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Abstract 

Two aspects of cognitive control were investigated using the item-recognition task and the 

verb generation task. The item-recognition task had two conditions, high and low 

interference. The verb generation task was manipulated in three ways, for different levels of 

interference and time interval. The intention was to more deeply investigate one aspect of the 

item-recognition task, comparing response times for different trial types in different 

conditions, and to investigate a fatigue effect between the item-recognition and verb 

generation task. Thirty-two participants were tested at two occasions, in a within-subjects 

design. Results for the verb generation task revealed effects for levels of interference and 

time interval, although there was no difference in the manipulation. Results for the item-

recognition task revealed effects for condition and trial type, as well as an interaction effect 

between these. The non-familiar trials in the high interference condition resulted in faster 

response times compared to the same kind of trials in the low condition. The result from the 

item-recognition task extends those from previous studies, revealing details for differences 

between trial types. This finding demonstrates a carry-over facilitation effect.  

Key words: cognitive control, working memory, interference, Sternberg item-

recognition, verb generation 
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Attention and working memory are involved in almost all kinds of cognitive 

processes, and the concepts are in many ways associated to each other (Awh, Vogel, & Oh, 

2006). Processes such as attention, working memory, executive function and cognitive 

control are much related to each other, often difficult to separate from one another when it 

comes to studies including cognitive tests, as well as studies involving brain imaging. 

Cognitive control and working memory are central concepts for the mechanisms that 

allow us to keep information in mind. Cognitive control can be described as the ability of 

coordinating and directing thought and action towards goals and intentions (Miller & Cohen, 

2001; Miller & Wallis, 2009). Working memory refers to the cognitive mechanism of 

keeping information in mind, either in order to store it for a short while, or for keeping it 

active in order to use it for another task (Smith, Jonides, Marshuetz, & Koeppe, 1998). The 

prefrontal cortex (PFC) is of much importance when studying functions such as cognitive 

control and working memory. The PFC takes up approximately 30 % of the total cortical 

area, and it is connected to many different brain areas that process various information; 

external information from cortical and sub cortical areas involving sensory and motor 

systems, and internal information from the limbic system involving memory and reward 

(Miller & Wallis, 2009).  

In this introduction we will give a brief overview for different ways of describing 

working memory and cognitive control. Followed this, tasks relevant to study different 

aspects of cognitive control will be introduced, and finally our intentions with the present 

study will be presented.  

A common model of working memory is Baddeley’s (1986) model, widely used in 

psychology, although nowadays it has been questioned how representative the model actually 
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is (e.g., Carpenter, Just, & Reichle, 2000; Postle, 2006), due to new findings and new 

methods of investigating working memory.  

From the beginning, the model by Baddeley (1986) included three parts: the central 

executive, the phonological loop and the visuospatial sketchpad. The central executive is 

assumed to be a control system, determining how information goes between the different 

buffers. The phonological loop is assumed to hold memory traces of acoustic or speech-based 

information and the visuospatial sketchpad is thought to hold visuospatial information 

(Baddeley, 1986). In 2000, another part was added: the episodic buffer, thought to be 

controlled by the executive function and to be a temporary storage system integrating 

information from many sources (Baddeley, 2000).  

The major theoretical issue concerning executive processes might be, according to 

Carpenter et al. (2000), if there are regions in the PFC that handles particular operations, and 

if so, how these are characterized. Further, Carpenter et al. (2000) state that the emerging 

view, with for example evidence from neuroimaging studies, suggests it is time to reconsider 

the implicit assumption that there are fixed cortical networks to be mapped, and on the 

contrary, multiple brain regions might combine to each others in a number of ways. In 

addition, Postle (2006) argues against the traditional model of working memory proposed by 

Baddeley, where working memory is thought to be supported by specialized subsystems. 

Instead, Postle suggests working memory functions arise “through the coordinated 

recruitment, via attention, of brain systems that have evolved to accomplish sensory-, 

representation-, or action-related functions” (Postle, 2006, p. 23). Furthermore, Postle 

suggests a changed framework in order to be able to handle and integrate the amount of data 

from current research. 

Another theory of cognitive control in working memory is proposed by Braver, Gray 

and Burgess (2007), with the attempt to explain the variability of cognitive control. The main 



Running head: CARRY-OVER FACILITATION IN ITEM-RECOGNITION   6 
 

hypothesis is that cognitive control operates through two operating modes: proactive control 

and reactive control (Braver et al., 2007). Proactive cognitive control is a strategy of 

maintaining contextual information, provided by some kind of cue, in working memory 

preparing the system to respond effectively (Braver et al., 2007). Thus, this variety of 

attention is prepared and activated before the stimulus. On the other hand, reactive control 

strategy takes place after some event has happened, in a “just-in-time” way. These two 

subsystems are proposed since both are needed, and information about a stimulus is cued 

sometimes before and sometimes after the stimulus. Further Braver and colleagues (2007) 

argue that the most important reason for proactive control is to reduce the impact of the past 

on both the future and the present. Proactive interference is when earlier material interferes 

with material processed later, thus interference refers to a negative relationship between 

memories of two target sets (Anderson, 2000; Badre & Wagner, 2005). Proactive control is 

needed, according to Braver and colleagues (2007), to suppress the sources of proactive 

interference, and it can reduce the interference effects in situations where proactive 

interference is likely to be strong.  

