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Abstract 

Two experiments investigated inhibitory processes in visual selective attention. In 

particular, these experiments explored the effect of intervening trials on Identity and 

Semantic Negative Priming using word stimuli. Participants made continuous lexical 

decisions to lower case target items that were accompanied by upper case distractor 

words. The distractor word on a prime trial was either umelated to, identical to, or 

thematically related to the target word on a critical probe trial that appeared after 54 

intervening displays. On the basis of previous research that has revealed long term NP 

to previously ignored words (e.g. Neumann & Russell, 2000) it was argued that Identity 

Repetition NP would be observed under the present conditions. However, while 

immediate Ignored Semantic NP has been observed elsewhere (Russell & Neumann, 

2001 ), previous research has not investigated the duration of this effect, thus it was 

unknown whether this effect would be observed across 54 intervening trials. In 

contrast to existing research on Semantic NP, which featured a single prime trial 

distractor that was associatively or categorically related to the probe target, a list of 12 

thematically related prime distractors preceded the probe target in the present 

experiments, in an attempt to generate an accumulation of inhibition of the critical 

word. This procedure was adapted from the 'DRM' paradigm developed by Deese 

(1959) and Roediger and McDermott (1995) to study false recall and recognition of 

non-presented critical words generated from attending to a list of words that were 

associatively related to a critical word. Statistically significant NP was not obtained in 

the present experiments after a lag of 54 trials in either the Identity Repetition or the 

Ignored Semantic conditions. The former result is inconsistent with previous research 

that has clearly established the existence of lasting Identity Repetition NP with a wide 

range of stimuli including words, consequently there is insufficient evidence to 

conclude that lagged Semantic NP does not occur. Unexpectedly, features of the 

present experiments were not conducive to the production of NP effects in general. 

These features and their significance for NP in general are discussed. 
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1.0 INTRODUCTION 

1.1 Selective Attention 

Given the multitude of visual objects encountered in everyday situations, the ability to 

selectively attend to those that are relevant is an important aspect of normal 

functioning. It is commonly agreed that visual selective attention involves excitatory 

mechanisms, whereby internal representations of relevant objects receive some sort of 

amplification in order to facilitate responding to them (e.g. Van der Heijden, 1981). 

However, in the past there has been disagreement in the literature regarding the role of 

inhibitory mechanisms in selective attention, that is, whether objects that are irrelevant 

to our immediate goals become associated with inhibition. Some early research 

proposed that such an inhibition mechanism was an important component of selective 

attention ( e.g. Neill, 1977; Tipper, 1985), and in the intervening years an abundance of 

research has investigated this issue. Presently many researchers agree that both target 

activation and distractor inhibition mechanisms contribute to efficient selective 

attention ( Tipper, 1985; Tipper & Cranston, 1985; Neill & Westberry, 1987; Neumann 

& DeSchepper, 1991; Neumann & DeSchepper, 1992; Houghton & Tipper, 1994; 

Malley & Strayer, 1995). One way of examining the issue of inhibitory mechanisms in 

selective attention is to use a negative priming paradigm. 

1.2 Tlte Negative Priming Paradigm 

The Negative Priming paradigm has been widely used to examine the mechanisms 

underlying selective attention and implicit memory. Negative Priming (NP) refers to a 

reaction time delay (and often an increase in errors) when a previously ignored 

(distractor) stimulus in a prime display becomes a target stimulus in a subsequent probe 

display. 

This approach emerged from research using the Stroop (1935) colour-word ink-naming 

task. In an early adaptation of this task, the experimenter manipulated the structure of 

the colour-word lists and discovered that reading times were longest in the suppress-say 

condition, where the correct response (word colour) on any given trial matched the 

preceding (interfering) word in the list (Dalrymple-Alford & Budayr, 1966). In a later 

adaptation of the Stroop colour-word task, random discrete trials were used in order to 

rule out potential backward interference from simultaneously presented items (Neill, 
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1977). On trials in which the current word colour ( and appropriate response) matched 

the preceding word, vocal colour naming was slower than in a control condition, 

although the opposite was true when the colour was named via a manual key press 

response. Neill (1977) concluded these results constituted evidence for inhibitory 

processes in selective attention, although he also noted that this effect was highly 

sensitive to changes in the experimental context. 

Tipper (1985) was the first to refer to this effect as Negative Priming, and investigated 

NP in a series of experiments involving identification tasks. One set of experiments 

used superimposed line drawings of objects (Tipper, 1985), while superimposed and 

spatially separate letters served as stimuli in other experiments (Tipper & Cranston, 

1985); in both cases, evidence for NP was found. In a typical experiment, a prime trial 

consisting of two superimposed line drawings of objects was presented, followed by a 

probe trial, also consisting of two superimposed drawings (Tipper, 1985, Experiment 

3). In both displays, the target object (to be named) was presented in red, and the 

distractor object (to be ignored) was green. In the control condition, both the distractor 

and the target objects in the prime trial were unrelated to the target object in the probe 

trial, while in the Ignored Repetition (IR) condition, the distractor object in the prime 

trial was identical to the target object in the probe trial. For example, in an IR trial, a 

prime display consisting of a red kite superimposed over a green trumpet, is followed 

by a probe display consisting of a red trumpet superimposed over an unrelated green 

picture. The results showed impaired naming latencies in the IR condition compared to 

the control; Mean Reaction Time (RT) in the control condition was 695ms, while mean 

RT in the IR condition was 746ms (Tipper, 1985). In the series of experiments 

conducted by Tipper (1985), recognition tests showed that participants generally 

recognised the selected prime object and failed to recognise the prime distractor object. 

However, an analysis of trials where participants failed to recall the prime target after 

naming the probe target, revealed facilitative priming by the distractor object (Tipper, 

1985), as would be expected if the participants attended to the distractor rather than 

ignoring it. These trials were excluded from the overall RT analysis 

This seminal experiment by Tipper also included an Ignored Semantic (IS) condition, 

where the prime distractor and probe target were categorically related. This 

manipulation is discussed in further detail in the section titled 'Negative Priming and 
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Spreading Inhibition'. For the purposes of the present discussion of the mechanisms of 

selective attention, it should be noted that the results of Tipper's semantic priming 

experiment were used to contribute to the debate regarding the level of representation 

achieved by ignored objects and the subsequent fate of this representation. Tipper 

( 1985) described two opposing views of the level of representation achieved by ignored 

stimuli, which he referred to as the precategorical and postcategorical views. From the 

former perspective, initial analysis of sensory stimuli consists of certain physical 

features only, and attention operates to select a particular stimulus for further 

processing (e.g. Broadbent, 1958; Kahneman & Treisman, 1984). In contrast, in the 

postcategorical view, both ignored and attended-to stimuli become activated and 

represented in terms of physical features, categorical and semantic information. 

A popular view among postcategorical theorists is that irrelevant information from 

unattended stimuli passively decays ( e.g. Van der Heijden, 1981 ). However, recently 

more attention has been paid to inhibition based models, such as those discussed later 

under 'Theories'. In this view, experiments such as Tipper's which produce a NP effect 

with semantically related prime distractors and to-be-named probe targets are seen as 

evidence that meaningful ignored objects activate representations at a categorical level 

in the initial parallel analysis of a scene, thus supporting post-categorical selection 

models (Allport, Tipper, & Chmiel, 1985; Tipper, 1985; Tipper & Driver, 1988; 

Houghton & Tipper, 1994). Tipper later adopted a more :flexible view of attention, 

claiming that early and late selection forms of processing are possible in different 

situations (2001). Unfortunately he did not elaborate on which situations might induce 

early vs late selection. However, DeSchepper and Treisman (1996) have suggested that 

early selection may operate in tasks where there is a high perceptual load. 

In addition to procedures such as that described above, NP has also been observed in 

experiments using other tasks (including categorisation, localisation, lexical decisions, 

and matching), other stimuli (including words, letters, faces, novel shapes, and 

possible/impossible three dimensional shapes), and other response requirements (see 

Fox, 1995; May, Kane & Hasher, 1995 for reviews). Among these studies, many 

empirical discrepancies have arisen regarding the various determinants of NP, 

precluding the formulation of an adequate theoretical understanding of this 

phenomenon (Hern, 2000). 
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Theories 

A variety of explanations of NP exist, however no single theory has been found that is 

capable of accounting for all of the experimental data. Many researchers view NP as a 

reflection of inhibitory mechanisms of attention ( Neill, 1977; Tipper, 1985; Tipper & 

Cranston, 1985; Neumann & DeSchepper, 1991; Houghton & Tipper, 1994; Malley & 

Strayer, 1995; May, Kane, & Hasher, 1995; Neumann, McCloskey, & Felio, 1999; 

Strayer & Grison, 1999). Other theories do not emphasise inhibitory processing, 

including the Episodic Retrieval account (Neill, Valdes, Terry, & Gorfein, 1992), 

Feature Mismatch theory (Park & Kanwisher, 1994), and Temporal Discrimination 

theory (Milliken, Joordens, Merikle, & Seiffert, 1998). These theories will be 

discussed only briefly, as there have recently been promising attempts to combine both 

inhibition and memory-based theories of NP. 

Inhibition-Based Theories 

Generally, researchers who use inhibitory mechanisms to account for NP claim that 

inhibition becomes associated with the distractor during or shortly after selection on the 

prime trial, thus slowing responses to subsequent presentations of the distractor. The 

NP literature features a number of variations on this theme. 

Deactivation model 

Neill (1977) proposed that 'undesired channels' (in this case, a previously conflicting 

response in the context of the Stroop colour-word task) are selectively inhibited, 

resulting in an overt suppression effect under certain experimental conditions. In this 

view, positive priming and NP reflect the activation ( or deactivation) of a stimulus 

representation either above or below a baseline level of activation. 

