental ability, these changes appear to be 

outside of the processes that complex span tasks typically measure.  

 The null relationship between dual N-back training and transfer to complex span 

WM tasks may appear surprising given the evidence validating single N-back tasks as 

measures of working memory (Braver et al., 1997; Jaeggi et al., 2007; Jonides et al., 

1997). However, studies validating single and dual N-back tasks seem to have placed 

insufficient emphasis on the relationship between single N-back tasks and complex span 

tasks. In a meta-analysis of studies involving both complex span and single n-back tasks, 
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Redick and Lindsey (2013) demonstrate that despite the assumed similarity between the 

two types of tasks as measures of WM, performance between the two types of measures 

correlate insufficiently to consider them as measuring the same construct. In examining 

twenty studies that have correlated single N-back and complex span performance, the 

authors found a wide range of correlations (r = -.07 to r = .50), with a modest relationship 

demonstrated overall (r+ = .20; 95% CI = .16 to .24).  

Kane, Conway, Miura, and Colfesh (2007) drew a similar conclusion as Redick 

and Lindsey (2013) in suggesting that complex WM span measures and single N-back 

tasks were weakly related. They compared OSPAN performance to single N-back 

performance (3-back) by looking at the proportion of correct responses on four distinct 

types of trials: a) ones that matched n-back (control target), b) ones where the stimulus 

did not match any recent trial (control foil), c) ones which matched a recent trial but not 

n-back (lure foil), and d) ones that matched n-back right after a lure foil (post-lure target). 

The results showed that none of the trial type scores correlated significantly with OSPAN 

performance (Kane et al., 2007). The researchers also calculated sensitivity estimates, a 

value that takes both target accuracy and false alarm rates into account. Estimates for 

control trials (calculated using control target and control foil accuracy) and lure trials 

(calculated from post-lure target and lure foil accuracy) showed that while each 

correlated significantly with OSPAN performance (control r = .22, p < .05; lure r = .17, 

p < .05), the relationships were still weak.  

In an effort to explain this weak association, Kane and colleagues (2007) point out 

that N-back relies more on speeded recognition, whereas complex span measures require 

recall. Reliance on recognition during N-back performance was demonstrated by showing 
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that target stimuli were detected less often when they were post-lure targets than control 

targets. Additionally, lure foils more frequently caused false alarms than control foils. 

This suggests that responding may be driven by familiarity-based recognition, which, 

while contributing to correct responses on target trials, is impaired when lures are 

presented that disrupt familiarity. Further proof for this idea can be found from research 

in which N-back has been modified such that participants must recall the stimulus three 

trials back rather than recognize it, which leads to higher correlations with OSPAN 

(r = .44, p < .01; Shelton, Metzger, & Elliott, 2007). In discussing the single N-back task 

as one that requires speeded recognition, Kane et al. (2007) focus largely on the role of 

recognition with little mention of speed, simply noting that speed is involved. However, 

the importance of speed for N-back performance will be addressed more below.   

Relationships with Gf 

 Despite their differences, both OSPAN and N-back tasks seem to have stable 

relationships with Gf as measured by Raven’s Advanced Progressive Matrices (RAPM). 

RAPM is thought to engage participants’ Gf since it requires them to assess a set of novel 

relationships, store information pertaining to those relationships in mind, and identify the 

best possible action given that information. Specifically, participants must assess the 

relationships among eight stimuli, presented in a matrix, based on their visual 

characteristics and use that information to determine the identity of the missing stimulus 

(Carpenter, Just, & Shell, 1990). Both OSPAN and single N-back appear to have 

replicable correlations with RAPM. Table 1, as seen below, summarizes a number of 

studies relating these measures, showing fairly consistent correlations. Studies have also 

made use of regression analyses to further support these relationships. Jaeggi et al. (2010) 
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had participants complete a battery of cognitive tests including single N-back, dual N-

back, OSPAN, RAPM, and the Bochumer Matrices test (BOMAT; another visual matrix 

reasoning measure of Gf). Single N-back was the only significant predictor of RAPM 

(β = .29, p < .05) and BOMAT (β = .29, p < .001) when single N-back, dual N-back, and 

OSPAN were used as predictors. On the other hand, Kane et al. (2007) found that 

OSPAN and an overall sensitivity estimate for single N-back each explained unique 

variance in RAPM (OSPAN β = .26, p < .05; N-back sensitivity β = .32, p < .05). 

Therefore, based on the above evidence, it seems that OSPAN and N-back tasks are 

related to RAPM, potentially in unique ways, yet only modestly correlate with each other. 

Should there, in fact, be a training related relationship between dual N-back and Gf tasks, 

there may be shared processes between the two measures that are not engaged by 

complex span tasks, particularly as it appears that the process mediating the relationship 

between single N-back and matrix reasoning tasks is distinct from the aspects of WM that 

OSPAN measures.  

To identify the process(es) mediating single N-back and RAPM performance that 

may exist outside of what OSPAN measures, it is helpful to examine the nature of the 

relationship between complex WM measures and matrix reasoning tasks. Engle (2002) 

points out that complex WM measures explain additional variance in Gf over short term 

memory (STM). Thus, some process is being captured by complex WM measures above 

the storage of information seen in tasks such as digit span or letter span. He postulates 

that this is likely attentional control since complex WM tasks require switching the focus 

of attention between storage tasks and processing tasks depending on which is currently 

relevant. The importance of this additional processing captured by complex WM 
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Table 1 

Previously Observed Correlations among RAPM, OSPAN,  

Single N-back, Dual N-back, IT, Antisaccade, and Stroop Tasks 

 

Authors RAPM OSPAN 

 

Engle et al. (1999) OSPAN r = .34*  

Jaeggi et al. (2010)  r = .24* (TR) 

Kane et al. (2007)   r = .33* 

Kane et al. (2004)  r = .32* (TR) 

Shelton et al. (2010)  r = .29* 

Unsworth & Spillers (2010) r = .20* (TR) 

 

Jaeggi et al. (2008)  Single N-back r = .44** (TR) r = .21* 

Schmiedek et al. (2009) r = .28** 

Waiter et al. (2009)   r = .39* 

Kane et al. (2007) 

Control Foil  r = .18* (TR) r = .15 

Lure Foil  r = .25* (TR) r = .14 

Control Target  r = .39* (TR) r = .14 

Post-Lure Target  r = .36* (TR) r = .13 

Control Sensitivity  r = .42* (TR)  r = .22* 

Lure Sensitivity  r = .36* (TR) r = .17* 

 

Unsworth & Spillers Dual N-back r = .41** (TR) r = .26** 

     (2010) 

 

Fox, Roring, &       Inspection Time r = -.25* 

     Mitchum (2009) 

Mackintosh &     r = .27* 

     Bennett (2002) 

 

Hutchison (2007) Antisaccade   r = .31** 

Unsworth & Spillers  r = .14 (TR) r = .22* 

     (2010) 

 

Hutchison (2007) Stroop/   r = -.25** 

Unsworth & Spillers Interference RT r = -.12 (TR) r = -.20* 

     (2010)  

 

Hutchison (2007) Stroop/Interference   r = .02 

 Error Prop 

 

Note. (TR) – 10 min time restriction for RAPM; ** p < .01, * p < .05 
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measures has been demonstrated experimentally by latent variable analysis revealing that 

a latent variable composed of complex span tasks significantly predicts Gf (r = .59, p 

< .05) whereas a latent variable corresponding to STM does not (r = -.13, p > .05; Engle, 

Tuholski, Laughlin, & Conway, 1999).  Although the causal relationships between AC, 

WM, and Gf are still an open area of debate, Unsworth and Spillers (2010) provide some 

evidence that attentional control contributes to the functioning of WM, with WM, in turn, 

contributing to Gf. Unsworth and Spillers (2010) created latent variables for attentional 

control and long term memory in their study, using antisaccade, flanker, Stroop, and 

psychomotor vigilance tasks for attentional control and two delayed free recall tasks 

consisting of semantically related and unrelated words, picture source recognition, 

continual distractor free recall, and verbal fluency tasks for secondary memory. Using 

structural equation modeling, they showed that attentional control and secondary memory 

explain unique variance in WM. When adding in Gf to the model, only complex WM 

measures (OSPAN, symmetry span, and reading span) significantly predicted Gf while 

attentional control and secondary memory still predicted WM. This suggests that 

attentional control is a component of complex span measures of WM, which supports the 

relationship between WM and Gf. Table 1 documents some of these relationships, along 

with correlations involving inspection time, which will be discussed next. 

Should the relationship that exists between N-back and RAPM be unique from 

that of OSPAN and RAPM, it is likely because N-back tasks tap an important process 

beyond attentional control. At present, this process has been inadequately characterized. 

In Kane et al.’s (2007) study, they point out that N-back performance relies heavily on 

speeded recognition as the disruption of familiarity-based recognition disrupts N-back 



9 
 

performance. However, recognition alone may not explain the relationship between N-

back and RAPM, since it is difficult to see how recognition would have influence over 

reasoning on a novel task. Instead, Kane et al.’s (2007) mention of N-back as a speeded 

measure seems to tie more into criticism of Jaeggi et al.’s (2008) original training study. 

When assessing transfer to Gf, both RAPM and the BOMAT were administered using 

time restrictions. These restrictions were also included in Jaeggi et al.’s (2010) study that 

found single N-back predicted RAPM and BOMAT performance over and above OSPAN 

and dual N-back performance. Using time restrictions with these Gf tasks has since been 

criticized because such restrictions could emphasize the role of processes for 

performance on matrix reasoning tasks that are not actually related to Gf (Shipstead et al., 

2010). More specifically, Moody (2009) reasoned that the dual N-back task may train 

participants to hold visual information in a more readily available state, reducing the need 

to scan the matrices repeatedly. Also, being able to extract information from a visual 

stimulus matrix quickly could contribute substantially to performance since a response 

can be made to the problem at hand before information in memory decays (e.g., Garaas & 

Pomplun, 2008), which would require the participant to scan the matrix again for 

information. Such a process could contribute to performance on matrix based tasks, yet 

be conceptually distinct from Gf. Taking Kane et al.’s (2007) mention of speeded 

recognition with Moody’s (2009) intuition that N-back training may equip participants 

with an ability to perform under time restrictions, it may be the case that the speed at 

which a participant can extract information from a visual stimulus plays an important role 

in the relationship between N-back and RAPM.  
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More specifically, perceptual speed seems to fit the role for what Moody (2009) 

intuited as a process that reduces the need for scanning matrices repeatedly during Gf 

tasks. Garaas and Pomplun (2008) demonstrated that perceptual speed was related to the 

amount of eye movements required to complete a comparative visual search task. In this 

task, participants had to compare arrays of stimuli located in different, vertically 

separated hemi-fields. The arrays were constructed such that 19 out of the 20 stimuli in 

each array were the same, and the participant completed the task by identifying the 

deviant stimulus. Further, participants were divided into two groups based on perceptual 

speed as measured by inspection time (IT). IT involves having participants view a pi 

symbol on a computer screen for a brief amount of time. This symbol appears as two 

vertical, parallel lines connected at their top points by a horizontal line (see Figure 1). 