The control of behavior can be monitored in two ways: by bottom-up or top-down 

control (Miller & Cohen, 2001). Bottom-up processing in this context is when doing highly 

familiar tasks and not much thought is spent on how to do it; one can automatically do as one 

is used. In neural terms, Miller and Cohen (2001) view the bottom-up processing as 

information being processed by the nature of sensory stimuli, due to the familiarity of the 

task. The neural pathways are well established, hence connecting to the corresponding 

responses are easily made. On the other hand, top-down processing takes place when new 

situations or tasks demand ones attention, where it is necessary to think about what to do and 

to stay in control. When the top-down processes are activated, goals and intentions help to 

navigate and control the behavior while the PFC is highly activated (Miller & Cohen, 2001). 
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Thus, the activation in the PFC is of much importance when trying to understand the neural 

mechanisms that underlie top-down processes, since the PFC is a complex brain structure that 

have connections to many other brain areas (Miller & Wallis, 2009).  

Furthermore, neuroimaging studies have shown that the PFC is responsible for 

functions such as storage and executive processes (Smith & Jonides, 1999). Two suggestions 

for the organization in the PFC are proposed. First, the PFC is organized due to what kind of 

information is stored, since it has been noted that tasks about verbal storage activate left-

hemisphere speech areas, spatial storage tasks activate right premotor cortex, and object 

storage tasks activates more ventral regions of the PFC (Smith & Jonides, 1999). Second, the 

PFC is organized due to what processes are needed, since it has been observed that verbal 

tasks, only requiring storage, activate areas not extending into the dorsolateral prefrontal 

cortex (DLPFC), whereas verbal tasks requiring both executive process and storage, lead to 

activation of the DLPFC (Smith & Jonides, 1999).  

A way to study the effects of proactive interference in working memory is the 

recent-probe task (Jonides & Nee, 2006). The recent-probe task is based on the item-

recognition task described by Sternberg (1966), where subjects first memorized a short set of 

symbols, then were presented with a test stimulus and finally should decide if this stimulus 

was a part of the symbols stored in memory. Monsell (1978) further developed Sternberg’s 

item-recognition task and report experiments where the intention was to manipulate the 

recency of negative probe items, and at the same time have conditions of minimal rehearsal. 

The reasoning behind this idea was to investigate the existing models in the area. In the 

experiment by Monsell (1978) memory sets and probes were sampled repeatedly from a 

restricted vocabulary. The presentation rate was rapid, the probe delay was very brief and 

subjects were specifically instructed not to rehearse the memory sets. The results showed that 
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subjects responded faster to novel negative probes than to recent negative probes, and this 

effect also interacted with set size.  

In the item-recognition task used by Jonides, Smith, Marshuetz, Koeppe and Reuter-

Lorenz (1998), the task from Monsell (1978) was further developed. Subjects were presented 

a target set of four letters to maintain in memory for a few seconds. A probe letter was then 

presented to the subjects, and if the probe matched letters in the target set it was a positive 

probe and required a yes response. If the probe was not a part of the target set it was a 

negative probe and a no response should be given. Half of the trials consisted of positive 

probes and half of negative ones. Further, there were two experimental conditions, designed 

to differ in the way that in the high recency condition, half of the negative probes had also 

been members of the target set of the immediately previous trial, and these were called 

“recent negative probes”. In a similar way, half of the positive trials had been members of the 

immediately previous trials, and were called “recent positive probes”. The experimental 

groups were then: the high recency condition and the low recency condition. In the high 

recency condition, probes could have been members of earlier trials, or they could be new. 

This condition was thought to require an inhibited yes response to the recent-negative probes 

for the subjects to make the correct response. In the low recency condition, probes were not 

members of the immediately preceding trials, and the inhibition should be minimized 

(Jonides et al., 1998). Positron emission tomography (PET) measurements were collected 

while subjects were performing the tasks. The analysis showed activation in Brodmann’s area 

(BA) 45, in the left inferior frontal gyrus (IFG), when subjects needed to inhibit a response 

(Jonides et al., 1998).  

The recent-probe task is a useful model when studying the effects of proactive 

interference in working memory, since the behavioral effect of recent and non-recent probes 

is rather stable when it comes to response time and accuracy (Jonides & Nee, 2006). The 
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Sternberg item-recognition task is one of many variants of the delayed-response paradigm 

used in both human and animal studies of short-term memory (Braver et al., 2007). These 

paradigms usually consist of three parts: a brief presentation of the item, a short delay period 

and a presentation of a probe that requires a response (Braver et al., 2007). Several studies 

using item-recognition tasks to study proactive interference have found subjects taking longer 

to respond on recent negative probes than non-recent negative probes (Badre & Wagner, 

2005; Jonides et al., 1998; Nelson, Reuter-Lorenz, Persson, Sylvester, & Jonides, 2009). It 

has also been observed that subjects are less accurate on recent negative probes than on non-

recent negative probes (Badre & Wagner, 2005; Jonides et al., 1998; Nelson et al., 2009). 