Activation-Suppression Model 

Other researchers have proposed mechanisms of selective attention that resemble 

Neill's (1977) Deactivation Model. In the Activation-Suppression view, internal 

representations of both the target and distractor stimuli are activated in parallel. A 

process of narrowing down unwanted information follows, whereby the representation 

of the conflicting or irrelevant object is actively inhibited (Keele & Neill, 1978; Neill 

& Westberry, 1987; Tipper & Driver, 1988; Neumann & DeSchepper, 1992). 
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Findings of facilitation at shorter prime-probe Response to Stimulus Intervals (RSis) 

followed by suppression at longer RSis appear to support an Activation-Suppression 

model. However, results reported in the NP literature are equivocal. One semantic NP 

experiment found a pattern of facilitation followed by inhibition that is predicted by the 

Activation-Suppression model. In Yee's (1991) experiment, the probe display followed 

the prime display by either 500ms or 600ms. Positive priming was observed in the 

500ms RSI, while a 600ms RSI resulted in NP (Yee, 1991, Experiment 2). The authors 

interpreted this effect by stating that the ignored information was identified and 

activated, then subjected to inhibitory processing. This view is consistent with the 

activation-suppression hypothesis discussed above. In contrast, on another semantic 

priming experiment, marginally significant (p < .09) NP was observed in RT data with 

semantically related word stimuli when the prime display and probe displays were 

separated by 650ms, but this effect was not evident at an interval of 1500ms (Hoffman 

& MacMillan, 1985). This experiment required participants to report the prime target 

or perform a letter search on it, and make a lexical decision to the probe target, which 

was semantically related to the uncued prime word. 

NP research using various other stimuli and tasks has generally found that the greatest 

amount of inhibition in NP experiments is observed at RSI's of 500 to 600ms (Neill & 

Westberry, 1987; Neill & Valdes, 1992), and that NP is statistically significant at RSis 

greater than l000ms (stroop task, Neill & Westberry, 1987; letter matching, Neill & 

Valdes, 1992; letter naming, Hasher et al., 1991; Conway, 1999; picture naming, 

Tipper, Weaver, Cameron, Brehaut & Bastedo, 1991; localisation, Tipper et al., 1991; 

Hasher et al., 1996; Conway, 1999). Neill and Valdes (1992) argued that some of the 

discrepancies in the duration of NP literature could be explained by different 

experimental designs; specifically they claimed that experiments using blocked or 

between subject manipulation of RSI's (e.g. Tipper et al, 1991) as opposed to within 

subject RSI manipulation, allow subjects to adopt different processing strategies. 

However, other researchers have described results that argue against the between versus 

within-group design differences being the critical determinant of the persistence or 

decline of NP (May et al 1995; Hasher et al., 1996; Conway, 1999). Thus while the 

Activation-Suppression model is intuitively appealing, research investigating the 

development of NP over different RSis neither confirms nor denies this model. 
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In the experiments by Tipper and colleagues (1991), a single intervening trial was 

inserted between the prime and probe trials; NP was unchanged by predictable 

umelated intervening events, but was disrupted by less predictable events or 

presentation of the inhibited stimuli between the prime and the probe. Recently 

researchers have investigated the effect of inserting a large number of trials and a 

longer duration between the experimental prime and probe displays, under conditions 

where immediate NP would be expected to emerge. This research is relevant to the 

present investigation, and is discussed later under 'Duration of NP'. 

Blocking Model 

One variation of the Activation-Suppression approach is the Blocking Model, which 

specifies more precisely the means by which representations of ignored objects are 

suppressed. In this view, mental representations of ignored stimuli become activated 

but are blocked from the control of response mechanisms (Tipper 1984, cited in All port 

et al, 1985; Tipper, 1985; Tipper & Cranston, 1985). In other words, it is the 

translation process between the mental representation of the ignored stimulus and the 

response that is inhibited. Tipper and Cranston (1985) add that NP is due to the 

maintenance of a 'selection state', which is engaged in anticipation of continuing target 

selection difficulty. Data that support the Blocking model include the findings that NP 

is specific to stimulus identity, and only emerges when there is competition between 

targets and distractors for a response. Malley and Strayer (1995) would add that only 

highly activated distractors need to be blocked from access to response mechanisms. 

Connectionist model 

In an effort to expand on earlier informal accounts of NP (Tipper, 1985; Tipper & 

Cranston, 1985), Houghton and Tipper (1994) developed a computational model of 

selective attention, which was used to generate and test certain proposals regarding the 

NP phenomenon. In this view an internal template (goal derived target) is generated, 

against which perceptual object-based representations (containing information such as 

location, form and identity) are compared. Information from objects that match the 

template is selectively enhanced or 'fore-grounded' and obtains access to parameters of 

the response systems, while information from objects that do not match the template is 

suppressed (Houghton & Tipper, 1994). The degree of inhibition associated with a 
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mismatching object is responsive to the level of activation of the object representation. 

Activation of the distractor stimulus representation is said to decrease during the prime 

display, then experience an 'inhibitory rebound' in response to the offset of the prime 

display, reducing activation below baseline levels before returning to a resting 

equilibrium. Presentation of the distractor as a target during this period of below

baseline activation results in slower reaction times relative to a control condition. 

Inhibition based models of the NP effect can account for NP that is produced by 

semantically related words or objects, by appealing to a spreading inhibition 

mechanism. This extension of inhibition models will be discussed further under 

'Negative Priming and Spreading Inhibition'. 

Non-Inhibition Based Models of Negative Priming 

Episodic Retrieval Account 

The traditional inhibition based view of distractor inhibition as transient and fragile was 

challenged by Tipper and colleagues, who claimed that long term NP is evidence that 

an object's status as an ignored or attended item is integrated into it's internal 

representation (Tipper et al., 1991). Soon after, Neill, Valdes and colleagues proposed 

an episodic retrieval theory of NP (Neill & Valdes, 1992; Neill et al., 1992) based on 

Logan's instance theory of automatization (Logan, 1988). According to these 

researchers, a new memory trace is formed each time a stimulus is presented, which 

includes information about the attributes of the stimulus and the response that was 

made to that stimulus at that particular time. In the NP paradigm, presentation of a 

probe target prompts automatic retrieval of prior encounters with that stimulus, and in 

this case the most recent role of that stimulus was 'distractor'. This information tag 

conflicts with the current requirement to respond to the stimulus, and results in 

impaired target selection (the NP effect). The probability of retrieving a particular 

episode containing the stimulus is affected by recency, temporal discriminability of that 

episode from prior episodes (Neill & Valdes, 1992), and contextual similarity (Neill, 

1997). In addition certain conditions are assumed to interfere with the formation and 

retrieval of an episodic trace, such as insufficient processing time, and the use of pattern 

masking (Neill et al., 1992). This perspective accounts for findings of long term NP, 

given that an episodic memory may be relatively enduring and does not require active 

processing throughout the retention interval (Neill & Valdes, 1992; Neill et al., 1992). 
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Criticisms of the episodic retrieval model include that it is under-specified, it does not 

account for results of experiments where no target is specified and NP is not observed, 

tags are potentially infinitely flexible, and it is unclear whether specific processing 

episodes or abstract representations are retrieved (Tipper, 2001). 

The episodic retrieval hypothesis would not predict NP from semantically related 

words, or conceptually related pictures and words, as retrieval is said to be triggered 

automatically by the presentation of the same or highly similar stimulus on the probe to 

that which was ignored on the prime trial (Schooler, Neumann, Caplan, & Roberts, 

1997; MacLeod, Chiappe & Fox, 1999). In the context of a semantic NP experiment, 

the probe target has not been encountered previously, hence there is no basis for 

retrieval to take place. An episodic retrieval hypothesis could only account for 

semantic NP if the probe target was thought to retrieve related representations, m 

addition to identical stimulus representations. 

Transfer Inappropriate Processing-Transfer Appropriate Processing (TIP-TAP) 

Neill and Mathis (1998) proposed a modified version of episodic-retrieval theory to 

account for phenomena in which stimulus repetition impairs performance, including 

repetition blindness, the before-disruption effect, inhibition of return, and Negative 

Priming. From this perspective, processing that is reinstated ( as a result of retrieval of 

previous episodes similar to the present instance) is either compatible with current goals 

(Transfer-Appropriate Processing, TAP) or incompatible with current goals (Transfer

Inappropriate Processing, TIP). The retrieval of any processing information that is 

incompatible with current processing requirements ( c.f. an 'ignore me tag' only, Neill 

& Valdes, 1992) may impair performance (TIP). However where repetition induces 

facilitation, it was proposed that there may be both episodic retrieval of Transfer

Inappropriate Processing (TAP) and persisting activation of abstract representations 

(Neill & Mathis, 1998). 

Unmodified, the TIP-TAP theory would have the same difficulties accounting for 

Semantic NP as the Episodic Retrieval theory described above. However, Neill and 

Mathis (1998) suggested that future elaboration of their theory may allow for specific 

predictions of facilitation or impairment of performance based on contributions from 
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both TIP and TAP effects. It remains to be seen whether this revision of TIP-TAP 

theory will account for Semantic NP effects. 

Feature Mismatch 

Most discussions of NP mention the possible effect of the lack of correspondence 

between the features of a prime distractor and those of a probe target (Milliken, Tipper, 

& Weaver, 1994). Some authors favour such an explanation as an alternative to the 

inhibition based theories of NP favoured by Tipper and others. 

One example of this theoretical approach is provided by Allport, Tipper and Chmiel 

(1985). They suggested that associative bindings between different attributes (in their 

experiments, colour and letter identity) are formed pre-selectively for both attended and 

ignored objects. NP reflects the additional time required to establish new associative 

bindings in response to the probe in order to cue selection of the target. Similarly, the 

Feature Mismatch account attributes NP in localisation tasks to a change in the symbol 

bound to a particular location; that is, the probe target item differs from the item which 

was previously in the same position (Park & Kanwisher, 1994). These authors 

acknowledge that some experimental data are problematic for this theory, and also 

suggest caution in applying their findings to other NP tasks (Park & Kanwisher, 1994). 