One of the vertical lines is longer than the other, and it is the goal of the participant to 

identify the longer line during the brief duration. The shortest time duration in which a 

participant can consistently identify the longer line is considered his/her IT threshold. 

Garaas and Pomplun (2008) found that low IT threshold (fast perceptual speed) 

participants were significantly faster at completing the visual search task than high IT 

participants (slow perceptual speed). Additionally, they found that the number of eye 

movements between hemi-fields was positively correlated with high IT. This finding 

indicates that participants with low IT did not need to shift their eyes between stimulus 

arrays as much to complete the task. Garaas and Ponplun (2008) suggest that low IT 

participants could more effectively load their visual working memory allowing them to 

complete the task more quickly and efficiently. Thus, perceptual speed seems to be a 

possible candidate for the process that Moody (2009) argued was improved by dual N-
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back training, and allowed participants to complete the matrix reasoning tasks faster with 

less need to scan the matrices repeatedly.  

Further evidence for the role of perceptual speed in relating N-back tasks and 

matrix reasoning measures is the relationship between perceptual speed and matrix 

reasoning performance (e.g., Fox, Roring, & Mitchum, 2009; McCrory & Cooper, 2007). 

For example, perceptual speed, as measured by IT, has been found to explain as much as 

25% of the variance in performance on measures of Gf (Garaas & Pomplun, 2008). 

Evidence for the assertion that it does do so comes from studies like that conducted by 

Mackintosh and Bennett (2002). They found a significant correlation between IT 

performance in terms of trial accuracy and RAPM performance (see Table 1) that was 

reduced to non-significance when controlling for three perceptual speed tasks (r = .15, 

ns). These tasks included digit-symbol substitution, a numerical speed test involving 

identifying the largest number in a set, and a verbal speed test that involves filling in a 

missing letter from a seven-letter word. 

It is important to note, however, that there remains some debate as to whether 

perceptual speed is the construct that explains the relationship between IT and RAPM. 

Osmon and Jackson (2002) feel that the visual nature of RAPM overly emphasizes the 

perceptual aspects of the relationship between IT and measures of Gf. To resolve this 

problem, they elected to use the Woodcock-Johnson Battery of Cognitive Ability-

Revised (WJ-R). This battery separates Gf from Gv, a construct that describes visual 

aspects of intelligence. The authors found that performance on IT was strongly related to 

both Gf (r = -.63, p < .001) and Gv (r = -.47, p < .01). However, when examining partial 

correlations, they found that Gf remained significantly correlated with IT when 
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controlling for Gv (r = -.51, p < .001) but Gv was no longer significantly correlated with 

IT when controlling for Gf (r = -.22, ns). It appeared as though non-visual fluid reasoning 

was explaining variance in IT performance over and above that of visual aspects of 

intelligence. Due to this result, the researchers felt that the non-visual construct of 

processing speed was a better label for what IT was measuring than the visual construct 

of perceptual speed.  Given these conflicting conclusions, a harmonious account of the 

relationship between IT and RAPM has yet to be put forward. However, the visual nature 

of both tasks seems to push most researchers towards identifying IT as a measure of 

perceptual speed (Fox et al., 2009; McCrory & Cooper, 2007). 

A number of studies have been conducted that either relate N-back to RAPM or 

IT to RAPM, but few have examined N-back, IT, and RAPM simultaneously. Work by 

Waiter, Dreary, Staff, Murray, Fox, Starr, and Whalley (2009) comes close as they 

sought to examine the neural relationships between single N-back and IT with Raven’s 

Standard Progressive Matrices (RSPM), which is procedurally very similar to RAPM but 

uses an easier set of problems. In a sample of older adults that completed all three tasks, 

the authors found that accuracy on both measures correlated highly with RSPM (single 

N-back: r = .39, p < .05; IT: r = .45, p < .01), and attempted to use BOLD response 

during task completion to explain the relationships underlying those correlations, yet 

were unable to do so. Unfortunately, due to their focus on neural activity, the researchers 

did not report any analyses examining whether single N-back and IT were explaining 

overlapping variance in RSPM.  
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Present Research 

Given the findings described above, the goal of the present research was to better 

understand the difference in relationships between OSPAN, single N-back, and RAPM. 

As mentioned, it appears as though OSPAN and single N-back are independently related 

to RAPM. Thus, the hypotheses of the present research were that IT will overlap with 

single N-back in terms of explained variance in RAPM performance, while IT will not 

serve to explain variance shared between OSPAN and RAPM. Further, tasks measuring 

attentional control were expected to overlap with OSPAN, but not N-back, in explaining 

variance in RAPM. These findings will hopefully build on past research showing that 

OSPAN and single N-back emphasize distinct processes as measures of mental ability by 

attempting to describe the source of the unique variance that each of these measures has 

with RAPM. 

To test these ideas, participants were asked to complete single N-back, OSPAN, 

RAPM, and IT tasks. To measure attentional control, antisaccade and Stroop tasks were 

included. The decision to use two measures of attentional control was based on 

commentary by Shipstead, Hicks, and Engle (2012) in which they argue that of the 

commonly used measures of attentional control, the Stroop task tends to require a large 

number of trials (although the value of “large” is not specificed) just to produce a modest 

relationship with other measures of executive function. Thus, by using a second task in 

addition to Stroop, we hoped to increase the likelihood of establishing a relationship 

between attentional control and the other constructs tested in the study. The antisaccade 

task measures how well a participant can direct their attention in the presence of an 

attention-distracting stimulus (e.g., Kane, Bleckley, Conway, & Engle, 2001). 
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Specifically, this task involves a stimulus that appears on the opposite side of a display as 

the target. Allowing attention to be drawn to the distracting stimulus can prevent 

participants from successfully or quickly identifying the target. Thus, the initial stimulus 

serves to interfere with the ability to obtain information from the target stimulus, and the 

participant must overcome this interference through attentional control to successfully 

complete the task. Similarly, the Stroop task also assesses aspects of attentional control 

(e.g., Spieler, Balota, & Faust, 1996). In this task, participants must identify the ink color 

used to display a word, which can either be congruent or incongruent with the lexical 

meaning of the word. Participants must successfully inhibit potentially conflicting 

information from the lexical meaning of the word in order to complete the goal of the 

identifying the ink color for incongruent trials (i.e., when the ink color and word meaning 

do not match). Thus, the aspect of attention that the Stroop task assesses is the 

participant’s susceptibility to interference. Taken together, the goal of this study was to 

use measures of perceptual speed and attentional control to assess why tasks like single 

N-back and OSPAN may relate uniquely to RAPM. 
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METHOD 
 

 

Participants 

 First, power analyses were conducted to identify a target sample size for the 

present study. Given the integral role of IT in the present research, this measure was used 

as the focal point for these analyses. Due to the lack of published research presenting 

correlations between IT, OSPAN, and N-back, the correlation of .25 between IT and 

RAPM obtained by Fox, Roring, and Mitchum (2009) served as the relationship on which 

we determined our target sample size. For a correlation of this magnitude, a sample of 

125 participants was estimated to achieve power of .80. The weakest correlations to be 

examined in the present study, which involved RAPM, antisaccade, and Stroop, were 

estimated to require infeasible sample sizes (e.g., ns greater than 400 for correlations 

between .12 and .14) for the present study to achieve power of .80. However, a sample of 

125 participants exceeded estimates required for .50 power for these relationships to be 

statistically significant. Consequently, the present study sought to recruit 125 participants 

to examine the relationships set forth in the hypotheses stated above.    

 Participants consisted of Wake Forest University undergraduate students enrolled 

in an introductory psychology course who were recruited through the introductory 

psychology subject pool. Participants received credit for their one hour of participation, 

which was a requirement for their course grade. One hundred and thirty-eight individuals 

participated in the study, though 13 participants were excluded from further analyses due 

to indications they did not take the study seriously. Specifically, nine participants were 

excluded for behaviors, such as failing to follow directions, and four more participants 

were excluded due to performing below criterion in math accuracy for OSPAN (see 
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Methods section for details). Twelve additional participants were excluded due to missing 

data as a result of computer malfunction. The final sample of 113 participants consisted 

of 64 males and 49 females with a mean age of 19.14 (SD = 1.03) years. However, 14 of 

those 113 participants were unable to complete the Stroop task, which was the last task to 

be administered, as they took the full hour of experiment time to complete the other five 

tasks either due to arriving late for testing or responding more slowly than the majority of 

other participants. These participants were not excluded from analyses that did not 

involve Stroop as it was thought that they may constitute a key subset of participants (i.e., 

slower responders). For all analyses involving Stroop, there were 99 participants (M age 

= 19.19, SD age = 1.08) of which 56 were male and 43 were female.  

Materials and Procedure 

 The following tasks were administered using a Dell laptop computer with an 

attached LCD screen that was 13 inches wide by 10 inches tall, had a screen resolution of 

1024 by 768, and refresh rate of 60 Hz.  

N-Back. The single N-back task was originally adapted from a short-term 

retention task in which participants had to report a past location of a moving light 

(Kirchner, 1958). As mentioned above, the task requires participants to keep track of 

sequentially presented stimuli, and compare a stimulus currently on screen to a stimulus 

that appeared N trials earlier. The stimuli used for the current study consisted of a set of 

eight letters (B, F, K, H, M, Q, R, X) as done previously by Kane et al. (2007). Letters 

were presented in both upper and lower case form and participants were instructed to 

focus on the content of the letter stimulus, not its appearance. The procedure of the task 

also mirrored that of Kane et al. (2007), such that participants performed the task by 
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comparing the current stimulus with one that occurred two trials back and three trials 

back (N levels of two and three, respectively). Each trial consisted of a 500 ms fixation 

period consisting of a blank screen, followed by the stimulus display on screen for two 

seconds, during which participants had to indicate whether or not the current letter 

matched the one N trials back. Participants completed a practice block of 20 trials for 

each N level, and then completed six experimental blocks of 48 trials alternating between 

2- and 3-back blocks. Of the 48 trials, each of the eight letters appeared once as a target, 

making a total of eight targets per block.  

Trial composition was also designed to follow Kane et al.’s (2007) procedure, 

consisting of control targets, control foils, lure foils, and post-lure targets. Control target 

trials matched the letter N trials back in the sequence, but not any other recent letter (five 

letters back for 3-back blocks; four letters back for 2-back blocks). Control foil trials did 

not match any recent letter, following the same specifications as control targets for what 

constituted recent. Lure foil trials matched a recent letter that was not N trials back, and 

post-lure target trials matched the letter N trials back, but came after a lure foil. More 

specifically, for 2-back blocks, lures matched trial items that came immediately before 

(i.e., 1-back), and post-lure targets matched both the lure and the item two trials back 

(e.g., the third Q in the sequence Q-Q-Q is a post-lure target). For 3-back blocks, lures 

matched the letters 2-back, and post-lure targets matched both the lure trial and the letter 

that was 3 items back (e.g. the last letter in the sequence R-Q-R-R).  