According to Jonides and Nee (2006) the recent negative probes represent a conflict, since 

they have a high familiarity code compared to non-recent probes, due to presentation in 

earlier trials. There is a conflict between the higher familiarity from earlier trials and the lack 

of contextual relation to the present target set (Jonides & Nee, 2006).  

A variant of the item-recognition task was used while subjects were scanned in the 

functional magnetic resonance imaging (fMRI), in a study by Nelson, Reuter-Lorenz, 

Sylvester, Jonides and Smith (2003). In this variant of the item-recognition, the negative 

probe letter could be: non-familiar (the probe did not appear in the current or in the previous 

two target sets), familiar (the probe did not appear in the current target set, but did appear in 

the preceding set), highly familiar (the probe did not appear in the current target set, but 

appeared in the previous two sets) or the probe did include response conflict (the probe did 

appear in the previous target set, and was also a positive probe in that preceding trial). The 

results from neuroimaging data showed that familiar trials, compared to non-familiar trials, 

activated the left IFG but did not activate the anterior cingulate cortex (ACC). In the analyses 

of response-conflict, activation in the ACC but not in the left IFG occurred. These results 

suggest that both the left IFG and the ACC are involved in conflict resolution, although for 
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different kinds of conflict. The left IFG is activated when there is a conflict with interference 

among potentially conflicting stimulus, and the ACC is involved when the conflict is between 

stimulus and response (Nelson et al., 2003).  

Another task used to study working memory is the verb generation task described in 

a study by Thompson-Schill, D'Esposito, Aguirre and Farah (1997). With the verb generation 

task the hypothesis was tested, that it is not the actual retrieval of semantic information 

causing activation in the IFG, but the selection of information. Subjects were visually 

presented to a noun, with the task to generate a verb to this noun. There were two conditions: 

the high selection condition where nouns could have many possible associative verbs, but 

without any clear dominant response, and the low selection condition where nouns had few 

associated verbs or had a clear dominant response. The left IFG activation was greater during 

the high selection condition compared to the low selection condition, indicating that selection 

but not retrieval of semantic knowledge is associated with activation in the left IFG.  

In relation, Persson, Sylvester, Nelson, Welsh, Jonides and Reuter-Lorenz (2004) 

investigated differences between the cerebral activation during selection, among older and 

younger adults, using fMRI and the verb generation task described by Thompson-Schill et al. 

(1997). It was suggested that nouns with many associated verbs would require a response 

inhibition while generating a verb, and on the contrary, nouns with only one or few 

associated verbs would not require this inhibition. Both older and younger adults showed 

similar behavioral results, but differed in areas activated. The imaging results showed 

younger adults having higher activation in the left IFG in the many-condition, compared to 

older adults. There were no differences between the groups in the few-condition, although 

during all conditions, the older adults showed more activation in the right IFG. The older 

adults showed less activation in the ACC compared to the younger adults, and for both 

groups the activation in the ACC increased in the many-condition, where the selection was 
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higher. These results show age-related changes over many cerebral areas during the verb-

generation task and these differences in activation took place even if no difference in 

performance could be observed (Persson et al., 2004). 

To investigate if activated brain areas overlap for different kinds of tasks, both the 

verb generation task and the item-recognition task were used in a study by Nelson et al. 

(2009), while subjects were scanned in the fMRI. The behavioral results showed the expected 

interference effect: it took significantly longer for subjects to respond to the recent negative 

probes than to non-recent negative probes. In the verb generation task, subjects took longer to 

respond to nouns with many alternative responses, compared to nouns with few possible 

responses. The imaging results showed that the regions activated in the two tasks overlap. In 

the verb generation task, the many-few contrast resulted in activation in the left IFG, pars 

triangularis, in BA 45 near the border to BA 44. In the recent-probe task the recent–non-

recent contrast resulted in activations on the border to the area activated by the verb 

generation task (Nelson et al., 2009).  

The question if the ability to resolve proactive interference could be improved by 

practice, and if it would be possible to apply improvements to other new tasks, was 

investigated in a study by Persson and Reuter-Lorenz (2008). By using the recent-probe task, 

proactive interference was studied and it showed that training improved the ability to manage 

proactive interference. The subjects had a training period of two weeks, where the 

experimental group had two kinds of item-recognition tasks (letters and faces) and a 3-back 

task. All these tasks required a high demand of interference resolution. In addition to the 

experimental group, there were two control groups. One with variants of the tasks in the 

experimental group, although not involving interference resolution and the other control 

group with tasks only requiring minimal working memory.  Before and after the training 

period, the three groups were tested of transfer tasks: verb generation, item-recognition with 
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words and paired associate learning. The experimental group with interference training had 

reduced interference of all three transfer tasks, indicating this kind of executive process can 

be improved by training, and benefits could also be applied to new tasks (Persson & Reuter-

Lorenz, 2008).  

