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 The present research presents three experiments that compare performance on a 

Stroop-like divided attention “detection” task with predictions drawn from models of the 

Stroop effect, a focused attention task.   In three experiments, participants were 

administered tasks that employed integrated and/or separated word/colour pairs.  

Experiment 1 compared performance on both Stroop and detection tasks.  Experiment 2 

measured the impact of Stroop task training on detection task performance.  Experiment 3 

measured the performance impact of extended training on the detection task.  Without 

practice, participants were equivalently fast detecting words and colours using integrated 

pairs, and faster detecting colours using separated pairs.  After training on either task, 

participants were faster detecting colours than words with both stimulus types.  Overall, 

results indicated that a model that includes both early and late attentional components best 

characterizes performance on the detection task. 
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Chapter 1 - Introduction 

In 1935, J. Ridley Stroop published one of the most cited papers in cognitive psychology, 

“Studies of Interference in Serial Verbal Reactions.”  In it, Stroop outlined three experiments 

measuring participants‟ verbal response times (RTs) to various stimuli.  In Experiment 1, 

participants were instructed to read two lists of colour words (red, blue, green, brown, and 

purple).  In one list, the words were printed in black ink; in the other list the words were printed 

in different ink colours of the same set.  In Experiment 2, participants were also presented with 

two lists.  However, rather than being instructed to read the words, they were instructed to name 

the ink colours.  One list consisted of strings of small, coloured squares (printed in the same 

colours used in Experiment 1), while the other list was identical to the list of coloured words 

used in the first experiment.  In Experiment 3, (using a rather complicated design; see Figure 1A) 

Stroop had participants read words printed in coloured ink (as they did in Experiment 1) before 

and after 8 days of practice naming ink colours (as they did in Experiment 2).   

In Experiment 1 there was no difference in the time it took to read black and coloured 

words.  In Experiment 2, RTs for naming colours were 74% slower for words than for squares 

(47 seconds slower over 100 trials; Figure 1B).  In Experiment 3 he found a significant practice 

effect for naming colours, in that participants were significantly faster naming the ink colour of 

words after 8 days of training (17 seconds faster over 50 trials from the first to the last day of 

practice; Figure 1C).  After this practice, participants were significantly slower at reading colour 

words (15 seconds slower over 50 trials after training), although this effect virtually disappeared 

the next day. 

 Stroop (1935) proposed that slower RTs when naming the ink colours of words that 

named other colours indicates that the conflict in word and colour dimensions of the stimuli 
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cause “marked interference” (p. 651) in responding.  In line with other theories (e.g., Cattell, 

1886) he suggested that this interference was not observed in Experiment 1 because people are 

much more practiced reading words than naming colours.  However, after sufficient practice 

naming colours, a reversal of interference effects (i.e., slower word reading) occurs, as viewers 

become more proficient at this task.  Stroop did not elaborate on the mechanism that enabled this 

final phenomenon, however.   

Stroop‟s (1935) original study laid the foundation for more than ten thousand 

experiments since (MacLeod, 1991). The tendency for RTs to be slower to colour words printed 

in incongruent ink colours has proven to be a reliable and consistently replicable finding.  

Researchers have measured this effect against a variety of baselines, including coloured letter 

strings (e.g., XXXXX), non-words (e.g., RET), neutral words (e.g., PUT), semantically related 

words (e.g., SKY), congruently coloured words (e.g., GREEN in green
1
), and coloured shapes 

(e.g., coloured bands).  In almost every case, people are slower naming the colour of incongruent 

colour words.  The collective set of such phenomena has since become known as the Stroop 

interference effect, after Stroop‟s original (1935) study.  The Stroop interference effect is 

perhaps the best known example of people‟s failure to ignore irrelevant information even when 

directed to do so (MacLeod, 2005; Pashler, 1998).   

Stroop tasks are appealing for researchers because they are easy to employ, produce 

robust effects, and lend themselves well (at least intuitively) to models of attention and dual 

channel processing.  As such, the Stroop task has become one of the most ubiquitous measures in 

cognitive psychology, sometimes dubbed the “Gold Standard” of attentional measures 

(MacLeod, 1992), and theorists have proposed many models of attention based on Stroop task 

                                                 
1
 For convention, word/colour combinations are written: „WORD‟ in „colour‟ (in the case of integrated pairs) or 

„WORD‟ with „colour‟ (in the case of separated pairs). 
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manipulations (e.g., Cohen, Dunbar, & McClelland, 1990; Lovett, 2002; Melara & Algom, 2003; 

Roelofs, 2003; Stafford & Gurney, 2004).   

The most common versions of the Stroop task used today compare RTs to incongruent 

word/colour pairings (e.g., RED in green), neutral word/colour pairings (e.g., PIE in green), 

and/or congruent word/colour pairings (GREEN in green).  Colour identification is typically 

carried out verbally (e.g., by naming the colour aloud) or by button pressing (e.g., by classifying 

the colour with a corresponding key).  Slower RTs to incongruent word/colour stimuli are 

generally thought to indicate that colour and word processes interact at some point along the 

processing chain to produce interference (but see below).  However, the nature of this interaction 

is still a matter of debate, and many models explaining the Stroop interference effect have 

emerged over the years.  For example, according to some models, the Stroop interference effect 

arises from independent processes that compete to reach a limited capacity response buffer 

(Morton & Chambers, 1973; Posner & Snyder, 1975).  These views suggest that processing is 

carried out along separate word and colour channels, with attention influencing which dimension 

is prioritized for a given cognitive operation. Alternative views propose an interactive account of 

processing, where the slowing of the response to a Stroop display is attributed to the aggregate 

activity of channels (Cohen et al., 1990; Logan, 1980; Phaf, Van Der Heijden, & Hudson, 1990).   

The Stroop task is an example of a test of focused (or selective) attention. As such, 

models of the Stroop interference effect have been derived within an “attend to one dimension 

while ignoring the other dimension” framework.  In other words, the Stroop interference effect is 

described by the relation between intentional operations upon an attended dimension and the 

unintentional processing of a to-be-ignored dimension.  Due to this, most theories of the Stroop 

interference effect have their roots in the debate as to whether unintentional processing reveals 
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automaticity (e.g., Kahneman & Chajczyk, 1983; MacLeod & Dunbar, 1988; Posner & Snyder, 

1975). 

However, some researchers have employed Stroop task variants where participants are 

directed to attend to both word and colour dimensions (e.g., Eidels, Townshend & Algom, 2010; 

Lovett, 2005).  For example, Lovett instructed participants to monitor both dimensions of 

incongruent and congruent Stroop displays.  Participants were directed to say one dimension and 

identify the other dimension with a key press. These paradigms are tests of divided attention – 

attention divided across multiple to-be-attended dimensions – rather than tests of focused 

attention.   

Goal of the Present Research 

Despite the vast body of research on the Stroop interference effect, and the variety of 

theories of focused attention and divided attention, few studies (e.g., Ninio & Kahneman, 1974; 

Treisman, 1969) have sought to bridge the gap between the two.  This is likely due to the fact 

that current models of focused and divided attention did not evolve in relation to each other.  

Rather, they evolved from different lines of questioning: Whereas theories of focused attention 

are typically grounded in the question of visual selection and unintentional processing, theories 

of divided attention revolve around the issue of capacity limits (e.g., attention as a limited 

resource; Kahneman, 1973).  As a result, these studies lead to different models of attention, and 

our current conceptions of what amounts to “attention” are somewhat contextual.  Tests of 

selective attention are proposed to measure the cognitive apparatus that determines which 

sources of information in the physical world to employ during perceptual processing (Brown, 

Gore & Carr, 2002).  Attending to a particular source maximizes the accuracy and speed with 

which that information is encoded, and facilitates subsequent operations upon that dimension.  
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Tests of divided attention, in contrast, are generally aimed at examining working memory load.  

Researchers using divided attention tasks usually seek to determine how attention is allocated 

across dimensions to be processed while maintaining task information and/or goals (Pashler, 

1998).   

A recent and notable exception that compared focused and divided attention was the 

study by Eidels et al. (2010).  The authors were curious whether one of two simplified models of 

selective attention (based on a survey of the Stroop literature) could account for performance on 

both focused and divided attention tasks.  To this end, they compared these models with 

performance on (typical) focused attention Stroop tasks (i.e. identify the colour) and Stroop-like 

divided attention tasks, where participants were required to monitor both word and colour 

dimensions and detect a given target identity.  Such “detection” tasks often produce what is 

known as a redundancy gain (Raab, 1963), which is an advantage in RT due to the presence of 

multiple targets in a display compared to displays with a single target.  In the case of word/colour 

pairs, the target could appear as the word and/or the colour
2
.  Eidels et al. proposed that, unlike 

the Stroop task, where participants try to ignore the word, the detection task invites concurrent 

colour and word processing as both dimensions are purposely attended.   

The research presented here is in many ways an expansion of the study by Eidels et al. 

(2010).  In this research I also seek to determine how theories of focused attention derived from 

the Stroop literature account for performance on similar divided attention Stroop-like tasks.  

Here, I extend upon the theoretical considerations of Eidels et al. and develop a simple “meta-

model” of Stroop theories from which to draw predictions.  In a series of experiments I then 

                                                 
2
 In some versions, Eidels et al. (2010) assigned different targets for the word and colour dimensions.  For example, 

participants might be instructed to monitor the word dimension for „red‟ and the colour dimension for „green‟.  
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compare performance on variants of Eidels et al.‟s tasks with predictions suggested by this 

theoretical taxonomy.   

Chapter 2 – Theories of Focused Attention 

Eidels et al. (2010) examined two models of parallel processing; a strictly independent 

model and a coactive model of processing (Figure 2).  The independent model entails that 

separate word and colour channels signal independent responses, while the coactive model 

entails that the aggregate activity of interacting word and colour channels determines a response.  

Therefore, if the coactivation model is correct, mean RTs to double-target displays should be 

significantly faster than to single-target and non-target displays, because both channels promote 

a response with double-target displays.  Alternatively, if the independent parallel model is 

correct, then mean RTs to double-target displays should not be significantly faster than to 

incongruent target displays
3
. In the end, the authors determined that detection task performance 

did not derive from a coactivation of processes, but rather reflected statistical facilitation due to 

two targets present that independently signal the same response.  Data from their experiments did 

not support a unified model for focused and divided attention.  Performance on the Stroop task 

supported a coactive model of processing and performance on the detection task supported an 

independent parallel model.  

A model of Stroop theories  

Eidels et al. (2010) observed that, despite the variety of extant Stroop theories, they 

generally suggest either independent or coactive cognitive processes.  Consequently, they 

focused on the implications of their data for the question of channel interaction.  However, the 

theoretical landscape may also be examined based on other differences as well.  Particularly, 

                                                 
3
 Beyond what would be accounted for statistically due to selection of the faster target stimuli on any given trial (see 

below).   
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various theorists have proposed Stroop interference effects occur at different loci along the chain 

of processing.  For example, some theorists suggest interference is due to difficulty at the 

response phase of processing (e.g., Morton & Chambers, 1973) while others propose it is due to 

perceptual difficulty selecting the correct dimension to process (e.g., Kahneman & Chajczyk, 

1983; MacLeod, 1998).   

Models of the Stroop effect generally include (explicitly or implicitly): 1) an 

input/perceptual encoding phase when the word and colour pair are presented, 2) an 

operational/conceptual activation phase involving the activation of concurrent word and colour 

channels, and 3) a phase where the response is determined.  As a result, there are many 

similarities between the most popular accounts.  Most theories, for instance, propose that Stroop 

interference is the result of the inherent processing “challenges” in managing the conflict in 

information in incongruent displays (e.g., Cohen et al., 1990; Logan, 1980; MacLeod, 1998).  It 

is also apparent that most accounts propose that Stroop interference stems from processing 

effects at one of these three phases of processing (e.g., Morton & Chambers, 1973; Posner & 

Snyder, 1975; Tzelgov et al., 1992).  Finally, many of these accounts propose that attentional 

control is exerted at one of these phases, moderating interference effects: during perceptual 

encoding (e.g., Kahneman & Henik, 1983), during (post-lexical) conceptual activation (e.g., 

Logan, 1980; Tzelgov et al., 1992), or during a response decision (e.g., Dunbar & MacLeod, 

1984; Morton & Chambers, 1973).   

In the following sections I describe some models of Stroop processing using three phases 

of processing (input, operation, and response phases).  These phases roughly correspond to 

various sites of action where theorists have argued Stroop interference originates.  Many theories 

employ shared assumptions at some of these levels, but differ at others.  Using key differences at 
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each level I seek to develop a meta-model of selective attention architectures.  This provides a 

simple framework from which to work out basic predictions for divided-attention task 

performance.  The goal of this endeavour is to create a framework that highlights key differences 

in the most prevalent theoretical accounts of Stroop processing
4
 while maintaining their 

commonalities.  Thus, among other things, the present study will draw different predictions for 

coactive and response-competition models (both considered coactive models in Eidels et al.; 

2010).   

Some considerations when extrapolating Stroop theories 

Different theories of Stroop interference emphasize the interaction of word and colour 

processes at varying phases of processing.  Some accounts put an emphasis on channel 

interaction for preattentive feature selection processes (Manwell, Besner & Roberts, 2004; Van 

der Heijden, Hagenaar, & Bloem, 1984).  Others emphasize post-lexical interactions of channels 

as colour and word operations are being carried out (Logan, 1980; Tzelgov, Henik, & Berger, 

1992).  Still others emphasize the role of the interaction of competing responses in determining 

interference effects (Morton & Chambers, 1973; Posner & Snyder, 1975).  However, these 

perspectives are not necessarily exclusive, and may in fact be compatible with each other.  

Channel interaction may occur more than once as word and colour information is being 

processed, as there is evidence that interference effects occur due to activity at multiple points 

along the processing chain between display presentation and motor response (e.g., Hutchinson, 

2011; Kane & Engle, 2003).  Therefore it is important to allow for the possibility of multiple 

sites of interactions in a model of models. 

                                                 
4
 E.g., the response competition hypothesis (Posner & Snyder 1975), the coactive accrual hypothesis (Cohen, 

Dunbar, & McClelland, 1990; Logan, 1980), and the statistical model (Eidels et al., 2010; Melara & Algom, 2003). 
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Furthermore, different theorists describe the role of attention in a variety of ways.  For 

example, Posner and Snyder (1975) differentiated automatic processes, which do not require 

attention (or intention) to be carried out, and controlled processes, which do require attention to 

be carried out.  Automatic and controlled processes are considered entirely different types of 

processes in this view.  Other theorists view attention as a resource that is allocated across the 

perceptual field (Kahneman & Chajczyk, 1983; Kahneman & Henik, 1981).  Rather than 

controlling a process, attention is viewed as an allocated resource that potentiates the activation 

of the attended dimensions.  Despite this difference, both of these views see attention as 

involving a controlled process directed towards perceptual objects.    

Other models also emphasize the role of active attention; however, rather than acting at a 

perceptual level, attention is directed towards selecting the appropriate response from a range of 

possibilities (e.g., Bauer & Besner, 1997; Deutsch & Deutsch, 1963; Morton & Chambers, 

1973).  Attention is oriented towards the output of behaviour rather than the selection of stimuli 

in these views.  Note that, as such, these perspectives also may not be contradictory.  Kahneman 

(1973), for instance, proposed that attentional resources are shared by perceptual, cognitive and 

motor control processes.  Therefore, attention may be both a resource that selects perceptual 

stimuli and determines a response.  Other accounts do not ascribe attention any role in Stroop 

processing (e.g., Eidels et al., 2010; Melara & Algom, 2003).  In these views task performance is 

determined entirely by task demands, stimulus features and/or learning from previous trials.  

Therefore, any meta-model should consider both channel interactions and the role of active 

attention. 

In the following sections, models of Stroop processing are examined via the three phases 

of processing as mentioned above.  For each of these phases, different proposals based on the 
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literature are offered to account for processing at that level.  From these proposals, a meta-model 

of Stroop theories will be presented from which to draw predictions.  Table 1 summarizes some 

of the most common perspectives in the literature, broken down into processing phases.    

Input/perceptual encoding phase 

 Theories of selective attention can be generalized into two broad categories.  Early 

selection theories put an emphasis on the role of attention in determining which stimuli are 

analyzed and which are rejected or attenuated (Broadbent, 1958; Kahneman, 1973; Treisman, 

1969).  Late selection theories argue that selective processing occurs after semantic analysis 

(Deutsch & Deutsch, 1963).  As a result, the question of how perceptual inputs function, or in 

other words, whether channels (e.g., word and colour channels in the case of the Stroop task) are 

activated automatically or not, has been a central concern for models of the Stroop interference 

effect.   

Four different proposals from the literature are presented here to explain how word and 

colour operations are activated by perceptual inputs. The first is the claim that all information is 

processed unselectively.  In this view, all relevant channels are activated when stimuli appear, 

and there is no limit to what is analyzed in the perceptual field.  For most who adopt this view, 

behaviour is seen as highly stimulus driven, as the role of attention is generally ignored in these 

models (e.g., Eidels et al., 2010; Eidels, 2012).  Interestingly, while this perspective would also 

be compatible with a late selection model of response competition (i.e., signals race unselectively 

to a decision making mechanism), response competition models generally include an attentional 

component that determines whether certain channels are activated or not (e.g., Posner & Snyder, 

1973).  The view that channel activation is unselective is adopted in some PDP models of Stroop 

processing (e.g., Cohen et al., 1990), although not explicitly.  In other models, attention mediates 
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processing at a later stage as well, rather than at the input level (Tzelgov, Henik, & Leiser, 1990; 

Tzelgov et al., 1992), and therefore appears compatible with an unselective input conception.    

 The second conceptualization of channel activation is the view that some information is 

processed automatically, while other information must be attended to in order to activate a 

channel.  Automaticity is considered to be an all or nothing factor in this view (e.g., Posner & 

Snyder, 1975), with well practiced operations being carried out automatically, and novel 

operations requiring controlled attention to be carried out.  Automatic processes are therefore 

activated without intention, and do not have capacity limitations.  Controlled processes, on the 

other hand, require directed attention, and as such are limited in capacity.  The more practice, the 

more likely a process will be carried out automatically.  These ideas form the core of the relative 

speed of processing account of Stroop interference (Dyer, 1973; Morton & Chambers, 1973; 

Posner & Snyder, 1975). 

 The third version views channel activation along a continuum of automaticity.  This 

account argues that attention is a limited capacity resource that primes or inhibits the activation 

of certain channels by virtue of its allocation across the perceptual field (Brown, Roos-Gilbert, & 

Carr., 1995; Brown et al., 2002; Kahneman & Chajczyk, 1983).  In this view, all stimuli in the 

attentional field are processed to some degree. Some processes, those that are highly practiced, 

are “more automatic” than others.  Highly automatic processes need less attention to be activated 

(Kahneman & Chajczyk, 1983), and by some accounts (e.g., Brown et al., 2002; Marmurek, 

2003) attention can only attenuate, rather than prevent strongly automatic processes entirely.  