Given these four types of trials, a number of performance measures were obtained. 

First, accuracy for each trial type for N = 2 and N = 3 was computed separately, then 

signal detection estimates of sensitivity (dL) and bias (CL) were calculated for control 
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trials and lure trials as was done by Kane et al. (2007). The equations used to calculated 

sensitivity (dL) and bias (CL) were dL = ln{[H(1 – FA)]/[(1 – H)FA]}; CL = 0.5 [ln{[(1 – 

FA)(1 – H)]/[(H)(FA)]}] with ln = natural log, H = proportion of hits, and FA = 

proportion of false alarms. Rates of hits and false alarms were adjusted by .01 if either 

were equal to 1 or 0.  

Inspection time. This task is a measure of visual processing speed adapted from a 

visual line discrimination task originally developed by Vickers, Nettelbeck, and Willson 

(1972). Participants observed a pi-shaped stimulus on a computer screen for a very brief 

duration then had to decide which vertical line of the stimulus was longer (as summarized 

below in Figure 1). The stimulus consisted of two parallel vertical lines of different 

lengths connected at their top-most points by a horizontal line. The stimulus itself was 

positioned at the center of the screen and was 1 inch by .75 inches in size (Fox et al., 

2009). Each trial consisted of a fixation period of 1 s, after which the pi-figure appeared 

on screen, followed by a mask consisting of several vertical lines, obscuring the bottom 

of each vertical line.  

The task started with six practice trials using a display duration of 221 ms for the 

first four practice trials, 153 ms for the fifth practice trial, and 102 ms for the last practice 

trial. The display duration for the first experimental trial was also 102 ms. As participants 

completed trials, correct trials resulted in a display duration decrease of 17 ms and 

incorrectly identified trials resulted in an increased duration of 17 ms. After 90 

experimental trials, performance at each display duration was computed as the percentage 

of trials correct. A cubic function was then fit to this set of values relating accuracy to 

display duration in order to identify the display duration at which participants were 
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estimated to respond correctly 75% of the time. This estimated display duration was the 

main score used for analyses (Fox et al., 2009). 

 

 

Figure 1. Summary of inspection time trial  

 

Raven’s Advanced Progressive Matrices (RAPM). This matrix reasoning task 

requires participants to assess the relationship between multiple figures presented in a 

grid to determine the identity of a missing stimulus (Carpenter et al., 1990). For each trial, 

eight figures were arranged in a 3 x 3 grid whose characteristics systematically differed 

across rows and down columns, with a blank space in the bottom right section of the grid. 

Below this target grid was a set of eight option figures that shared many of the same 

characteristics as the figures in the target grid. The goal of the participant was to identify 
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the figure from the set of options that best filled in the “blank” by completing the pattern 

established by the eight figures presented in the grid. Participants completed three 

practice trials before the experimental trials, which consisted of the 18 odd numbered 

problems from set II of RAPM (Raven, 1990). All trials consisted of the 3 x 3 target grid 

taking up the top portion of the screen with the set of option figures below. Participants 

would respond by clicking on the figure from the options that they thought fit into the 

pattern, which would immediately advance them to the next trial. The number of correct 

trials completed in ten minutes was the outcome measure of this task (Jaeggi, Studer-

Luethi et al., 2010; Kane et al., 2007), and appears to be acceptably reliable (Jaeggi et al., 

2010:  Cronbach’s α = .74; Unsworth & Spillers, 2010: Cronbach’s α = .70).  

Antisaccade. The antisaccade task required participants to control their attention 

in order to quickly identify a target stimulus presented on the computer screen (Kane et 

al., 2001). Following the protocol of Hutchison (2007), participants were instructed that a 

large star would appear to the left or right side of a centrally located fixation cross, with 

the target stimulus appearing shortly after. Their task was to look away from the star in 

order to identify the briefly presented target stimulus, which was the letter Q or O. 

Participants looked at the fixation cross for 1 or 2 seconds (varying randomly by trial) 

after which the star appeared on the screen for 300 ms, at a 3 degree visual angle from the 

center of the computer display (participants sat roughly 60 cm away from the screen). 

Following the star, the target stimulus appeared on the opposite side of the screen (3 

degrees from the center) for 100 ms. Afterwards, both the positions of the star and the 

target were replaced by a series of symbols (##) to "mask" them for 5 seconds during 

which the participant had to indicate the identity of the target stimulus. Participants 
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completed eight practice and 49 experimental trials of this task. Data collected for this 

task were comprised of the participant’s accuracy and reaction time during correct trials 

(Hutchinson, 2007).  

Operation Span. As mentioned previously, OSPAN is a measure of WM that 

requires participants to alternate between storage and processing tasks. First, participants 

saw an equation on the computer screen such as “Is (6/3) + 2 = ?” Once they solved the 

equation and clicked the mouse to advance the task, a digit would appear and they would 

have to indicate whether this digit was the correct answer to the previous equation by 

clicking a text box that was labeled “True” or “False.”  Following this equation, a target 

letter would appear on screen for 800 ms that the participant had to remember for later 

recall, after which a new equation would appear. Participants worked through sets of 3-7 

equation-letter pairs, recalling the letters at the end of each set in the order they were 

presented. Participants recalled letters by viewing a 3 x 4 grid of all of the target letters 

they saw mixed in with additional distractor letters, and would click on the letters to 

indicate their responses. Should they have forgotten a letter, participants were instructed 

to click on a blank box. At the end of each set, feedback was given regarding accuracy 

for both responses to the equations and the letter recall parts of the task.  

Participants first practiced the task in three phases: a) carrying out the memory 

portion of the task alone (recalling sets of letters), b) responding only to equations, and c) 

combining the recall and math tasks by working through three 2-item sets of equation-

letter pairs. The actual task consisted of three trials of each set length (3-7) presented in a 

pseudo-random order for participants to complete. Before data analysis, participants were 

excluded if they failed to achieve 85% accuracy in their responses to the equations. 
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Inaccurate responses included mistakes in selecting “true/false,” as well as overly slow 

responses, which were more than 2.5 standard deviations greater than a participant’s 

average reaction time during the second phase of practice trials. This 85% accuracy 

criterion was used to ensure that participants were contributing sufficient effort to the 

processing aspect of the task (Unsworth, Heitz, Schrock, & Engle, 2005). Memory trials 

were scored according to the partial credit unit procedure outlined by Conway et al. 

(2005). Each trial was scored as the number of letters correctly recalled in its serial 

position and the total number of correctly recalled letters made up the participant’s final 

score. The same scoring procedure has been used elsewhere and yielded acceptable 

estimates of reliability (Unsworth et al., 2012: Cronbach’s α = .84). 

 Stroop. The Stroop task requires participants to control their attention when 

reporting the ink color of a word whose lexical meaning may provide conflicting 

information (e.g., Spieler, Balota, & Faust, 1996). Participants viewed a word stimulus on 

screen and identified its font color as quickly and accurately as possible, completing a 

series of incongruent, congruent, and neutral trials. Trials consisted of presentation of a 

fixation cross for 1 second followed by a target word, which was displayed in the center 

of the screen and was roughly .5 inches tall by .75 to 1.5 inches across, depending on the 

number of letters in the word. Once the target word was presented, participants had to 

input their response regarding the color of the word using the “v” key to indicate red, “b” 

to indicate green, “n” for yellow, and “m” for blue. Once a response was made, the next 

trial started. Participants completed a block of 16 practice trials followed by 117 

experimental trials split across four blocks. Incongruent trials contained a stimulus word 

whose lexical meaning was a color that did not match the font color of the stimulus (e.g., 
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the word "blue" presented in red). Congruent trials contained a stimulus word whose 

lexical meaning was a color that matched the font color of the stimulus (e.g., the word 

"blue" presented in blue). Neutral trials contained a word whose lexical meaning was not 

related to color (bad, poor, deep, and legal were used as neutral words). Thirty-six 

congruent, 36 incongruent, and 45 neutral words were used (Hutchison, 2007).  

Scoring of the data involved determining the proportion of errors for each trial 

type, and obtaining the median reaction time for correct responses of each trial type. 

Median reaction time and proportion of errors were then used to compute facilitation and 

interference effect scores (Hutchison, 2007).  Facilitation effect scores, calculated for 

both reaction time and errors separately, were computed by subtracting congruent trial 

performance from neutral trial performance and served as an indicator of how much 

congruency between font and lexical meaning helped performance. Interference effect 

scores were computed by subtracting neutral trial performance from incongruent trial 

performance (calculated for both reaction time and errors) in order to assess the effect of 

the mismatch between font color and word. 

Task administration. Participants arrived at the lab and informed consent was 

obtained. After, participants were asked to carry out a battery of the six cognitive tasks in 

the following order: N-back, IT, RAPM, antisaccade, OSPAN, and finally Stroop. This 

order was chosen to try to reduce the dampening effect that fatigue could have on 

measures more central to the hypotheses of the present research, namely those involving 

N-back, with measures deemed more important appearing earlier in the testing sequence. 

Further, the more rigorous tasks were alternated with relatively easier tasks to try to 

offset potential participant frustration during the hour long study. After task completion, 
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participants were debriefed and compensated for their participation with credit towards 

their Introduction to Psychology course requirement.  
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RESULTS 

 

 

Descriptive Statistics and Univariate Analyses 

Means and standard deviations for each outcome measure can be seen in Table 2. 

The first set of analyses was conducted to examine whether the tasks used in the present 

study produced the pattern of results one would expect based on previously published 

work.   