Investigating whether cognitive tasks share the same executive processes, Persson, 

Welsh, Jonides and Reuter-Lorenz (2007), found fatigue effects between different tasks, 

indicating that the executive processes are shared between some kinds of tasks. When 

subjects performed a working memory task with high interference, they had more problems 

to handle interference in both a semantic and an episodic task. On the other hand, subjects 

who performed a working memory task without interference had no problems with 

interference tasks, implying that cognitive tasks, such as tasks for working memory, episodic 

memory and semantic memory, share a common executive component and this component 

can be separated from other tasks, for example response inhibition. These results extend the 

already existing neuroimaging evidence, showing that the executive processes are shared for 

many cognitive processes (Persson et al., 2007). The idea of the central executive being built 

up by separable subcomponents and one subcomponent having to do with interference is also 

supported. Further, these results indicate cognitive control processes have limited resources 

and are capable of being temporarily disturbed (Persson et al., 2007).  

The complexity of using tasks involving executive functions or working memory is, 

as previously mentioned, that working memory, executive functions and cognitive control are 

involved in many different kinds of cognitive tasks. The neural structures of executive 

function were investigated in a review by Collette, Hogge, Salmon and van der Linden 

(2006), where the problem of developing tasks that only involve executive function, was 

mentioned. Often there are many more cognitive functions that need to, or might, be involved 

in a certain task. Therefore the use of functional imaging methods can be a complement, 
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allowing a more exact description of cerebral areas involved in the task, which give a direct 

connection between behavior and brain activity (Collette et al., 2006).  

The verb generation task and item-recognition task with letters have been 

investigated in experiments using fMRI, which have shown what cerebral areas are activated 

and how these areas overlap. In neuroimaging results of the verb generation task in the high 

interference many-condition, activation in the ACC was observed (Persson et al., 2004) and 

the contrast between many-few conditions resulted in increased activation in the left IFG 

(Nelson et al., 2009; Thompson-Schill et al., 1997). In the item-recognition task, 

neuroimaging results showed activation in the left IFG when subjects needed to inhibit a 

response (Jonides et al., 1998; Nelson et al., 2009; Nelson et al., 2003). 

In the present study we want to further investigate one detail of the item-recognition 

task. That is, we want to compare the response times on the positive and negative trials, 

compare response times on the different kinds of negative trials, and also compare response 

times for the trial types in the high condition to response times for the trial types in the low 

condition. Furthermore, we want to investigate the fatigue effect observed by Persson et al. 

(2007) by combining the item-recognition task with the verb generation task.  

To investigate these two aspects, a within-subjects design is used where subjects 

participate in two sessions, at the same hour on two consecutive days. In the test session, 

subjects either perform only the item-recognition task, or first perform the verb generation 

task, then the item-recognition task and finally the verb generation task again.  

As previously discussed, the item-recognition task has been frequently used in 

research about working memory and proactive interference. However, in the present study we 

more extensively try to examine different parts of the task. We examine differences between 

the trial types, and in addition we look at how response times differ in familiar and non-

familiar trials. It is hypothesized that when subjects perform the high interference variant of 
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item-recognition with four different trial types (positive non-familiar, negative non-familiar, 

negative familiar and negative highly familiar), the responses would take longer the more 

familiar the negative trial is. It is also hypothesized that when performing the high 

interference variant, subjects would have faster response times in the two low interference 

trials (positive non-familiar and negative non-familiar) compared to when they performed the 

low interference variant with only these two types. We suggest that a difference between 

response times on trials in the high and low interference variant could be due to higher 

activation and more available resources when performing the high interference variant, which 

influences performance on the easier trials.  

Further, it was hypothesized that the item-recognition task with high interference 

would have a fatigue effect on the verb generation task, and our question was how long this 

effect would last. Therefore one condition included a 4-minute resting period between the 

item-recognition task and the second part of verb generation task.  

Method 

Participants 

Thirty-two healthy young adults, 16 males (age range 20-28, mean age 24) and 16 

females (age range 19-28, mean age 24), volunteered to participate in the experiment. After 

given written and oral instructions, all participants gave informed consent. All participants 

were right-handed and reported normal or corrected to normal vision.  

Materials 

Item-recognition. The item-recognition task used in the experiment was similar to 

the task used by Jonides et al. (1998), based on the item-recognition task described by 

Monsell (1978) and in turn based on Sternberg (1966). Similar manipulation of recent-probes 

was used in the present experiment, as described by Persson et al. (2007) and Persson and 

Reuter-Lorenz (2008).  
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At the start of a trial, four letters and a central fixation cross were presented in a 

square configuration on the monitor for 1500 ms. After a 3000 ms delay, a single probe letter 

was presented for 1500 ms. Letters in target set were presented as lowercase letters and probe 

letters as uppercase letters. The letters used were 19 consonants (L excluded). On half of the 

trials, the probe letter was a member of the target set and a yes response should be given by 

pressing the left mouse button with the right index finger. On half of the trials the probe letter 

was not a member of the target set and a no response should be given by pressing the right 

mouse button with the right middle finger. Response times were measured from probe onset 

to button press. The intertrial interval was 1000 ms and no more than two consecutive trials 

required the same response. The same letter did not appear as a probe letter two times in a 

row, and had not appeared as a probe letter in the previous two trials. Each consonant 

appeared as a probe letter one to four times in each block of 48 trials. The two conditions 

both consisted of three 48-trial blocks, for a total of 144 trials and took approximately 18 

minutes. The order of letters within target sets was randomized for each block. 