Experimental data which appears to contradict the feature mismatch account includes 

findings of NP in a spatial localization task when the ignored distractor and subsequent 

target were identical (Milliken, Tipper, & Weaver, 1994), and in a letter naming task 

when the ignored distractor and probe target had the same identity and colour (Tipper & 

Cranston, 1985) . Interestingly, Milliken and colleagues (1994) also produced results 

which suggested that feature mismatching can play a role in determining NP when an 

identity or colour selection cue is presented before the probe which prompts retrieval of 

information from the prime display. They concluded that both distractor inhibition 

and feature mismatching can play a role in producing NP in the same experiment 

(Milliken et al., 1994). Tipper (2001) also has pointed out other results which do not 

support this theory, and concludes that the mismatching phenomena does exist but 

under limited experimental conditions which motivate retrieval processes only. 
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MacLeod, Chiappe and Fox (1999) claim that feature mismatch theory cannot account 

for semantic NP, given that this phenomenon occurs with items which share meaning 

rather than identical items which are associated with inconsistent properties across 

trials. 

Temporal Discrimination 

Another approach that emphasises processes that occur in response to the probe display 

rather than the prime display is the Temporal Discrimination account, proposed by 

Milliken, Joordens, Merikle and Seiffert (1998). In this view, NP results from the 

process of an attention system determining whether an item is 'old' and the relevant 

response can be retrieved from memory, or 'new' and the response must be learned via 

perceptual analysis. Thus it is the ambiguity in this temporal discrimination process 

that impairs performance - familiarity rules out a quick categorisation as 'new', but is 

an insufficient basis for categorisation as 'old' (Milliken et al., 1998). In experiments 

that use small stimuli sets and repeated distractors, the contribution of this temporal 

discrimination process to performance is increased, as the participant must discriminate 

between current perceptual sources of influence and past memorial sources of influence 

on performance (consisting of a small number of highly primed responses). In 

Semantic NP experiments, the target on the probe trial has not been encountered 

previously, thus presumably the item is easily designated as new, and NP should not 

emerge according to unmodified temporal discrimination theory. If the theory allowed 

for spreading activation between semantically related representations, then the prior 

encounter with a related distractor or distractors could introduce confusion as to 

whether the probe target is new or old. 

While the temporal discrimination account of NP has been described as integrative 

elsewhere (see Conway, 1999), this appears to refer to the inclusion of memory and 

attention processes rather than inhibition per se. 

Integration of inhibition and retrieval based accounts 

In their existing forms, neither retrieval nor inhibition based theories appear to explain 

all the research evidence on NP; rather some sort of multideterminant approach seems 

necessary. This is a similar conclusion reached by a reviewer of positive priming 

literature; a multi-mechanism theory of priming was considered necessary to account 
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for all of the experimental priming data (Neely, 1991). Three variations of multi

determinant theories of NP are discussed below; an integrative approach, a primarily 

retrieval based approach with features of inhibition models, and an approach that allows 

for both mechanisms under different experimental conditions. 

While the focus of Tipper's early work was inhibitory processing, even in 1985 he had 

alluded to the role of retrieval processes in NP (Tipper, 1985). In a later study Tipper 

and associates argued that NP in spatial localisation tasks resulted from a combination 

of distractor inhibition and retrieval of previously presented items (Milliken et al., 

1994). Recently Tipper has presented a convincing argument that the inhibition and 

episodic retrieval accounts of NP are not incompatible, but that integration of the two 

approaches is necessary in order to adequately model NP (Tipper, 2001). Tipper's 

proposed explanation for NP involved both inhibitory processing in response to the 

prime trial, and reinstatement of this prime processing in response to the probe trial, 

thus information flows both back and forward in time. He stated that, "Both encoding 

and retrieval mechanisms play a role in producing negative priming phenomena, and 

the interpretation of the effect in any experiment needs to incorporate a thorough 

consideration of what is known to affect both selection and retrieval processes" (Tipper, 

2001, p. 330). 

The key difference between traditional episodic retrieval and inhibition accounts, 

according to Tipper (2001) is in the emphasis placed on different processes in the 

prime-probe event. Thus episodic retrieval accounts focus on retrieval mechanisms and 

describe encoding processes in an abstract, sometimes post hoe manner, while 

inhibition accounts traditionally emphasise selection mechanisms such as excitation and 

inhibition in the prime, with little consideration of the role of retrieval (Tipper, 2001 ). 

In Tipper's modified description of inhibitory mechanisms, inhibition can be flexibly 

applied to the relevant characteristics of the object that is selected against, and is not 

necessarily bound to 'abstract logogen-like representations'. Retrieval of this inhibitory 

processing is the source of NP. 

Another study has questioned the wisdom of trying to separate inhibition and memory 

based explanations of NP, given the large number of contradictory outcomes 

documented in the experimental literature (Pesta & Sanders, 2000). These authors 
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argue for a retrieval model of NP, but also incorporate aspects of Houghton and Tipper 

(1994) and Tipper and Cranston (1985), ultimately claiming that the inhibition and 

memory retrieval models are functionally equivalent. In this view, the semantic 

memory representation of the distractor stimulus is positively primed due to attention, 

but becomes linked with an 'ignore me' tag; whether the outcome is positive or 

negative pnmmg depends on the relative strengths of these two forces (Pesta & 

Sanders, 2000). This theory was modified by Hern (2000), who added that the 

inhibition attached to the distractor stimulus is reactive to the amount of activation 

initially received by the stimulus (see also Tipper, 2001), and depends on the distractor 

being sufficiently competitive with the target. In this view, facilitation is expected if 

the distractor is not sufficiently competitive, or if there is not enough inhibition 

associated with the distractor to override the initial excitation. 

While Tipper (2001) claims that memory based and inhibition based mechanisms 

contribute simultaneously to the NP effect, and Pesta and Sanders (2000) incorporate 

both mechanisms to a certain degree, others argue that certain experimental conditions 

determine whether inhibition or memory processes are the primary source of NP. For 

example, May and colleagues claim episodic retrieval is induced by certain 

experimental contexts, such as short probe display exposure duration, visually degraded 

test stimuli ( May et al., 1995; Kane, May, Hasher, Rahhal, & Stoltzfus, 1997), a high 

proportion of repeated target trials, or the use of a lexical decision task (May et al., 

1995). These authors also claim that episodic retrieval results in larger effect sizes than 

inhibition based NP. In contrast, when probe stimuli are easily perceived, NP is 

thought to reflect inhibitory processes only ( May et al., 1995; Kane et al., 1997). 

However, a number of researchers have produced results which question the adequacy 

of May et al's criteria for inducing only inhibition based NP (e.g. Neill, 1997; Schooler 

et al., 1997; Pesta & Sanders, 2000). 

Recently, researchers have attempted to interpret the findings of NP experiments with 

dual or multiple mechanism accounts such as those described above. In accordance 

with Tipper (2001 ), Grison, Tipper and Hewitt (2001) claimed that long lasting NP with 

face stimuli found in their experiments was due to an interaction of inhibition and 

memory; specifically, inhibitory states are said to be associated with irrelevant items in 

episodic memory, and later retrieval reinstates transient inhibition and slows 
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responding. This effect is more robust when there are many retrieval cues, such as 

when the probe display is identical to the prime display (Grison, Tipper, & Hewitt, 

2001 ). Similarly, Conway (1999) rejected an Episodic Trace Retrieval account of the 

pattern of results observed in his experiments investigating the time course of NP in 

favour of the Dual Mechanism account ( May et al., 1995; Kane et al., 1997), or the 

Temporal Discrimination account (Milliken et al, 1998). 

In the current experiment we aim to primarily investigate inhibitory processes. In fact, 

memory based mechanisms are considered unlikely to contribute to any NP that is 

observed in the Ignored Semantic condition, as the target word in the probe display will 

not have the same identity as the distractor word in the prime display; the two words 

will be thematically related. However, in order to further avoid the possibility of 

confounding inhibition-based effects with retrieval-based effects, the conditions 

thought by May et al (1995) to induce episodic retrieval are avoided; thus probe targets 

are clear, unobstructed, and not repeated. Regarding the possibility that lexical decision 

tasks induce episodic retrieval, this hypothesis is at best tentative, and in fact evidence 

exists to the contrary. A dissociation was observed in a bilingual experiment involving 

naming and LD tasks between negative and positive priming effects (Neumann, 

McCloskey and Felio, 1999). The presence of NP on an Identity Repetition condition 

accompanied by the absence of positive priming on an Attended Repetition condition, 

was interpreted by Neumann and colleagues as evidence against the generalisation that 

LD tasks are likely to induce episodic retrieval, as suggested by May et al (1995). 

Despite the comments above that suggest this investigation focuses on the role of 

inhibition in the NP effect, an attempt will be made to interpret any priming effects with 

reference to both inhibition and memory processes, as suggested by Tipper (2001 ). 

Some Determinants and Parameters of NP 

A wide variety of determinants and parameters of NP have been investigated, revealing 

a number of empirical discrepancies. Those that are relevant to this thesis are discussed 

below, including the effects of stimulus repetition, the duration of the NP effect, and 

conditions that change the pattern of priming observed in NP experiments. 
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Effect of Stimulus Novelty 

Researchers working in the area of NP have expressed differing views on the 

importance of once presented as opposed to repeated distractor stimuli. Unlike 

investigations of other parameters of NP, in this case there a number of studies that 

examine NP with novel or repeated word stimuli, allowing this discussion to focus on 

these studies and exclude those that have used other stimuli. 

NP has been observed in experiments where a small pool of words are repeatedly 

presented as both targets and distractors (Malley & Strayer, 1995; Dark & Schmidt, 

2000), and where novel words did not produce a NP effect (Malley & Strayer, 1995). 