 

Table 2 

Means and Standard Deviations for RAPM, OSPAN,  

Antisaccade, IT, Stroop, and N-back 

 

 Measure Mean Standard Deviation 

 

RAPM Total Correct 9.63 2.97 

 

OSPAN Partial Score 59.69 13.74 

 

Antisaccade 

Accuracy (%) 89.43 12.75 

RT (ms) 376.68 84.25 

 

IT Threshold 69.61 50.40 

 

Stroop 

Facilitation Effect (%) -.41 5.09 

Facilitation RT (ms) 9.35 46.09 

Interference Effect (%) 1.22 4.94 

Interference RT (ms)  50.40 50.90 

 

N-back (N = 2) 

Control Target Accuracy (%) 75.17 19.37 

Control Foil Accuracy (%)  85.34 16.34 

Lure Target Accuracy (%) 80.09 21.81 

Lure Foil Accuracy (%)  80.64 21.28 

Control dL 4.43 2.27 

Lure dL 4.85 3.06 

Control CL .08 .06 

Lure CL .01 .09 
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N-back (N = 3) 

Control Target Accuracy (%) 49.85 19.91 

Control Foil Accuracy (%) 76.67 17.01 

Lure Target Accuracy (%) 54.87 30.84 

Lure Foil Accuracy (%) 65.02 20.44 

Control dL 2.06 1.68 

Lure dL 1.74 2.78 

Control CL .10 .07 

Lure CL .04 .15 

 

Note. dL= sensitivity; CL= bias 

 

 

 Univariate analyses of N-back performance. Four memory load (2-back vs. 3-

back) by trial type (Control vs. Lure) repeated measures ANOVAs were conducted with 

target accuracy, foil accuracy, sensitivity, and bias used as the dependent variables. These 

analyses were carried out to assess whether the pattern of performance obtained with N-

back here aligned with Kane et al.’s findings (2007). The results of the analyses run on 

target accuracy revealed that 2-back targets were identified more frequently than 3-back 

targets, F(1, 112) = 151.43, p < .001, η
2 

= .58, and post-lure targets were identified more 

frequently than control targets, F(1, 112) = 8.50, p < .01, η
2
 =  .07. There was no 

significant interaction between n-back level and trial type, F(1, 112) = .001, p > .05. 

Kane et al. (2007) found contrasting effects, such that there was a significant interaction 

indicating that control targets were identified more often than post-lure targets for the 3-

back condition, with no difference seen for 2-back performance. Our analyses of foil 

accuracy also demonstrated significant main effects of memory load, F(1, 112) = 91.64, p 

< .001, η
2
 = .45, and trial type, F(1, 112) = 66.33, p < .001, η

2
 = .37. Kane et al. (2007) 

also observed these main effects, which showed that control foils were correctly rejected 

more often than lure foils, and that 2-back foils were correctly rejected more often than 3-

back foils. However, in the present study there was also a significant interaction, F(1, 112) 
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= 12.61, p < .01, η
2
 = .10. Simple effects analyses revealed that while 2-back control foils 

were correctly rejected more frequently than lure foils, F(1, 112) = 17.79, p < .001, 

η
2
 = .14, this difference in accuracy was smaller than that observed for 3-back, F(1, 112) 

= 50.51, p < .001, η
2
 = .31.   

As for the analyses of sensitivity, the results demonstrated main effects of 

memory load, F(1, 112) = 135.85, p < .001, η
2
 = .55, such that sensitivity was higher in 

the 2-back vs. 3-back condition, but there was no significant effect of trial type, F(1, 112) 

= .137, p > .05.  There was, however, a significant interaction, F(1, 112) = 4.83, p < .05, 

η
2
 = .04. Follow up simple effects analyses showed that control sensitivity was lower 

than lure sensitivity for the 2-back condition, F(1, 112) = 5.20, p < .05, η
2
 = .04, but there 

was no significant difference for 3-back, F(1, 112) = 1.35, p > .05. Kane et al. (2007) 

found a similar main effect of memory load, but also found that sensitivity was higher for 

control trials than lure trials with no interaction. Lastly, analyses of bias indicate there 

was significantly lower bias scores, which indicate more of a tendency to respond “yes,” 

for 2-back than 3-back conditions, F(1, 112) = 12.16, p < .05, η
2
 = .10, and higher bias 

(i.e., greater tendency to say “no”) for control trials than lure trials, F(1, 112) = 58.66, p 

< .001, η
2
 = .344. No significant interaction was seen between memory load and trial type, 

F(1, 112) = .174, p > .05. Similar to the results presented above, these findings also 

deviate from those of Kane et al. (2007) who found main effects of both memory load 

and trial type along with a significant interaction. Their interaction reflected a higher bias 

(i.e., tendency to respond “no”) for control trials than lure trials, that was greater for 2-

back than 3-back. Although the present study did not find this interaction, the patterns for 

memory load and trial type were in keeping with those shown by Kane et al. (2007). As 
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can be seen above, many of the patterns of results found in the present study seem to 

deviate from those obtained by Kane et al. (2007). Potential reasons for these differences 

will be addressed in the discussion section.  

Assessment of Stroop performance. One sample t-tests were conducted to 

assess whether significant facilitation and interference effects were observed during the 

Stroop task when examining participants’ performance with respect to both accuracy (i.e., 

proportion of errors) and reaction time (Table 2). The facilitation effect calculated using 

the error data did not prove to be significantly different from 0, t(98) = -.81, p > .05, 

which suggests that the congruency between ink color and lexical meaning of the word 

provided little advantage in accuracy over the neutral word trials. However, the 

interference effect computed using proportions of errors was significantly greater than 0, 

t(98) = 2.46, p < .05; d = .24, indicating that an incongruency between ink color and 

lexical meaning of the word did, in fact, inhibit performance relative to neutral words. 

For the reaction time data, both the facilitation effect, t(98) = 2.02, p < .05, and 

interference effect, t(98) = 9.85, p < .001, were observable  (i.e., greater than zero). These 

results are largely in keeping with previous work like that of Hutchison (2007). 

Assessment of Antisaccade performance. Descriptive statistics for the results of 

the antisaccade task were inspected to evaluate performance relative to past studies. The 

results suggest that accuracy was rather high (see Table 2) in comparison to previous 

research (e.g., Unsworth & Spillers, 2010: M = 53, SD = 14; Hutchison, 2007: M = 70.45, 

SD = 13.72).  More specifically, participants’ accuracy scores ranged from 41% to 100%, 

with 14 out of the 113 participants responding correctly to every trial. Further, reaction 

times observed in the present research seem substantially faster than those seen by Kane 
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et al. (2001), which appeared to be approximately 700 ms for participants with high 

OSPAN scores, i.e. individuals who had scores in the top 25th percentile of those tested, 

and approximately 900 ms for individuals with low span OSPAN scores (i.e., those who 

scored within the bottom 25th percentile).  

IT, OSPAN, and RAPM descriptive statistics. Descriptive statistics for IT, 

OSPAN, and RAPM (see Table 2) were also considered in relation to published studies, 

and appeared to produce means consistent with that work. The total number of correct 

items for RAPM in the present study line up well with those seen previously (e.g., Jaeggi 

et al., 2010; M = 10.88, SD = 2.87; Kane et al. 2007; M = 10.09, SD = 2.96). Further, 

OSPAN performance for the present sample also appears to mirror past research (e.g., 

Unsworth et al. 2012; M = 61.78, SD = 10.25). However, the IT threshold seems to be 

greater for the current study than was previously seen by Fox et al. (2009; M = 40, SD = 

26), suggesting that participants included in this study had relatively slower performance 

than those who participated in Fox et al.’s (2009) experiment.  

Correlational Analyses 

Following the initial set of results, we carried out a second set of analyses to 

assess the relationships among the task outcomes used to test our hypotheses. First, 

correlations among the different measures of N-back performance were calculated to 

inspect the consistency of the task as it was administered in the present study. These 

correlations are presented below in Table 3.  

Overall these correlations show that the sensitivity and bias estimates of N-back 

performance were, in fact, picking up on distinct aspects of performance. For the most 

part, correlations amongst control and lure sensitivity across both 2- and 3-back tended to 
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correlate with one another with the exception of the 3-back lure sensitivity. Similarly, all 

estimates of bias correlated significantly with each other, but correlations between 

sensitivity and bias tended to be weak to moderate, as would be expected given that both 

estimates are describing different aspects of signal detection.      

 

Table 3 

Correlations among N-back Performance  

Measures for 2-back and 3-back 

 

 Measures 1 2 3 4 5 6 7 

 

Single N-back 

 

1. N = 2 Control dL 

2. N = 2 Lure dL .76**  

3. N = 2 Control CL -.01 .04 

4. N = 2 Lure CL -.20* -.28* -.32** 

 

5. N = 3 Control dL  .54** .48* .10 -.05 

6. N = 3 Lure dL .15
†
 .12 -.09 -.16* .26** 

7. N = 3 Control CL .03 -.03 .60** .27** .03 -.15
†
 

8. N = 3 Lure CL -.03 -.01 .20* .21* .04 -.64** .34** 

 

Note. dL = sensitivity; CL = bias; 
† 

p < .10, * p < .05, ** p < .01; one-tailed 

 

 

Next, correlations among the outcomes of all six tasks were examined to assess 

whether the relationships among our tasks matched the predictions we made based on 

past work (as shown in Table 1). The statistical significance of these correlations was 

evaluated using one-tailed tests because all our hypotheses were directional in nature, and 

the results are displayed in Table 4. 

It was expected that OSPAN performance would positively correlate with both 

RAPM and single N-back, as well as correlate with both measures of attentional control, 

displaying a negative relationship with Stroop interference effects and a positive 
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relationship with antisaccade accuracy. It appears as though our correlations lined up 

reasonably well in terms of magnitude and direction with those seen in past studies as far 

as RAPM and Stroop are concerned (e.g., Hutchison, 2007; Jaeggi, Buschkuehl et al., 

2010; Kane et al., 2007).  

 

Table 4 

Correlations among RAPM, OSPAN, Antisaccade, 

IT, Stroop, and N-back Performance Measures 

 

    Measure  1 2 3 4 5 6 7 8 9 

 

1. RAPM    

 

2. OSPAN  .33**  

 

Antisaccade 

3. Accuracy .18* .12  

4. RT .07 .13 .10  

 

5. IT -.19* -.09 -.12 .01 

 

Stoop 

6. Fac. Error .15
†
 -.04 -.06 -.06 -.24** 

7. Fac. RT .03 .07 -.06 .06 -.13 -.26** 

8. Int. Error -.15
† 

-.17* -.05 -.06 .10 -.46** .26** 

9. Int. RT -.09 -.17* .03 -.02 .06 .18* -.28** .07 

 

Single N-back 

N=2 Control dL .45** .28** .28** -.02 -.18* .13
†
 -.02 -.14

†
 -.06 

N=2 Lure dL .42** .22* .37** -.06 -.20* .11 -.06 -.13
† 

.01 

N=2 Control CL .03 .03 -.05 -.02 .09 -.08 -.07 .06 -.04 

N=2 Lure CL -.13
†
 -.06 -.12 .03 .14 -.18* -.01 .18 -.14 

 

N=3 Control dL .27** .17* .18* .11 -.17* .11 -.06 -.11 -.05 

N=3 Lure dL  .15
†
 .01 -.12 -.07 .01 .08 -.01 -.10 .12 

N=3 Control CL -.08 .02 -.15
†
 .01 .20* -.09 -.07 .06 -.08 

N=3 Lure CL -.13 .03 .07 .10 .01 -.09 .07 .06 -.08 

 

Note. dL = sensitivity; CL = bias; 
† 

p < .10, * p < .05, ** p < .01; one-tailed 
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Further, the patterns of correlations for 2-back and 3-back, with the exception of 3-back 

Lure dL, came out as expected, though the 3-back measures seem to correlate with 

OSPAN more modestly than the 2-back measures. In contrast, antisaccade performance 

was expected to correlate well with OSPAN, as has been seen previously (e.g., Hutchison, 

2007; Unsworth & Spillers, 2010), but this did not appear to have happened in the present 

study. IT threshold, on the other hand, was expected to have a nonsubstantial relationship 

with OSPAN, if at all, due to the difference in constructs measured by the two tasks 

(Garaas & Pomplun, 2008; Unsworth et al., 2005), and based on the non-significant 

correlation found between them, it appears that they are not related.  