The two conditions of the item-recognition task were high interference and low 

interference. For both conditions, half of the trials were positive and half were negative. The 

positive probes did appear in the target set, but had not appeared in the two preceding target 

sets. The negative probes in the low interference condition were non-familiar and had not 

appeared in the target set or in the two preceding target sets. For the low interference 

condition, there were 24 positive and 24 negative non-familiar trials in each block of 48 

trials. For the high interference condition, the negative probes were of three kinds: non-

familiar, familiar and highly familiar. The negative non-familiar probes had not appeared in 

the target set or in the previous two target sets. The negative familiar probes had not appeared 

in the target set but had appeared in the immediately preceding target set, although not in the 

two preceding target sets. The negative highly familiar probes had not appeared in the target 
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set, but had appeared in the two preceding target sets, although not in the third preceding 

target set (for example of trial types, see Figure 1). For the high interference condition, there 

were 24 positive, 6 negative non-familiar, 12 negative familiar and 6 negative highly familiar 

trials in each block of 48 trials.  

 

Trial type 

 Positive non-

familiar  

Negative non-

familiar 

Negative 

familiar 

Negative highly 

familiar 

Probe (N) C J X R 

Target set (N) s        c 

b        t 

k        r 

s        m 

f        d 

t        h 

q       g 

d       p 

Probe (N-1) P B Z K 

Target set (N-1) z       x 

d       r 

k       g 

n       b 

v       x 

z       d 

z       r 

q       w 

Probe (N-2) T N J C 

Target set (N-2) v       p 

z       q 

n       g 

x       h 

m      j 

c       n 

r       c 

k       v 

Figure 1. Structure and example of trial and probe types in the item-recognition task.  

        indicate target/familiar probe letter 

 

Verb generation. The verb generation task used in the experiment was of similar 

kind to the task used by Thompson-Schill et al. (1997), later used by Persson et al. (2007) and 

Persson and Reuter-Lorenz (2008), although in the present study a version with Swedish 

words was used. In the verb generation task, subjects were told to silently generate a verb to a 

visually presented noun, and to press the left mouse button with their right index finger when 
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they had generated a verb associated to the noun presented. The nouns were presented one at 

the time for 3500 ms and button responses were recorded. The words were 96 concrete nouns 

that varied in length from 3 to 8 letters (median=4). There were two different conditions. For 

the high interference (many) condition nouns with several appropriate associated responses 

(e.g. ball—kick, bounce, throw), but lacking a clear dominant response, were used. For the 

low interference (few) condition, nouns with a clear dominant response (e.g. scissors—cut) or 

only a few associated responses were used. In total there were 96 nouns: 48 presented before 

the item-recognition task and 48 presented after, taking approximately 3 minutes for each 

block of 48 nouns. Of the 48 nouns in each block, 24 were high interference nouns with many 

associated verbs, and 24 were low interference nouns with few associated verbs.  

Procedure 

Subjects were tested one by one, by one and the same experimenter, and the 

experiment took place in a quiet and dimly lit room. Stimuli were presented on a 19-inch 

computer monitor with a viewing distance of 50 cm, using the E-prime software. Subjects 

were informed about the proceeding of the experiment and all had a short practice block 

before the actual test session started. A within-subjects design was used and all subjects 

participated in two test-sessions, at the same hour on two consecutive days. Each session took 

approximately 40 minutes. Subjects were randomly assigned different conditions and there 

were equally many men and women for each condition. Subjects were not aware of the 

manipulation of conditions or tasks, or of what condition they performed. After the second 

session subjects were allowed to ask questions about the tasks and were debriefed about the 

purpose of the experiment.  

In total, there were five conditions. Two conditions included only item-recognition 

(high and low interference).  Three conditions included verb generation combined with item-

recognition. These combined conditions consisted of three parts, started with verb generation, 
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followed by item-recognition and ended with verb generation. These combinations of tasks 

were manipulated in three ways. In the first, verb generation was directly combined with high 

interference item-recognition. The second was also verb generation combined with high 

interference item-recognition, although there was a 4-minute delay between the item-

recognition task and the second verb generation task. The third was verb generation directly 

combined with low interference item-recognition. Each subject performed two of the five 

conditions, but no subject performed the verb generation combined with item-recognition 

more than once. All subjects performed the high and low interference variant of item-

recognition, either the condition combined with verb generation, or the condition of item-

recognition only.  