 The fourth account is perhaps the most controversial view.  This account is much the 

same as the third in that attention is viewed as a resource that is distributed across the perceptual 

field.  The major difference is this view argues that channel activation is under the control of 
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attention.  Proponents of this view point to rare situations where Stroop interference can be 

eliminated by altering the task context (Bauer & Besner, 1997) or by narrowing the field of 

attention to prevent word reading (Besner & Stolz, 1999; Besner, Stolz & Boutilier, 1997; 

Manwell et al., 2004).  For example, Bauer and Besner were able to eliminate Stroop 

incongruency effects by having participants “detect” a target colour rather than “classify” the 

target colour.  In the standard (Stroop) condition, participants pressed one key for “green” and 

another for “red.” In the experimental (detect) condition, participants monitored the display font 

for a colour-target and pressed one key for “present” and another for “not present.” Similarly, 

Manwell et al. (2004) were able to virtually eliminate the Stroop interference effect by cuing a 

single coloured letter in a Stroop display.  Both findings point to the importance of attentional 

readiness in carrying out various perceptual operations.  Unfortunately, the latter finding has 

proven difficult to replicate (e.g., Augustinova, Flaudias, & Ferrand, 2010). 

Operational/conceptual processing phase 

 Late selection accounts of Stroop processing propose that attention operates after channel 

activation occurs.  For example, in two studies, Tzelgov and colleagues (Tzelgov et al., 1990; 

Tzelgov et al., 1992) manipulated the participants‟ expectations for conflicting words in a Stroop 

task.  In both experiments, they found that, as expectations for conflict increase, Stroop 

interference decreases.  They interpreted these findings to indicate that interference occurs after 

channel signals reach a semantic level of analysis; attentional control is exerted during the 

conceptual encoding phase (i.e., post-lexically), rather than during the perceptual encoding phase 

(i.e., pre-lexically), to suppress the irrelevant dimension.   

When surveying the literature, there are three general accounts of how information is 

processed as it travels from sensory inputs to motor outputs.  The first is the claim that sensory 
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information activates parallel independent channels corresponding to the domain being 

processed.  Thus, words activate separate word channels, and colours activate separate colour 

channels.  In this view, activation of a channel amounts to sending a signal from the sensory 

stage to the decision stage.  Signals from different channels travel independently from one 

another and do not interact until the response phase (if at all).  As such, the speed at which each 

channel carries out its operations is critical in determining interference effects (Eidels et al., 

2010; Posner & Snyder, 1975).   

 Similar to the independent channels account, the second view of processing also includes 

independent channels that carry domain based information from senses to the response phase.  

However, rather than characterized as an all or nothing signal, as with the previous conception, 

these channels accrue evidence for each domain being processed. As a result, processing along 

each domain may be weighted by factors such as attention allocation (Cohen et al., 1990), 

stimulus set and prior experience (Melara & Algom, 2003; Tzelgov et al., 1990, Tzelgov et al., 

1992).  This conception is utilized in some PDP models of Stroop processing (e.g., Cohen et al., 

1990), with signaling units responding to prior layers when sufficient activation reaches a 

threshold.  In this view, channels are characterized by pools of activity rather than by signaled 

responding, as partial-evidence accrues from each domain independently and is fed forward 

along the chain of processing.  Therefore, signal strength is not intricately linked to speed of 

processing (although it may be related), and controlled perceptual, cognitive, and motor 

processes may play a greater role in determining Stroop interference.  Figure 3 displays the PDP 

model proposed by Cohen et al. (1990), an example of an independent accrual model.  

The third account presented in the literature is that channel processing is characterized by 

the coactivation of signals.  While words and colour channels may involve separate streams of 
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processing, these channels have interconnections at points along the processing chain (Lamers & 

Roelofs, 2007; Logan, 1980).  As with the independent accrual account above, this view holds 

channels as accruing information until reaching a threshold of activation that triggers a response.  

However, this model also allows for cross-domain potentiation and inhibition.  Thus, for 

instance, as colour information is fed forward along the colour channel, it may simultaneously 

inhibit activity of the competing colours while potentiating the activity of a related word.  Figure 

4 displays the selective attention model of Phaf et al., (1990) and is an example of a coactive 

accrual model. 

Output/response phase 

The final phase of processing is the phase where a motor response is generated.  There 

are two general conceptions of how this is determined.  The first is that there is a response 

mechanism that weighs the evidence and/or determines the appropriate channel upon which to 

base motor activation.  Sometimes referred to as the response buffer, this decision making 

module is conceptualized as a limited capacity system to which all channels send their signals 

(e.g., Morton and Chambers, 1973).  Figure 5 displays Morton and Chambers‟ response 

competition model that includes a buffer.  The alternative perspective is simply that there is no 

decision making module; rather, channels link directly to motor processes.  Therefore, the 

activity at previous processing phases determines how participants respond.  While many 

theories explicitly propose a response mechanism, other accounts may align with the alternative 

(i.e., that earlier processes determine a response) simply due to their omission in including a 

response component (e.g., Logan, 1980; Tzelgov et al., 1992). 

Chapter 3 - A Simplified Meta-model 
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In order to design a simplified meta-model, it was necessary to determine the dimensions 

to extrapolate from the theoretical landscape of Stroop literature upon which to base the 

framework.  However, the number of possible ways to discriminate Stroop theories essentially 

reflects the number of debates that exist in the literature.  For example, these include (but are not 

limited to): the automaticity of processing (automatic vs. controlled); the relation of channel 

processes (independent vs. coactive); and, the time-course of selection and interference (early vs. 

late).  As these theoretical debates are highly interwoven with each other, and with other issues 

(e.g., capacity limitations, the presence/number of attention components), for the purposes of the 

present research, I conceptualized the theoretical landscape via two dimensions determined based 

on prior research and selected due to parsimony in the present context.  

The first dimension, A) the time-course of processing, divides processing into two stages: 

early and late.  Doing so differentiates between theories that propose early mechanisms of 

interference (i.e., pre-lexically, during perceptual operations), and theories that propose late 

mechanisms of interference (i.e., post-lexically, during concept activation or response 

determination).  Essentially, this distinguishes processes that occur during the input phase (as 

above) from those that occur during the operational and response phases (combining the latter 

two phases).  It was elected to combine these latter two phases as the implications for a three 

phase framework were extremely complex and difficult to conceptualize.  However, a two stage 

model is simple and intuitive and lends itself well to predictions in the current context (see 

below), and reflects some key theoretical contentions concerning Stroop processing. 

The second dimension, B) the presence or absence of a coactive processes, refers to 

whether coactive operations are being carried out (i.e., channel operations that may cause Stroop 

interference).  Specifically, this refers to the presence of attentional operations and/or the 
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presence of channel interactions.  Note that this view assumes attentional operations are coactive 

because they may operate on both word and colour dimensions.  This dimension was selected 

because it was the one tested by Eidels et al. (2010) and forms the foundation for the present 

research.  It serves to differentiate independent and coactive models of processing as well as 

models that include an attentional component and those that do not.   

The intersection of these dimensions allows theories of Stroop interference to be 

categorized into a simple 2 × 2 taxonomy of models.  With regards to the time-course of 

processing, signals travel through two layers of processing from sensation to response: (1) The 

early layer, before concept activation, and (2) the late layer, after concept activation.  The early 

layer is associated with processes involved in perceptual activation/selection of the relevant 

and/or irrelevant dimensions, while the late layer is associated with semantic processes and/or 

response determination.  During each layer, processing is either: (A) ballistic, occurring 

independently, in the absence of interacting channels or processes, or (B) influenced by coactive 

processes (i.e., controlled attention and/or channel interactions).  Therefore, the meta-model 

essentially describes four general models of Stroop processing:  (1A-2A) Early independent/late 

independent (i.e., the statistical model); (1A-2B) Early independent/late coactive (i.e., the 

response competition model); (1B-2A) Early coactive/late independent (i.e., the selection 

interference model); and (1B-2B) Early coactive/late coactive (i.e., the coactive accrual model). 

This meta-model is displayed in Figure 6.   

 Segmenting theories of Stroop interference in this manner is useful because it allows us 

to distinguish basic predictions each of the four models would suggest for divided attention task 

performance.  It also provides a basis for us to predict the impact of two manipulations included 

in these experiments (training and stimulus separation; see below).  Below, these four 
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generalized models of Stroop processing are described as they correspond to this framework: the 

response competition model (1A-2B); the coactive accrual model (1B-2B); the statistical model 

(1A-2A); and, the selection interference model (1B-2A). 

Response competition model 

 The response competition model refers to Stroop models that would be best described as 

late selection models.  For example, the response competition hypothesis of Posner and Snyder 

(1975) is a direct extension of Stroop‟s (1935) original proposal that (a) interference effects are 

the product of the difference in the speed of reading compared to the speed of naming colours, 

and (b) these differences are due to the amount of training people have at each of these activities.  

The response competition model presented here refers to the “horse-race” conception of Stroop 

interference commonly referred to as the Relative Speed of Processing account.   

In the standard version of this account, the colour and word dimensions of a display send 

separate signals that correspond to a response (Dyer, 1971; Morton & Chambers, 1973; Posner & 

Snyder, 1975).  The strength of the signal, characterized by the speed in which it is 

accomplished, is determined by the degree that process is practiced (Dyer, 1973; Stroop, 1935), 

among other things (e.g., visual salience, etc.).  The more practice, the faster that process is 

carried out.  Interference effects are the result of response competition, as competing signals 

reach the limited capacity response buffer (Morton & Chambers, 1973; Posner & Snyder, 1975).  

Therefore, the relative speed that colours and words are identified is critical in determining the 

Stroop interference effect. 

The response competition model described in the meta-model (1A-2B) is a bit different 

from some versions, because according to the meta-model all signals from a display are 

processed unselectively.  This is a departure from other horse-race accounts (e.g., Posner & 
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Snyder, 1975), where only attended dimensions are activated.  With unselective inputs in such an 

account, channels interact only in the final phases of processing, which is more along the lines of 

Morton and Chambers‟ (1973) proposal that the Stroop interference effect occurs “after naming” 

(p. 397).  While there is nothing to prevent the wrong source of information from being activated 

and influencing responding in a focused attention task, conscious awareness determines the 

channel upon which to base the correct response.  A signal from the wrong channel primes or 

inhibits the correct response, depending on whether it matches the signal from the attended 

channel.  If the channel from the wrong source of information signals the wrong response and 

reaches the buffer first, this results in interference (slowing) in responding to the signal from the 

correct source of information that subsequently arrives at the buffer.  Stroop interference, in this 

view, is caused because the faster (more practiced) word channel signals the wrong response, and 

preventing this has a time cost.   

Opponents of this position frequently cite the failure of the relative-speed hypothesis to 

account for certain findings that should logically follow from this model.  For instance, Glaser 

and Glaser (1982) varied the stimulus onset asynchrony (SOA) of relevant and irrelevant stimuli 

in Stroop-like tasks.  In some conditions, participants read incongruently coloured words, while 

in others they named the print colour.  While Stroop interference remained quite strong in colour 

naming variants, presenting the colour before the word did not cause interference effects for 

word reading as the relative speed account would predict.  Similarly, Dunbar and MacLeod 

(1984) slowed word reading by geometrically transforming words and presenting them upside-

down and/or backwards.  They found, however, that even when word reading was considerably 

slower than colour naming, “Stroop interference persisted virtually unaltered” (p. 622), which 

contradicts what the relative-speed account would predict. 
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Despite these objections, examinations of the response competition account persist in the 

literature (e.g., Monahan, 2001; Schmidt & Cheesman, 2005).  This is, perhaps, because this 

explanation is simple and thus has strong intuitive appeal.  As the response competition view 

argues that interference effects hinge upon the relative speed of processing of words and colours, 

it has been historically conceptualized as an independent horse race (e.g., Dunbar & Macleod, 

1984): two competing signals race along independent pathways until reaching the layer 

responsible for determining a response.  However, this analogy is perhaps not an apt one, as 

signals are eventually combined in the response phase of processing (2B) and thus there is some 

interaction between them.  Perhaps due to this, there may have been some different 

interpretations of this hypothesis.  For instance, some authors (e.g., MacLeod, 1991) have 

described Stroop facilitation effects, from the relative speed hypothesis, as the result of the faster 

signal generating the response.  This description does not, however, involve a response buffer, 

and is therefore more in line with the statistical model (1A-2A), where all processing is 

unselective and independent, or the selection interference model (1B-2A) conception, where 

attention influences perceptual encoding, but from that point a race ensues.  However, if a 

response buffer prioritizes a response modality, facilitation effects are the result of the faster 

process (word reading) priming the slower process (colour naming) when it reaches the response 

buffer.   

To summarize, the response competition hypothesis can be seen as consisting of four key 

assumptions: (1) There are parallel processes for different elements of a display that occur 

automatically, independently and at different speeds; (2) the speed of these processes is a 

function of practice; (3) there is a limited capacity layer of processing at the very end of the 
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chain that determines the response; (4) signals from faster processes may promote or inhibit the 

activity of slower signals when they reach this response layer. 

Coactive accrual model  

 The second model described here is the coactive accrual model of processing (1B-2B).  

Sometimes referred to as the automaticity account (Kahneman & Chajzyk, 1983), in this view, 

evidence from channels accrues as information is fed forward along the chain of processing.  

This theory is similar to the relative speed hypothesis, as both perspectives entail automatic 

processes that are carried out in parallel whose combined activity (coactivation) determines RT.  

Miller (1991) perhaps best distinguished these models, referring to them as the “independent 

coactive model” (relative speed of processing account) and the “interactive coactive model” 

(automaticity account).  The former model is the version of coactivation tested by Eidels et al. 

(2010).  I elect to refer to this latter class as the coactive accrual model, to highlight the 

emphasis on signal interaction during processing as the determinant of RT and interference 

effects.  As the display is presented, evidence accumulates for each response until its threshold 

for activation is reached, at which point that response is carried out.  Signals are seen as 

gradually accruing partial evidence forward along specialized paths, with different signals 

combining along parallel interconnected pathways.  A response is determined by the cumulative 

activation from all sources.  Priority in determining a response is partly governed by past 

experience, and the allocation of attentional resources at all stages of processing (Kahneman, 

1973).  In the early stage of processing, attention is allocated across the perceptual field, and thus 

priority is given to the attended dimension.  For instance, according to Lowe and Mitterer (1982), 

“when context demands, attention may be focussed upon relevant inputs...[or] attention may also 

be distributed across relevant and irrelevant stimuli so as to process both sources of information” 
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(p. 698-699).  In the later stages of processing, attention prioritizes a given channel, inhibiting 

others, for a given level of analysis, as information is fed forward along the chain (Logan, 1980), 

and attention can be allocated to facilitate or inhibit activation of a response for one channel or 

another when a response is generated (Kane & Engle, 2003).  In this manner, attention is not 

simply promoting a particular response at the buffer, but rather is a resource that prioritizes 

processing of one kind or another at all phases.  

The primary difference in accounting for Stroop interference with the coactivation model 

compared to the response competition model is twofold.  First, it is not the speed of processing 

that matters, but rather the signal‟s potential to influence other processes.  While signal speed 

may impact interference effects, RTs differ due to signaling strength.  Since activation is fed 

forward as contributing evidence, with interactions occurring at multiple stages of processing, 

later signals may interact with earlier ones until a response is activated.  Secondly, performance 

is influenced by the amount of attentional resources devoted to a domain.  More practiced 

operations are carried out more efficiently, with more salient stimuli demanding fewer 

attentional resources.  As a result, according to this view Stroop interference would be diluted as 

colour salience increases.   

  To summarize, the coactivation model can be seen as consisting of three key 

assumptions: (1) There are interacting parallel processes for different elements of a display that 

occur concurrently; (2) the efficacy of these processes is a function of practice and stimulus 

salience; (3) signals from each channel contribute evidence towards a response, with their 

accrued activity determining the result. 

This category within the meta-model is also consistent with other theories proposing 

multiple loci of channel interactions and/or sites of attentional processing.  Kane and Engle 
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(2003), for instance, found that participants with high working memory capacity were less 

influenced by changing the proportion of congruent and incongruent trials in a version of the 

Stroop task.  They argued their findings, along with a literature review, support the view that 

Stroop interference is jointly determined by two mechanisms: one responsible for maintaining 

goals and the other resolving the competition between elements.  This position is argued in other 

studies as well (e.g., Hutchinson, 2011).  Schmidt and Cheesman (2005) also proposed a model 

with dual processes that determine Stroop interference.  In their view, words and colours interact 

at separate points along the processing chain: first during semantic analysis, and then as  a 

response is being determined at the end of the chain (resulting in response competition).  Some 

neuro-imaging studies provide evidence of a two stage response competition model as well.  

Hazeltine, Poldrack, and Gabrieli, (2000) measured activity with fMRI during a test of focused 

attention (a flanker task).  They found neural activation consistent with different regions; one 

responsible for response inhibition and the other responsible for activation of representations of 

the inappropriate responses.  These two regions correspond well with Schmidt and Cheesman‟s 

dual process model, and both studies suggest that the aggregate activity of coactive word and 

colour channels determines interference effects.    

Statistical model 

The statistical account presented here (1A-2A) is the account proposed by Eidels et al. 

(2010) and echoed in other studies by associated authors (e.g., Eidels, 2012; Melara & Algom, 

2003; Moran & Algom, 2011).  According to the statistical model, Stroop interference does not 

reflect an underlying processing conflict that corresponds to conflicting information carried by 

word and colour channels.  Instead, this view argues that interference effects are parasitic upon 

stochastic processing.  From this perspective, there are no channel interactions and no active 
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mechanisms that impact Stroop task performance (i.e., nothing called “attention”).  The 

statistical model is a “stimulus presentation drives activation” account.  This perspective is 

radical compared to traditional accounts of Stroop interference because it suggests that exactly 

one channel determines responding, rather than a combination of processes.  In effect, this model 

reflects a true horse race, where independent ballistic signals race to produce a response.   

Papers that argue for a statistical model do so in reference to forced choice Stroop 

designs that consist solely of congruent and incongruent displays.  They propose that the term 

“interference effect” is actually a misnomer in such paradigms.  In this view, the RT difference 

for congruent and incongruent displays reflects a relative speeding of responses to congruent 

displays, rather than a slowing of responses to incongruent displays.  People are faster 

identifying the colour of congruent displays compared to incongruent displays due to the trivial 

fact congruent displays carry two “go” signals for the same response while incongruent displays 

carry only one.  Raab (1962) was perhaps the first to suggest such a proposal to explain faster 

RTs to redundant targets in a bi-modal detection task.  Each individual stimulus elicits a process 

performed in parallel to the others, and the winner‟s time determines the observable RT.  

Redundancy gains, therefore, are generated by a statistical effect.  As signal speed is stochastic in 

nature, then the time to detect the first of two signals signaling the same response will be faster, 

on average, than the time to detect a single signal. 

With such designs, Eidels (2012) demonstrated that Stroop interference could be 

predicted as a redundant target effect, and argued that this was the most parsimonious account, as 

it doesn‟t need to posit hypothetical constructs.  The advantage of congruent over incongruent 

trials reflects the trivial point that on congruent trials (i.e., RED in red) both channels signal the 

same response.  Therefore, on congruent trials the incorrect channel (i.e., the word) may also 
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determine the correct response.  As a result, in the Stroop task, inadvertent word reading 

improves mean RT for congruent trials, while word reading on incongruent trials is disregarded 

as error.   

This account holds five assumptions (Eidels et al., 2010).  (1) Only one channel 

determines a response.  (2) All possibilities in the response set are activated, including those 

perceived in the present display and those remembered from previous displays.  In other words, 

the word channel signals all words in the response set, as does the colour channel.  (3) The 

architecture is strictly parallel and doesn‟t converge at any point; each channel processes its own 

input and races to produce a response determined by the information it carries.  (4) Processing is 

stochastic, or in other words, the speed of channel transmission is random, distributed along a 

normal curve, rather than associated with a strict latency.  And (5), perceived stimuli are 

processed more efficiently than remembered stimuli.  Therefore, while all responses are 

activated, the presented stimuli are faster than remembered stimuli.  Figure 7 displays the 

statistical model of Eidels (2012). 