Similar to OSPAN, the single N-back task was expected to positively correlate 

with RAPM, as has been seen in past work (e.g., Jaeggi et al., 2010), which was observed. 

Similar to what was seen with OSPAN, 2-back and 3-back measures of sensitivity, with 

the exception of 3-back lure sensitivity, correlated significantly with RAPM. Further, 

based on the hypotheses put forth in the present study, N-back was expected to negatively 

correlate with IT threshold, an expectation that was also met for both estimates of 

sensitivity for 2-back, but only control sensitivity for 3-back. Finally, measures of 

attentional control were posited to be more strongly related to OSPAN than N-back, 

which seems to have occurred for the Stroop task. Antisaccade accuracy, however, did 

not behave as predicted showing a robust positive relationship with the sensitivity 

estimates of N-back.  

Lastly, antisaccade and Stroop interference were expected to correlate with each 

other due to their overlap in processing demands (e.g., Kane et al., 2001; Spieler et al., 

1996) but actually showed almost no relationship. Part of this lack of association may be 
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due to the difficulties involved with obtaining strong correlations using the Stroop task. 

As mentioned above, Shipstead, Hicks, and Engle (2012) argue that the Stroop task can 

require a large number of trials in order to produce a modest relationship with other 

measures of executive function. This problem may have arisen in the present study as 

correlations among the tasks expected to associate with Stroop, namely antisaccade and 

OSPAN, are smaller than have been seen in the past. Despite not correlating with each 

other, the Stroop and antisaccade measures displayed some overlap in terms of their 

correlations with other tasks. Both were expected to weakly correlate with RAPM, since 

this is what has been seen in past work (e.g., Unsworth & Spillers, 2010), which did 

happen. In addition, IT threshold seemed unlikely to correlate with either measure of 

attentional control due to their theoretical differences (e.g., Garaas & Pomplun, 2008; 

Kane et al., 2001), which proved to be the case although IT did end up correlating 

significantly with the facilitation error effect.  This latter finding could indicate some 

overlap in perceptual fluency picked up on by both the IT and Stroop tasks.  

As mentioned previously, Stroop and antisaccade both correlated with sensitivity 

estimates of N-back, though antisaccade showed a much stronger relationship than 

anticipated. Also, Stroop interference effects correlated significantly with OSPAN 

performance as hypothesized whereas antisaccade unexpectedly did not. Beyond 

identifying potential methodological issues that may explain the divergence between 

these two measures (see Discussion section), it is also possible that antisaccade and 

Stroop are tapping slightly different aspects of mental ability. Potential evidence for this 

idea has been seen in past work in which both measures were classified as requiring 

attentional control, yet antisaccade accuracy only weakly correlated with Stroop reaction 
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time (r = -.22, p < .01, Hutchison, 2007; r = -.15, p < .05, Unsworth & Spillers, 2010) 

and errors (r = -.13, ns; Hutchison, 2007). Though past relationships between these two 

measures of attentional control are stronger than what has been seen in the present study, 

they do not seem strong enough to warrant viewing the tasks as interchangeable measures 

of attentional control.  

Hierarchical regressions predicting RAPM performance 

Following these correlational analyses, three hierarchical regression analyses 

were conducted to assess the main hypotheses of the present study, which were 

developed to characterize the nature of the unique relationships between N-back, OSPAN, 

and RAPM. For N-back, only performance from the 2-back task was used in the 

following analyses because it yielded stronger correlations with the other measures of 

interest and aligned more closely with the findings from Kane et al.’s work (2007), as 

presented above. Further, only the sensitivity estimates (control and lure) from 2-back 

were used as they best reflect accuracy in N-back performance, and demonstrated 

stronger correlations with the other measures central to our hypotheses, specifically 

RAPM and OSPAN, than did the estimates of bias. Moreover, it seemed valuable to carry 

out the regressions using both control and lure sensitivity given Kane et al. (2007) 

suggest that lure trials may engage some aspect of attentional control that goes beyond 

the processing required by the control trials.  

 N-back, IT, Antisaccade and RAPM. The first hierarchical regression analysis 

was designed to test the hypothesis that IT threshold may account for some variance in 

RAPM performance, and further that IT threshold will overlap with N-back sensitivity in 

predicting RAPM variance. Although the initial strategy was to only include IT threshold 
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and the estimates of sensitivity from N-back in this analysis, it seemed necessary to add 

in antisaccade accuracy due to its unanticipated correlation with N-back performance. 

Consequently, IT threshold was entered into the model first, followed by antisaccade 

accuracy, which was then followed by N-back. 

As shown in Table 5, the results of steps 1 and 2 of this analysis indicated that IT 

threshold and antisaccade accuracy each significantly explained unique variance in 

RAPM, suggesting that these measures of perceptual speed and attentional control, 

respectively have distinct relationships with Gf. Control sensitivity was added to the 

model next and neither IT threshold nor antisaccade accuracy continued to predict 

significant amounts of variance in RAPM, which suggests that both IT threshold and 

antisaccade accuracy overlap with control sensitivity in terms of explaining variance in 

RAPM. This overlap between control sensitivity and IT does support the hypothesis that 

N-back performance is important to the relationship between perceptual speed and 

RAPM. Conversely, the correspondence between control sensitivity and antisaccade 

accuracy was a surprise given the original hypothesis of the present study was that N-

back would not explain performance in a similar manner as attentional control, but this 

finding does align with the results of the correlational analyses. Step 4 demonstrates that 

adding lure sensitivity into the model accounts for no additional variance in RAPM 

beyond control sensitivity. This result suggests that any overlap between IT threshold, 

antisaccade accuracy, and N-back in predicting RAPM is already covered by control 

sensitivity, which makes sense given the high correlation between control and lure 

sensitivity. 
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Table 5 

Hierarchical Regression Examining the Relationships between IT Threshold, 

Antisaccade, Control dL, Lure dL, and OSPAN in Predicting RAPM 

 

     Variable B SE(B) β t p R
2
  

 

Step 1 

IT Threshold -.01 .01 -.19 -2.03 .020 .04 

 

Step 2 

IT Threshold -.01 .01 -.17 -1.82 .036 .06 

Antisaccade 3.82 2.17 .16 1.76 .040 

 

Step 3 

IT Threshold -.01 .01 -.11 -1.25 .108 .22 

Antisaccade 1.28 2.06 .06 .62 .269 

Control dL .54 .12 .41 4.63 .001 

 

Step 4 

IT Threshold -.01 .01 -.10 -1.13 .130 .23 

Antisaccade .66 2.12 .03 .31 .379 

Control dL .39 .17 .30 2.30 .012 

Lure dL .16 .13 .17 1.24 .110 

 

Step 5 

IT Threshold -.01 .01 -.09 -1.06 .146 .27 

Antisaccade .46 2.07 .02 .22 .412 

Control dL .32 .17 .24 1.88 .032 

Lure dL .16 .13 .17 1.28 .103 

OSPAN .05 .02 .21 2.46 .008 

 

Note. Antisaccade = antisaccade accuracy; OSPAN = OSPAN partial unit score; Control 

dL and Lure dL are for 2-back blocks; all p values are one-tailed 

     

Finally, OSPAN performance was added to the model to assess whether or not it 

explained unique variance in RAPM above perceptual speed, antisaccade accuracy, and  

the aspects of working memory tapped by N-back. Despite already having four predictors 

in the model, OSPAN still significantly explained unique variance in RAPM. This result 

suggests that the relationship between OSPAN and RAPM is both robust and involves 

constructs outside of perceptual speed, attention as measured by antisaccade accuracy, 
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and N-back performance. Overall, this hierarchical regression demonstrates that N-back 

corresponds with perceptual speed and performance on the antisaccade task in its ability 

to explain RAPM performance while being distinct from the aspects of processing that 

are shared between OSPAN and RAPM.   

OSPAN, IT, Antisaccade and RAPM. Next, a second hierarchical regression 

was conducted to assess the hypothesis that while IT threshold overlaps with N-back in 

accounting for variance in RAPM, there should be no such overlap with OSPAN. To 

carry out this analysis, antisaccade accuracy was again included along with IT threshold 

for the same reasons given above as well as the evidence from the previous regression 

indicating the antisaccade task was independent of IT threshold in predicting RAPM 

performance. More specifically, IT threshold and antisaccade accuracy were entered as 

the first two steps with OSPAN entered last. As mentioned previously, IT threshold was 

originally expected to explain unique variance in RAPM relative to OSPAN.  Further, 

according to the initial hypothesis that both antisaccade accuracy and OSPAN are 

measures that involve attentional control (Engle, 2002), the two were thought to overlap 

in predicting RAPM.  However, given the results of the previous regression and 

correlational analyses, it is possible that antisaccade accuracy and OSPAN could account 

for unique variance from one another.  

Steps 1 and 2 of the present regression were identical to those of the previous 

analysis, and so the important results from this analysis occur in Step 3 when OSPAN 

was added (Table 6).  Following step 3, IT threshold was a marginally significant 

predictor, indicating that IT threshold and OSPAN explain unique variance in RAPM 
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performance. Similarly, antisaccade accuracy was also marginally significant, suggesting 

unique explained variance in RAPM from OSPAN.  

 

Table 6 

Hierarchical Regression Examining the Relationships between  

IT Threshold, Antisaccade, and OSPAN in Predicting RAPM 

    

  Variable B SE(B) β t p R
2
  

 

Step 1 

IT Threshold -.01 .01 -.19 -2.03 .020 .04 

 

Step 2 

IT Threshold -.01 .01 -.17 -1.82 .036 .06 

Antisaccade 3.82 2.17 .16 1.76 .040 

 

Step 3 

IT Threshold -.01 .01 -.15 -1.64 .053 .15 

Antisaccade 3.08 2.09 .13 1.48 .072 

OSPAN .06 .02 .30 3.33 .001 

 

Note. Antisaccade = antisaccade accuracy; OSPAN = OSPAN partial unit score; all p 

values are one-tailed 

 

 

Thus, by comparing the two hierarchical regressions summarized in Tables 5 and 6, we 

can start to more clearly see the distinct patterns of intersection between RAPM, N-back, 

and OSPAN. N-back appears to overlap with both IT threshold and antisaccade accuracy 

in terms of explaining variance in RAPM, suggesting that both some aspects of attention 

and perceptual speed are important to how N-back relates to Gf. OSPAN, on the other 

hand, explains unique variance in RAPM from that captured by perceptual speed and 

attention (as measured by antisaccade accuracy). 