Results 

In the present study, the geometric mean (GM) is used as a measure of central 

tendency, since the geometric mean is less influenced by extreme values, compared to other 

measures of central tendencies (Ehrenstein & Ehrenstein, 1999). The geometric mean is 

defined as: 

 

   Alternatively,  

 

Thus, the geometric mean is the nth root of the product of all Xs (Ehrenstein & Ehrenstein, 

1999; Streiner, 2000). The geometric mean is never larger than the arithmetic mean (Streiner, 

2000). A comparison between arithmetic mean, median and geometric mean for the item-

recognition task is shown in Table 1.  The arithmetic mean has the highest values, the median 

the lowest and the geometric mean falls between these two. Furthermore, the differences 

between the two conditions (high and low interference) are approximately the same, no 
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matter which of the three measures being used. Thus, by using the geometric mean, a 

difference is not created that does not already exist.  Rather, the geometric mean represents 

the values in the middle – not the highest value from the arithmetic mean or the lowest value 

from the median.  

 

Table 1 

Total Response Times for the Item-Recognition Task: Arithmetic Mean, Median and 

Geometric Mean, in Milliseconds 

Measure of central tendency  

Condition  Arithmetic mean Median Geometric mean 

High interference 768,7 731,6 750,1 

Low interference 776,6 738,9 757,6 

Difference 7,9 7,3 7,5 

 

 

For the item-recognition task, each subject’s geometric means were computed for 

each condition and trial type (see Table 2). Only correct responses were included in the 

response time analyses. An analysis of variance (ANOVA) was conducted for the four trial 

types for the high interference condition of item-recognition, F(3,31)=30.26, p<0.001, where 

responses were slower the more familiar the negative trial was. Pairwise comparisons were 

conducted using Bonferroni, showing it took significantly longer to respond to negative 

familiar compared to negative non-familiar, p<0.001. Further, it took significantly longer to 

respond to negative highly familiar compared to negative non-familiar, p<0.001, and also 

longer to respond to negative highly familiar compared to negative familiar, p=0.002.  
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Table 2 

Response Times in Milliseconds in the Item-Recognition Task; Geometric Mean, 

(Standard Deviation), [Percent Errors]. 

Condition  

Type High Low 

Positive non-familiar 

Negative non-familiar 

Negative familiar 

Negative highly familiar 

726,9 (85,6) [9]  

737,9 (91,5) [2] 

775,5 (99,7) [5] 

815,1 (106,2) [8] 

741,4 (84,2) [10] 

776,1 (98,6) [7] 

 

 

To investigate the effect for condition and non-familiar trial types in the item-

recognition task, a 2 x 2 ANOVA for repeated measures was conducted (Condition [high vs. 

low interference] x Type [positive non-familiar vs. negative non-familiar]). This analysis 

revealed a significant effect for condition F(1,31)=7.58, p=0.010, where responses were 

faster for the high condition compared to those for the low condition. A significant effect was 

also revealed for type, F(1,31)=5.53, p=0.025, where positive non-familiar were faster than 

negative non-familiar. In addition, a significant interaction effect was revealed, F(1,31)=5.08, 

p=0.031, with a larger difference for negative non-familiar between high and low 

interference, compared to the difference for positive non-familiar between high and low 

interference (see Figure 2).  



Running head: CARRY-OVER FACILITATION IN ITEM-RECOGNITION   21 
 

Figure 2. Interaction effect for condition (high and low interference) and trial type (positive 

and negative non-familiar) for the item-recognition-task.  

 

For the verb generation task, each subject’s geometric means were computed for 

each group, condition and time (see Table 3). Trials with no generated response were 

excluded from the analyses. In the analysis for the verb generation task, a 2 x 2 x 3 ANOVA 

(Condition [many vs. few] x Time [before vs. after] x Group [high interference no delay vs. 

high interference 4-minute delay vs. low interference no delay]) was conducted. This showed 

a significant main effect for condition, F(1,21)=31.13, p<0.001, where it took longer to 

respond to many-words than to few-words. There was also a significant main effect for time, 

F(1,21)=12.59, p=0.002, where response times took longer after the item-recognition task 

than before the task. The analysis did not reveal any main effect for group or any interaction 
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effect including group. However, there was a significant interaction effect between condition 

(many vs. few) and time (before vs. after), F(1,21)=13.22, p=0.002, where there was a larger 

difference between many and few before the item-recognition task, and a smaller difference 

between many and few after the item-recognition task.  

 

Table 3 

Response Times in Milliseconds in the Verb Generation Task; Geometric Mean (Standard 

Deviation) 

 Condition 

 No interference, FEW Interference, MANY 

Group Before After Before After 

High interference, 

no delay 

1098,0 (181,0) 

 

1258,4 (218,2) 1286,1 (210,6) 

 

1301,9 (215,5) 

High interference, 

4-minute delay 

1111,6 (353,2) 

 

1280,6 (286,4) 1271,0 (397,2) 

 

1305,0 (309,4) 

Low interference, 

no delay 

1246,7 (263,2) 

 

1403,4 (249,4) 1334,7 (284,6) 

 

1431,4 (245,8) 

Total  1152,1 (271,5) 1314,1 (250,3) 1297,3 (294,8) 1346,1 (255,8) 

 