Selection interference model 

The final account presented here is somewhat inchoate, but reflects a logical extension of 

the meta-model.  It is the suggestion that Stroop interference occurs strictly due to the allocation 

of visual attention during a display presentation (1B-2A).  In this perspective, attention is 

responsible for the early selection of the stimuli to be processed; attention is strategically 

allocated across the stimuli to facilitate the activation of the proper dimension, and inhibit the 

one to be ignored. The model implied by the meta-model differs from the early selection “filter” 

model proposed by Broadbent (1958), as the latter is a model of serial processing where only the 

attended dimension reaches a semantic level of analysis, while other dimensions are blocked 
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from post-perceptual processing.  As a model of parallel processing, the selection interference 

model is more akin to the attenuation model of Treisman (1960), which proposes that visual 

attention attenuates, but does not prevent, the concurrent processing of the non-attended 

dimension.  From this point, a race then ensues along parallel independent channels until the first 

signal with sufficient activation produces a response (with attenuated signals producing less 

activation). 

Similar to this view, some versions of the statistical Stroop account (e.g., Melara & 

Algom, 2003; Moran and Algom, 2011) include a 6th assumption: words are processed more 

efficiently than colours.  Words are processed more efficiently than colours with integrated 

displays and because, in-line with previous claims (e.g., Cattell, 1886; Stroop, 1935) people have 

more practice reading words than naming colours.  In the selection interference account, words 

are more inclined to be selected for processing than colours because words are assumed to be 

more perceptually salient than integrated colours due to practice at reading.  Figure 8 displays 

this version of the statistical model proposed by Moran and Algom (2011), who describe the 

model as a strictly parallel statistical race model.  Note the “attention” box at the bottom of 

Figure 8.  The inclusion of this element is interesting because the word “attention” appears 

nowhere else in their paper, and is not granted any role in their theory.  This appears to indicate 

that attention is considered to be perceptual allocation in some statistical accounts (this is how it 

is interpreted here).  As typical Stroop displays use integrated word and colours, the perceptual 

field includes (and thus activates) both dimensions by default.  Therefore, integrated displays 

produce statistical (i.e., redundancy) effects as the statistical model described above.  However, a 

statistical model that includes a component for perceptual allocation would lead to the generation 

of different predictions from the statistical model presented above with display manipulations 
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that impact the allocation of visual attention.  In circumstances where perceptual resources were 

differentially allocated to word and colour dimensions, RTs would favor the more perceptually 

salient dimension. 

Chapter 4 - Present Study 

A major objective of the present research is to determine what features of models of the 

Stroop interference effect (i.e., focused attention) best describe detection task facilitation effects 

(i.e., divided attention).  How well do detection task RT patterns fit into architectures developed 

to model focused attention? The benefits of bridging models of focused and divided attention are 

both conceptual/theoretical and practical.  This is because, while there are ubiquitous theories of 

selective attention and theories of divided attention, there is little foundation for a unified theory 

of attention that models both.  Nevertheless, it seems rational that our capacities to multitask and 

our capacities to be selective are intricately linked.   

In line with the study by Eidels et al. (2010), the present line of inquiry assumes that 

Stroop and detection task processing are carried out in a generally similar manner, from 

sensation to response.  In effect, here it is assumed that focused and divided attention are 

governed by the same overarching cognitive architecture; it remains to be determined, however, 

if the two tasks entail component processes that are shared by both.  In doing so, the present line 

of investigation provides a new set of theoretical constraints to examine models of attention 

derived from different lines of inquiry.  This allows for new bases of comparison, and the 

assessment of the possibility of shared focused and divided processes.  Determining if and how 

focused and divided attention is related would enable us to improve extant models of attention.   

Finally, this line of research is beneficial because the word “attention” is somewhat of a 

catchall concept in psychological research, and resultantly, there is an inconsistent intuition as to 
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what the term refers to.  For example, the conception that attention is a unified cognitive 

construct is pervasive throughout the literature of many disciplines, as well as the intuitions and 

discourse of many professionals, yet attention researchers examine a myriad of facets of 

processing that are not definitively linked.  Such that it is, the definition of “attention” is 

contextual, and the literature would benefit from a greater understanding of the relation between 

different conceptions and usages.  

Experiments 

The three experiments presented here employ similar focused attention Stroop tasks and 

divided attention “detection” tasks tested in Eidels et al. (2010).  There are three primary 

differences between the experiments presented here and those employed in Eidels et al., 

however.   

The first difference was the way facilitation effects were measured in the detection task.  

Eidels et al. (2010) calculated facilitation effects as the difference between double-target and 

single-target displays.  However, they did not differentiate single word-target and single colour-

target displays when computing these effects.  Here, these effects were distinguished.  Doing so 

provided two direct measures of facilitation; the RT gain due to the addition of a colour and the 

RT gain due to the addition of a word respectively.  Therefore, innovative to this study, here two 

effects were computed; double-vs.-word facilitation (DvW; i.e., facilitation due the addition of a 

target colour element), and double-vs.-colour facilitation (DvC; i.e., facilitation due the addition 

of a target word element)
5
.  By comparing these effects, it is possible to assess the relative 

contributions of word and colour dimensions to double-target processing.  

                                                 
5
 Note that facilitation effects represent the RT advantage of double-target displays compared to single-target 

displays.  Therefore, when differentiating word-target and colour-target displays, facilitation effects can be framed 
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The second difference in this research was the inclusion of two additional experimental 

manipulations.  One was the examination of the impact of the integration of the colour and word 

dimensions into a single object (i.e., the colour appearing as the print of the word).  In 

Experiment 1, participants completed separate tasks that employed integrated and separated 

stimuli (described below), while in experiments 2 and 3, integration was a between-subjects 

factor (i.e., one group responded to integrated stimuli while the other responded to separated 

stimuli).  The other manipulation was the examination of practice effects in experiments 2 and 3.  

In these experiments participants practiced the Stroop colour identification task (Experiment 2) 

or the detection task (Experiment 3) by completing a number of task blocks.  These 

manipulations provided the opportunity for a more in-depth exploration of theoretical 

implications discussed below. 

The final change is that the analyses here employed typical mean comparison methods to 

examine differences in response patterns based on qualitatively (rather than quantitatively) 

different predictions.  This is in contrast to the complex set of statistical analyses employed by 

Eidels et al. (2010; e.g., cumulative density functions, survivor functions, capacity coefficient 

diagnostics, and Grice bound analyses).  The reason for this is to attempt to simplify data 

interpretations, given the more complex theoretical design.  For instance, Eidels et al. analyzed 

whether double-target detection facilitation effects they observed in their experiments were due 

to additive vs. statistical factors (i.e., the result of coactive word and colour signals, or the result 

of a faster independent signal determining the response in a “horse race”).  However, due to the 

architectures I compared, and the additional manipulations I included in my experiments, using 

                                                                                                                                                             
as: “facilitation due to the addition of the other domain.” For example, the double-target display advantage over 

single word-target displays is due to the addition of the colour component. 
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such tools to determine which architectures best correspond to the results would be difficult and 

likely unnecessary.   

Tasks 

As previously mentioned, the three experiments presented here employed integrated and 

separated stimuli in versions of each task.  Integrated task versions used standard Stroop stimuli, 

with the colour and word integrated together in the same object (i.e., words appearing in 

coloured font).  Separated versions used separated stimuli, with a coloured band appearing either 

above or below the word.  For all tasks, the stimulus sets consisted of the same set employed by 

Eidels et al. (2010): the four word/colour combinations of red and green.  Figure 9 displays the 

stimuli used in the experiments here. 

In these experiments, the Stroop and detection tasks required participants to respond as 

quickly as possible to individual stimulus displays by pressing one of two buttons.  Stimulus 

displays consisted of single word and colour pair presentations.  In the Stroop tasks, participants 

were instructed to identify the colour that appears by pressing a corresponding key, while 

ignoring what the word says. Thus, any trial display with red colour (i.e., RED with red and 

GREEN with red) demanded one button response (R1), while any display with green colour (i.e., 

RED with green and GREEN with green) demanded the other (R2).  Mean RTs were measured 

separately for incongruent trials (i.e., mismatching word/colour pairs) and congruent trials (i.e., 

matching word/colour pairs), and interference effects were measured as the RT difference 

between congruent and incongruent trials.
6
  

In the detection tasks, rather than identify the colour that appeared, participants were told 

to monitor both the word and the colour dimensions for the presence of a given target identity 

                                                 
6
 Note that these “interference” effects may, in actuality, be redundancy effects, if the statistical model is the correct 

account. 
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(i.e., red or green, assigned at the beginning of each test).  For example, if the assigned target 

were “red,” then displays of RED with red, GREEN with red, and RED with green would all 

demand the button response (R1) indicating “yes,” while displays of  GREEN with green would 

demand the button response (R2) indicating “no.”  As mentioned above, DvW facilitation effects 

were measured as the difference between mean RTs to double-target displays (i.e., RED with 

red, when „red‟ was the target) and mean RTs to single word-target displays (i.e., RED with 

green when „red‟ was the target).  DvC facilitation effects were measured as the difference 

between mean RTs for double-target displays and mean RTs to single colour-target display (i.e., 

GREEN with red).  Table 2 shows the differences in response key mapping for both Stroop and 

detection tasks.   

Manipulations 

 In addition to using standard colour integrated words (i.e., Figure 9A) , each of my 

experiments included tasks that employ colour and word elements that are presented spatially 

separated on the display (i.e., Figure 9B).  Additionally, Experiment 2 and Experiment 3 

involved extensive task training on the Stroop and the Detection task, respectively. The use of 

these two manipulations was motivated by a number of reasons.  First, they have both been 

employed to test models of Stroop processing in prior research involving the focused attention 

version of the test (e.g., Flowers & Stoup, 1977; Kahneman & Henik, 1981; MacLeod, 1998).  

Secondly, they provide the opportunity to assess different component layers of Stroop models, as 

each manipulation targets processing at different stages. Finally, they allow for the creation of a 

set of easily testable hypotheses based on predictions drawn from the meta-model of Stroop 

theories.  The following sections will provide the rationale for the inclusion of these 

manipulations. 
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Stimulus integration 

Varying the spatial integration of words and colours in Stroop-like tasks has been 

examined in many studies.  Most studies have found that versions of the Stroop task that separate 

relevant and irrelevant elements yield significant but reduced interference effects (e.g., Dyer, 

1973; Kahneman & Chajczyk, 1983; MacLeod, 1998; Muroi & MacLeod, 2004).  For example, 

in a card sorting version, Flowers and Stoup (1977) used both (standard) colour integrated words 

and neutral coloured words that appeared in a coloured rectangle.  They found that presenting 

words inside the rectangles diluted Stroop interference compared to the integrated stimuli.  

Similarly, in separate experiments, Kahneman and Henik (1981) and Van der Heijden et al. 

(1984) used displays with two words that appeared next to each other with a Stroop colour 

naming task; one was a colour-word, the other was a neutral word.  One word appeared in 

coloured print.  When the print of the neutral word was coloured, interference effects were 

diluted compared to when the print of the colour-word was coloured.  Gatti and Egeth (1978) 

varied the distance between a colour patch and a colour word (printed in black) in a Stroop 

identification task.  They found that interference effects decreased as the distance increased 

suggesting interference is subject to a gradient of separation.  Together, these findings suggest 

that attention operates upon spatially organized units.  With integrated displays, the irrelevant 

dimension that is part of the attended object appears to compete for attentional resources, 

accounting for at least some of the interference in the Stroop interference effect.  With spatial 

distance between the relevant and irrelevant dimension, this competition is reduced.  

Nevertheless, although many such studies have demonstrated that separating dimensions 

reduces Stroop interference, few have been able to eliminate the effect altogether. Studies have 

found that Stroop interference is a robust effect that is not due solely to the integration of both 
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dimensions in the same perceptual object.  For instance, MacLeod (1998) compared integrated 

and separated versions of a Stroop naming task and found diluted but significant interference 

effects in the separated versions.  Even after extensive training, interference effects remained 

significant.  Brown et al. (2002) presented colour patches and words at different locations on a 

display in a Stroop task, and found that even when attention was drawn to the colour location 

with a pre-cue, interference effects remained significant despite the word appearing on the 

opposite side of the screen.  Other recent studies have also found that spatially separating 

dimensions does not eliminate Stroop and Stroop like interference effects (Lamers & Roelofs, 

2007; Muroi & MacLeod, 2004; Wuhr & Waszak, 2003; Wuhr & Weltle, 2005).  Many other 

studies indicate Gestalt organization impact interference effects as well (e.g., Roelofs, 2012). 

Varying the integration/separation of word and colour dimensions allows testing of the 

first layer of the meta-model using task performance.  For example, if the inputs are unselective 

in the detection task, then spatially separating elements should have little impact upon detection 

task facilitation effects.  Strongly automatic processes imply that facilitation effects should be 

independent of whether or not attention is allocated to one (i.e., integrated) or two (i.e., 

separated) objects.  Alternatively, if integrated and separated versions of the tasks yield different 

amounts of facilitation, particularly if the domain of processing (i.e., word or colour) is 

differentially affected by spatial separation, this would be inconsistent with what would be 

predicted by an unselective input layer  (i.e., 1A in the meta-model).  This is because perceptual 

allocation would be implicated in channel activation.  

Training 

The notion that experience is intricately linked to processing efficacy has been around 

since Cattell‟s (1886) seminal work.  He measured the time it took to read or name different 
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stimuli, and found that it took longer to name pictures or colours of objects than it did to read 

corresponding words.  His explanation for this was that reading words was much more practiced 

than naming pictures or colours; “When the reaction has often been made the entire cerebral 

process becomes automatic” (p. 233).  Stroop (1935) agreed with this explanation as the reason 

for the interference effects he observed in the original Stroop study.  If the irrelevant dimension 

is more practiced than the relevant dimension, then there is an increased likelihood the irrelevant 

dimension will interfere with the relevant dimension.  Stroop‟s original study included an 

investigation of practice effects, where he observed a reduction in interference effects over eight 

days of practice sessions. 

Some investigations of the Stroop interference effect have included training on the Stroop 

task to assess whether channel activation is linked to experience.  In line with Stroop‟s (1935) 

claim, the rationale is that if practice identifying colours increases the efficacy of colour 

processing, then Stroop interference should be reduced.  Dulaney and Rogers (1994) examined 

practice effects in older and younger adults on a Stroop-like colour-word task with multiple 

words displayed at a time. They measured interference effects in a colour naming task before and 

after participants practiced colour naming 2240 colour incongruent words in a single session. 

They found that, with training, interference effects were reduced for both groups, but were not 

eliminated for either. Similarly, MacLeod (1998) trained participants on integrated and separated 

Stroop-like tasks.  Interference effects were significantly greater for integrated than for separated 

displays, and training reduced but did not eliminate interference for both types of display, even 

after 10 training sessions with 288 stimulus presentations each.  However, this reduction was 

much greater for the integrated displays than for the separated displays, such that the two 

paradigms elicited comparable Stroop interference effects after training.  MacLeod argued that 
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Stroop interference stems from two sources: a difficulty managing the conflict in information, 

and a difficulty in overcoming the integration of words and colours from within a single object.  

He proposed that practice on the Stroop task helps participants overcome the integration of 

elements, but can do little to mitigate the information conflict.   

Other studies assessing the effects of practice on the Stroop interference effect have also 

demonstrated that Stroop interference is reduced with training, but not eliminated (e.g., 

Ackerman & Schneider, 1984; Davidson et al, 2003).  Even in Stroop‟s original (1935) study, 

practice did not entirely eliminate the effect.  The persistence of Stroop interference has 

implications for modelling channel interaction, and challenges the claim that it is strictly the 

relative-speed of processes that determines the effect.  This is because such an account would 

predict that, with sufficient training, the Stroop interference effect could be eliminated.  

However, training may help overcome the integration of words and colours, but whether this 

amounts to improving the ability to suppress or inhibit the activation of the unwanted dimension 

or improve the activation of the attended dimension is unclear.  Alternatively, Stroop training 

may impact operations at the later phases of processing. 

The present study includes the first examination of the impact of Stroop training on 

detection task performance to date.  If Stroop and detection task processing utilizes some of the 

same (i.e., overlapping) cognitive components
7
, then changes in detection task performance 

caused by training on the Stroop task would be evidence of this.  For instance, if Stroop training 

improves colour activation, as many suggest (e.g., Posner & Snyder, 1975), then faster RTs 

detecting single colour-target displays would be predicted after Stroop training.   

                                                 
7
I propose this is the most parsimonious explanation, particularly with regard to the perceptual/input phases of 

processing given the two tasks‟ procedural similarities, and the use of the identical stimulus set.  Given these 

similarities, the alternative claim that the tasks‟ do not involve overlapping processes is difficult to resolve. 
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Hypotheses   

As mentioned, a key objective of this research is to determine how detection task 

processing would be best described using one of the frameworks presented in the meta-model.  Is 

it possible to predict detection task performance using architectures developed to model focused 

attention?  This question is investigated in the set of experiments here. 

 With the tasks as they are employed in the present study, divided attention facilitation 

effects can be contrasted with Stroop task interference effects.  Both tasks employ identical 

stimuli and procedures; the only procedural difference between these tasks is the instructions for 

how to respond.  The Stroop task requires the identification of a variable target that appears in a 

known channel.  The detection task requires the detection of a given target from a variable 

channel.  In other words, the Stroop task requires target classification/identification, while the 

detection task requires target matching/recognition.  The critical difference between the two 

tasks is that whereas the Stroop task requires one channel be attended and the other ignored, the 

detection task demands that both channels be attended.  Therefore, different models predict 

different interactions of words and colours for each of these tasks.  The following sections 

outline the predictions each model would imply for detection task performance. These 

predictions are summarized in Figure 10. 

Response competition model 

 According to the response competition model (1A-2B), in a divided attention detection 

task, parallel word and colour signals race to the response buffer.  The first signal that reaches 

the buffer indicating a target match triggers a response.  If the first signal does not match the 

target (i.e., “no go”), then the response is activated when the second signal arrives at the response 

buffer.  However, in these cases, when the first signal is a “no go” signal, a subsequent “go” 



36 

 

signal would be inhibited at the buffer (while a subsequent “no go” signal would be primed).  As 

a result, any inherent differences in signal latencies due to domain should be exaggerated for 

single-target displays.  

For example, this perspective assumes that words are read faster than colours are 

identified.  Therefore, participants should respond more quickly to single word-target displays 

than to single colour-target displays, not only because word channels carry faster signals than 

colour channels, but also because, with single colour displays, slower “go” signals would be 

frequently inhibited by faster “no go” signals.  As a result, with single colour displays, faster “no 

go” signals from the word would slow the overall RTs to the colour. With single word-displays, 

however, faster “go” signals would be infrequently inhibited by slower “no go” signals, and thus 

“no go” signals would have less impact on RTs for these displays.  Thus the difference in RTs 

between single word and single colour displays would be greater than the difference between the 

signal speed of word and colour signals. 

Similarly, with double-target presentations, as response generation should be the result of 

the faster of two processes, it is expected that (assuming some variability in processing) on most 

double-target trials, responses are triggered by the word channel.  As a result, the advantage of 

double-target displays compared to colour-target displays should be greater than compared to 

word-target displays.  That is, DvC facilitation effects should be greater than DvW facilitation 

effects.  However, with double-target displays, RTs would infrequently be triggered by faster 

colour signals on some trials, and thus DvW facilitation effects should be small.  