OSPAN, Attentional Control and RAPM. The last of the three hierarchical 

regressions carried out to predict RAPM performance sought to assess the role of 

attentional control in the relationship between OSPAN and RAPM. Attentional control, 
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as measured by both the Stroop interference effect and antisaccade accuracy, was 

originally hypothesized to overlap with OSPAN in explaining some of the variance in 

RAPM. Specifically, the Stroop interference effect (calculated using response accuracy) 

and antisaccade accuracy were used as predictors since both demonstrated significant 

correlations with RAPM.   

Antisaccade accuracy and the Stroop interference effect were first added to the 

model, and the original expectation was that only one of the measures would be a 

significant predictor of RAPM performance due to the overlap in processing 

requirements between them. Consequently, it was expected that the determining factor 

for which measure would act as a significant predictor would be the order in which the 

measures were entered into the model, rather than the measures themselves. However, 

given the possibility that the Stroop interference effect and antisaccade accuracy are 

tapping different aspects of attentional control in the current study, as suggested by the 

weak correlation between the two, it is also possible that each will remain a significant 

predictor of RAPM performance. Further, OSPAN was added to the model as a third step 

with the original belief that it would explain the same portion of variance as the two 

attentional control measures, leading antisaccade accuracy and the Stroop interference 

effect to become nonsignificant predictors of RAPM performance. Again, however, the 

fact that the prior analyses demonstrate a lack of relationship between OSPAN and 

antisaccade accuracy suggests the more likely possibility is that only OSPAN and the 

Stroop interference effect will overlap in explaining variance in RAPM, leaving 

antisaccade accuracy as a unique predictor.  
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Table 7 

Hierarchical Regression Examining the Relationships between Stroop Interference, 

Antisaccade, OSPAN, Control dL, and Lure dL in Predicting RAPM 

 

     Variable B SE(B) β t p R
2
  

 

Step 1 

Stroop Int -9.33 6.29 -.15 -1.48 .070 .02 

 

Step 2 

Stroop Int -8.75 6.22 -.14 -1.41 .082 .06 

Antisaccade 4.20 2.31 .18 1.82 .036 

 

Step 3 

Stroop Int -5.43 5.98 -.09 -.91 .183 .16 

Antisaccade 3.47 2.20 .15 1.58 .060 

OSPAN .07 .02 .33 4.42 .001 

 

Step 4 

Stroop Int -3.50 5.62 -.06 -.62 .268 .27 

Antisaccade 1.49 2.13 .06 .70 .242 

OSPAN .05 .02 .24 2.56 .006 

Control dL .48 .13 .36 3.81 .001 

 

Step 5 

Stroop Int -3.22 5.62 -.05 -.57 .284 .28 

Antisaccade .87 2.19 .04 .40 .346 

OSPAN .06 .02 .24 2.62 .005 

Control dL .33 .18 .25 1.83 .036 

Lure dL .16 .14 .16 1.13 .130 

 

Note. Stroop Int = Stroop interference effect on error proportions; Antisaccade = 

antisaccade accuracy; OSPAN = OSPAN partial unit score; Control dL and Lure dL are 

for 2-back blocks; all p values are one-tailed 

 

 

 

Steps 1 and 2 of the analysis (Table 7) indicate that the Stroop interference effect 

and antisaccade accuracy do explain unique variance in RAPM from one another, though 

the interference effect is only a marginally significant predictor. The results of adding 

OSPAN to the model as a third step did demonstrate a connection between the Stroop 

interference effect and OSPAN in explaining RAPM performance as the interference 
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effect no longer acted as a significant predictor, which conforms to the original 

hypotheses of the present study. In contrast, antisaccade accuracy aligned more with the 

results of the first two regressions, rather than the original hypotheses, as it continued to 

explain unique variance in RAPM despite being thought to pick up on similar aspects of 

attentional control as OSPAN. 

N-back control sensitivity was added to the model next to see if N-back explained 

unique variance in RAPM beyond that of Stroop interference, antisaccade accuracy, and 

OSPAN. The original hypotheses of the present research would suggest no overlap 

between control sensitivity and the measures included in the first three steps of the 

present model, though the results of the previous regressions indicate that instead there is 

overlap between antisaccade and control sensitivity. Similar to what was seen in the 

previous analyses, adding control sensitivity into the model explained unique variance in 

RAPM from that of OSPAN. Further, the addition of N-back caused antisaccade accuracy 

to become a non-significant predictor, suggesting there is an intersection between control 

sensitivity and the aspect of antisaccade accuracy that is distinct from OSPAN (see also 

Table 5). Finally, adding lure sensitivity to the model explained no additional variance 

over what was already explained by control sensitivity. This finding was expected given 

what has already been seen in the current study with control sensitivity and lure 

sensitivity.  
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DISCUSSION 

 

 

The goal of the present work was to better understand why N-back and OSPAN 

tasks predict unique variance in RAPM. This study replicated previous work showing 

that N-back and OSPAN relate to RAPM differently and pushed forward by investigating 

what it is about these relationships that may be unique. Perceptual speed, as measured by 

IT threshold, seems to be an important construct to consider when teasing apart N-back 

and OSPAN in how they relate to RAPM. Via hierarchical regression modeling, IT 

threshold was shown to predict variance in RAPM similarly to N-back (control 

sensitivity). OSPAN, on the other hand, did not intersect with IT threshold in predicting 

RAPM performance. Instead, the Stroop interference effect was shown to overlap with 

OSPAN in explaining variance in RAPM, suggesting some common ground related to 

attentional control. The results of these analyses appear to demonstrate that perceptual 

speed is a common link between N-back and RAPM performance but does not explain 

the relationship between OSPAN and RAPM, which seems to be more associated with 

attentional control.  

Though analyses involving perceptual speed appeared to produce clear 

conclusions, the tasks used to measure attentional control, antisaccade accuracy and the 

Stroop interference effect, demonstrated contradictory relationships with one another. 

First, both tasks were initially thought to measure similar aspects of attentional control, 

specifically the ability to inhibit interfering information and control prepotent responses. 

Further, past work indicates that attention control is fundamental to working memory and 

how it relates to measures of Gf (e.g., Engle, 2002). Given both of these points, 

antisaccade accuracy and the Stroop interference effect were both expected to correlate 
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moderately with OSPAN as well as overlap in explaining the relationship between 

OSPAN and RAPM. The distinction between OSPAN and N-back in the prediction of 

RAPM performance further led to the expectation that both measures of attentional 

control would not align with N-back, either in terms of significant correlations or in 

accounting for variance in RAPM. As indicated above, the Stroop interference effect 

behaved as predicted, correlating with OSPAN and explaining overlapping variance in 

RAPM. However, the antisaccade task yielded surprising results, showing a non-

significant correlation with OSPAN performance while unexpectedly correlating 

significantly with N-back estimates of sensitivity. Further, hierarchical regressions 

indicated that antisaccade and OSPAN explained unique variance in RAPM performance, 

while, contrarily, N-back control sensitivity and antisaccade accuracy overlapped. Thus, 

reflecting back on the hypotheses of the present study, the reasons why N-back and 

OSPAN relate to RAPM uniquely have begun to be revealed, though not completely as 

was expected. 

Discrepancies between Past Work and the Present Study’s Results 

 Despite efforts made in the present study to adopt previously used methodology in 

order to obtain replicable findings, results observed from the measures used here did 

diverge at times from previously published work (e.g., Hutchison, 2007; Kane et al., 2007; 

Unsworth & Spillers, 2010). First, as summarized above, many of the analyses involving 

antisaccade performance yielded results contrary to what was expected. Part of the reason 

as to why this may have occurred can be seen in the descriptive statistics for the task. As 

mentioned, participants in the present sample were more accurate than those seen in past 

studies, and 14 of 113 participants answered every trial correctly. Given these results, 
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there is room for concern regarding restricted range issues influencing how antisaccade 

accuracy related to other measures in the study. Had the task been designed with greater 

difficulty for the present sample, correlations that were expected to occur but did not, 

namely between antisaccade accuracy with the Stroop interference effect and OSPAN 

performance, may have been evident. It is important to note, however, that antisaccade 

accuracy did still moderately correlate with N-back sensitivity estimates despite the 

potential presence of a restricted range effect, which suggests that the design of our 

antisaccade task may be problematic for reasons beyond ease of task completion.  

In particular, the low demands evident for the antisaccade task and unexpected 

correlations (i.e., both the significant correlation with N-back and failure to correlate with 

Stroop) may be attributable to the location of stimuli presentation utilized for the present 

study. This work recreated the antisaccade task with the specifications employed by 

Hutchison (2007), which meant using a three degree visual angle from a central fixation 

cross for a participant who sat roughly 60 cm away from the computer display. These 

measurements were used to determine that stimuli would be presented 3.14 cm away 

from center of the screen. This distance from center was substantially shorter than that 

used by Kane et al. (2001) who employed a visual angle for stimuli of 11.33 degrees for 

participants sitting about 45 cm from the screen (stimuli being located roughly 9 cm from 

the center of the screen). Similar design specifications as Kane et al. (2001) used were 

also employed by Unsworth and Spillers (2010). Thus, participants in the present study 

had to shift their gaze a substantially shorter distance from distractor to target, making the 

antisaccade task in the present study much easier than that employed by Kane et al. (2001) 

and Unsworth and Spillers (2010), while perhaps also fundamentally altering the 
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processes required to carry out the task. Further, recreating Hutchison (2007)’s design 

involved the absence of prosaccade trials, which may have contributed further to both the 

ease of the task and the change in processes required for performance relative to past 

work. Though substantial, such design differences do not account for the fact that 

Hutchison (2007) was still able to obtain significant correlations between performance on 

the antisaccade, Stroop, and OSPAN tasks. However, anecdotally, studies on working 

memory and attentional control have found the Wake Forest undergraduate population to 

perform more accurately and with less variability than student samples drawn from other 

colleges. Specifically, the participants recruited for the current research come from a 

small, private school with a homogenous population focused on high scholastic 

achievement, which could produce different results than those found from more diverse 

populations at larger state schools using a similar task design.  

 Further issues with measuring attentional control in the current study can be found 

with the Stroop task. As described in the methods section, the Stroop facilitation effect 

(calculated using error rates) was undetectable in the overall sample and the interference 

effect was observable but weak (d = .24). Further, both facilitation and interference 

effects seem smaller than have been seen in past work (e.g., Hutchison, 2007). These 

observably small effects would suggest that the Stroop task may have challenged 

participant’s attentional control to a weaker extent in the present study. Again, the 

possibility exists that the task was relatively easy for the present sample due to their 

characteristics. Despite this shortcoming in task application though, correlations were 

observed between the Stroop task and other measures (i.e., facilitation effect and IT 

threshold, interference effect and OSPAN). Had the task been more challenging, it is 
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possible that some of the marginal correlations between Stroop and other measures, such 

as that between the interference effect and RAPM, would have been stronger. 