Discussion 

In this study two aspects of cognitive control was investigated, using the item-

recognition task and the verb generation task. For the item-recognition task, the ANOVA for 

trials for the high interference condition revealed it took longer to respond, the more familiar 

the trial was. This verifies that the manipulation of negative familiar trials was effective, and 

follows results from previous studies (Monsell, 1978; Nelson et al., 2003; Persson & Reuter-
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Lorenz, 2008; Persson et al., 2007). In the study by Nelson et al. (2003) a significant 

difference was revealed between negative familiar and negative non-familiar trials, where 

familiar ones took longer. However, no difference between negative familiar and negative 

highly familiar trials was observed. Thus, the result in the present study followed the pattern 

from previous studies, and in some aspects the manipulation was more extensively 

demonstrated compared to the study by Nelson et al. (2003), since a significant difference 

between negative familiar and negative highly familiar trials was revealed in the present 

study.   

The results showed that subjects responded faster to the positive and the negative 

non-familiar trials in the high condition compared to in the low condition. The responses for 

the positive trials were also faster than the negative non-familiars for both conditions. One 

possible explanation for this pattern could be that the positive trials differ more from all the 

negative trials, compared to the negative non-familiar trials that are of a negative kind, even 

if they are different from the negative familiar trials. Another reason for faster response times 

in the positive and negative non-familiar trials for the high condition, compared to the same 

kind of trials for the low condition, could be that the more demanding trials for the high 

condition (negative familiar and negative highly familiar) activate more attentional resources, 

which makes subjects better on the easier trials, resulting in faster response times on these 

trials. In a review by Awh et al. (2006) it is suggested that attention could facilitate the 

processing of a relevant target since attention and working memory are closely connected. 

The pattern shown in the present study could perhaps be seen as a carry-over facilitation 

effect, since the higher activation or more available resources make the less demanding trials 

easier. This is in some way the opposite of what happens when there is cognitive fatigue 

between different tasks, as demonstrated in the study by Persson et al. (2007), where the high 

interference item-recognition task had a fatigue effect of the verb generation task. When 
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subjects performed the verb generation task after having performed the high interference 

item-recognition task, the response times were slower compared to after the low interference 

item-recognition task. It would be interesting to further investigate the interaction between 

these two phenomena, since the carry-over facilitation effect is within one specific task and 

the fatigue effect is between the both tasks. Another perspective is the study by Persson and 

Reuter-Lorenz (2008), where a positive transfer was found after subjects had trained on 

working memory tasks. Subjects that had been training on high interference variants of tasks 

were better at resolving proactive interference when tested after the training period. The 

result from the present study, together with the studies by Persson et al. (2007) and Persson 

and Reuter-Lorenz (2008), contribute to a deeper understanding of the complexity of 

cognitive control.   

Other facilitation effects found in tasks involving working memory is for example in 

a study with emotional words used as stimuli in the item-recognition task (Levens & Phelps, 

2008). In the study, negative familiar emotional trials resulted in faster response times than 

negative familiar neutral trials, indicating emotion either facilitated or impaired the process of 

interference resolution (Levens & Phelps, 2008). Another kind of facilitation occurs in the 

Stroop task, between congruent and neutral trials (Milham et al., 2002). Milham and 

colleagues (2002) discuss whether this facilitation is due to congruent trials demanding less 

attention, or if congruent trails influence the subjects to ignore the goal of naming the ink 

color, since the ink color in congruent trials is the same as the actual word. This shows the 

importance of keeping instructions and goals in mind when performing working memory 

tasks. The capacity of working memory and the ability to handle proactive interference is 

suggested not to be about how much information can be stored, or of how many tasks can be 

handled, rather it is about the ability to control attention and to avoid distraction (Kane & 

Engle, 2002). The distraction can involve both conflicting stimuli and distractions about the 
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goal of the task. Thus, individuals with high working memory capacity are suggested to 

control attention and avoid distractions to a higher degree, compared to individuals with a 

lower working memory capacity (Kane & Engle, 2002).  

The result from the present study can be connected to the theory about cognitive 

control, proposed by Braver et al. (2007). The theory proposes a difference between proactive 

and reactive control in what strategy is used when dealing with working memory load. It is 

suggested that when there is low load on working memory in a task such as the Sternberg 

task, proactive control is more likely to be used as a strategy. When there is high load on 

working memory, reactive control is more likely to be used. This has also been noted in 

previous results according to Braver and colleagues (2007). If this theory is applied to the 

present study, it would suggest that reactive control is used as strategy in the high 

interference condition, which makes the subjects able to handle the difficult trials. At the 

same time, the easier non-familiar trials in the high interference variant also get more 

available resources, and thus result in faster response times. In the low interference variant, a 

proactive strategy would be used, making the subjects able to handle these non-familiar trials, 

but the responses are not as fast as the non-familiars in the high interference. Thus, this could 

be a possible explanation to the difference between the non-familiar trials in the high and low 

condition in the present study.  

There were no manipulations of positive trials in the present study, and therefore no 

positive familiars. Still, it could be interesting to compare the results to studies using positive 

familiar trials, since it could indicate differences between positive and negative trials. Badre 

and Wagner (2007) suggest that contextual information from previous trials compete with 

information from the current trial, when subjects perform familiar trials of item-recognition. 