Impact of training and integration on detection task performance.  In the response competition 

account, as inputs in this model are unselective, integration should have little to no effect on 

RTs.  Although the relative visual salience of each dimension might impact processing to some 
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degree, activation is not influenced by the allocation of visual attention, and therefore stimulus 

separation should not reflect a significant advantage (or disadvantage). Task training in this view 

should impact later operations rather than the selection of a dimension.  Therefore, training on 

the Stroop task should not have a strong impact on detection task performance, given this view, 

as the task demands are different.  While it is difficult to predict the impact of training on the 

detection task in a late processing model, one suggestion is that that training will improve the 

joint contributions of each dimension to response generation.  Therefore, practice on the 

detection task may increase facilitation effects over time. 

Coactive accrual model 

According to this view (1B-2B), evidence accumulates from both channels while the 

display is present.  When sufficient evidence reaches a threshold, a detection response is 

activated.  As this view also assumes greater efficacy for word processing than colour 

processing, this model would also predict that participants respond more quickly to single word-

target displays compared to single colour-target displays.  Likewise, with double-target 

presentations, response generation should be biased towards word channel processing.   

Therefore, much the same as with the response competition account, this model predicts 

that DvC facilitation effects would be greater than DvW facilitation effects.  Unlike the former 

account, however, as responses are determined when the sum activity of channels determines a 

response, DvW facilitation effects should be significant due to the joint contributions of both 

word and colour dimensions to response generation. 

Impact of training and integration on detection task performance.  The coactive accrual model 

is multi-componential; attention and channel interactions impact operations at both layers of 

processing.  Consequently, spatial integration should have a strong impact on task performance.  
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As visual attention is a resource distributed across the perceptual field, in the Stroop task, 

focusing on a single display element (i.e., an integrated word) signaling two different (i.e., 

incongruent) responses leads to interference.  This is because it is difficult to attend to the colour 

without attending to the word and word channel activation with incongruent displays signals the 

incorrect response.  Separating the word and colour leads to dilutions in interference because it is 

easier to narrow perceptual processing onto the colour without attending to the irrelevant word 

dimension.  In contrast, with the detection task both dimensions require attending.  Therefore, 

integration should represent an advantage for double-target responding, as perceptual resources 

are not divided across two display elements.  With separated displays, fewer attentional 

resources are devoted to each dimension, meaning the efficacy of perceptual processing is 

reduced for each.  As a result, each channel is less efficient accruing evidence towards a 

response, and therefore, RTs should be slower with separated displays.  Facilitation effects may 

also be larger with integrated displays, as integrated dimensions may also instigate greater 

coactivity. 

 Task training should improve the efficacy of processing at all levels.  Training on the 

Stroop task should therefore improve colour activation for both display types.  As a result, 

detection RTs to colour-targets and double-targets should become faster with Stroop training.  

Training on the detection task may have similar effects.  Colour activation should be improved 

because the colour dimension is attended.  However, although the word channel is also attended 

in the detection task, a similar improvement in word activation would not be predicted with 

detection practice because word reading is already a highly practiced skill, and word channel 

efficacy is likely near the upper limit.  Therefore RTs to single colour-target and double-target 

displays should become faster.  As detection training should have an impact on later processes as 
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well,  detection task training may also have the effect of improving the joint contributions of 

dimensions to responding, and thus improve facilitation effects overall.  

Statistical model 

In this view (1A-2A), in a similar manner as the response competition account (above), 

parallel word and colour signals race to produce a response.  The first channel signaling the 

target triggers a response.  Unlike the response competition account, however, priming is not a 

factor in determining a response in this view.  If the first signal does not match the target, then 

the response will be activated by the second signal, when a target is present.   

In the statistical model the channel that carries a signal is irrelevant.  “The identities of 

the target or the distractor as well as their semantic relation do not play a role under a race 

architecture” (Eidels et al., 2010; p.146-147).  Therefore, there should be no RT differences for 

single-word and single-colour-target displays.  In a like manner, with double-target displays, 

response generation should be the result of the faster of two processes on any given trial.  

Therefore, it is expected that on double-target trials, responses would be triggered equivalently 

by word and colour dimensions.  This would mean that DvC and DvC facilitation effects should 

not be significantly different.  Finally, both facilitation effects should be due to redundancy gains 

and amount to a statistical effect. 

Impact of training and integration on detection task performance.  This model predicts little to 

no change in RTs due to stimulus integration or task training.  Stimulus separation should not 

have a strong impact.  This is because activation is unselective; neither dimension requires the 

devotion of attentional resources to signal a response.  Colour processing may improve slightly 

simply because a colour band is (arguably) more visually salient than the coloured font of a word 

(i.e., it is seen more quickly).  Training should also have little impact in this view, because 
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signals simply race independently to motor connections; there are no processing challenges that 

learning can help overcome.  Any changes that do occur in processing would be due to trial by 

trial learning, as the response distribution is recognized. Therefore, any changes should be 

equivalent for integrated and separated displays, and should only occur with detection task 

training (and not with Stroop task training). 

Selection interference model 

The statistical model above implies that processing is completely unselective, and domain 

is irrelevant.  If a variation of this model is adopted that includes perceptual allocation, and the 

primacy of word processing due to practice effects (i.e., 1B-2A), such as the one presented by 

Moran and Algom (2011) , predictions for performance on the detection task would be much the 

same as those presented above for the response competition account, when using integrated 

stimuli.  Double-target responding would be driven primarily by word processing so that DvW 

facilitation effects would be small to non-significant. However, facilitation effects would reflect 

a statistical (redundancy) gain due to the presence of two signals, rather than due to operations at 

a response mechanism.  Incongruent signals would not cause the same confusion predicted by 

the response competition model, as “no go” signals would not impair a subsequent “go” signals.  

In effect, when equivalent (perceptual) attention is devoted to both channels, this model‟s 

predictions align with the statistical model‟s, with the exception of a bias towards word 

processing.  Together, these findings imply that gains due to redundancy effects are statistical in 

the same sense as the statistical model proposes (i.e., based on stochastic processing).   

Impact of training and integration on detection task performance.  In the selection interference 

account, as stimulus activation is heavily influenced by (and perhaps contingent upon) perceptual 

allocation, separating the word and colour dimensions should have a large effect on RTs.  Given 
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integrated stimuli, as equivalent attention is devoted to word and colour processing, this model‟s 

predictions align with the statistical model‟s, although there may be a bias towards word 

processing.  Redundancy gains would be the result of the faster process triggering the response.  

With separated stimuli, as perceptual resources are divided across two elements, overall RTs 

should decrease, although this may be offset somewhat for colour processing due to an increase 

in visual salience for this dimension (colour bands may be easier/faster to detect than coloured 

font).  Task training in this view should improve dimensional selection.  Therefore, training on 

both tasks should increase the contributions of the colour dimension to detection task 

performance, as the colour is attended in both tasks (again word activation is considered to be at 

the upper limit of efficacy as in the coactive above).  RTs to double-target and colour-target 

displays should improve with task training, and thus DvW facilitation should increase and DvC 

facilitation should remain consistent. 

Sequence of Experiments 

The overarching objective of the experiments presented here was to test models of Stroop 

processing with a divided attention task and determine if a model emerges as a superior fit for 

observed RT patterns.  Experiment 1 compared Stroop and detection task performance in 

versions using both integrated and separated stimuli in an extensive within-subject design.  The 

purpose of this experiment was to determine if Eidels et al.‟s (2010) findings could be replicated, 

and to include separated versions of the tests to determine if there were any systematic RT 

patterns that are associated with integration and task type.  Experiment 2 tested the effects of 

focused attention (Stroop) training on performance on the divided attention (detection) task.  The 

purpose of this experiment was to determine if Stroop training served to strengthen colour 

processing.  Finally, Experiment 3 tested the effects of divided attention training upon detection 
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task performance.  The purpose of this final experiment was to compare the effects of detection 

task training and the effects of Stroop task training from Experiment 2. 

Chapter 5 - Experiment 1 

Experiment 1 was designed to compare the effects of integrated and separated stimuli on 

Stroop and detection task performance.  To accomplish this, four task versions (integration level 

× task type) were administered to each participant in a within-subjects design.  This experiment, 

therefore, served as a starting point in the examination of the meta-model.   

Method 

Participants  

Forty-five students from the University of Guelph participated in Experiment 1.  Students 

were recruited for the experiment through the University of Guelph psychology student 

participant pool website (uoguelph.sona-systems.com).  On this webpage, they selected the 

experiment and time-slot.  Those who showed up for testing received course credit for 

participating.   

Design   

The experiment employed a within-subjects design based on task type (Stroop task vs. 

detection task) and integration level (integrated vs. separated).  Therefore, each participant was 

administered four tests: a Stroop task employing integrated stimuli, a Stroop task employing 

separated stimuli, a detection task employing integrated stimuli, and a detection task employing 

separated stimuli.  The order in which the four tests were administered was counterbalanced 

across participants as much as possible (limited by the uneven number of participants).  

Apparatus   
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Participants were tested one at a time in a quiet computer lab with the researcher present 

to explain the experimental procedures and answer questions if needed. All tests were carried out 

using a Pentium 4D PC desktop computer, with instructions and stimuli displayed on a 19‟ flat-

screen LG computer monitor.  Stimulus presentations and data recording were controlled by E-

Prime software (Psychology Software Tools).  For both tests, responses were made by pressing 

one of two keys on a standard QWERTY keyboard („Z‟ and „/‟). Trial errors were tallied, and 

reaction time was recorded to the millisecond using E-prime.   

Stimuli  

The stimulus set for all conditions comprised the four word and colour combinations of 

red and green. Congruent stimuli comprised matching combinations (GREEN with green; RED 

with red) while incongruent stimuli comprised mismatching combinations (RED with green; 

GREEN with red).  Integrated stimuli appeared in the standard Stroop format of word/colours 

printed in coloured font (Figure 9A).  Separated stimuli included bands of colour presented 

simultaneously above or below the colour words presented in white (Figure 9B).  Word stimuli 

in both the integrated and separated conditions were presented on a black background in Arial 

font, subtending approximately 2º high.  Colour bands in the separated condition were solid, 

subtending about 1.5º high by 5º wide.  Colours employed for both words and bands were red 

[RGB: 255, 0, 0], and green [RGB: 0, 255, 0] based on the RGB standard colour model (i.e., 

Young-Helmholtz industry standards).  

Procedure  

Upon arriving at the lab, participants were seated in front of the lab computer and given 

the consent form.  The experimenter reviewed the consent form with the student, and after the 

student signed it, the experimenter proceeded to explain the first test‟s instructions as they were 
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being displayed on the screen.  The experimenter observed the student perform a set of practice 

trials to ensure the instructions were understood, and then stepped away to allow the participant 

to complete the test independently.  Each test took approximately 8-10 minutes to complete.  

Upon completing each of the four tests, computer chimes would sound indicating to the 

experimenter to return to explain the next test‟s instructions to the student (also displayed), 

highlighting the new test‟s differences in stimuli and/or procedure.   

All four tests involved the presentation of 8 training trials, followed by 120 experimental 

trials.  Trials consisted of the presentation of one of the four combinations of red and green 

(integrated for two of the tests, separated for two of the tests) in random order (30 trials of each 

red/green combination, for a total of 60 congruent and 60 incongruent trials).  Stimuli appeared 

near the center of the screen, with a trial-to-trial spatial uncertainty of up to 40 pixels around the 

target (as in Eidels et al., 2010).  Participants were instructed to respond as quickly and as 

accurately as possible.  When a trial began, a stimulus presentation appeared, and upon 

responding (i.e., pressing „Z‟ or „/‟), the screen went blank for 500 ms, and the next trial began.  

For the two Stroop tasks, participants were instructed to identify the colour that appeared 

on the screen (within the font or the colour band, depending on the condition) while disregarding 

the word.  Participants responded to each trial by indentifying the display colour with a 

corresponding key.  Target keys were assigned at the beginning of each test (in the instructions), 

and counterbalanced across tests and participants. For example, if „Z‟ was assigned to indicate 

green font in the integrated Stroop task, it would be assigned to target red bands in the separated 

Stroop task for the same participant.  This was included to balance any effects across participants 

due to favouring a response key. 



45 

 

For the two detection tasks, participants were asked to monitor both the colour and the 

word for the presence of a given target.  Targets were assigned at the beginning of each test in 

the instructions (either „red‟ or „green‟).  Participants responded on each trial by indicating 

whether the target appeared in either the word or the colour or both.  Responses were recorded 

with a corresponding key stroke (indicating „yes‟ or „no‟, also assigned in the instructions).  For 

example given the target „green,‟ displays GREEN in green, RED in green, and GREEN in red 

would all warrant a „yes‟ response, while the display RED in red would warrant a „no‟ response 

(i.e., 90 „yes‟ trials, 30 „no‟ trials).  Table 2 displays the mapping of correct responses to the four 

possible stimulus combinations for both the Stroop and detection tasks.  Target selection and key 

assignment were counterbalanced across test and participants.  Therefore, if „Z‟ were assigned to 

indicate „yes‟ in the integrated detection task given the target „green, „/‟ would be assigned to 

indicate „yes‟ in the separated detection task for that same participant, and „red‟ would be the 

assigned target. 

Upon completing the testing session, participants were provided a debriefing form, and 

given the opportunity to ask any question concerning the experiment.   

Data 

 Mean RTs for correct responses were recorded for each participant across every test 

condition (i.e., congruency × integration level for the Stroop tasks; target-type × integration level 

for the detection tasks).  Error rates for the Stroop and detection tasks are presented in Table 3 

and Table 4 respectively, but do not factor into any analyses in this experiment, as is convention 

for computer controlled Stroop simulations (Macleod, 1991; also see Pashler, 1998, p. 58).  

Rather, here they served to screen out participants (either due to lack of effort, or because they 

did not properly follow the task instructions).  All data from any participant with more than 15% 
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errors on any single test were discarded.  As a result, the data of six participants were excluded 

from the analyses:  Five participants clearly misunderstood the instructions for at least one of the 

tests, while the sixth appeared to be in such a rush their accuracy dropped to around 70% in 

every test.  Thus, the RT analyses for this experiment were based on 39 participants. 

Results 

Stroop task RT analysis 

For both separated and integrated tasks, mean correct RTs were measured for incongruent 

and congruent displays.  For each participant, any RT more than 3 standard deviations from that 

participant‟s mean for a condition (i.e., congruent, incongruent) was deleted from the data set.  

Mean correct RTs were then calculated for this trimmed set.  Interference effects were measured 

by subtracting mean congruent RT from mean incongruent RT for each participant.  Mean RTs 

and interference effects are displayed in Table 5.   

A 2 (congruency: incongruent, congruent) × 2 (integration level: integrated, separated) 

repeated measures ANOVA was conducted on the RT data.  There was a significant main effect 

of congruency, F(1, 38) = 28.65, p < .001, η
2

p = .43; overall, participants were slower at 

responding to incongruent (M = 448 ms, SE = 10.88) than to congruent (M = 426 ms, SE = 9.17) 

stimuli.  There was no significant main effect for integration level, F(1, 38) = 0.51, p = .41, nor 

was there a significant congruency × integration interaction, F(1, 38) = 1.78, p = .19, indicating 

interference effects were statistically equivalent for the two conditions.  Post hoc (Bonferroni) 

analyses revealed that the Stroop tasks yielded small but significant interference effects for both 

integrated stimuli (effect = 27 ms), t(38)= 4.68, p < .01, and separated stimuli (effect = 17 ms), 

t(38) = 3.47, p < .01.   

Detection task RT analysis 
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 For both separated and integrated tests, mean correct RTs were measured for non-target, 

word-target, colour-target, and double-target displays,  For each participant, any RT more than 3 

standard deviations from that participant‟s mean for a condition (i.e., integration × target-type) 

was removed from the data set.  Mean correct RTs were then calculated for this trimmed set and 

are displayed in Table 6.  Facilitation effects were measured by subtracting mean single-target 

RTs from the mean double-target RTs for each participant. Therefore, facilitation effects due to 

the addition of a word (i.e., double-target - colour-target) are differentiated from facilitation 

effects due to the addition of a colour (i.e., double-target - word-target).  Mean facilitation effects 

are displayed in Figure 11.  

A 4 (target-type: no target, word-target, colour-target, double-target) × 2 (integration 

level: integrated, separated) repeated measures ANOVA was conducted on the RT data.  There 

was a significant main of effect of target-type, F(3, 114) = 85.64, p < .001, η
2
p = .69; participants 

were significantly slower responding to non-target displays (M = 529 ms, SE = 13.74) than to all 

other target-types (p < .05, for all pairwise comparisons, Bonferroni adjusted), and significantly 

faster responding to double-target displays (M = 401 ms, SE = 9.86) than to all other target-types 

(p < .001, for all Bonferroni comparisons).  There was no significant difference in RT to word-

target (M = 501 ms, SE = 13.97) and colour-target (M = 489 ms, SE = 14.31) displays, t(38) = 

2.01, p = .31, Bonferroni adjusted.  There was a significant main effect for stimulus integration, 

F(1, 38) = 16.235, p < .001, η
2
p = .30, such that participants were significantly faster at 

responding to integrated (M = 451 ms, SE = 12.84) than to separated (M = 509 ms, SE = 15.05) 

displays. Finally, the analysis revealed a significant interaction of integration level and target-

type, F(3, 114) = 6.75, p < .001, η
2

p = .15. 
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There was a significant simple main effect of target-type for the integrated detection task, 

F(3, 114) = 56.64, p < .001, η
2
p = .60.  Pairwise (Bonferroni) comparisons revealed that, in the 

integrated tasks, participants were slower responding to non-target displays than to all other 

target-types (p < .01, for all pairwise comparisons). Participants were significantly faster 

responding to double-target displays compared to the others (p < .001, for all pairwise 

comparisons). Finally participants showed no significant difference in RT for integrated word-

target and integrated colour-target displays, t(38) = 0.73, p > .99.  

There was also a significant simple main effect of target-type for the separated detection 

task, F(3, 114) = 64.31, p < .001, η
2

p = .63.  Participants were faster responding to double-target 

displays compared to all other types (p < .001, for all Bonferroni comparisons).  Participants 

were faster responding to separated colour-target displays compared to separated word-target 

displays, t(38) = 3.44, p = .008, and compared to separated non-target displays, t(38) = 3.084, p = 

.023. There was no difference, however, between the latter: separated non-target display and 

separated word-target display RTs did not differ significantly, t(38) = .66, p >.99.  

Overall, integrated facilitation (80 ms) was significantly smaller than separated 

facilitation (106 ms), t(38) = 3.435, p = .004.  For the integrated condition, facilitation effects 

were not significantly different due to the addition of a word (DvC effect = 84 ms) or the 

addition of a colour (DvW effect = 77 ms).  Neither of these effects were significantly different 

from the facilitation due the addition of a word in the separated detection task (DvC effect = 91 

ms, p > .5 for both comparisons).  Facilitation due to the addition of a colour in the separated 

condition (DvW effect = 122 ms), however, was significantly greater than each of the other 

facilitation effects (p < .01).  

Discussion 
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In Experiment 1, participants completed integrated and separated versions of the Stroop 

and detection tasks.  For the Stroop tasks, I found significant interference effects for both 

integrated and separated versions.  The 10 ms difference between these effects was not 

statistically significant. For the detection task, in the integrated condition, facilitation effects 

were not dependent on whether the target was a word or a colour. In the separated condition, 

however, facilitation effects were significantly greater due to the addition of a colour. 