In addition to concerns about the attentional control measures, there were also 

deviations in N-back performance seen when comparing the findings of the present 

analyses to those of Kane et al. (2007). The most important difference was evident when 

comparing control and lure sensitivity across 2-back and 3-back blocks for which Kane et 

al. (2007) found main effects demonstrating higher sensitivity during 2-back blocks, and 

during control trials. Although the present work found higher sensitivity for 2-back 

blocks, there was no main effect of trial type (control vs lure), and there was a significant 

interaction indicating higher lure sensitivity for 2-back blocks with no difference between 

trial type for 3-back. Relatedly, divergence between the two studies could also be seen in, 

and stem from, the accuracy in responding to control targets relative to post-lure targets. 

Kane et al. (2007)’s univariate analyses examining target accuracies revealed a 

significant interaction such that accuracy for post-lure targets and control targets were 

similar for 2-back blocks, but post-lure targets were more difficult to correctly identify 

for 3-back blocks. The present study found that for both 2-back and 3-back blocks, post-

lure targets were actually easier to identify than control targets. Though it is difficult to 

say with certainty why such a reverse in results occurred between studies, one possibility 

lies in their respective methodologies. Kane et al. (2007) do not specify exactly how 

many post-lure targets were included in each block, but the present study had roughly 

two post-lure targets per 2-back block and only one post-lure target per 3-back block. 

Such infrequency in post-lure targets may have actually served to novelize those trials, 
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drawing the attention of the participants during a task that requires focus for a long period 

of time and enhancing lure performance.   

In addition to the univariate results, the findings from the correlational analyses 

also differed from those in Kane et al. (2007)’s study, showing weaker relationships 

between N-back estimates, OSPAN, and RAPM at 3-back relative to 2-back. Kane et al. 

(2007) actually found the reverse pattern; OSPAN significantly correlated with 3-back 

control sensitivity (r = .22, p < .05) and lure sensitivity (r = .17, p < .05) while the 

correlations with 2-back performance were not significant, findings which led to an 

emphasis on 3-back performance in their work. However, it is the estimates from 2-back, 

rather than 3 back, here that yielded significant correlations.    

This discrepancy may have also arisen from methodological differences between 

the two studies, specifically with regards to the number of practice and experimental 

trials that were used. Kane et al. (2007) employed a practice block of 40 trials for both 2-

back and 3-back whereas the present study included practice blocks of only 20 trials for 

each memory load. Further, Kane et al. (2007) had participants complete four blocks at 

each memory load for a total of eight blocks whereas participants in the present study 

only completed three blocks each for 2-back and 3-back. Reductions in the numbers of 

both practice and experimental trials were incorporated due to the limitations in time we 

could ask our participants to put forth (1 hour). It is possible that these reductions led to 

lessened familiarity with the task demands relative to that of Kane et al. (2007), which 

may have caused 2-back performance in the present study to behave more like 3-back 

performance in Kane et al.’s (2007) work. 

  



48 
 

   Limitations  

In addition to study population and task differences between the current research 

and previous work, it is important to consider limitations in the execution of the present 

study. As described above, the tasks were administered in a fixed order for all 

participants (i.e., N-back, IT, RAPM, antisaccade, OSPAN, Stroop) using a sequence 

designed to reduce participant fatigue overall while having the tasks more central to the 

present hypotheses occur earliest in testing. Though fixed order designs have been used 

successfully in the past (e.g., Unsworth & Spillers, 2010), it is still important to consider 

the potential impact of order effects, such as carry over effects, practice, and fatigue, on 

the current results. Of these concerns, the most likely one to be problematic here is 

fatigue given the demanding nature of the measures used and the fact that we asked 

participants to complete an hour’s worth of testing. If fatigue related effects occurred, 

their influence should have been most apparent for the antisaccade, OSPAN, and Stroop 

tasks given these tasks were administered towards the end of testing. Based on our 

descriptive statistics, it appears as though participants in the present study performed at 

similar or better levels than that observed in other studies (e.g., Hutchison, 2007; Kane et 

al., 2007; Unsworth & Spillers, 2010). Alone, this level of performance could indicate 

that fatigue effects may not have had a substantial influence on the results as a whole, but 

it is still important to consider fatigue from an individual differences perspective. If each 

of these tasks, towards the end of the study, were tapping into both the construct of 

interest in addition to some element of fatigue, then the correlations between tasks 

administered at the end of the testing session may have been more affected by such error 

variance resulting in weaker correlations. Thus, in this manner, fatigue may have been 
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responsible in part for the unusual correlations involving antisaccade accuracy and the 

smaller than expected correlations with the Stroop interference effect.   

Beyond issues regarding the overall administration of the tasks, the results of the 

present work may have also been influenced by the composition of the final sample of 

participants. As described in the methods section, 13 participants were removed from the 

final sample for indications they did not take the study seriously and were not following 

task instructions. This exclusion was done in an effort to reduce any obscuring influence 

of non-compliance, though this may have removed a key subset of participants from the 

sample. Specifically, participants who exhibited behaviors that led to their removal may 

have also been relatively low performers on the tasks whose task difficulties may have 

caused confusion, discomfort, disinterest or fatigue, leading to noncompliant behavior. 

The Stroop task in particular was likely impacted by sample composition given that 14 

participants were unable to carry out the Stroop task due to running out of time after 

completing the other tasks in the study. In effect, the one hour time constraint may have 

selectively removed slow performers from analyses involving Stroop, possibly 

weakening the associations between Stroop and the other measures in the study. Further, 

the analyses involving Stroop have lower statistical power due to reduced sample size. 

Though the present research has revealed potentially important differences in the 

processes that relate N-back and OSPAN to RAPM, it is important to keep the limitations 

of this work in mind. 

Implications 

 Despite the shortcomings of the present research, a number of lessons can be 

learned. Perceptual speed, as measured by IT threshold, is an important distinguishing 
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factor between N-back and OSPAN in how the two measures of working memory relate 

to RAPM. Further, despite typically acting as similar measures of attentional control, 

antisaccade accuracy aligned more closely with N-back performance whereas the Stroop 

interference effect corresponded more with OSPAN performance. Though the present 

research is unable to offer a clear explanation for this finding, such an observation may 

serve useful in informing future work.   

 An important first step for future research involves further resolution of the 

different debates surrounding the measures used in the present study. As mentioned in the 

introduction, IT is most frequently referred to as a measure of perceptual speed, though 

there is reason to suspect that the task may also tap general processing speed (Mackintosh 

& Bennett, 2002; Osmon & Jackson, 2002). The present study makes a small contribution 

to this debate in identifying a correlation between IT threshold and the Stroop facilitation 

effect. Judging both tasks side-by-side could suggest that this correlation is based on use 

of some form of perceptual fluency, offering evidence in favor of IT as a measure of 

perceptual speed over general processing speed given the visual nature of both tasks.  

However, a more useful contribution to this debate may be gained from future 

work in characterizing the N-back task. At present, it is difficult to say whether the 

correlation between IT threshold and measures of N-back performance argue for 

processing speed or perceptual speed. Given that participants have to keep up with 

stimuli that change every two seconds during N-back, perceptual speed may better 

explain the relationship. Contrarily, the current stimuli are verbal in nature, varying in 

physical case (upper and lower), a quality that could lend itself more to a processing 

speed account of the correlation. However, as described above in the introduction, dual 
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N-back training employs a stream of visual stimuli that requires a perceptual decision, 

which would reduce the participant’s reliance on verbal processing to complete the task. 

Future work could examine whether the IT task holds a stronger relationship with a visual 

N-back task compared to a verbal one, which could be taken as evidence for the 

perceptual speed account of the construct that inspection time task measures. 

 The present research also serves as a reminder that changes to the administration 

of a particular task may alter the emphasis on constructs measured by that task. 

Alterations to the design of RAPM, specifically the time-restrictions used in the 

administration of the task may influence how well scores reflect the construct of interest 

(Gf) as opposed to other facets of mental ability. The present research does not directly 

test whether time-restrictions impact RAPM scores, though the results of this study do 

support Moody’s (2009) intuition that speed may play a role in how N-back training 

relates to improvements in measures of Gf. Through IT threshold, the present research 

demonstrates that perceptual speed is important to the relationship between N-back and 

RAPM. Further research is required though to demonstrate whether time restrictions in 

the administration of RAPM are overemphasizing the role of perceptual speed, and 

possibly the improvements in Gf seen as a result of WM training.  

Differences in task design may have also influenced the ability of the antisaccade 

task to measure attentional control. Shipstead, Hicks, and Engle (2012) have already 

made this argument for the Stroop task when pointing out that the number of trials 

included in the task may change how strongly it correlates with other measures of mental 

ability. It is possible that a similar argument can be made for the antisaccade task based 

on the already discussed deviations between the results of the present study and past work 
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(e.g., Hutchison, 2007; Unsworth & Spillers, 2010). As mentioned, participants in the 

present study appeared unchallenged by the antisaccade task, which may have caused 

restricted range issues that in turn dampened the associations between the antisaccade 

task, Stroop and OSPAN.  However, it is important to also take into account that 

antisaccade accuracy nonetheless showed a moderate relationship with N-back. The fact 

that antisaccade accuracy correlated significantly with N-back while the Stroop 

interference effect did not do so could be interpreted to suggest that the version of the 

antisaccade task employed in the current study emphasized a construct(s), aside from 

attentional control, that was also important for N-back performance. It is difficult from 

the current results to place a label on this potential construct(s), though its identification 

may prove useful to both effective future use of the antisaccade task as well as a deeper 

understanding of the N-back task.  

Final Summary 

The results of this study begin to shed light on why performance on N-back and 

performance on OSPAN relate to RAPM in unique ways. Perceptual speed, as measured 

by IT, seems to be an important construct in describing this difference as the measure 

explains some of the variance shared between N-back control sensitivity and RAPM. 

Antisaccade accuracy also seems to connect with the N-back task more so than OSPAN 

performance in terms of explaining RAPM, though this connection is difficult to interpret. 

Further, there appears to be a relationship between OSPAN and the Stroop interference 

effect in predicting RAPM, which is unique from the antisaccade task, despite the 

conceptual overlap between the Stroop interference effect and antisaccade performance 

that typically groups the two tasks together as measures of attentional control. Despite the 
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knowledge gained from this study, it is important to keep in mind that much is left to be 

uncovered. The lines connecting the dots between N-back, OSPAN, and RAPM have 

begun to be filled in, yet there is more of the picture left to draw. 