In a later attempt to replicate and extend the results of Malley and Strayer, it was found 

that NP with word stimuli only occurred when the prime distractor had previously been 

repeatedly encountered as a target, and that repetition as a distractor did not produce NP 

(Strayer & Grison, 1999). These investigations included experiments using both 

between subjects and within subjects designs (Malley & Strayer, 1995, Experiment 5; 

Strayer & Grison, 1999, Experiment 1), thus eliminating the possibility that any effects 

are due to strategic differences between the conditions. The authors explained their 

results with the claim that NP occurs only when distractors are highly activated and 

compete with an activated target for a response, as would be the case when distractors 

have been repeatedly encountered previously (Malley & Strayer, 1995; Strayer & 

Grison, 1999). 

However, several researchers have questioned whether repetition of a distractor word is 

a necessary condition for NP. Negative priming to once presented words has been 

demonstrated in a number of experiments involving matching tasks (Treisman & 

DeSchepper, 1996) lexical decisions (LD) (Russell & Neumann, 2001) and a 

combination of naming and LDs (Neumann, McClosky et al., 1999; Neumann & 

Russell, 2000). It appears that under certain experimental conditions, inhibition does 

act on object representations that are created with a single unattended exposure 

(DeSchepper & Treisman, 1996). One condition suggested to be important in 

producing NP with novel words is selection difficulty between target and distractor, and 

insufficient difficulty may be responsible for findings to the contrary (Neumann, 

McCloskey et al., 1999). 
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The research to be reported in this thesis will contribute to the debate on NP with once 

presented words. The current experiments most closely resemble the experiment 

conducted by Russell and Neumann (2001), which produced reliable NP with once 

presented words. In the experiments presented here, words are repeated only to fulfil 

the requirements of an Ignored Repetition condition, and NP to once presented 

distractor word stimuli is expected to reach statistical significance. 

Duration of Effect 

Several researchers have investigated the issue of how long NP lasts once established. 

Experiments that incorporate intervening trials test the hypothesis put forward by some 

researchers that inhibition is a limited resource (e.g. Neumann & DeSchepper, 1991; 

Neumann & DeSchepper, 1992) that may be disrupted by certain events that require 

processing thus interfering with the maintenance of inhibition. 

There is some disagreement in the literature on the significance of the duration of NP 

for the different models of the effect. For example, from an inhibition based 

perspective, rapid decay of inhibition following selection may be expected as it would 

be maladaptive for all distracting information to remain equally inhibited after a few 

trials (e.g. Neill & Westberry, 1987). However, other variations of the inhibition based 

approach can account for long term NP. While some simply claim that inhibition can 

be robust and long lasting without specifying how this is possible (Hasher, Zacks, 

Stoltzfus, & Kane, 1996) others offer more detailed explanations, for instance referring 

to a 'selection state' which is maintained in anticipation of difficult selection in the 

probe (Tipper & Cranston, 1985) or combining inhibitory with memory based 

mechanisms (e.g. Tipper, 2001). Similarly, results that indicate an absence of long term 

NP are potentially problematic for certain memory based models of NP but easily 

accounted for by others. This body of literature is discussed with the aim of generating 

predictions regarding the duration of semantic NP; thus results are not individually 

discussed with respect to the theories they offer support for. 

Several researchers have reported an absence of NP when a lag and intervening trials 

are introduced between the prime and probe trial. Hem (2000) failed to produce NP on 

a same-different matching task with Japanese Kanji figures when the prime and probe 

were separated by 72 intervening trials (approximately five minutes). Similarly, NP 
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was observed in an experiment that involved a matching task and three dimensional 

shapes but had disappeared after a 24 hours lag (Hern, 2000). 

Importantly for the present investigation, the results of one experiment suggest that NP 

with word stimuli does not persist over time. Treisman and DeSchepper (1996) 

conducted experiments with word stimuli, and found that initially negative priming 

with words was significant, but this effect disappeared after lags of 100 and 200 trials . 

These authors offered an intuitively appealing explanation for these results. They 

stated that words (and familiar objects) are represented by multiple tokens in memory. 

Thus, argue Treisman and DeSchepper, while retrieval of the most recent token and 

corresponding tag is likely when the probe trial immediately follows the prime, 

presentation of a word after 100 or 200 intervening trials is not likely to result in 

retrieval of the new token that was set up in the experiment. 

In contrast to the experiments described above, other researchers have found NP effects 

do persist even when a number of trials or a certain period of time separates the prime 

and probe displays. Unlike Hern (2000), Treisman and DeSchepper found no loss in 

the size of the NP effect using novel shapes in a matching task over lags of up to 200 

trials or lmonth (1996; DeSchepper & Treisman, 1996). Similarly, possible and 

impossible three dimensional shapes have produced NP that lasted across 70 

intervening displays and approximately 5 minutes (Neumann, 1999) and across 98 

intervening displays, approximately 5 minutes, in a sample of 11 - 12 year old children 

(Pritchard, 2002). Importantly for the present investigation, long term negative priming 

has also been found with semantically meaningful, familiar shapes. Specifically, 

Japanese participants exhibited significant NP to overlapping Japanese Kanji 

characters, when the probe target was the same as the prime distractor, and these two 

trials were separated by 72 intervening displays (Neumann, Iwahara, & Tajika, 1999). 

Long term NP has also been found in experiments using other stimuli. For example, 

NP lasting across 96 displays (6 minutes) was observed in an experiment using a 

matching task and photographs of faces (Grison, Tipper & Hewitt, 2001, Experiment 

1 ). A subsequent experiment using a sex categorisation task and more salient, 

naturalistic face stimuli produced a greater amount of NP when the prime and probe 
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trials were identical, and separated by 56 displays, approximately 2.5 minutes (Grison 

et al, 2001, Experiment 2). 

The balance of evidence across experiments using various stimuli and tasks suggests 

that long term NP is possible. However, it should be noted that the stimuli and tasks 

used in the experiments described above included shape matching, picture naming, 

localisation, face matching, and letter naming. Given that NP effects tend to be 

idiosyncratic to particular tasks (Neill et al., 1992), and that NP to non-verbal stimuli 

may last longer than NP to verbal stimuli, it should not be assumed that findings with 

stimuli such as letters and shapes will also generalise to word stimuli. However some 

support was found for the hypothesis that the same attentional mechanism operates on 

both meaningless and meaningful stimuli by Neumann, Iwahara and Tajika (1999), as 

they observed NP for Japanese Kanji characters with Japanese participants. 

At least one experiment has produced a lagged NP effect with word stimuli. Neumann 

and Russell (2000) used a combination of word naming and LD tasks and found that 

NP to once presented words remained significant after 100 intervening trials, 

approximately a 10 minute delay. This finding is in direct contrast to that of Treisman 

and DeSchepper (1996) mentioned above, but consistent with Neumann, Iwahara and 

Tajika (1999) who observed long term NP to once presented Japanese Kanji characters 

(that were semantically meaningful to the Japanese participants). The long term NP 

observed by Neumann and Russell (2000) was not evident when the prime and probe 

were separated by 100 intervening trials plus a seven day interval. In addition, these 

researchers failed to replicate their finding of lasting NP in an unpublished experiment 

involving word naming and LDs, despite only 50 trials separating the prime and the 

probe (P.N. Russell, personal communication, 13 August 2002). 

The research to be reported in this thesis investigates the duration of the NP effect with 

repeated word stimuli and semantically related word stimuli. Given the divergent 

results of existing research using repeated stimuli reviewed above, and the need for a 

test that is sensitive to delayed effects, a relatively short lag of about 50 trials will be 

used. It is hypothesised that in the Identity Repetition (IR) condition of the current 

experiment the NP effect will be evident after a lag of approximately 50 trials. The 

duration of semantic NP has not been directly investigated, although an equivalent 
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amount of NP has been found in IR and Ignored Semantic (IS) conditions when the 

probe display immediately followed the prime display (Russell & Neumann, 2001). It 

is possible that IS NP will decay over a shorter interval than IR NP, given that semantic 

positive priming effects have a 4 second half-life without rehearsal (Meyer, 

Schvaneveldt and Ruddy, 1972, cited in Anderson, 1983). Thus the present experiment 

will contribute to the semantic NP literature by directly investigating the effect of a lag 

between prime and probe displays, featuring intervening trials. 

Experimental manipulations that reduce or reverse Negative Priming 

Under some conditions, it can be predicted that participants will show positive priming 

rather than NP. Examples of this phenomenon include experiments where the prime 

target is not identifiable due to short stimulus-onset asynchrony (Allport et al 1985), 

when probe targets appear without distractors (Tipper & Cranston, 1985; Allport et al., 

1985), when participants are encouraged to sacrifice greater accuracy for speed (Neill, 

1977; Neill & Westberry, 1987; Neumann & DeSchepper, 1992), and when the 

luminosity of all display stimuli is reduced (Hern, 2000). Some of these effects may 

support the hypothesis that NP is reduced and even reversed where there is insufficient 

selection difficulty ( or anticipated selection difficulty) on prime and/or probe trials 

(Tipper & Cranston, 1985; Neumann, McCloskey et al, 1999; Hern, 2000; Pritchard, 

2002; but see Allport et al, 1985). That is, processing demand in the probe and/or 

prime trials is one determinant of the amount of NP likely to be observed. The NP 

effect is clearly sensitive to minor variations in experimental conditions, highlighting 

the importance of clear reporting of such conditions. This study attempts to maximise 

the probability of producing NP by avoiding those conditions listed above that are 

known to lead to positive priming or no priming, particularly insufficient selection 

difficulty. The present experiment follows Neumann, McCloskey and Felio (1999) 

who used black upper case distractor words and black lower case target words and non

words in close proximity to each other in order to maximise selection difficulty. 