For this experiment, based on prior studies, one expectation was that separating colour 

and word elements in a Stroop-like task would reduce interference.  MacLeod (1998) proposed 

that Stroop interference is caused not only by conflicting sources of information, but also due to 

a difficulty overcoming the integration of these sources in a single Gestalt.  Therefore, separating 

word and colour elements should eliminate the operations required to mentally separate these 

elements.  This view is consistent with others who argue the allocation of spatial attention is a 

factor in producing this effect (e.g., Kahneman & Chajzyk, 1983), and is represented by cell 1B 

in the meta-model (Figure 6).  However, there were no statistically significant differences in 

Stroop interference effects due to integration level.  Thus, the Stroop task findings here 

ostensibly support a more automatic mechanism of domain activation (i.e., 1A in the meta-

model) in the context of a manual response forced-choice Stroop task.  If word and colour 

dimensions are activated regardless of how (or if) spatial attention resources are allocated, then 

separating word and colour elements would not greatly impact interference effects.   

In contrast, evidence from the detection tasks indicates perceptual allocation influences 

channel activation (i.e., 1B in the meta-model) in the context of the detection task.  As with 

Stroop interference effects, if channel activation was not influenced by the allocation of spatial 

attention, then separating the word and colour elements would not impact detection facilitation 
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effects.  However, participants exhibited significantly (i.e., 26 ms) more facilitation in the 

separated condition than in the integrated condition.  Similarly, domain separation would not 

differentially impact the contributions of words and colours towards facilitation for integrated 

and separated displays if spatial attention were not a factor in performance.  However, whereas 

DvW and DvC facilitation effects were similar in the integrated condition, colours contributed 

more than words to facilitation in the separated conditions.   

 Together, these findings suggest two possible explanations.  The first is that Stroop and 

detection tasks entail different perceptual operations.  The second is that both Stroop and 

detection tasks share some perceptual processes which were not revealed by the test conditions.  

The first suggestion is plausible, and is similar to the proposal that Stroop and detection tasks 

entail distinct cognitive architectures, as suggested by Eidels et al. (2010).  However, Eidels et 

al.‟s findings supported the inverse pattern to the one revealed by the present experiment; a 

coactive framework for Stroop processing (which implicates visual attention), and a strictly 

independent process model for detection task performance (which implicates non-selective 

inputs).  The data here, therefore, do not support this version of the different framework 

proposal, as it indicates spatial attention was not a factor for Stroop interference, but was a factor 

in detection task facilitation effects.    

The second explanation, however, is also plausible, as both tasks may entail some of the 

same processes for perceptual allocation.  However, changes in Stroop interference due to 

integration may not have been detectable due to the present use of button pressing methodology; 

effect sizes may have been too small to measure differences.  Essentially, this argument is that 

separating elements may have impacted Stroop processing, but these effects were concealed due 

to lack of statistical power.  For example, MacLeod (1998) employed (vocal) naming paradigms 
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which are known to produce very strong Stroop interference effects.  In MacLeod‟s second 

experiment, on the first day of training participants averaged 167 ms of interference in the 

integrated condition, and 46 ms of interference in the separated condition.  Button pressing 

procedures consistently produce much smaller effects closer to 20 ms (see MacLeod, 1991). 

In any event, along with the results, both the above proposals suggest that spatial 

allocation is implicated in detection task performance (i.e., 1B of the meta-model).  Interestingly, 

overall participants were 58 ms faster responding to integrated (M = 451 ms) than to separated 

displays (M = 508 ms) in the detection task.  This indicates integration was actually an advantage 

for responding in the detection task.  One explanation for this may be that RTs are faster because 

spatial resources are not divided across two gestalt objects within a display.  While reducing the 

targets‟ ambiguity due to separation may increase the advantage double-targets have over single-

targets, dividing attention across two separate objects may also impose a cost.   

  Finally, separating display elements afforded a significant advantage for responding to 

colour-targets compared to word-targets.  Although the evidence presented here supports a 

model of spatial allocation for the detection task, this position is typically linked to the claim that 

words are processed more efficiently than are colours in the Stroop task (e.g., Kahneman & 

Chajzyk, 1983; MacLeod, 1998).  In these views, Stroop interference occurs because people are 

more practiced at reading words than naming colours.  A dilution of Stroop interference occurs 

with separation as spatial resources are divided between elements.  The findings in this 

experiment, however, challenge any proposal that argues for the primacy of word-processing, at 

least with regard to the detection task (alternative views are considered in the general 

discussion).  The possibility that experience with colour naming impacts interference and 

facilitation effects in both integrated and separated tests is explored in Experiment 2. 
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Chapter 6 - Experiment 2  

The goal of Experiment 2 was to determine the impact of Stroop training on the detection 

task.  To do so, pre and post detection tasks were administered before and after an extensive set 

of Stroop practice trials.  One group employed integrated stimuli while the other employed 

separated stimuli.  As a result, the findings from this experiment provided evidence regarding 

whether training on the Stroop task strengthened overall colour processing, or whether it helped 

narrow perceptual processes on the colour dimension. 

Method 

Participants  

Thirty-five participants from the University of Guelph provided the data for Experiment 

2.  They were recruited and credited in the same manner as those in Experiment 1. 

Design   

Participants were assigned randomly to one of two groups corresponding to stimuli type 

(integrated vs. separated).  Participants completed 2 blocks of 240 trials of the detection task, one 

before and one after they completed 6 training blocks of 240 Stroop task trials (for a total of 

training 1440 trials).  Thus, there were 8 blocks of trials: a pre-training detection task block, 6 

training blocks of the Stroop task, and a post-training detection task block.  

Apparatus   

See description in Experiment 1 for details. 

Stimuli  

Experiment 2 used the same stimulus set as Experiment 1 (Figure 9).  One group 

completed tasks with integrated stimuli, while the other group completed tasks with separated 

stimuli.   
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Procedure  

The procedures were similar to those in Experiment 1.  Participants were assigned to one 

of two groups (integrated vs. separated). Upon completing the pre-training test block of detection 

task trials, the experimenter returned and explained the Stroop task‟s instructions, highlighting 

the differences in procedure.  When those were complete the experimenter returned to review the 

instructions for the final detection task block.  Every task block consisted of 8 practice trials, 

followed by 240 experimental trials.  Group assignment, target selection and key assignment 

were counterbalanced across participants for each task (as best as possible).   

Data 

 Mean RTs and errors were recorded for each participant in each test block and condition 

(i.e., congruent and incongruent for the Stroop tasks; non-target, word-target, colour-target, and 

double-target for the detection tasks).  To simplify the analysis, I collapsed the six Stroop 

training blocks into three blocks of 480 training trials. Error rates again served to screen out 

participants and are presented in Table 7 (Stroop task) and Table 8 (detection task).  Data from 

two participants with more than 15% errors was discarded.  The analyses were based on 17 

participants in the integrated condition and 16 participants in the separated condition. 

Results 

Stroop task RT Analysis 

For both the separated and integrated groups, Stroop RTs were measured for congruent 

and incongruent stimuli.  For every individual, any correct RT more than 3 standard deviations 

from that participant‟s mean per condition were deleted from the data set.  Mean correct RTs 

were then calculated from this trimmed set and are displayed in Table 9.  Interference effects 
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were measured by subtracting mean congruent RT from mean incongruent RT for each 

participant.  Mean interference effects across blocks are represented in Figure 12.   

A 2 (congruency: incongruent, congruent) × 3 (testing block: block 1, block 2, block 3) × 

2 (integration level: integrated, separated) mixed-design ANOVA was conducted on the RT data, 

with the integration level as the between-subjects factor.  The analysis revealed a marginally 

significant effect of block, F(2, 62) = 3.071,  p = .056, η
2
p = .09.  Although the results were near 

the alpha level (α = .05), pairwise (Bonferroni) comparisons revealed that the 13 ms overall 

improvement in RT from block 1 (M = 412 ms, SE = 12.83) to block 3 (M = 399, SE = 13.38) 

was non-significant, t(32) = 2.05, p = .147.  However, trend analysis for block revealed a 

significant linear trend, F(1,31) = 4.205, p = .049, suggesting a slight decrease in overall RT. 

There was a marginally significant interaction between block and integration level, F(2, 

62) = 2.671,  p = .077, η
2

p = .08. Post hoc (Bonferroni) comparisons revealed that, in the 

integrated condition, the 24 ms improvement in RT seen in the integrated condition between 

block 1 (M = 432 ms, SE = 17.87) and block 3 (M = 408 ms, SE = 18.64) was marginally 

significant, t(16) = 2.59, p, = 0.06. In the separated condition, none of the Bonferroni 

comparisons between block RT were significant, (p > .2, for each comparison).  An analysis of 

linear trends for block RT revealed a significant trend for the integrated condition, F(1,16) = 

6.681, p =.02, but not for the separated condition F(1,16) = 0.93, p =.765.  Together, these 

patterns suggest training did improve RT in the integrated condition, but not in the separated 

condition. 

There was a significant main effect of congruency, F(1, 31) = 16.625,  p < .001, η
2
p = 

.349); Stroop interference was significant throughout the tests.  Overall participants were 11 ms 

faster at responding to congruent (M = 402 ms, SE = 12.55) than to incongruent (M = 413, SE = 
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13.39) displays.  There were also significant simple main effects of congruency for the integrated 

group, F(1, 16) = 6.558,  p = .02, η
2

p = .291), and the separated group, F(1, 15) = 19.274,  p < 

.01, η
2
p = .562).  However, although latencies were longer for the integrated (M = 419 ms, SE = 

17.97) than the separated groups (M = 395 ms, SE = 18.53), this difference was not significant, 

F(1, 31) = 0.851,  p = .363, η
2
p = .027. 

There was a significant interaction between block and congruency, F(2, 62) = 4.548,  p = 

.014, η
2
p = .128).  Pairwise (Bonferroni) comparisons revealed that while interference was 

significant for the first block (effect = 17 ms, t(32) = 4.12, p < .001), second block (effect = 8 

ms, t(32) = 2.76,  p = .03), and the third block (effect = 9 ms, t(32) = 3.03, p = .015), interference 

was significantly lower in the latter two (9 and 8 ms lower respectively) than in the first block (p 

<.05 for both comparisons). This indicates that incongruency effects are diluted by practice.   

A trend analysis of interference effects across block revealed a significant linear decrease 

from block 1 to block 3, F(1,31) = 5.578, p = .025.  For the integrated group, pairwise 

(Bonferroni) comparisons of revealed marginally significant interference in block 1 (effect = 20 

ms, t(16) = 2.62, p = .054), and non significant interference in block 2 (effect = 6 ms, t(16) = 

1.32, p = .615), and block 3 (effect = 12 ms, t(16) = 2.36, p = .093).  For the separated group, 

Stroop interference was highest in block 1 (effect = 14 ms) where it was significant, t(15) = 4.36, 

p = .003, and lowest in block 3 (effect = 6 ms) where it was non-significant,  t(15) = 2.05, p = 

.174, Bonferroni adjusted.  There was no significant 3-way interaction of  block × congruency × 

condition, F(2, 62) = 1.318,  p = .275, η
2

p = .0.41), indicating these patterns are not statistically 

different for integrated and separated groups. 

Detection task RT analysis 
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 For both integrated and separated groups, correct RTs were measured for non-target, 

word-target, colour-target, and double-target displays.  For every individual, RTs more than 3 

standard deviations from the condition mean for that participant‟s data were deleted from the 

data set.  Mean correct RTs were then calculated for this trimmed set and are displayed in Table 

10.  Facilitation effects were measured in the same manner as Experiment 1.  Facilitation effects 

for Experiment 2 are displayed in Figure 13.   

A 2 (integration level: integrated, separated) × 4 (target-type: double-target, word-target, 

colour-target, non-target) × 2 (block: pre-training, post-training) mixed ANOVA was conducted 

on the RT data, with integration level constituting the between subjects factor.  The analysis 

revealed that, overall, there was no significant effect of integration level, F(1, 31) = .607, p = 

.442, η
2
p = .118.  There was a significant main of effect of block, F(1, 31) = 75.006, p < .001, η

2
p 

= .708; participants were significantly slower responding in the pre-training test (M = 493 ms, SE 

= 18.27) than in the post-training test (M = 401 ms, SE = 13.44), indicating that responses were 

speeded up in the detection task after Stroop training.  There was no interaction between block 

and integration level, F(1, 31) = 1.685, p = .204, η
2

p = .052, suggesting that the speed up in 

responding pre-to-post test was equivalent for integrated and separated tasks. 

There was a significant main effect of target-type, F(3, 93) = 97.59, p < .001, η
2
p = .789.  

Pairwise (Bonferroni) comparisons revealed significant differences for all six comparisons (p < 

.005 for each comparison).  Participants were fastest responding to double-target displays (M = 

384 ms, SE = 12.13), slower to colour-target displays (M = 439 ms, SE = 16.34), slower still to 

word-target displays (M = 464 ms, SE = 16.29), and slowest to non-target displays (M = 502 ms, 

SE = 17.58).  DvW facilitation (effect = 79 ms) was significantly greater than DvC facilitation 
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(effect = 55 ms, t(32) = 3.59, p < .005) .  Therefore, the addition of a colour element decreased 

RTs 24 ms more than did the addition of a word element. 

There was a significant interaction between target-type and integration level, F(3, 93) = 

4.053, p = .009, η
2

p = .116.  Pairwise (Bonferroni) comparisons revealed that participants in the 

integrated group were significantly slower responding to non-target displays (M = 481 ms, SE = 

22.51) than to all other target-types (p < .01, for all three comparisons).  They were faster at 

responding to double-target displays (M = 379 ms, SE = 14.09) than to word-target (M = 444 ms, 

SE = 19.52, t(16) = 8.03, p < .001) and to colour-target displays (M = 438 ms, SE = 18.97, t(16) 

= 7.44, p < .001) .  The 6 ms difference in RT between word-target and colour-target displays 

was not significant, t(16) = 0.623, p > .99.  Together, this indicates that DvW facilitation (effect 

= 65 ms) and DvC facilitation (effect = 59 ms) were significant effects that were not significantly 

different from each other with integrated displays.  In the separated condition, participants were 

slower responding to non-target displays (M = 523 ms, SE = 27.26) than to all other target-types 

(p < .01, for all three comparisons).  They were faster at responding to double-target displays (M 

= 390 ms SE = 20.03) than to word-target (M = 484 ms SE = 26.43, t(15) = 10.17, p < .001) and 

colour-target displays (M = 440 ms, SE = 27.01, t(15) = 4.695, p =.002).  The 44 ms difference in 

RT between word-target and colour-target displays was statistically significant, t(15) = 6.315,  p 

< .001.  That is, the 94 ms DvW facilitation effect was significantly larger than the 50 ms DvC 

facilitation effect. 

There was also a significant interaction between target-type and block, F(3, 93) = 7.737, 

p < .001, η
2

p = .2; pairwise (Bonferroni) comparisons revealed that while participants 

significantly reduced their RTs from pre to post-training tests for all target-types, this reduction 

was equivalent for word-target (reduction = 101 ms, SE = 13.24) and colour-target displays 
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(reduction = 112 ms, SE = 12.71), and was equivalent for double-target (reduction = 78 ms, SE = 

9.76) and non-target displays (reduction = 80 ms, SE = 12.1), p > .5 for all comparisons.  The 

reductions in RTs were significantly greater for both word-target and colour-target displays 

compared to double-target and non-target displays (p < .001, for all comparisons).  Overall, 

facilitation effects were reduced from pre to post test.  Finally, in the pre-training test, in line 

with findings from Experiment 1, there was no significant difference between DvW (effect = 91 

ms, SE = 9.06) and DvC (effect = 72 ms, SE = 9.03) facilitation effects, t(32) = 1.918, p = .128.  

In the post-training test, DvW facilitation (effect = 68 ms, SE = 5.92) was significantly greater 

than DvC facilitation (effect = 37 ms, SE = 5.31), t(32) = 5.471, p < .001. 

The ANOVA revealed that the 3-way interaction of integration level × target-type × 

block was not statistically significant, F(3, 93) = 2.13, p = .101, η
2

p = .064.  However, the overall 

trend, and the two significant 2-way interactions described above, led to a closer analysis of 

facilitation effects in the pre and post tests.  Pairwise (Bonferroni) comparisons were conducted 

on cell means to examine pre and post DvW and DvC facilitation for each group.  For all tests, 

participants were faster in responding to double target displays than to single target displays (p < 

.001, for each comparison).  For the integrated group, in the pre-training test, there was no 

significant RT difference between word-target and colour-target displays (difference = 10 ms, 

t(16) = 0.763, p > .99), indicating that  DvW facilitation (effect = 71 ms) and DvC facilitation 

(effect = 81 ms) were not significantly different.  In the post-training test, there was a marginally 

significant RT difference for word-target and colour-target displays (difference = 22 ms, t(16) = 

2.589, p = .079).  This suggests DvC facilitation (effect = 38 ms) was lower than DvW 

facilitation (effect = 59 ms) after Stroop training.  DvW facilitation was not significantly 

different from pre to post-training test (difference = 12 ms, t (16) = 1.491, p = .62), whereas DvC 
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facilitation was significantly reduced from the pre to post-training test (difference = 43 ms, t (16) 

= 4.62, p = .001).  Together, these findings indicate that, for integrated displays, Stroop training 

reduced the advantage of double target displays over colour-target displays, but not over word-

target displays.  In other words, Stroop training increased the relative contributions of colour 

compared to word to RTs for double-target displays in the integrated detection task.   

For the separated group, in the pre-training test, DvW facilitation (effect = 111 ms), was 

significantly greater than DvC facilitation (effect = 63 ms, difference = 49 ms, t(15) = 4.66, p < 

.001), indicating greater contributions of the colour dimension to double-target display RT 

compared to word. This was also true for the post-training test; DvW facilitation (effect = 76 ms) 

was significantly greater than DvC facilitation (effect = 38 ms, difference = 38 ms, t(15) = 5.99, 

p < .001).  DvW facilitation was marginally reduced from pre to post-training test (difference = 

35 ms, t (15) = 2.54, p = .09), as was DvC facilitation pre to post-training test (difference = 25 

ms, t (15) = 2.18, p = .102).  Together, these findings indicate that, for separated displays, Stroop 

training reduced the advantage of double-target displays over single-target displays for response 

latencies overall, but did not impact the relative contribution of words and colours for these 

displays; the colour dimension contributed more to double-target RTs than the word dimension 

both before and after training.   

Discussion 

In Experiment 2, participants were assigned to a group corresponding to stimulus type 

(integrated or separated).  They completed 240 trials on the detection task, followed by 1440 

trials on the Stroop task, and then another 240 trials on the detection task.  The purpose of the 

experiment was to examine the effect of practice in identifying colours in a focused attention 

task on performance on a divided attention task.  Over the course of the Stroop trials, overall RTs 
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of participants in the integrated condition decreased (i.e., they became faster), and participants in 

both groups exhibited small but measurable reductions in Stroop interference effects across 

blocks.  There were no discernible differences in the Stroop RT patterns between groups.  On the 

detection tasks, overall RTs improved equivalently for integrated and separated groups from pre 

to post-training test.  In the integrated group, DvW facilitation remained about the same before 

and after training, whereas DvC facilitation was significantly reduced.  As a result, before Stroop 

training, DvW and DvC facilitation effects were equivalent, while after training DvC facilitation 

was significantly less than DvW facilitation.  In the separated group, DvW was larger than DvC 

facilitation before and after training, although both effects were significantly reduced after 

training.   