54 

REFERENCES 
 

Baddeley, A. (2003). Working memory: Looking back and looking forward. Nature 

Reviews. Neuroscience, 4(10), 829–39. doi:10.1038/nrn1201 

 

Braver, T. S., Cohen, J. D., Nystrom, L. E., Jonides, J., Smith, E. E., & Noll, D. C. (1997). 

A parametric study of prefrontal cortex involvement in human working memory. 

NeuroImage, 5(1), 49–62. doi:10.1006/nimg.1996.0247 

 

Carpenter, P., Just, M. A., & Shell, P. (1990). What one intelligence test measures: A 

theoretical account of the processing in the Raven Progressive Matrices Test. 

Psychological Review, 97(3), 404–31. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/2381998 

 

Chooi, W. T., & Thompson, L. (2012). Working memory training does not improve 

intelligence in healthy young adults. Intelligence, 40(6), 531–542. 

doi:10.1016/j.intell.2012.07.004 

 

Conway, A. R. A., Kane, M. J., Bunting, M., Hambrick, Z., Wilhelm, O., & Engle, R. 

(2005). Working memory span tasks : A methodological review and user’s guide. 

Psychonomic Bulletin & Review, 12(5), 769–786. 

 

Engle, R. (2002). Working memory capacity as executive attention. Current Directions in 

Psychological Science, 11(1), 19–23. 

 

Engle, R., Tuholski, S., Laughlin, J., & Conway, A. (1999). Working memory, short-term 

memory, and general fluid intelligence: A latent-variable approach. Journal of 

Experimental Psychology. General, 128(3), 309–31. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/10513398 

 

Engle, R. W., Cantor, J., & Carullo, J. J. (1992). Individual differences in working 

memory and comprehension: A test of four hypotheses. Journal of Experimental 

Psychology. Learning, Memory, and Cognition, 18(5), 972–92. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/1402719 

 

Fox, M. C., Roring, R. W., & Mitchum, A. L. (2009). Reversing the speed–IQ correlation: 

Intra-individual variability and attentional control in the inspection time paradigm. 

Intelligence, 37(1), 76–80. doi:10.1016/j.intell.2008.08.002 

 

Garaas, T. W., & Pomplun, M. (2008). Inspection time and visual-perceptual processing. 

Vision Research, 48(4), 523–37. doi:10.1016/j.visres.2007.11.011 

 

Hutchison, K. A. (2007). Attentional control and the relatedness proportion effect in 

semantic priming. Journal of Experimental Psychology: Learning, Memory, and 

Cognition, 33(4), 645–62. doi:10.1037/0278-7393.33.4.645 

 



55 
 

Jaeggi, S. M., Buschkuehl, M., Jonides, J., & Perrig, W. J. (2008). Improving fluid 

intelligence with training on working memory. Proceedings of the National 

Academy of Sciences of the United States of America, 105(19), 6829–33. 

doi:10.1073/pnas.0801268105 

 

Jaeggi, S. M., Buschkuehl, M., Etienne, A., Ozdoba, C., Perrig, W. J., & Nirkko, A. C. 

(2007). On how high performers keep cool brains. Cognitive, Affective, & 

Behavioral Neuroscience, 7(2), 75–89. 

 

Jaeggi, S. M., Buschkuehl, M., Perrig, W. J., & Meier, B. (2010). The concurrent validity 

of the N-back task as a working memory measure. Memory (Hove, England), 18(4), 

394–412. doi:10.1080/09658211003702171 

 

Jaeggi, S. M., Studer-Luethi, B., Buschkuehl, M., Su, Y.-F., Jonides, J., & Perrig, W. J. 

(2010). The relationship between n-back performance and matrix reasoning - 

implications for training and transfer. Intelligence, 38(6), 625–635. 

doi:10.1016/j.intell.2010.09.001 

 

Jonides, J., Schumacher, E., Smith, E., Lauber, E., Awh, E., Minoshima, S., & Koeppe, R. 

(1997). Verbal working memory load affects regional brain activation as measure by 

PET. Journal of Cognitive Neuroscience, 9(4), 462–75. 

doi:10.1162/jocn.1997.9.4.462 

 

Kane, M. J., Bleckley, M. K., Conway, A. R. A., & Engle, R. W. (2001). A controlled-

attention view of working-memory capacity. Journal of Experimental Psychology: 

General, 130(2), 169–183. doi:10.1037//0096-3445.130.2.169 

 

Kane, M. J., Conway, A. R. A., Miura, T. K., & Colflesh, G. J. H. (2007). Working 

memory, attention control, and the N-back task: a question of construct validity. 

Journal of Experimental Psychology. Learning, Memory, and Cognition, 33(3), 

615–22. doi:10.1037/0278-7393.33.3.615 

 

Kane, M. J., Hambrick, D. Z., Tuholski, S. W., Wilhelm, O., Payne, T. W., & Engle, R. 

W. (2004). The generality of working memory capacity: A latent-variable approach 

to verbal and visuospatial memory span and reasoning. Journal of Experimental 

Psychology. General. 133(2), 189–217. doi:10.1037/0096-3445.133.2.189 

 

Kirchner, W. K. (1958). Age differences in short-term retention of rapidly changing 

information. Journal of Experimental Psychology, 55(4), 352–358. 

 

Lilienthal, L., Tamez, E., Shelton, J. T., Myerson, J., & Hale, S. (2013). Dual n-back 

training increases the capacity of the focus of attention. Psychonomic Bulletin & 

Review, 20(1), 135–41. doi:10.3758/s13423-012-0335-6 

 

Mackintosh, N., & Bennett, E. . (2002). IT, IQ and perceptual speed. Personality and 

Individual Differences, 32(4), 685–693. doi:10.1016/S0191-8869(01)00069-1 



56 
 

McCrory, C., & Cooper, C. (2007). Overlap between visual inspection time tasks and 

general intelligence. Learning and Individual Differences, 17(2), 187–192. 

doi:10.1016/j.lindif.2007.03.008 

 

Moody, D. E. (2009). Can intelligence be increased by training on a task of working 

memory? Intelligence, 37(4), 327–328. doi:10.1016/j.intell.2009.04.005 

 

Osmon, D. C., & Jackson, R. (2002). Inspection time and IQ Fluid or perceptual aspects 

of intelligence? Intelligence, 30, 119–127. 

 

Redick, T. S., & Lindsey, D. R. (2013). Complex span and n-back measures of working 

memory: A meta-analysis. Psychonomic bulletin & review, 20(6), 1102-1113. 

 

Redick, T. S., Shipstead, Z., Harrison, T. L., Hicks, K. L., Fried, D. E., Hambrick, D. Z., 

& Engle, R. W. (2012). No evidence of intelligence improvement after working 

memory training: A randomized, placebo-controlled study. Journal of Experimental 

Psychology. General, 142(2), 359–79. doi:10.1037/a0029082 

 

Shelton, J. T., Metzger, R. L., & Elliott, E. M. (2007). A group-administered lag task as a 

measure of working memory. Behavior Research Methods, 39(3), 482–93. Retrieved 

from http://www.ncbi.nlm.nih.gov/pubmed/17958159 

 

Shipstead, Z., Hicks, K. L., & Engle, R. W. (2012). Working memory training remains a 

work in progress. Journal of Applied Research in Memory and Cognition, 1(3), 217–

219. doi:10.1016/j.jarmac.2012.07.009 

 

Shipstead, Z., Redick, T. S., & Engle, R. W. (2010). Does working memory training 

generalize? Psychologica Belgica, 50(3&4), 245–276. 

 

Shipstead, Z., Redick, T. S., & Engle, R. W. (2012). Is working memory training 

effective? Psychological Bulletin, 138(4), 628–54. doi:10.1037/a0027473 

 

Spieler, D. H., Balota, D. A., & Faust, M. E. (1996). Stroop performance in healthy 

younger and older adults and in individuals with dementia of the Alzheimer’s type. 

Journal of Experimental Psychology: Human Perception and Performance, 22(2), 

461–479. doi:10.1037//0096-1523.22.2.461 

 

Unsworth, N., & Engle, R. W. (2007). On the division of short-term and working 

memory: An examination of simple and complex span and their relation to higher 

order abilities. Psychological Bulletin, 133(6), 1038–66. doi:10.1037/0033-

2909.133.6.1038 

 

Unsworth, N., Heitz, R. P., Schrock, J. C., & Engle, R. W. (2005). An automated version 

of the operation span task. Behavior Research Methods, 37(3), 498–505. Retrieved 

from http://www.ncbi.nlm.nih.gov/pubmed/16405146 

 



57 
 

Unsworth, N., & Spillers, G. J. (2010). Working memory capacity: Attention control, 

secondary memory, or both? A direct test of the dual-component model. Journal of 

Memory and Language, 62(4), 392–406. doi:10.1016/j.jml.2010.02.001 

 

Vickers, D., Nettelbeck, T., & Willson, R. J. (1972). Perceptual indices of performance: 

The measurement of ‘inspection time’ and ‘noise’ in the visual system. Perception, 

1, 263-295.  

 

Waiter, G. D., Deary, I. J., Staff, R. T., Murray, A. D., Fox, H. C., Starr, J. M., & 

Whalley, L. J. (2009). Exploring possible neural mechanisms of intelligence 

differences using processing speed and working memory tasks: An fMRI study. 

Intelligence, 37(2), 199–206. doi:10.1016/j.intell.2008.09.008 

 



58 

VITA 

 

 

JOSHUA PRASAD 

joshuapr18@gmail.com 

 

EDUCATION 

 Wake Forest University, Winston-Salem, NC  2012 - 2014 

 Master of Arts in Psychology 

 

 University of Michigan, Ann Arbor, MI  2007 - 2011 

 Bachelor of Science, with Honors, June 2011 

 Brain, Behavior, and Cognitive Sciences (major), Biology (minor) 

 

ACADEMIC AWARDS 

 University Honors 2010 - 2011 

 

RESEARCH EXPERIENCE 

 Wake Forest University, Winston-Salem, NC 2012 - 2014 

 Master’s Student Researcher 

 Contributed to and developed research projects in cognitive psychology 

 

 University of Michigan, Ann Arbor, MI 2010 – 2011 

 Honor’s Student Researcher 

 Designed a research project in social psychology  

 

TEACHING EXPERIENCE 

 Wake Forest University, Winston-Salem, NC 2012 - 2014 

 Teaching Assistant 

 Prepared course materials and instructed a lab section in a  

 research methods course 

 

 Forsyth Technical Community College, Winston-Salem, NC 2011 - 2012 

 Adjunct Instructor 

 Taught a course aimed to improve academic skills 

 

 University of Michigan, Ann Arbor, MI 2010 - 2011 

 Study Group Leader 

 Led group study sessions for an introductory physics class 

 

INTERESTS 

 Weight lifting, cooking, non-fiction reading  