Impact of awareness 

Generally, the results of NP experiments such as those discussed above are assumed to 

reflect mechanisms of implicit memory, representations that are formed implicitly 

without conscious attention. Researchers frequently test this assumption by having 

participants complete "catch trial" recognition tests after completing the task. Typically 
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recognition is at chance for recently encountered distractor stimuli, and greater than 

chance for recently encountered target stimuli. 

Several researchers have found that participants assessed as spontaneously aware of 

inter-trial relations did not respond differently to those who were unaware (Neill & 

Valdes, 1992; Malley & Strayer, 1995) although it could be argued that these 

participants were aware on only a small proportion of trials. Similarly, one experiment 

showed no effect of informing participants of the experimental conditions (Neill & 

Valdes, 1992). Others argue that awareness does influence NP, for example resulting in 

facilitation on IR trials at relatively long RSis (e.g. Hasher et al., 1991; Driver & 

Baylis, 1993, see also May et al, 1995 for a review), and many researchers continue to 

assess the impact of this variable, in case effects are concealed by averaging results 

across aware and unaware subjects. The current experiment includes both a recognition 

catch trial and questionnaire that probes knowledge of experimental conditions, in order 

to evaluate any potential effects of these variables. 

1.3 Semantic Networks and Negative Priming 

Semantic Positive Priming and Spreading Activation 

Positive priming research has shown that when attended primes are identical to probe 

targets, responding is facilitated. This is also the case when an attended prime word 

and an attended probe word are from the same semantic category, or associatively 

related, or both (Meyer, Schvaneveldt, & Ruddy, 1975; Neely, 1991). A number of 

researchers have proposed spreading activation mechanisms to account for such effects. 

Models of spreading activation tend to attribute semantic priming to temporary changes 

to the internal state of activation of concepts, prior to the appearance of a target 

(Neumann & DeSchepper, 1991). Priming of a concept is said to lead to the activation 

of that concept's representative node or logogen, which then spreads throughout a 

network of nodes via links from the original node. Variations of this theory have been 

proposed by Collins and Loftus (1975) based on Quillian's theory of semantic memory 

search, by Neely (1977) based on Posner and Snyder's (1975) view of spreading 

activation, and by Anderson (1983). 
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These theories tend to include the assumption that activation is of limited capacity, thus 

is attenuated as it spreads out along the paths of the network, and decays with time 

and/or intervening activity (Collins & Loftus, 1975; Anderson, 1983). Some 

researchers also incorporate the facilitative role of conscious attention in their 

discussions of activation. In contrast to the automatic component of spreading 

activation, the limited capacity attentional mechanism is slow acting, dependant on 

attention, and inhibits retrieval of information contained in representations that are not 

the focus of attention (Posner & Snyder, 1975; Neely, 1977). 

Negative Priming and Spreading Inhibition 

Just as positive priming research has investigated the effect of semantically related 

primes and probes, NP research has also looked at the impact of the semantic 

relationship between a prime stimulus (in this case the ignored item) and a probe 

stimulus. Most of this research has been conducted using pictures as stimuli, using 

items that are associatively related or members of the same semantic category. Reliable 

semantic NP has been demonstrated with pictures, while experiments with words have 

produced conflicting results. 

An example of a typical semantic NP experiment using pictures is Experiment 3 of 

Tipper's (1985) NP research. In the Ignored Semantic (IS) condition, the prime 

distractor and probe target of each trial couplet were simple line drawings of 

semantically related objects, and the selection cue was colour. For example, when the 

prime distractor was a green cat that overlapped an unrelated red target drawing, the 

subsequent red probe target was a dog superimposed over an unrelated green distractor 

drawing. This IS condition produced NP of 3 lms, which was not significantly different 

to the 51 ms of NP produced in the Ignored Repetition (IR) condition (Tipper, 1985). 

Similarly, Allport and colleagues used overlapping pictures and produced results that 

showed NP by prime distractors that were categorically related to probe targets, but did 

not share physical characteristics or the response required (Allport et al., 1985, 

Experiments 4, 5 & 8). In this series of experiments, semantic NP effects of between 

20 and 31 ms were produced by the categorically related prime distractors. 
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There is at least one instance in the literature where semantic NP was not observed 

using pictures. Damian (2000) used pictorial stimuli and found semantic NP on a 

categorisation task, but not a naming task. His interpretation of this result attributed the 

slowed responding on the categorisation task to response repetition, that is, both the 

prime distractor and probe target required an identical response. The shared response 

(semantic category name) had to be suppressed during the prime trial but produced for 

the probe trial. The author claimed that the failure to find semantic NP on the naming 

task ( even when there were structural similarities between picture pairs) could be seen 

as evidence against a central locus of the negative priming effect (Damian, 2000). 

However the balance of evidence seems to favour the existence of a semantic NP effect 

with pictorial stimuli. To account for findings of semantic NP, Tipper (1985; Tipper & 

Driver, 1985) proposed that there may be "spreading inhibition" in semantic memory 

networks where the internal representation of an ignored object is associated with 

inhibition, which can spread to related concepts in semantic memory space (see Figure 

1.3.1). 
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Figure 1.3.1 A model of spreading inhibition: Reprinted with permission from 

Russell and Neumann (2001). 
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While others have also used the term "spreading inhibition" (e.g. Roediger & Neely, 

1982), it has been pointed out elsewhere that this usage refers to effects that are simply 

the opposite of facilitation rather than direct suppression (Neill & Westberry, 1987; 

Neumann & Deschepper, 1992). It has been suggested that spreading inhibition in NP 

as described by Tipper (1985) may be analogous to spreading activation, and that both 

mechanisms may exert functionally equivalent influences in activities involving 

selective attention (Neumann & DeSchepper, 1991; Neumann & DeSchepper, 1992). 

In a subsequent study, Tipper and Driver (1988) ruled out the possibility that the 

structural similarity between categorically related items could be responsible for the NP 

effect. These researchers investigated the effect of pictures as prime distractors 

followed by words as probe targets and words as prime distractors followed pictures as 

prime targets, then compared these results to within domain results (pictures-pictures, 

words-words). For example, in the picture-word group, the prime distractor may have 

been a picture of a cat, while the probe target was the word 'dog'. Participants were 

required to give the superordinate category of the target stimulus. IS priming was 

statistically significant in the picture-word group (p < .01) and marginally significant in 

the word-picture group (p < .1). Significant IS priming was also found in a later 

experiment using Tipper and Driver's picture-word condition (Schooler et al., 1997). 

In the within-domain condition of Tipper and Driver's (1988) study, IS priming was 

statistically significant in the picture-picture group (p < .01), but not the word-word 

group. The authors claimed that given the contribution of abstract semantic 

information to the NP effect (in the picture-word group at least), and the lack of an 

effect of physical similarity, stimuli achieved beyond a structural representation to an 

abstract level of representation (Tipper & Driver, 1988). However, these experiments 

involved a categorisation task, thus it could be argued that the NP is due to the shared 

response ( category name) having to be suppressed during the prime trial and produced 

on the probe trial (Damian, 2000). 

Tipper and Driver (1988) failed to find semantic NP when words served as both prime 

distractors and to-be-categorised probe targets, and other unpublished research has also 

failed to find Semantic NP with words (Russell, personal communication, 1 August 

2002). Chiappe and MacLeod (1995) also failed to find semantic NP for categorically 
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related words, despite using various combinations of naming and categorisation tasks 

on prime and probe trials. 

One study directly compared the use of categorically and associatively related words in 

semantic NP experiments, in order to establish whether this variable was responsible 

for the discrepant results reported in the literature (MacLeod et al, 1999). On each trial 

participants were required to name the target word, as cued by colour. Despite reliable 

NP in the IR condition, there was no semantic NP in either the categorical or 

associative word conditions. However, in this experiment stimuli were drawn from two 

sets of just 10 words. This feature of the experiment was based on Malley and 

Strayer's (1995) claim that NP emerges only when small, repeated stimulus sets are 

used. This is contradicted by researchers who have found NP to once presented words 

(Treisman & DeSchepper, 1996; Neumann, McCloskey et al., 1999; Neumann & 

Russell, 2000; Russell & Neumann, 2001). As such, MacLeod and colleague's 

experiment may only be comparable to other experiments that used repeated words ( e.g. 

Malley & Strayer, 1995; Strayer & Grison, 1999), and in all these experiments, priming 

effects may be confused with familiarity effects, or some other mechanism that is 

involved when words appear repeatedly in different capacities. 

While a number of experiments have failed to find NP with semantically related word 

stimuli, this effect has been demonstrated in other experiments, particularly those 

involving associatively related words. Yee (1991) conducted an experiment which 

featured a figure classification task, where participants responded to geometric shapes 

while distractors were presented in the periphery, followed by a lexical decision (LD) 

task. NP was evident when the prime display featured two distractor words, one of 

which was 'highly associated with' the probe target word. Interestingly, this effect was 

not observed when the prime target was presented with a single distractor word that was 

associated with the probe target, or a single word and a string of non-linguistic symbols 

as an additional distractor. However the authors warned that such a lack of an effect 

should not be viewed as evidence of a lack of semantic processing of the distractor 

word, given the effects obtained with two distractor words. 

In a cross-language priming experiment, NP occurred in a condition where ignored 

words on a prime trial (in the participants first language) were semantic associates of 
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target words on the probe trial, that were presented in the participants second language 

(Fox, 1996). In this experiment, participants categorised a focally attended number on 

the prime trial and made LDs on the probe trial. 

An experiment conducted by Hoffman and MacMillan (1985, Experiment 2) reported 

marginally significant (p < .09) NP with semantically related word stimuli. The 

sequence of events in this experiment involved a location cue, followed by a two-word 

prime display, followed by a letter string on which participants were required to make a 

LD. The prime task response, either reporting the cued word or the presence/absence of 

a target letter, occurred after the probe (LD) display. Probe RTs were slower when the 

unattended prime word was associated with the probe word, than when these two words 

were unassociated. However a different pattern of results was evident in the error data. 