A key pattern emerging in the results was that the colour dimension generally contributed 

more to detection facilitation effects than did the word dimension, particularly with separated 

displays.  That is, participants responded more quickly to target colours than target words, and so 

the contributions of the colour element to double-target RTs were greater than were the 

contributions of the word element.  As in Experiment 1, this would appear to challenge any claim 

that words are generally processed more efficiently than colours, particularly with regards to the 

detection task. 

Further, results from this experiment suggest that Stroop training had a three-fold effect 

on detection task performance.  First, it improved the overall performance of participants on the 

detection tasks in terms of speeding overall RTs.  Participants were on average 98 ms faster 

responding in the post-training test compared to the pre-training test.  Secondly, Stroop training 

reduced (but did not eliminate) the advantage of double-target displays over single-target 

displays.  While facilitation effects remained robust throughout the experiment, by the post-
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training test, reaction times to single-target displays were catching up to reactions to double-

target displays.  Finally, Stroop training appeared to decrease the relative contributions of the 

word dimension to RT for double-target displays in the integrated condition so that colour 

contributed more than word.  Stroop training, however, did not change the relative contributions 

of word and colour in the separated condition where colour already contributed more than word.  

In other words, participants were equally fast responding to integrated words and colours before 

Stroop training, however, after training participants were faster responding to colours than to 

words. 

It appears that after training to identify colours, RT patterns for the integrated detection 

task align with RT patterns for the separated detection task.   This appears to correspond with the 

results of MacLeod (1998), who found that Stroop training had little impact on separated 

interference, and reduced integrated interference a great deal, such that interference effects were 

similar for both integration levels after training.  Together, these findings suggest that training 

strengthened colour processing.  Two possible explanations for this effect are proposed here.  

The first is that improved colour identification is due to improved spatial selection, suggesting a 

shared selection mechanism at the input layer (i.e., 1B in the meta-model).  According to this 

proposal, practice identifying colours improves participants‟ ability to spatially select the colour 

element in integrated displays.  The second explanation for the present results is that training on 

the Stroop task improved colour processing not related to perceptual-allocation (i.e., 2B in the 

meta-model).  In other words, rather than (just) improving Gestalt operations, Stroop training 

improves operations that promote colour responding at later stages of processing.   

Based on the present findings, both proposals appear reasonable explanations.  In the 

integrated condition, RTs to colour-target displays improved 32 ms more than did RTs to word-
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target displays from pre to post tests, whereas in the separated condition RTs to colour-target 

displays improved the same amount as RTs to word-target displays from pre to post tests. Note, 

however, that the first explanation (that colour selection is improved with Stroop training) pre-

supposes related perceptual resources are engaged in the Stroop and detection tasks; hence, 

Stroop training improves perceptual allocation in the detection task.  This account, therefore, 

contradicts the distinct framework proposal suggested by results from Experiment 1, as 

perceptual allocation was not implicated for the Stroop task in Experiment 1 (see Experiment 1 

discussion).  Since spatial attention is implicated in this account, it is compatible with both the 

selection interference model of processing (1B-2A) and the coactive accrual account (1B-2B) for 

the detection task.   

Alternatively, the second explanation (i.e., that training on the Stroop task improved post-

lexical/response operations) would imply the coactive framework (1B-2B) for detection task 

processing, given the present evidence.  This is because changes in detection RT patterns due to 

Stroop training would be due to post-lexical changes in colour processing.  Nevertheless, the 

observed differences in detection RT patterns due to the effect of domain separation continue to 

implicate the allocation of spatial attention.   Note, this explanation pre-supposes shared post 

lexical colour processes for the Stroop and detection tasks (hence, Stroop training improves these 

processes in the detection task).   

In the case of either explanation, however, the observation that training on the Stroop task 

had a differential effect on word and colour processing for integrated and separated displays, is 

evidence Stroop and detection tasks entail related cognitive operations of some sort.  It does not 

seem likely that a general change in processing due to Stroop training, not linked to any specific 

task operations (e.g., from exposure to the stimuli), would have such a narrow and specific 
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impact on colour processing in the detection task.   Experiment 3 explores the effect of training 

on the detection task upon facilitation effects.   If the changes in detection task RTs due to 

training observed in Experiment 2 are the result of an improvement in operations utilized in both 

Stroop and detection tasks, then a similar pattern would be expected to emerge with sufficient 

practice on the detection task. 

Chapter 7 - Experiment 3  

Experiment 3 was designed to determine whether the training effects that appeared in 

Experiment 2 were due to a strengthening of colour processes as a result of focused attention 

training, or whether this pattern would be replicated when participants were trained on the 

divided attention task.  Therefore, in Experiment 3 participants were trained extensively on the 

detection task to examine changes over time. 

Method 

Participants  

Twenty-six students from the University of Guelph were recruited for Experiment 3 in 

the same manner as in the prior experiments (see Method section for Experiment 1). 

Design and Stimuli 

Participants were assigned to one of two groups (n = 13 per group) corresponding to 

integration level (integrated vs. separated).  Each group completed 1440 detection task trials over 

4 blocks with either the integrated or separated stimulus set (Figure 9A and 9B).   

Apparatus   

All tasks were carried out using the same apparatus used in the prior experiments; 

responses were made by pressing one of two keys („Z‟ and „/‟) and reaction time was recorded to 
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the millisecond. As the tasks were the same as those used in the prior experiments, please refer to 

the method section of Experiment 1 for further details. 

Procedure  

Test procedures were similar to those used in the prior experiments (refer to Experiment 1 

for details). Testing took approximately 30 minutes.  The tests employed in this experiment 

consisted of 8 training trials, followed by four blocks of 360 experimental trials (90 of each 

word/colour combination) for a total of 1440 trials over the course of the experiment.  As above, 

trials consisted of the presentation of one of the four combinations of red and green (integrated 

for one group, separated for the other).  Target selection and key assignment were balanced 

across the four blocks, such that each participant completed four blocks consisting of the four 

possible keystroke/target combinations in random order (i.e., Z=green target, Z=red target, 

„/‟=green target, „/‟=red target).  Refer to the method section in Experiment 1 for further details 

about the detection task.   

Results 

 An RT analysis was conducted on the four detection training blocks.  A 15% error rate 

was established as a cut-off to screen; however, no participant reached this criterion.  Error rates 

are presented in Table 11. 

RT Analyses 

Mean correct RTs for non-target, word-target, colour-target, and double-target displays 

(outliers were excluded from analyses as in the previous experiments) are displayed in Table 12.  

Mean facilitation effects across testing block are displayed in Figure 14.  

A 4 (target-type: double-target, word-target, colour-target, non-target) × 2 (integration 

level: integrated, separated) × 4 (block: block 1, block 2, block 3, block 4) mixed-design 



65 

 

ANOVA was conducted on the mean correct RT data.  Integration level was the between 

subjects factor.  Tests of sphericity revealed violations for block (Mauchly‟s W = .602, p = .042), 

target-type (Mauchly‟s W = .584, p = .032) and block × target-type (Mauchly‟s W = .019, p = 

.001).  Therefore, the Greenhouse-Geisser correction was used to test for significance (adjusted 

ANOVA p-values are reported here).  The analysis revealed a significant main effect of target-

type, F(3, 72) = 152.665,  p < .001, η
2

p = .864).  Participants were significantly fastest 

responding to double-target displays (M = 356 ms, SE = 8.67), slower to colour-target displays 

(M = 400 ms, SE = 11.55), slower yet to word-target displays (M = 438 ms, SE = 14.16), and 

slowest to non-target displays (M = 499 ms, SE = 11.90).  All pairwise comparisons were 

significant (p < .001 for each Bonferroni comparison). There was a significant main effect of 

block, F(3, 72) = 54.351,  p < .001, η
2

p = .694).  Pairwise (Bonferroni) comparisons revealed 

participants were slowest in block 1 (M = 485 ms, SE = 14.23), significantly faster in block 2 (M 

= 423 ms, SE = 12.04, p < .001 compared to block 1), and fastest in block 3 (M = 394 ms, SE = 

10.26, p < .005 compared to block 1 and 2) and block 4 (M = 390 ms, SE = 11.54, p < .001 

compared to block 1 and 2).  Overall, RTs in block 3 and block 4 were not significantly different 

(p > .99).  An analysis of linear trend also revealed a significant effect for block, F(1,24) = 

90.063, p < .001.   

There was no significant main effect of integration level, F(1, 24) = 1..948,  p = .176, η
2

p 

= .075.  The overall 31 ms faster RT for the integrated group (M = 408 ms, SE = 15.47) 

compared to the separated group (M = 439 ms, SE = 15.47) was not statistically significant.  The 

integration level × block interaction was also not statistically significant, F(3, 72) = 0.37, p = 

.775, η
2
p = .015, nor was block × target-type × integration level, F(9, 216) = .727,  p = .622, η

2
p 
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= .029).  Together these findings indicate training had the effect of reducing RTs equivalently 

for integrated and separated groups.   

There was a significant interaction of target-type × block, F(9, 216) = 4.817,  p < .001, 

η
2
p = .167).  An analysis of facilitation effects was conducted for each block.  Pairwise 

(Bonferroni) comparisons revealed that all facilitation effects were significant in each block 

(effect range = 22 ms – 101 ms,  p < .005 in each case).  In block 1, DvW facilitation (effect = 

101 ms) was not significantly different from DvC facilitation (effect = 76 ms, t(25) = 2.33, p = 

.085); however, in each of the other blocks DvW facilitation was significantly greater than DvC 

facilitation (p < .01, for each comparison).   

DvW facilitation was significantly higher in block 1 compared to DvW facilitation in 

each of the other blocks (p < 0.05, for each comparison), however, DvW facilitation was not 

significantly different in block 2 (effect = 83 ms), block 3 (effect = 74 ms), and block 4 (effect = 

69 ms), p > .25 for each comparison.  DvC facilitation was significantly larger in block 1 

compared to DvC facilitation in each of the other blocks (p < 0.01, for each comparison), and 

DvC facilitation was significantly larger in block 2 (effect = 43 ms) than in block 4 (effect = 22 

ms).  DvC facilitation was not significantly different for block 3 (effect = 31 ms) compared to 

block 2 or block 4.  Overall, this indicates training reduced facilitation effects early in training, 

but leveled out in later blocks, and that DvC facilitation effects were reduced by training more 

than were DvW facilitation effects. 

There was also a significant interaction of target-type × integration level, F(3, 72) = 

3.745,  p = .025, η
2

p = .135.  For the integrated group, participants were faster responding to 

double-target displays (M = 348 ms, SE = 14.21) compared to all other types (p < .001, of each 

comparison), and slower responding to non-target displays (M = 479 ms, SE = 14.58) compared 
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to all other display types (p < .001, of each comparison).  Participants were equivalently fast 

responding to word-target (M = 412, SE = 16.80) and colour-target (M = 393, SE = 15.40) 

displays (p = .219).  For the separated group, pairwise (Bonferroni) comparisons revealed that 

the mean RTs for each target-type was significantly different from the other three (p < .005 for 

all six comparisons); participants were fastest responding to double-target displays (M = 365ms, 

SE = 9.95), slower to colour-target displays (M = 406 ms, SE = 17.21), slower still to word-target 

displays (M = 465 ms, SE = 22.79), and slowest to non-target displays (M = 518 ms, SE = 18.81).  

Together, this indicates that, for the integrated group, DvW facilitation (effect = 63 ms) and DvC 

facilitation (effect = 44 ms) were statistically equivalent.  In contrast, for the separated condition, 

DvW facilitation (effect = 101 ms) was significantly greater than and DvC facilitation (effect = 

42 ms).  Finally, DvW facilitation was marginally larger in the separated condition than DvW 

facilitation in the integrated condition (difference = 37 ms, t(24) = 2.24, p = .069), whereas DvC 

facilitation was equivalent for both integration levels (difference = 3ms, t(24) = .283, p > .99). 

Together, the significant target-type × integration level and target-type × block 

interactions suggested a comparison of DvC and DvW facilitation effects across blocks for each 

group, in order elucidate these relations.  Pairwise (Bonferroni) comparisons of DvW and DvC 

facilitation effects in each block revealed that, in the integrated condition, these effects were not 

significantly different in block 1 (difference = 4 ms, p > .99), and block 2 (difference = 25 ms, p 

= .116), but they were in block 3 (difference = 27 ms, p = .019) and block 4 (difference = 27 ms, 

p = .033) .  In the separated condition, however, DvW facilitation was significantly greater (i.e., 

by more than 50 ms) than DvC facilitation effects in each block (p < .05, for each comparison).   

Discussion 
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In Experiment 3, participants completed 1440 trials of the detection task using either 

integrated or separated stimuli.  Analyses were conducted to determine changes in RTs and 

facilitation effects with practice.  Overall, there was a general decrease in RTs and a general 

reduction in facilitation effects.  In the integrated group, RTs to word-target and colour-target 

displays were equivalent early in testing; however, in later blocks, participants were significantly 

faster responding to colour-targets than to word-targets.  In the separated group, participants 

were faster responding to colour-targets throughout.  DvW facilitation was larger in the separated 

condition than the integrated condition, whereas DvC facilitation was equivalent for both 

integration levels.  Separating the words and colours increased the contributions of colours to 

double target RTs.  Training served to generally reduce the advantage of double-target displays 

over single-target displays.  This advantage reduction was equivalent for DvC and DvW 

facilitation with separated displays, and greater for DvC facilitation than DvW facilitation with 

integrated displays, such that the general RT patterns for integrated and separated displays 

became equivalent with sufficient practice. 

 In this experiment, the pattern of change in detection facilitation effects due to practice 

were similar to those exhibited in Experiment 2.  This again provides some evidence that Stroop 

and detection task processing entail some common cognitive processes.  Training on both the 

focused attention task (Experiment 2) and the divided attention task (Experiment 3), led to an 

increase in the relative contributions of the colour dimension compared to the word dimension to 

double-target RTs.   

Two possible explanations for why colour processing improved in both experiments are 

presented here.  The first is that training on either task improves spatial selection (i.e., implicates 

1B in the meta-model).  As both focused and divided attention tasks require attending to the 
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colour dimension, the ability to select the colour dimension is improved.  A similar improvement 

is not seen for word processing in the detection task, despite that words are also attended, 

because word recognition is already a highly automatic process.  With separated displays, the 

pattern of improved colour processing is not elicited. Colour detection is not impaired, in this 

case, because the colour element is highly visually salient, as it does not occupy the same space 

as a (potentially contradictory) word.   

 An alternative explanation is that practice on the Stroop and detection tasks impacts 

different processes.  With Stroop training, practice focusing on the colour dimension improves 

the early selection of the colour element for the detection task (i.e., implicating 1B in the meta-

model).  With detection practice, attending to both dimensions improves detection task 

operations at a later stage of processing (i.e., implicating 2B in the meta-model), for instance, by 

allowing more efficient combining of evidence from activated channels, and/or by strengthening 

connections to the response layer.  Nevertheless, training on both tasks leads to similar detection 

task RT patterns.  As a result, this account is only compatible with a coactive accrual account of 

detection task processing, as Stroop training impacts perceptual allocation, while detection 

training impacts post-lexical interactions.   This latter explanation, however, implies that 

although, in this account, Stroop and detection tasks involve some of the same cognitive 

processes, training on each tasks impacts different task operations.    

Both the prior proposals require an explanation for why practice ignoring one dimension 

and attending to the other, and practice attending to both dimensions yields similar detection task 

response patterns after training.  A third proposal, that training on both tasks improves other 

processes not linked to visual selection, will be considered in the general discussion below.  

Chapter 8 - General Discussion 
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Summary of findings   

In this series of experiments, I administered forced choice button-pressing divided-

attention detection tasks, and focused-attention Stroop tasks.  By examining response patterns 

from both tasks, I sought to determine how divided attention processing may be characterized 

within a meta-model of Stroop theories (Figure 6).   

In Experiment 1, participants completed integrated and separated versions of the Stroop 

and detection tasks.  There were no differences in Stroop interference effects due to integration 

level.  In the detection tasks, DvW and DvC facilitation effects were not different for integrated 

displays; however, DvW facilitation was larger than DvC facilitation for separated displays.   

Experiment 2 measured the impact of Stroop training on detection task performance.  

Over the course of the Stroop trials participants exhibited small but measurable reductions in 

Stroop interference effects.  In the integrated condition, DvW facilitation remained about the 

same before and after training, whereas DvC facilitation was significantly reduced.  In the 

separated condition, DvW remained larger than DvC facilitation before and after training.    

In Experiment 3, participants practiced the detection task.  In the integrated condition, 

DvW and DvC facilitation were equivalent early in testing.  Towards the end of testing, DvW 

facilitation was greater.  In the separated condition, DvW facilitation was greater throughout 

testing.  DvW facilitation was larger in the separated condition than in the integrated condition, 

whereas DvC facilitation was equivalent for both integration levels.   

The impact of spatial integration 

  The results from my experiments indicate that separating word and colour elements 

increases the contributions of colour to facilitation effects.  In one sense, this finding is 

compatible with examinations of the Stroop effect that demonstrate dilutions in Stroop 
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interference effects due to separating word and colour (e.g., Kahneman & Chajzyk, 1983; 

Kahneman & Henik, 1981; MacLeod, 1998).  These studies found reduced interference effects 

with separated stimuli.  The rationale generally proposed to account for Stroop interference 

dilutions due to separation is that, as spatial attention is less focused on the word in separated 

displays, more practiced (i.e., automatic) reading processes are less inclined to interfere with less 

practiced colour naming processes.  However, interpreting the detection task findings in this light 

is somewhat tenuous because this view assumes the primacy of word activation over colour 

activation.  In the detection task, both dimensions require attending.  Given a parallel 

architecture, if words are processed more efficiently than colours, it would be expected that 

participants would be faster responding to word-target displays than to colour-target displays.  

However, I found that RTs to colour-targets were for the most part faster than to word-targets, 

and that the colour dimension contributed more to facilitation effects than did the word 

dimension for separated displays. 

The bias towards colour processing observed in my experiments may be explained with 

reference to the seminal work of Cattell (1886), while he was a student in Wundt‟s perception 

laboratory.  In a series of experiments, Cattell measured the time it took participants to make 

different kinds of reaction responses to various types of stimuli.  These measurements were 

divided into three categories: 1) Reaction-time; the time it took to register a sensation, which was 

measured as the time it took for participants to detect a light; 2) perception-time; the interval 

between sensation and perception, which was measured as the additional time it took for 

participants to distinguish a target stimulus (e.g., lift hand if the red light appears, but not if the 

white light appears); and 3) will-time; the time it took to respond to a perceived stimulus in a 

particular way, which was measured as the additional time necessary to identify a stimulus (e.g., 
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lift right hand if light is red, left hand if light is blue).  He found that the perception time for 

colours (average of 95 ms) was faster than the perception time for words (average of 125 ms), 

whereas the will-time for colours (average of 340 ms) was slower than the will time for words 

(average of 105 ms).  As a result, Cattell proposed that participants detect colours faster than 

they detect words, but classify words faster than they classify colours.  Cattell‟s classification 

theory is consistent with the findings of my experiments.  In the Stroop tasks, participants 

identify the words faster than colours (i.e., the will-time), whereas in the detection tasks, the time 

it takes to detect a target is faster for colours than for words (i.e., the perception-time).   