In this competition, a mechanism is needed to select information among the different details 

to be able to respond correctly. Furthermore, Badre and Wagner (2007) suggest this 



Running head: CARRY-OVER FACILITATION IN ITEM-RECOGNITION   26 
 

theoretical view has implications on positive familiar trials, where competition among the 

contextual cues cause increased demand on selection. Even if it could be “easier” to respond, 

due to familiarity, it would also be more demanding for the subject, due to contextual cues. It 

has been showed that both positive and negative familiar trials result in higher activation of 

the left mid-ventrolateral prefrontal cortex (VLPFC) compared to non-familiar trials (Badre 

& Wagner, 2007). Although this suggests that positive familiar trials demand more than non-

familiar trials, the behavioral data from positive recent trials show it is easier to respond to 

these trials, since the response times sometimes are faster for positive familiar trials, 

compared to positive non-familiar ones (Badre & Wagner, 2007).  

Badre and Wagner (2005) used words and patterns as stimuli in the item-recognition 

task, and the manipulation included both positive familiar and negative familiar trials. The 

results showed that familiarity did influence response times, since subjects were slower 

overall on familiar trials compared to non-familiar ones. An interaction effect of trial and 

familiarity showed that the slowing down of response time was reliable only for the negative 

trials, not for the positive ones. This could indicate that positive and negative familiar trials 

do not show the same patterns when manipulated, and thus the difference between positive 

and negative trials in the present study could be connected to this.  

Neuroimaging studies of the item-recognition task have shown activation in the left 

IFG when subjects inhibit a response (Jonides et al., 1998), and activation in the left IFG but 

not in the ACC has been observed for familiar trials (Nelson et al., 2003). Furthermore, 

Nelson et al. (2003) observed activation in the left IFG when there was conflict with 

interference of conflicting stimuli, such as familiar trials. Also, activation in the ACC was 

observed when there was conflict between stimulus and response, such as in the response-

conflict trials where probes had been both a member of previous target set and a positive 

probe in the preceding target set. In the study by Badre and Wagner (2005), with words used 
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as stimuli in the item-recognition task, the negative familiar trials were associated with 

activations in the left mid-VLPFC. The area referred to as the left mid-VLPFC is 

approximately the same area as the left IFG (Badre & Wagner, 2007).  

For the verb generation task, the analysis revealed an effect for condition (many vs. 

few), showing the manipulation of nouns was effective, that is, it took longer to generate a 

verb to a noun with many associates compared to a noun with few associates. An effect of 

time (before vs. after) was also revealed, that is, it took longer to generate verbs after 

performing the item-recognition task than before. The missing effect for groups shows that no 

difference could be observed between the three groups, and thus this manipulation had no 

effect. This could be due to groups of too few participants, since there were only eight 

participants in each group.  

The verb generation task described by Thompson-Schill et al. (1997) is questioned 

in a study by Martin and Cheng (2006), where they argue that the two conditions for high 

selection and low selection are not enough (for a reply, see Thompson-Schill & Botvinick, 

2006). Instead, a suggestion for nouns having different association strengths to the verbs is 

put forth; implying association strength should be considered in the manipulation. In the 

present study the difference between selection and association among the nouns, was not 

considered. Therefore the suggested association strength could influence the result for the 

verb generation task used in this study.  

In the present study, subjects responded to the verb generation task by pressing a 

button, without saying the generated verb out loud. Thus there is a risk of subjects generating 

words that are not verbs. In a previous study (Persson et al., 2004) responses in the verb 

generation task were measured in two ways, both with button responses and with vocal 

responses, in order to observe that subjects correctly generated a verb and not a non-verb. In 

the study responses to many-words were significantly slower than those to few-words, for 
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both button and vocal responses. This could indicate there is no difference between button 

and vocal responses, and that subjects in the present study correctly generate verbs and not 

non-verbs.   

For the verb generation task, the left IFG has been observed as more active during 

the high selection condition with many-words, compared to the low selection condition with 

few-words (Thompson-Schill et al., 1997).  

Both the verb generation task and the item-recognition task have shown activations 

in the left IFG (Jonides et al., 1998; Thompson-Schill et al., 1997), and therefore the 

hypothesis in the present study was that the tasks would have some effects on each other 

when performed subsequently. This has also been tested in a previous study by Persson et al. 

(2007), where it was observed that performing a high interference item-recognition task 

reduced the ability to resolve interference in the verb generation task.  

An interesting topic for further studies investigating the carry-over facilitation 

observed in the present study would be to use functional imaging methods, in order to see 

what brain areas activate and what differences there may be between the trial types.   

In conclusion, the present study investigated two aspects of cognitive control using 

two tasks closely connected to working memory, giving a broader as well as a deeper 

perspective of cognitive control and working memory function. The result for the verb 

generation task was not clear cut. On the other hand, for the item-recognition task the results 

extended those found in previous studies, demonstrating a carry-over facilitation effect, and 

adding another piece to the puzzle of cognitive control and working memory.  
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