Semantic priming by unattended words was positive in the LD task error rates when the 

prime task (letter search) preceded the probe display by 1500ms (Hoffman & 

MacMillan, 1985, Experiment 3). That is, participants made fewer errors on the LD 

task when the ignored prime word was associated with the probe word, than when these 

two words were unassociated. The authors proposed a simultaneous encoding 

hypothesis for these results, which states that semantic processing of ignored material is 

delayed in certain tasks, such as letter search, and activation of this material 

accumulates before inhibition can be applied. 

Given the discrepant findings regarding semantic NP with word stimuli, Russell & 

Neumann (2001), noting that most studies used only a single semantically related prime 

distractor, asked whether the individual effects of a number of semantically related 

distractors would accrue sufficiently to produce negative priming. In their experiment, 

a list of semantically related distractors consisted of words that were all associatively 

related to a critical word; some of the items were also members of the same semantic 

category. The researchers sought to establish whether the act of directing attention 

away from such a sequence of thematically related items would induce false memories 

which were subject to the negative priming effect. In order to answer these questions, 

(and to contribute to the discussion on stimulus repetition), Russell and Neumann 

(2001) combined the semantic NP paradigm with the DRM paradigm (see below for a 

discussion). They found as much negative priming for critical target words (following 

a list of 12 thematic associates as distractors), as for words identical to an immediately 
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prior distractor. These findings were ·interpreted as support for the semantic spreading 

inhibition account (Russell & Neumann, 2001). It was also noted that the findings of 

identity negative priming with once presented distractor words contradicts the 

conclusion of Strayer and Grison (1999) that prior presentation of a distractor as a 

target is a necessary condition for negative priming. 

The nature of spreading inhibition. 

If as Tipper (1985) proposed, spreading inhibition is indeed analogous to spreading 

activation, certain effects resulting from the qualities proposed to be part of the 

spreading activation mechanism could also be observed in spreading inhibition. 

For instance, Neumann and DeSchepper (1992) asked whether fan effects and capacity 

limitations might affect spreading inhibition in a manner akin to spreading activation 

(Anderson, 1983). The experiment required participants to read a list of red target 

letters while ignoring one, two or three distractor letters in other colours. Fan effects, 

or partitioned inhibition among the distractors, were indicated by a reduction in the NP 

effect with increasing numbers of distractors in a display. These results were seen to be 

supportive of the hypothesis that spreading inhibition is a limited capacity parallel 

processing mechanism. 

A review of positive priming research conducted by Neely (1991) generates other 

characteristics of the spreading activation mechanism that may also be evident in a 

spreading inhibition mechanism. For example, Neely notes that priming effects are 

greater for degraded than non-degraded targets, and greater for low-frequency than high 

frequency words. 

Spreading Inhibition and Sequential Related Distractors 

Spreading inhibition theory suggests that not only should inhibition spread from a 

prime distractor to a semantically related target, but also to other related words. 

Consequently, where a sequence of distractors are presented which are all thematically 

related, these should become increasingly inhibited and therefore provide less response 

competition with the target as the prime sequence progresses. Note that this is similar 

to the idea from spreading activation theory that activation which spreads from multiple 

sources and converges on one node accumulates (e.g. ACT*, Anderson, 1983). 
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A finding of facilitation by a sequence of thematically related distractors could be 

considered consistent with research that has found facilitation of responding to a target 

by repeated distractors relative to non-repeated distractors (words, Lowe, 1979; 

Milliken et al., 1998; letters, Allport et al., 1985, Experiment 1; Tipper & Cranston, 

1985, Experiment 1; Neumann & DeSchepper, 1991, Experiments 4b and 5; 

DeSchepper & Treisman, 1996). This effect is usually interpreted as evidence that 

there is a build-up of inhibition to repeated distractors, and that these become less 

competitive with naming a target than those not repeated (Neumann & DeSchepper, 

1991; Milliken et al, 1998; but see Tipper, Bourque, Anderson, & Brehaut, 1989, for an 

alternative explanation based on habituation). The presentation of a distractor that is 

already inhibited due to a semantic association with a previously inhibited word may be 

similar to the repeated presentation of a previously directly encountered distractor. 

However, DeSchepper and Treisman (1996, Experiments 4b & 5), have noted that 

despite the build-up of facilitation when a distractor is repeated, full strength NP is 

evident when that distractor is presented as a probe target. Other researchers have also 

noted that there is not a direct relationship between amount of interference and amount 

of NP that a distractor will produce (Allport et al., 1985; Tipper et al., 1989; Tipper et 

al., 1991; May et al., 1995; Hern, 2000). Such a dissociation between NP and distractor 

interference effects has been variously interpreted as evidence that these two effects do 

not reflect the same mechanism (Neill, 1997), or that the two measures are sometimes 

indexing different levels of processing (Sullivan & Faust, 1993). Therefore the 

existence or otherwise of a distractor interference effect can not be presumed to be 

directly related to semantic inhibitory processing. 

Some support for a build up of inhibition in a sequence of semantically related 

distractors was found by Russell and Neumann (2001) in their experiment involving a 

sequence of 12 distractors associated with the same word. Results indicated that lexical 

decisions to the last six targets were made faster than their corresponding controls while 

there was no facilitation relative to controls for the first six targets in the 12-target 

sequence (P.N. Russell, personal communication, April 3, 2002). 
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1.4 The DRM Paradigm 

The DRM paradigm refers to a procedure used by Deese (1959) and revived by 

Roediger & McDermott (1995) to study false recall and recognition of non-presented 

critical target words (lures). Participants are tested following presentation of a list of 

words that are associatively related to the non-presented critical word. Participants 

devote attention to and remember the associatively related words. For example, for the 

critical word 'needle', the list words were thread, pin, eye, sewing, sharp, point, 

pricked, thimble, haystack, pain, hurt, and injection (Deese, 1959). False memories for 

words not presented in lists have been produced in both free recall (Deese, 1959) and 

recognition paradigms (Underwood, 1965). Non-presented words (critical lures) can be 

recalled and recognised as frequently as words actually presented and studied in lists 

(Roediger & McDermott, 1995). Some researchers have used the results of such 

experimental research to contribute to the debate regarding recovered memories of 

childhood trauma, even applying it to therapy (Roediger, McDermott, & Goff, 1997). 

However it is premature to draw conclusions based on cognitive psychology laboratory 

research, except to confirm that the relationship between memory and reality is 

complex, and that the categorisation of memories as 'true' or 'false' difficult (Schacter, 

Norman, & Koutstaal, 1997). 

Researchers have investigated a number of factors that may determine false recall and 

recognition. · For instance, Deese (1959) found a correlation of 0.873 between the 

probability of a particular word occurring as an intrusion in free recall and the average 

associative strength of the intruding word with words on the list (backward associative 

strength). In a later experiment where lists of varying lengths were used, it was shown 

that that rate of false recall was a function of total associative strength of the list words, 

rather than the mean associative strength as Deese suggested (Robinson & Roediger, 

1997). Recently, a multiple regression analysis assessed the contribution of seven 

factors, and revealed that two factors accounted for 84% of the explainable variance in 

false recall (Roediger, Watson, McDermott, & Gallo, 2001). The factors were 

associative connections from the study words to the critical item or backward 

associative strength (r=0.73) and recallability of the lists (r=-0.43). 

One explanation of these findings is that spreading activation through associative

semantic networks ( as used to explain semantic priming) is responsible for false 
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recall/recognition phenomena (Roediger, Balota, & Watson, 2001). From this 

perspective, activation from list words converges on and primes the critical non

presented word. These authors reviewed several lines of evidence in support of this 

hypothesis, including the findings of Robinson and Roediger (1997) and Roediger, 

Watson and colleagues (2001) mentioned above. It should also be noted that a number 

of other theories have been proposed to account for the false memory phenomenon 

observed in the DRM paradigm, including Fuzzy Trace Theory and Source Monitoring 

Framework. Fuzzy Trace Theory hypothesises that subjects develop both a verbatim 

memory trace and a 'gist' representation (which stores semantic content) during 

encoding. From this perspective, false recall and false recognition occur when people 

access the gist representation of studied items. Source or Reality Monitoring refers to 

the process (at retrieval) of distinguishing between information which refers to 

perception of past events from that which does not (Roediger, Watson et al., 2001). In 

the DRM paradigm, false recall and false recognition are more likely to occur when 

critical items are strongly activated during encoding, and take on some features similar 

to those of the list items - thus the critical item is incorrectly identified as an actual 

memory of a past event. 

Note however that Roediger and colleagues do not exclude these other perspectives, 

but rather focus on spreading activation during encoding while acknowledging that 

various processes which occur at encoding and retrieval may be relevant (Roediger, 

Balota et al., 2001). 

Of particular interest for the present investigation is how long false memories persist 

following intervening trials or temporal lags. A recent experiment investigated the 

effect of retention interval, and found a decline in false recall and false recognition 

occurred across retention intervals of 0, 2, and 7 days (Thapar & McDermott, 2001). 

The decline in recall and recognition across retention interval was less pronounced for 

false memories than for accurate memories (Thapar & McDermott, 2001). These 

authors claimed that the activation theory of false memories ( derived from the semantic 

priming tradition) would predict rapid decay of false memories, and that these results 

were more compatible with Source Monitoring and Fuzzy Trace explanations of false 

recall and recognition. 
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In combining the DRM paradigm with the semantic NP paradigm, Russell and 

Neumann (2001) sought to present a sequence of words that are associatively related to 

a critical lure as distractors, without repetition, to determine whether this would induce 

false memories which would also be subject to inhibition, due to spreading inhibition in 

the semantic network. 