If applicable to the Stroop and detection tasks in the present set of experiments, Cattell‟s 

theory would imply that task demands are the primary determinant of which channel is processed 

faster, whether attended or not.  In the detection task, when participants are instructed to detect a 

stimulus, colour signals are faster.  In the Stroop task, when participants are required to classify a 

stimulus, word signals are faster.  Interestingly, the proposal that task demands govern channel 

processing is similar to Besner and colleagues‟ “mental set” proposal (e.g., Bauer & Besner, 

1997; Besner et al., 1997).  According to Besner et al. (1997), mental set “determines the kind 

and extent of processing that is engaged … serving to bias processing at different levels” (p. 

221).   

Cattell‟s classification theory, however, does not explain why participants detected word-

targets equally as fast as colour-targets when the dimensions were integrated.  In this regard, the 

application of Cattell‟s proposal is lacking.  If colours are detected before words, it should not 

matter if they are part of the same object; when a colour is detected it should have the same 

potential to trigger a response whether it is part of a word or not, in this view. 
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At any rate, while stimulus integration may be a disadvantage for selective attention, 

evidence suggests that integration affords an advantage for responding in divided attention tasks; 

overall RTs were faster for integrated displays in Experiment 1.  This observation coincides with 

MacLeod‟s (1998) finding of greater Stroop facilitation effects with integrated displays than 

separated displays in the Stroop task, and supports the view that the allocation of spatial 

resources across a display impacts processing.  Therefore, it is reasonable to assume that, when a 

task entails attending to two dimensions and these dimensions share the same space, visual 

attention is not divided across two objects in the perceptual field.  Consequently, fewer resources 

are devoted to spatial processing, and thus integrated detection is more efficient than separated 

task detection, allowing for faster overall RTs.  When attention needs to be devoted to two 

separate objects, this divides perceptual resources, reducing the efficiency that each dimension is 

activated.  Note that this claim is consistent with the 1B-2A and 1B-2B architectures.  

The impact of training 

 Experiment 2 revealed that training on the Stroop task reduced facilitation effects from 

pre to post detection tasks.  This reduction was greater for DvW facilitation than it was for DvC 

facilitation with integrated displays, as RTs to single colour-targets improved more than RTs to 

single word-targets.  In the separated condition, RTs to single colour-target displays remained 

faster before and after training.  MacLeod (1998) found a similar pattern occurred with 

integrated and separated Stroop colour naming training tasks; he found that Stroop training 

greatly reduced, but did not eliminate Stroop interference for integrated displays, and only 

marginally reduced interference for separated displays.  He suggested that practice ignoring the 

word and focusing on the colour improves the selection of the colour element.  With separated 

displays, selecting the colour is already easy, as it is not embedded in the distractor.  As a result, 



74 

 

he argued that practice helps overcome the “larger integration problem” (p. 201), but can do little 

to mitigate interference due to conflicting information sources. 

 MacLeod‟s (1998) proposal may provide a reasonable account for why colour processing 

in Experiment 2 was improved after Stroop training for integrated but not separated displays. 

However, this proposal is not consistent with the results of Experiment 3.  In Experiment 3, 

where training consisted of detection task trials rather than Stroop trials, facilitation effects were 

also reduced after training.  As in Experiment 2, this reduction was greater for DvW than it was 

for DvC with integrated displays where RTs to single colour-targets improved more than RTs to 

single word-targets. In the separated condition, RTs to single colour-target displays were faster 

than RTs to single word-target displays before and after training.  It would appear, therefore, that 

practice on a divided attention task is sufficient to achieve the same results as practice on a 

focused attention task.  In other words, while task training does appear to improve colour 

processing, it appears to do so whether or not there is an imperative to ignore one dimension in 

favour of the other. 

 This finding leads to the question: What is training accomplishing?  As mentioned, 

Macleod (1998) proposed that Stroop practice improves early selection of the colour dimension.  

Other proposals are compatible with the view that practice improves colour processing in some 

other (i.e., non-spatial) manner (e.g., Posner & Snyder, 1975; Stroop, 1935), such as by 

improving signal efficacy or response selection.  Here I would like to draw attention to the subtle 

difference between these two proposals.  Improving spatial selection is likened to improving the 

ability to narrow the focus of attention upon the colour, reducing the likelihood (or perhaps the 

influence) of unintentional reading.  This would correspond to the input layer of the meta-model 

(layer 1).  Improving other (i.e., non-spatial) colour processes, in contrast, may occur by 
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increasing the potency of colour signals (i.e., in connectionist terms, the weight of the signal) 

and/or the stimulus connections to the responses.  This would correspond to the later phases of 

the meta-model (layer 2).   

Note, however, it would be incorrect to argue that, because integrated task RT patterns 

were similar to separated task RT patterns after training (e.g., Figure 13 and Figure 14), training 

and separation necessarily involve the same operations.  It is entirely possible that stimulus 

separation and task training have different effects on processing, even though they lead to similar 

RT patterns.  It is also possible that training on the Stroop task and training on the detection task 

impact different processes, despite leading to similar RT outcomes.  Nevertheless, these 

similarities suggest a common link between training on the different paradigms, and to stimulus 

separation.  Therefore, the following sections will propose a novel account that links the impact 

of separation and task training to common processes. 

Linking Stroop and detection task training 

 It would be fair to argue that Stroop and detection task practice instigate different 

processing changes, as the Stroop task requires ignoring one dimension, while the detection task 

requires attending to both.  The fact that task training in both Experiment 2 and Experiment 3 led 

to very similar detection task RT patterns would suggest otherwise, however.  Specifically, in 

both experiments, initially detection task RTs to single word and single colour displays were 

equivalent for the integrated tests, and RTs to single colour-targets were faster than RTs to single 

word-targets for the separated tests.  After training, (whether on the Stroop or the detection tasks) 

RTs were faster to single colour-target displays for both integrated and separated detection tasks.   

Here, I will present an incipient view that assumes the cognitive changes brought about 

by training on the detection and Stroop tasks are alike.  This account proposes that practice on 
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both tasks strengthens colour processing, and consists of four assumptions about detection task 

processing: 1) For integrated displays, words and colours are detected equally fast;  2) separating 

words and colours slows the speed that words are detected, as spatial resources are divided 

across two objects;  3) Training on either task improves colour processes, as both tasks entail 

attending to the colour dimension; and  4) Training on either task does not significantly improve 

word processes, even if the word is also being attended, as people are already experienced 

readers (i.e., they are about as good as they can be).   

 The above assumptions provide a plausible account for the results exhibited in the three 

experiments.  Assumption 1 is based on the observations of performance on the detection task 

with integrated displays before practice.  In experiments 1, 2 and 3, with integrated displays 

participants were equivalently fast detecting word and colour-targets without training.  The 

reason for this may be that although colours may be detected faster than words in normal 

circumstances, as Cattell (1886) observed, integrating colours into words may interfere with 

colour detection as doing so may reduce the visual salience of the colour.  Assumption 2 is based 

on the detection task findings in experiments 1 and 3, where, with separated displays, 

participants were slower responding to word-target displays than to colour-target displays.  Word 

detection is impaired because dividing attention across multiple objects draws upon spatial 

resources (e.g., Kahneman & Chajczyk, 1983).  While colour detection may be similarly 

impaired, this impairment is partially offset by an increase in visual salience when the colour is 

presented in a band.  Assumption 3 is based on the results of experiments 2 and 3, and 

assumption 4 is based on the results of Experiment 3, wherein both cases participants improved 

more on colour-targets than word-targets with training.  Many Stroop theorists have argued that 

reading skills cannot be improved with practice on such tasks as they are already well practiced 
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(e.g., Kahneman & Chajczyk, 1983; MacLeod, 1998; Posner & Snyder, 1975; Stroop, 1935).  

Therefore, in the detection task, although the word-target is similarly attended rather than 

ignored, only colour processing has room to improve.   

Linking the effects of stimulus separation and task training 

 MacLeod (1998) argued that training improves participants‟ ability to select the colour 

dimension: “Subjects must first overcome the integration problem, which they do quite quickly, 

and can then begin to “chip away” at the problem of responses deriving from two dimensions” 

(p. 208).  My experiments certainly reveal stimulus integration having a strong influence on RTs.  

Separating the word and colour dimensions greatly improved colour processing in all 

experiments.  Thus, the allocation of spatial attention when a display is presented has a 

significant impact on detection task performance.  However, applying this same rationale to 

explain the effects of training is problematic.  For instance, based on previous studies, spatial 

attention in visual word recognition is distributed across the word by default (Besner & Stolz, 

1999; Manwell et al., 2004).  It may be logical to assume, therefore, that practice on the Stroop 

task involves learning to combat this tendency as MacLeod (1998) proposed, since the word 

dimension is supposed to be ignored.  However, in the detection task, this tendency is 

advantageous (even required) as both dimensions are attended.  It does not seem plausible that 

one cannot revert to this default when required, even after extensive Stroop practice.  This 

explanation is even more difficult to reconcile with the findings from Experiment 3, where there 

should be no imperative to learn to overcome this default disposition with detection task training.  

In light of the 4 assumptions proposed in the section above, the question is: How is colour 

processing improved with training?  Is it selection of the colour that gets better with practice, or 
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are other colour processes that occur after perceptual processing, being improved?  An 

alternative proposal is that post-lexical colour processes are strengthened.  

Here I will consider these two possibilities.  First, if only the ability to focus on the 

colour is improved, there should be a corresponding reduction in Stroop interference with 

practice as less visual attention is devoted to word reading.  My findings with regards to the 

Stroop task in Experiment 2, along with those from MacLeod (1998) do appear to demonstrate 

that Stroop interference effects are diluted with practice.  However, in the absence of a need to 

select one dimension over the other, as with a divided-attention task, simply an improvement in 

the ability narrow the field of view upon the colour target (i.e., away from the word) would not 

have led to RT patterns exhibited in Experiments 2 and 3.  This is because visually attending to 

both dimensions is more efficient when they are integrated, and there is no need to suppress 

word reading in the detection task.  Stroop interference effects would be diluted if the ability to 

suppress the tendency to (visually) read the word is strengthened because doing so is 

advantageous.  However, it seems tenuous to propose that learning to suppress word reading 

would impair the ability to intentionally do so and attend to both dimensions when the task 

required.  Regardless, if this were indeed the case – if after task training, word reading in the 

detection task was unintentionally suppressed – then word detection should be impaired.  

However, Experiment 2 and 3 only show improvements in colour-target detection with practice; 

there were no reductions in word-target detection performance. 

On the other hand, consider an improvement in colour processes not linked to perceptual 

allocation.  In this view, the ability to detect a colour would be improved whether the word 

channel was attended or ignored.  Whether spatial attention is directed at an integrated or 

separated display, the colour signal would strengthen independently of the word signal.  
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Improving colour processes that occur after visual selection would allow a detection response to 

be made sooner for colour-target displays, independent of word activation.  Therefore, this would 

allow for faster colour detection with integrated displays with practice, even if there is some 

initial interference with these displays.  As a result, the proposal that task training improves 

colour processes not linked to selection appears to provide a better account for the data in my 

experiments.  Interestingly, Cattell (1886) found that practice reduced the time it took to identify 

colours in his experiments as well; as these colours were presented individually, and thus 

selection was non-problematic, his findings implicated improved colour processes not-linked to 

selection as well. 

 Admittedly, the above arguments may require some refinement.  The first proposal, as I 

present it (i.e., training improves colour selection), implies that improved colour selection 

involves suppressing the tendency to read the word, as is proposed in prior studies (e.g., 

MacLeod, 1998).  However, if colour selection can be improved without focusing away from the 

word, than this revision may provide a good account of the results of my experiments.  Similarly, 

this second proposal (i.e., training improves other colour processes not linked to selection) would 

predict a greater improvement in colour detection than word detection for separated displays.  

This would require an explanation for why RTs to colour-targets did not improve significantly 

more than RTs to word-targets for separated displays in either Experiment 2 or 3.   

These two explanations I contrast assume training had an impact on one single 

mechanism of coactivation.  It is more likely that task training improved both early and later 

phase colour processes (1B-2B).  Mordkoff and Miller (1993), for example, proposed a model 

for divided attention with multiple loci of coactivation.  They suggested that practice on a 

divided attention task may cause response activation to become more sensitive to perceptual 
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triggers as detection thresholds were reduced.  Essentially, the computations that determine the 

decision move towards the early phase of processing with practice. As a result, post-perceptual 

operations may have a lesser impact on processing after extensive training.  Mordkoff and 

Miller‟s model clearly corresponds with the coactive accrual hypothesis suggested by the meta-

model (1B-2B).   

Implications for the meta-model 

 The results from this series of experiments serve only as a beginning in testing the meta-

model that I present here.  The discussion above does not, for instance, differentiate component 

processes at later stages in the model (i.e., layer 2 of the meta-model).  Differences between 

operational and response phases are not examined in this research.  Figure 15 displays a three 

layer meta-model that may more accurately encapsulate extant theories of Stroop processing.  It 

allows for the possibility of interactions at more than two loci along the chain.  Nonetheless, my 

experiments do provide a beginning in developing a model that bridges focused and divided 

attention processing.   

 The results of these experiments support a visual attention component during the 

early/input phase of processing. The fact that separating the stimulus elements had a differential 

effect on word and colour processing supports the view that the allocation of spatial resources 

upon the stimuli has a strong influence on performance.  Therefore, the present study disputes 

any extant theory of processing that proposes that word and colour activation is unselective in 

divided attention processing (e.g., Eidels, 2012; Eidels et al., 2010).  The findings from my 

experiments suggest that component 1B is a superior model of divided attention than 1A of the 

meta-model. 
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 Secondly, the impact of training in my experiments also demonstrated an attentional 

component in task processing.  In contrast to previous claims (e.g., Macleod, 1998), however, I 

argue that training on either task does not reveal an attentional component linked to perceptual 

selection.  Rather than indicating that training helps select the colour dimension, I believe my 

results better fit an account of divided-attention that includes multiple interactions during 

processing (i.e, 1B-2B).  This is because my results do not demonstrate that word processing was 

suppressed in favour of colour processing with training.  In any case, if training serves only to 

improve the orientation of attention upon the colour dimension, then it should not impact 

facilitation effects differently for integrated and separated displays in a test where both 

dimensions are attended.  This is particularly the case when integration represents an advantage 

for overall responding.  However, in my tests, training increased the speed of colour processing 

more than word processing. 

Together, the findings from my experiments indicate that detection task processing is best 

described by the coactive accrual architecture proposed in the meta-model (1B-2B).  Component 

1B, an early selection layer, is supported by the presence of integration effects.  Notably, the 

advantage integration lent to overall RTs in Experiment 1, and the increased contribution of 

colours to facilitation effects due to separation found in every experiment implicate perceptual 

allocation as having a strong impact on divided attention processing.  Component 2B, a post-

lexical phase where a response is determined by the weighted evidence of distributed processes 

is supported by the impact of task training effects.  Specifically, if the only effect of task training 

was to improve the allocation of perceptual resources onto the colour, then word activation 

should be attenuated, as limited attentional resources are allocated away from the word 

dimension.  However, participants were faster responding to integrated displays, and single 
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word-target RTs did not slow down with training (in fact, they improved).  Therefore, there is no 

evidence that limited capacity perceptual processes were diverted away from the word 

dimension, nor would there be the imperative focus away from the word in a divided-attention 

task.  Nevertheless, task training differentially impacted word and colour contributions to 

facilitation effects based on integration level.  Therefore, taken together, the most parsimonious 

account for processing changes due to task training is that operations that occur after visual 

selection were influenced. 

The preceding account is not without its weaknesses, however.  As mentioned, this 

account assumes limited capacity perception.  An account that allows for variable perceptual 

capacities (e.g., one where colour selection can improve without impacting word selection) 

might also be compatible with the findings here.  However, such an account would contradict 

many studies that provide evidence of limited perceptual capacities (e.g., Kahneman and 

Chajzyk, 1983), and would have difficulty accounting for the general slowing of responses to 

separated displays in Experiment 1.  Another weakness in this proposal is that the findings here 

do not entirely align with all of the hypotheses for the coactive accrual model presented above.  

Specifically, the present experiments found that, while detection RTs to both single target-types 

improved due to detection training, double-target facilitation effects were smaller after training.  

Rather than improving coactivity, as I had hypothesized, the coactivation (i.e., the joint 

contributions) of parallel processes appears to have been reduced.  Task training appeared to 

improve the strength of independent processing rather than interactive processes.  In other words, 

it would appear that after task training, there was less dimensional interaction.  This latter 

finding, however, does not necessarily conflict with a multi-componential model. 
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 While the arguments I present above are untested, it is difficult to resolve the findings 

from Experiments 2 and 3 and the claim that practice serves only to improve visual selection.  

Selection in the context of a focused attention task may describe the suppression of one 

dimension in favour of another (by narrowing focus).  However, in a divided attention task, this 

interpretation is problematic.  If selection is improved in divided attention it may simply reflect a 

better ability to distinguish target dimensions.  However, it is unclear how better distinguishing 

word and colour targets would impact detection task RTs.  The notion of what it means to 

improve the selection of a dimension needs clarification.   

Overall, converging evidence from these experiments and from the literature support a 

1B-2B architecture for Detection task performance.  Facilitation effects are due to operations at 

(at least) two stages of processing.  Furthermore, the similar impact of Stroop and detection task 

training on detection task performance would suggest that Stroop and detection tasks processing 

is supported by some of the same cognitive components.  In other words, while computational 

architectures for each task may be unique, it is likely there is some overlap between modules 

within these architectures.  

 Evidence for this comes from neuro-imaging studies that have demonstrated that regions 

implicated in focused and divided attention were the same for tasks that differ only in task 

demands (Hahn et al., 2008; Nebel et al., 2005).  Other neuro-imaging studies have indicated that 

at least two regions were implicated in Stroop interference (Schmidt & Cheesman, 2005; Van 

Veen & Carter, 2005) and other focused attention interference effects (Hazeltine, et al., 2000) as 

well.  There have also been behavioural studies that have supported the presence of at least two 

mechanisms responsible for interference effects (Hutchinson, 2011; Kane & Engle, 2003; Van 

Veen & Carter, 2005) and for redundant target effects (Mordkoff & Miller, 1993). For instance, 
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Van Veen and Carter measured semantic and response conflict in a Stroop-like identification 

task, while measuring neural activation with fMRI.  Their behavioural data indicated that both 

contributed to the overall interference effect, while their fMRI data revealed distinct sites of 

activation in the anterior cingulate, prefrontal, and parietal brain regions responsible for 

processing.   

Limitations and future directions 

 The button-pressing paradigms employed in these experiments have a number of 

benefits; they are simple to explain to participants, easy to administer, take very little time, don‟t 

require much additional coding (using e-prime software; Psychology Software Tools), and 

reliably elicit effects.  As a trade-off, however, they also have a number of drawbacks that may 

have created some limitations for this research.  First, as previously mentioned, Stroop 

interference effects tend to be quite small.  In Eidels et al. (2010), interference effects were 

considered problematically small (i.e., less than 17 ms) in their first three experiments, such that 

they manipulated the visual salience of the colour in their fourth in order to increase interference 

effects.  In my experiments, Stroop interference effects were all less than 28 ms, often only just 

qualifying for significance.  Due to variability across participants, data analyses may not have 

been sensitive enough to get a clear picture of processing changes due to manipulations.  For 

example, Stroop training, and/or separated dimensions may have successfully diluted, but may 

not have eliminated, Stroop interference effects in some cases.  However, measurable changes in 

interference effects were statistically problematic due to small effect sizes.  Effect size 

limitations did not occur for facilitation effects in the detection tasks, however.  In every case, 

facilitation effects were significant; the smallest facilitation effect in the experiments was 38 ms.  

Nonetheless, testing more participants may be warranted in experiments that employ Stroop-like 
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button-pressing tasks.  It may also be useful to employ vocal response Stroop tests in order to 

produce larger interference effects and therefore better assess the impact of separation and 

training.  In doing so, therefore, it would also be useful to include vocal response detection tasks 

so the tasks use the same modality for comparison purposes. 

Similarly, another compromise for using these procedures to assess Stroop interference is 

that they obfuscate Stroop facilitation effects due to congruency (i.e., faster responding to 

matching word and colour displays) due to the lack of a neutral baseline (e.g., PUT in red).  In 

effect, the Stroop tasks in these experiments measure the difference between Stroop facilitation 

(due to congruency) and Stroop interference (due to incongruency).  In MacLeod‟s (1998) 

experiment, for example, participants were on average 15-20 ms faster naming the colour of 

congruent words (e.g., BLUE in blue) compared to a neutral baseline (e.g., XXXXX in blue), 

and this pattern was not influenced by training.  While some authors propose that Stroop 

facilitation and interference effects are the flip-side of one another (e.g., Eidels et al. 2010; 

Eidels 2012), other authors propose that facilitation and interference effects are linked to 

different processes (Glaser & Glaser, 1982; MacLeod, 1998; Lindsey & Jacoby, 1994; Tzelgov 

et al., 1992).  In any case, with button pressing Stroop tasks, as they are administered here, 

Stroop facilitation effects are typically minimal (MacLeod, 1991) and therefore likely did not 

have much impact on the experiments here.   

 Another limitation of my research may be the assumption that a meta-model drawn from 

Stroop theories is sufficient to encompass a theory of divided-attention.  I assume, along with 

Eidels et al. (2010) that focused and divided attention tasks are similar enough to warrant 

modelling with the same principles.  However, this assumption may be problematic as there may 

be additional layers of processing not accounted by the meta-model that are task dependant.  
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In the future, it would be useful to explore divided attention using a variety of other 

manipulations.  For instance, measuring the impact of detection task practice on Stroop 

interference may elucidate the relationship between focused and divided attention.  If detection 

training mitigates Stroop interference, for instance, a case could be made supporting the claim 

that training on either task strengthens colour processes.  Further, measuring the impact of 

different SOAs on detection task performance may provide another means to examine stimulus 

separation (i.e., temporal rather than spatial) and allow an examination of the relationship 

between target dimensions.  Presenting a non-target element before a target element, for instance, 

may impede detection of the subsequent target, implying domain interactions in a model.  

Finally, the use of neuro-imaging studies to compare activity in integrated and separated versions 

of the detection and Stroop tasks may reveal sites of action involved in cognitive operations, and 

potentially aid in constructing a multi-componential model of divided attention. 

Conclusions 

The results of present set of experiments provide a number of implications for the 

detection task.   1. The general findings that participants responded more quickly to colour 

targets in the detection task, while remaining subject to the influence of  unintentionally read 

words in the Stroop tasks, demonstrates the importance of task goals and context in determining 

the relative influence of word and colour processing on responding.  This observation is 

consistent with classification theory (Cattell, 1886), and mental set theory (e.g., Bauer & Besner, 

1997, Besner et al., 1997).  2. The observation that integration represented an advantage in 

responding in the detection task suggests that visual attention is allocated across display 

elements, influencing domain processing.  This finding coincides with theories that propose 

active mechanisms for visual selection (e.g., MacLeod, 1998) and the view that perceptual 
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attention is a limited resource (e.g., Kahneman & Chajzyk, 1983).  3. The finding that word 

reading was not impaired, as colour detection improved due to task training, suggests that 

training on both tasks did more than simply alter the allocation perceptual resources during a 

trial.  As a result, processes not linked to perceptual allocation are implicated.  4. Together, the 

latter two observations imply that detection task processing is best characterized by the coactive 

accrual model of processing (1B-2B) according to the Stroop meta-model.  5. The particular 

effect elicited by both Stroop and detection task training upon detection task RT patterns (i.e., 

improved colour responding particularly with regard to integrated stimuli) suggest that some 

cognitive mechanisms support processing in both tasks.  The likelihood these near identical 

effects would be elicited by tasks employing unique processing architectures is implausible.  

More likely, components within a greater framework are shared by both tasks.  
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Table 1 

A Taxonomy of Stroop Theories Divided into Three Phases of Processing  

Phase 1 – Input/perceptual encoding 

Completely Automatic   

All features are processed unselectively.  Channels have no capacity 

limits.  The dimension to be processed is determined at a later stage or 

due to contextual factors. 

Cohen et al., 1990; Eidels et al., 2010;  

Melara & Algom, 2003 

Automatic or Controlled 
  

Some features activate automatic processes without requiring attention, 

due to practice.  Other processes require focused attention on a feature in 

order be activated. 

Posner & Snyder, 1975 

Continuum of Automaticity 
  

Channel activation is determined along a continuum of automaticity. 

Practiced operations are more automatic than non-practiced ones.  

Spatial attention allocation influences channel capacity, with more 

practiced operations requiring less capacity. 

Brown, Gore, Carr, 2002; Dunbar & 

MacLeod, 1984; Kahneman & 

Chajczyk, 1983; Kahneman & Henik, 

1981 

All Processing Controlled 
 

Channel activation is determined strictly by the allocation of attention 

resources via contextual factors. 

Bauer & Besner, 1997; Besner et al., 

1997; Manwell et al., 2004 

Phase 2 – Operational/conceptual processing 

Completely independent  

Signals from activated channels do not interact.  Signal strength and 

speed of processing are synonymous. 

Eidels et al., 2010; Posner & Snyder, 

1975 

Separate Accrual 
  

Evidence for a response is accrued, from each channel independently.  

Signal strength is mediated by learning and contextual factors (e.g., task 

demands). 

Cohen et al. 1990; Melara & Algom, 

2003; Moran & Algom, 2011 

Coactive Accrual 
  

Signals from activated channels combine and jointly contribute evidence 

towards a response. 

Logan, 1980; Miller, 1991; Phaf et al., 

1990  

Phase 3 – Output/response selection 

Motor Signal  

Response is triggered by the first signal to activate motor processes, and 

therefore determined at an earlier stage of processing. 

Eidels et al., 2010; Eidels, 2012; 

Melara & Algom, 2003 

Response Mechanism 
  

Response selection is determined by a decision making mechanism. Cohen et al., 1990; Morton & 

Chambers, 1973; Stafford & Gurney, 

2004 
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Table 2 

 Mapping of Correct Responses for Stroop and Detection Tasks 

                Stroop task           Detection task*
 

 Word RED Word GREEN  Word RED Word GREEN
 

Red Colour
 

R1 R1  R1 R1 

Green Colour R2 R2  R1 R2 

 

* when “red” is the target; for the Stroop task, R1 = red, R2 = green; for the detection task, R1 

= yes, R2 = no 
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Table 3  

Experiment 1 Mean Accuracy Rates for Stroop Tasks* 

____________________________________ 

Congruent    Incongruent        

_________  __________ 

Integrated      .96                 .93 

Separated      .95         .96  

____________________________________ 

*values indicate proportion correct:1 
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Table 4 

Experiment 1 Mean Accuracy Rates for Detection Tasks* 

_________________________________________________________________________ 

  Non-target       Word-target    Colour-target   Double-target   

_________   _____________ _____________ ____________ 

Integrated        .94  .98            .96          .96  

Separated        .92  .95            .96            1.00  

_________________________________________________________________________ 

*values indicate proportion correct:1 and standard deviation (in brackets);  
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Table 5 

Experiment 1Mean RTs and Interference effects for Stroop Tasks* 

_________________________________________________ 

Congruent    Incongruent     Interference 

_________  __________ __________ 

Integrated    428 (70)     454 (85)     27 (35) 

Separated    425 (61)        442 (68)     17 (31) 

_________________________________________________ 

*Congruent and incongruent values indicate RT in milliseconds and standard deviation (in 

brackets); Interference effects are calculated by subtracting mean congruent from mean 

incongruent scores for each participant 
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Table 6 

Experiment 1 Mean RTs for Detection Tasks (n = 39)* 

_________________________________________________________________________ 

  Non-target     Word-target        Colour-target   Double-target   

_________   ___________  _____________ ____________ 

Integrated    506 (101)       456 (87)        462 (96)          379 (66) 

Separated    551 (99)          544 (111)       514 (116)            423 (78) 

_________________________________________________________________________ 

*Values indicate RT in milliseconds and standard deviation (in brackets) 
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Table 7  

Experiment 2 Mean Accuracy Rates for Stroop Training Blocks 

_____________________________________________________ 

        Block 1     Block 2    Block 3 

__________ __________ __________ 

Con
1
 Inc

2
 Con Inc Con Inc  

____ ____ ____ ____ ____ ____ 

Integrated group  .95   .94  .92 .92  .92  .89  

Separated group  .95  .94  .94  .92  .92  .91     

___________________________________ 

*values indicate proportion correct: 1; Con = congruent; Inc = incongruent 
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Table 8 

Experiment 2 Mean Accuracy Rates for Pre and Post Detection Blocks  

_____________________________________________________________________ 

              Target Type 

    ________________________________________ 

    Non   Word   Colour  Both   

Integrated Group (n=17)    ____  _____  ______ ____ 

Pre-Training   .90    .98     .96   1.00 

Post-Training   .87    .96      .96   1.00 

________________________________________________________________ 

Separated group (n = 16) 

Pre-Training      .94    .96     .97   1.00 

Post-Training   .85    .94     .97   1.00 

______________________________________________________________________ 

*values indicate proportion correct: 1; **Column titles indicate trial target type 
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Table 9 

Experiment 2 Mean RTs and Interference effects for Stroop Task Training Blocks (n = 39)* 

_____________________________________________________ 

   Congruent    Incongruent     Interference 

Integrated (n=17) _________  __________ __________ 

Block 1   422 (64)     442 (79)     19 (31) 

 Block 2   414 (67)     420 (72)     6 (18) 

 Block 3   402 (58)     414 (60)     12 (20) 

_____________________________________________________ 

Separated (n=16)     

Block 1   386 (75)        400 (80)     14 (13) 

Block 2   398 (86)        408 (92)     10 (14) 

 Block 3   387 (93)        393 (92)     6 (11) 

_____________________________________________________ 

*Congruent and incongruent values indicate RT in milliseconds and standard deviation (in 

brackets); Interference effects are calculated by subtracting mean congruent from mean 

incongruent scores for each participant 
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Table 10 

Experiment 2 Mean RTs for Detection Tasks Based on Target Type* 

_________________________________________________________________________ 

   Non-target     Double-target Word-target    Colour-target  

Integrated (n=17)  _________     ___________ __________    ___________ 

Pre training    515 (105)        411 (77)     482 (96)        492 (100)   

 Post training    447 (93)        346 (52)     406 (77)        384 (72)   

________________________________________________________________________ 

Separated (n=16)     

Pre training    570 (129)        435 (97)      547 (131)        498 (133)   

Post training    477 (97)        344 (67)     420 (92)        382 (90)   

_________________________________________________________________________ 

*Values indicate RT in milliseconds and standard deviation (in brackets)  
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Table 11 

Experiment 3 Mean Accuracy Rates for Detection Tasks Training Blocks* 

__________________________________________________________________ 

   Double-target   Word-target   Colour-target      Non-target 

Integrated (n=13) __________   __________   ___________    ___________ 

Block 1      1.00           .97           .95  .88 

Block 2      1.00           .97           .95  .88 

 Block 3       .99            .96           .97  .82 

 Block 4       .99            .97           .96  .82 

__________________________________________________________________ 

Separated (n=13)  

Block 1      1.00           .94           .97  .90 

Block 2       .99            .95           .96  .81 

 Block 3       .99            .96           .99  .80 

Block 4      1.00           .97           .98  .82 

____________________________________________________________________ 

*values indicate proportion correct: 1; **Column titles indicate trial target type 
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Table 12 

Experiment 3 Mean RTs for Detection Tasks across Block* 

___________________________________________________________________________ 

   Non-target     Double-target Word-target        Colour-target 

Integrated (n=13) __________    ___________   ___________        ____________ 

Block 1    538 (77)         393 (54)        467 (66)   470 (63) 

 Block 2    475 (60)         345 (56)       414 (69)   389 (69) 

 Block 3    457 (55)         329 (55)       388 (64)   361 (56)  

 Block 4    448 (52)         326 (61)       377 (71)   350 (71) 

____________________________________________________________________________ 

Separated (n=13)   

Block 1    574 (104)         414 (56)       541 (104)   487 (84) 

Block 2    522 (78)         367 (37)       465 (90)   410 (74) 

 Block 3    482 (58)         339 (33)       428 (77)   369 (66) 

Block 4    493 (63)         339 (45)       426 (84)   359 (56) 

____________________________________________________________________________ 

*Values indicate RT in milliseconds and standard deviation (in brackets)  
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A

 

B

 

C  

 

Figure 1. Select tables and figures as they appear in Stoop‟s (1935) classic article.  Figure 1A 

shows the training regiment employed in Experiment 3.  On day 1, participants read lists of 

colour names printed in black (RCNb).  On days 2, 13 and 14, they read lists of colour names 

where the colour of the print and the word were different (RCNd).  On days 3 and 12, they 

named the colours of sets of swastika (NC), while on days 4 through 11 they named the ink 

colour of the word where the colour and print were different (NCWd).  Figure 1B depicts the RT 

distributions from Experiment 2.  Participants experienced significant interference when naming 

the colour of incongruent colour words compared to coloured squares.  Figure 1C displays the 

RTs over the course of days 4 to 11 of Experiment 3.  Participants‟ RTs gradually decreased, 

demonstrating practice reduces RT interference for RCNd.  
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Figure 2. The two models of processing examined in Eidels et al, (2010).  In the strictly 

independent model (A), separate word and colour signals race independently to the behavioural 

module to produce the response.  In the coactive model (B), channel signals combine and their 

aggregate activity produces the response. 
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Figure 3.  Parallel distributed processing model of Cohen, Dunbar, & McClelland (1990).  

Information flows from the bottom up.  This model is considered a parallel accrual account.  

If connections were made between input nodes and cross-domain hidden units (middle 

layer), than this model would be considered a coactive model. 
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Figure 4.  Selective attention model of Phaf, Van Der Heijden, and Hudson (1990).  

Information flows from the bottom up.  As the aggregate activity of all channels determines 

a response, this model is considered a coactive account.   
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Figure 5.  Response competition account of Morton and Chambers (1973) 
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Figure 6.  A simplified taxonomy of Stroop models. Information flows from (1) the 

early/selection layer to (2) the late/response layer.  Operations at each layer may be either 

passive/ reflexive (A) or entail active/attentional processes (B).  Combinations of one 

module from each layer correspond to a potential model of Stroop processing: A response 

competition model (1A-2B), a coactive accrual model (1B-2B), a statistical model (1A-

2A), and a selection interference model (1B-2A). 
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Figure 7.  Statistical model from Eidels (2012); each panel shows the activation of  four channels 

for a particular Stroop stimulus presentation. Longer arrows represent presented stimuli, shorter 

arrows represent remembered trials.  Circled channels indicate the contribution to the correct 

response for that trial type.  The total activation on congruent trials is larger than the total 

activation on incongruent trials.  
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Figure 8: Stroop model from Moran an Algom (2011). α indicates the probability that channel 

activates.  The first racer to reach threshold K, determines the response. The rates of the racers 

are represented by the lengths of the upward pointing arrows, with longer arrows for higher rates. 

The perception rates are higher than the memory rates corresponding to Assumption 5. The word 

rates (both for perception and memory) are higher than the colour rates, corresponding to 

Assumption 6.  
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Figure 9. The stimulus set employed in the present research.  Each quadrant represents a single 

stimulus presentation of the integrated (A) or separated (B) stimulus set.  Note that coloured bars 

in the separated condition appeared above or below the word for all four colour-word 

combinations (i.e., there were eight different stimulus displays employed in separated 

conditions). 
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Model 

 

 

Before Task Training 

 

After Task Training 

 

Response Competition Model 

 

 

 
 

Integrated Stimuli:  

- RTs faster for single-word 

targets compared to single-

colour targets. 

- DvC facilitation greater then 

DvW facilitation. 

 

Separated Stimuli: 

- RTs and RT patterns similar 

to integrated tests. 

Integrated Stimuli:  

- Stroop Training; No effect 

on RTs or RT patterns. 

- Detection Training; 

improved facilitation effects 

overall. 

 

Separated Stimuli: 

- As with integrated task 

training. 

 

Coactive Accrual Model 

 

 

 

 
 

Integrated Stimuli:  

- RTs faster for single-word 

targets compared to single-

colour targets. 

- DvC facilitation greater then 

DvW facilitation. 

 

Separated Stimuli: 

- Overall RTs slower than with 

integrated tests. 

- Overall facilitation effects 

smaller than with integrated 

tests. 

Integrated Stimuli:  

- Stroop and Detection 

Training; improved RT to 

colour and double-targets. 

- Overall improvement in 

facilitation effects.  

 

Separated Stimuli: 

- Stroop and Detection 

Training; improved RTs to 

colour and double-targets. 

- Improved facilitation 

effects overall. 

 

Statistical Model 

 

 

 
 

Integrated Stimuli:  

- RTs equivalent for single-

word and single-colour 

displays. 

- Facilitation effects should be 

small, amounting to a 

statistical effect. 

 

Separated Stimuli: 

- RTs and RT patterns similar 

to integrated tests. 

Integrated Stimuli:  

- Overall speeding of 

response; otherwise no 

change in RT patterns 

 

 

 

 

Separated Stimuli: 

- As with integrated task 

training. 

 

Selection Interference Model 

 

 

 
 

Integrated Stimuli:  

- RTs faster for single-word 

targets compared to single-

colour targets. 

- DvC facilitation greater than 

DvW facilitation. 

  

Separated Stimuli: 

- Overall RTs slower than 

integrated tests. 

- Overall facilitation effects 

smaller than with integrated 

tests.  

Integrated Stimuli:  

- Stroop and Detection 

Training; improved RT to 

colour and double-targets.  

 

 

 

Separated Stimuli: 

- Stroop and Detection 

Training; improved RT to 

colour and double-targets. 

Figure 10. Summary of model predictions for the present set of experiments.  
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Figure 11.  Experiment 1 mean facilitation effects for integrated and separated detection tasks.  

Blue bars (left bar in each pair) indicate the advantage of double target displays over word-target 

displays.  Red bars indicate the advantage of double-target displays over colour-target displays.  

Error bars represent standard error. 
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Figure 12.  Experiment 2 mean Stroop interference effects for integrated and separated groups 

across testing blocks.  Error bars represent standard error. 
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Figure 13.  Experiment 2 detection task facilitation effects for the integrated (left) and separated 

(right) groups before and after Stroop task training blocks.  Error bars represent standard error. 
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Figure 14.  Experiment 3 detection task facilitation effects for the integrated (left) and separated 

(right) groups over the course of 4 training blocks.  Error bars represent standard error. 
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Figure 15.A more detailed taxonomy of Stroop models. Information flows through (1) the 

input layer, (2) the processing layer, and (3) the response layer.  Operations at each layer 

may be either passive/ reflexive (A) or entail active/attentional processes (B).  

Combinations of one module from each layer correspond to a potential model of Stroop 

processing.   