As discussed above, this prediction was supported, in that the Ignored Semantic 

condition of Russell and Neumann's (2001) experiment produced the same amount of 

NP as the Identity Repetition condition, and overall this effect was significant. In the 

context of this literature an important question (raised by Roediger) is whether the 

inhibition to the critical target word (induced by DRM lists of distractors) would persist 

across intervening trials in a similar manner to the effect observed in identity negative 

priming (Neumann & Russell, 2000), and in false recall and recognition (Thapar & 

McDermott, 2001). This information could potentially contribute to the development 

of the spreading inhibition theory, and if the data indicates, to the integration of this 

process with other theories that allow for long term semantic negative priming effects. 

Thus the current experiment is essentially a replication of Russell and Neumann (2001) 

except that a lag of 54 trials will separate the prime list from its critical probe target. 
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2.0 EXPERIMENT 1 

In the tradition of Tipper (1985), a Negative Priming paradigm is used to investigate the 

fate of ignored information. Variations of the NP experiment which investigate the 

possibility of Semantic NP with two related words have generally failed to find this 

effect (e.g. Tipper & Driver, 1988; Chiappe & MacLeod, 1995; MacLeod et al, 1999; 

P.N. Russell, personal communication, 1 August 2002, but see Hoffman & MacMillan, 

1985; Yee, 1991; Fox, 1996). 

However, one prediction that can be derived from Spreading Inhibition theory (Tipper, 

1985) is that the presentation of a series of distractors that are all associatively related 

to a critical word should result in an accumulation of inhibition associated with that 

word. Aspects of the DRM paradigm, where lists of attended-to words produce false 

recall and recognition of related non-presented words (Roediger & McDermott, 1995) 

can be adapted for this purpose. Russell and Neumann (2001) found evidence of 

Semantic NP using Roediger and McDermott's word lists as prime distractors, and the 

corresponding critical lure for each list as probe targets. 

The purpose of the present experiment is to ascertain whether semantically induced 

inhibition effects persist across a time lag containing intervening trials, in a manner that 

has been observed in Ignored Repetition conditions with words (Neumann & Russell, 

2000) and other types of stimuli ( e.g. DeSchepper & Treisman, 1996; Neumann, 1999; 

Neumann, Iwahara, et al., 1999; Pritchard, 2002). 

To this end, the present experiment used a task and procedure similar to that used by 

Russell and Neumann (2001), which consisted of sequence of 12 distractors as primes, 

and a critical lure as the target in the probe trial. This procedure was modified by the 

introduction of intervening trials between the prime sequence and the probe trial. The 

outcome of this experiment will have implications for the various theories that have 

been postulated to account for the NP effect. A finding of long term semantic NP 

would question the assumptions of memory based or simple inhibition based models of 

NP, but could potentially be explained by a theory that incorporates both of these 

mechanisms. 
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In addition, this experiment includes an Ignored Repetition condition, where a word 

appears once as a distractor and once as a target. A finding of NP would concur with 

those researchers who have found this effect with once presented words (Treisman & 

DeSchepper, 1996; Neumann, McCloskey et al., 1999; Neumann & Russell, 2000; 

Russell & Neumann, 2001), and argue against the hypothesis that repetition of word 

stimuli is necessary to produce NP (Malley & Strayer, 1995; Strayer & Grison, 1999). 

As in the Ignored Semantic condition, the Ignored Repetition condition includes 55 

intervening trials between the prime and probe displays. If significant NP does emerge 

under these conditions, this would be consistent with Neumann and Russell (2000), 

who found significant NP in an Ignored Repetition condition after 100 intervening 

trials, and would be at odds with Treisman and DeSchepper (1996) who failed to find 

identity NP for words after 100 or 200 intervening trials. 

2.1 Method 

Participants 

The participants were 40 females and 40 males recruited from Student Job Search at the 

University of Canterbury. The participants were paid $5 cash for taking part in the 

experiment. All participants claimed to have normal or corrected to normal visual 

acuity, and reported English as their first language. One participant was excluded from 

the study as she had taken part in similar research previously, as part of a second year 

Cognitive Psychology course offered at the university. Data from two participants were 

excluded (the last two participants in the larger group to complete the experiment) in 

order to have equal numbers in each group. Data from nine participants was not 

included in the final data analysis due to high error rates (greater than 25%). The final 

sample consisted of 68 participants. 

Apparatus 

The stimuli were presented, and data recorded using SuperLab Pro 2.0, Experimental 

Lab Software, on a Pentium S 100 MHz computer with a 12 inch 600 x 800 screen with 

refresh rate 70 Hz. 
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Stimuli 

Participants were presented with a continuous sequence of displays each consisting of a 

target item in black lower case Arial 24 font and a distractor word in black upper case 

Arial Bold 20 font. These fonts were chosen so that upper and lower case items 

appeared to be similar in size and with equal line thickness and density. In order to 

increase selection difficulty without words becoming obscured, target and distractor 

items were positioned one above the other, with minimal vertical separation needed to 

avoid obstruction of the lower case ascenders and descenders. The target appeared 

randomly in both the top and bottom position, in order to prevent participants focussing 

attention in advance at the location of the target item. Displays were approximately 2.5 

cm wide by 1.2 cm high and presented centre screen or displaced 70 pixels 

(approximately 2.25 cm) to the right or left of centre. All displays were presented for 

350 msec and viewed from a distance of approximately 90 cm. 

Distractor-target pairs fell into the following classes: Semantic primes and their 

controls, semantic targets, identity primes and their controls, identity targets, and filler 

pairs. Regardless of the class of pair all distractors were 3-9 letter words (with the 

exception of 'stethescope'). Semantic primes and their controls were drawn from 24 

lists of 12 words which were thematically related to the same lure. These lists were 

adapted from 15-word lists used by Roediger, Watson, McDermott, and Gallo (2001b). 

Other words were drawn at random without replacement from a large pool of 3- to 8-

letter common English nouns that excluded the semantic primes and targets. Over the 

entire experiment half the targets were words and half were nonwords. Following 

Russell and Neumann (2001), the pronounceable nonwords were formed by replacing 

one or more letters in words that were drawn at random from remaining words in the 

pool. However, given that only 40% of participants in Russell and Neumann's (2001) 

experiment met the error rate criterion (P.N. Russell, personal communication, June 

2002), the non-words in this experiment were constructed with the aim of making them 

less word-like in order to reduce the number of errors on the LD task. No word 

including the words from which nonwords were derived appeared more than once in the 

entire experiment except where it appeared first as a distractor and subsequently as a 

target in an Identity Ignored Repetiton condition. 
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The 24 semantic prime word lists were divided into two sets (known as Set 1 and Set 2) 

of 12 lists each for counterbalancing (see Appendix A). Participants were also divided 

into two groups; Group A received complete lists from Set 1 as distractor words in the 

IS condition and in the ISCo condition they were presented with 12 lists each 

comprising one word selected at random (without replacement) from each of the 12 

lists in Set 2. Group B received complete lists from Set 2 as distractor words in the IS 

condition and random selections of 12 words from Set 1 in the control condition. 

Words for the IR, IRCo, and filler trials were drawn from the word pool described 

above, and a similar counterbalancing arrangement applied to the IR and IRCo trial. 

Design 

This experiment was a counterbalanced within-subject design. The experiment 

consisted of four conditions (see Figure 2.1.1). 
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Figure 2.1.1 Sample of conditions: Adapted with permission from Russell and 

Neumann (2001). 
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1. Ignored Repetition (IR) 

A word was presented initially as a distractor word (uppercase) 

concurrently with an unrelated target item (lowercase ), then reappeared 

after 54 intervening trials ( or three full blocks) as the target word. 

2. Control for Ignored Repetition (IRCo) 

In contrast to the IR condition, the item which appeared as the target on the 

probe trial was unrelated to that which appeared as the distractor before the 

54 intervening trials. The control trial for an IR target in Set 1 occupied 

the same serial position in Set 2, and vice versa. 

3. Ignored Semantic (IS) 

Sequences of 12 words each thematically related to a different critical lure 

word appeared as the distractors which were followed after 54 intervening 

trials by the probe target which was the critical lure word for the list. 

4. Control for Ignored Semantic (ISCo) 

For Group A, sequences of 12 words comprising one word from each list in 

Set 2 appeared as prime distractors in this condition. The probe target, 

which was a critical lure word from a Set 1 list followed 54 intervening 

trials. For Group B, the sequence of prime distractors were drawn from Set 

1 lists and the targets from Set 2 lists. A probe target lure word was paired 

with the same distractor in IS and ISCo trials and occupied the same serial 

position in Set 1 and Set 2 trial sequences. 

For each group, IS and ISCo trials were presented alternately, interspersed with filler 

trials, IR primes and pro bes, and IS probes. A complete block consisted of a total of 18 

trials. Across the two groups, probe trials appeared in the same serial position in the 

trial sequence in order to control for any overall speeding of responses that occurred 

during the sequence of trials (see Figure 2.1.2). 
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Figure 2.1.2 Counterbalanced trial sequences: Adapted with permission from 

Russell and Neumann (2001). 
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Procedure 

Participants were asked to read a sheet of general information about the experiment 

(Appendix B) and signed their name to indicate their consent. Participants then read 

two pages of instructions on the computer screen (Appendix C), which explained the 

task and requested that participants work as quickly and accurately as possible. On all 

trials, participants were required to make a lexical decision. They were instructed that 

when the target item was an English word they should press the left mouse button with 

the index finger of their right hand, and when the target item was a non-word, they 

should press the right mouse button with the second finger of their right hand. They 

were also told that experimental trials would follow practice trials without any break. 

Thirty two practice trials were given so that participants became familiar with the task. 

The practice trials comprised a novel set of items drawn at random without replacement 

from the pool of common words. None of the words or non-words used in the 

experimental trials appeared during practice. During practice trials, any errors made by 

the participants were followed by a message on the computer screen indicating that the 

response was incorrect, and stating the correct response for the trial. For the first six 

practice trials, stimuli were displayed on the computer screen until a response was 

made. In all following practice and experimental trials stimuli appeared for 350msec 

and were followed by a blank screen until a response was made. The screen remained 

blank during a 500 msec response to stimulus interval. 

Following practice trials participants completed a continuous sequence of 24 blocks 

each comprising 18 trials. The first 12 of the 18 trials contained distractors from a 

single list or their controls. These were followed by a filler trial, an IS or ISCo probe 

trial, another filler trial, an IR or IRCo prime trial, an IR or IRCo probe trial, and 

another filler trial. Note that for the first three blocks filler probes were presented in the 

place of IS, ISCo, IR and IRCo probe targets because the critical probe trials were 

lagged three blocks. Twelve blocks involved IS prime trials while the remaining 12 

blocks involved ISCo ( control) prime sequences. The same counterbalancing 

arrangement applied to IR and IRCo trials. A further three blocks of 18 trials followed 

the 24 blocks. These provided the 54 trials that intervened between the presentation of 

the prime (IR conditions) or prime sequence (IS conditions) and the corresponding 

lagged probe target. The additional distractors for the IS and ISCo conditions were also 
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drawn from lists presented in Roediger et al (2001). In all trials accuracy and lexical 

decision times were recorded by the computer. 

Finally a block of 12 trials was presented in which distractor words were from the 

"smell" (Set 1) or the "shirt" (Set 1) lists presented in Roediger et al (2001b). These 

were followed by a recognition test, where participants were asked to nominate which 

of five words was most closely related to the uppercase (ignored words) on recent 

displays. One of the five words was the lure ("smell" or "shirt") from the final block of 

12 trials, the remaining four words being foils. (See Appendix D). Participants were 

also asked to indicate their confidence in this judgement on a scale of 1 - 7, with 1 

being a guess and 7 being certain. After the recognition test, participants completed a 

questionnaire which probed their awareness of the IR and IS conditions in the 

experiment. Specifically, participants were asked whether they noticed any relationship 

between the uppercase (ignored) word on one display and the lowercase (target) item 

on the next or a subsequent display, and whether they noticed any relationship between 

the uppercase word on one display and the uppercase word on the next or a subsequent 

display (Appendix E). 

2.2 Results 

For each participant, the median of the correct RTs, and the percent error rate was 

calculated for IS, IS Co, IR and IRCo critical probe targets. The means of these median 

RTs, and mean error rates are reported in Table 1. The data represent the responses of 

the 68 participants (88%) who each achieved at least 75% valid responses in each 

condition. Extreme scores taking longer than 5 seconds were excluded from the RT 

analysis. 
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Table 2.2.1 

Mean Reaction Times and Error Rates to Probe Targets in the IR, IRCo, IS and ISCo 

Conditions in Experiment 1. 

Reaction Time (ms) 
Mean 
Std Error 

Error Rate (%) 

Reaction Time Analysis 

Semantic 

IS 

760.7 
17.2 

6.7 

ISCo 

763.2 
16.8 

5.9 

Identity 

IR 

749.6 
16.0 

5.1 

IRCo 

739.2 
17.3 

5.5 

A two-way within-subjects repeated measures Analysis of Variance (ANOV A) was 

carried out on the participant median RTs to critical targets. The within-subjects 

factors were prime-probe relationship (Semantic vs Identity) and level of repetition 

(Repetition vs Control). The only effect which reached statistical significance was the 

prime-probe relationship (Semantic vs Identity), F(l ,67) = 4.12, p < .05, however this 

is of no interest for the present study as different stimulus sets were used in these two 

conditions. Importantly, neither the Repetition vs Control main effect, F(l,67) = 0.20, 

p = .66, or the Semantic vs Identity x Repetition vs Control interaction effect F(l,67) = 

0.82,p = .37 approached significance. There were no Semantic or Identity NP effects. 

Error Analysis 

Similar analyses were conducted on error rates in the Semantic and Identity 

conditions (Semantic vs Identity x Repetition vs Control). There were no relevant 

error rate effects. 
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Recognition and Knowledge of Conditions Information 

After completing the experimental trials, participants completed a recognition test, 

where they indicated which of five words was most closely related to the uppercase 

(ignored words) on recent displays. One of the five words was the lure from the final 

block of 12 trials, the remaining four words being foils. If participants had guessed 

randomly, 20% (14) of the 68 participants would be expected to choose the correct 

word. Participants were also asked to indicate their confidence in this judgement on a 

scale of 1 - 7, with 1 being a guess and 7 being certain. 

An analysis of the final recognition test trial revealed that 19% (13) of the participants 

correctly selected the word related to the most recently presented distractor theme. 

Participants appeared to recognise the correct word at chance only. Of these subjects, 3 

expressed confidence in their judgement as indicated by a response of 5 or above on a 

7-point scale, while 10 responded 4 or below, indicating they had guessed the correct 

response. 

After the recognition test, participants completed a questionnaire which probed their 

awareness of the IR and IS conditions in the experiment. Specifically, participants 

were asked whether they noticed any relationship between the uppercase (ignored) 

word on one display and the lowercase (target) item on the next or any display, and 

whether they noticed any relationship between the uppercase word on one display and 

the uppercase word on the next or any display. 

According to responses to the experimental conditions questionnaire, 2 (3%) subjects 

appeared to be aware of the IR condition, 5 (7%) subjects appeared to be aware of the 

IS condition, and 4 ( 6%) noticed the semantic relationship between 2 or more 

distractors. 

With so few participants expressing any explicit knowledge of the experimental 

conditions it is not possible to undertake any formal analysis here. An informal 

comparison between subjects who correctly recognised the distractor theme or 

identified an experimental condition and those who were unaware failed to show any 

differences in the pattern of performance. 
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Effect of Serial Position in IS Prime Sequence 

Given that spreading inhibition theory suggests that inhibition spreads from a prime 

distractor to semantically related words (Tipper, 1985), a sequence of such words 

should become increasingly inhibited and less competitive with the target as the 

sequence progresses. In this experiment, the prime distractors in the IS condition were 

a sequence of 12 words. Mean RTs to prime targets in each serial position in the IS 

condition were calculated for both the control (unrelated) and experimental 

(thematically related) trials. Based on previous findings (Russell & Neumann, 2001), 

positions 1-3 were not expected to produce any individual effects. These positions 

were combined for ease of coding within the Superlab software that controlled the 

experiment. For this group of serial positions and for each of the remaining positions, 

the mean control RT was subtracted from the mean IS RT, giving the lexical decision 

time difference as a function of serial position (see Figure 2.2.1 ). There is no clear 

evidence to suggest an interaction of serial position with IS vs ISCo. Later distractors 

in the sequence did not appear to provide any less competition with the target than 

earlier distractors. 
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Figure 2.2.1. Ignored semantic primes: Lexical decision times as a function of serial 
position in Experiment 1. 
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2.3 Discussion 

The results reported here do not support the hypothesis that a semantic NP effect would 

be observed when a lag of 54 trials separated prime and probe trials. Specifically, due 

to predictions derived from the Spreading Inhibition hypothesis (Neumann & 

Deschepper, 1992; Tipper, 1985), increased RTs relative to a control condition were 

expected in response to a previously unseen target word, when that word was presented 

54 trials after a series of 12 distractor words that were semantically related to the probe 

target word. No significant priming effects were observed in the IR or IS conditions, 

although there was a non-significant trend towards NP in the IR condition. Too few 

participants demonstrated explicit recognition or awareness of the experimental 

conditions for this variable to conceal any possible effects. 

The lack of statistically significant lasting Identity NP is important to consider before 

interpreting the lack of a semantic NP effect. Previous findings strongly indicate that 

NP produced by a distractor stimulus that becomes a target is still evident following a 

number of intervening trials or a time delay (e.g. Tipper et al., 1991; DeSchepper & 

Treisman, 1996; Treisman & DeSchepper, 1996; Conway, 1999). More specifically, 

significant NP to word stimuli has been found to persist across 100 intervening trials, 

approximately 10 minutes duration (Neumann & Russell, 2000). In the present 

experiment, NP in the IR condition fails to reach significance, despite only 54 trials 

separating the prime and probe displays. The question arises as to whether some 

methodological feature of the current experiment may be responsible for the failure to 

observe an Identity NP delay effect. If this is the case, then the lack of evidence for 

lasting semantic NP should not be interpreted as evidence against the existence of this 

effect. 

One possible reason for the absence of significant lasting IR negative priming could be 

that the word-non-word discriminations were relatively easy to perform due to the 

introduction of less word like non-word items. This change from the non-words used 

by Russell and Neumann (2001) was designed to reduce the rate of errors on the LD 

task, but may have also had the effect of reducing the task difficulty so that inhibition 

of distractor words was no longer necessary for effective performance. The relatively 
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high proportion of participants who met the error rate criterion (88 % c.f. 40% in 

Russell & Neumann, 2001) lends support to the idea that the lexical decision task was 

easy to perform, and additional attention to the task difficulty seems warranted. One 

way of making this task more difficult is to alter the non-word targets so they resemble 

words more closely, thus requiring participants to attend more diligently to the target in 

order to make a word or non-word discrimination. This may be accompanied by more 

active inhibition of the distractor, producing a NP effect on the probe trial. 

If these alterations do not result in an Identity Repetition NP effect, the possibility that 

words do not produce lasting NP (see Treisman & DeSchepper, 1996) would have to be 

considered. 

Finally, a graphical comparison of RTs to distractors in the IS prime sequences did not 

reveal any systematic serial position differences in the interference produced by 

distractors in sequence of thematically related words. This suggests that later 

distractors in the series did not become increasingly inhibited, as might be predicted 

from spreading inhibition theory. 
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3.0 EXPERIMENT 2 

Experiment 2 was essentially a replication of Experiment 1, with one modification. In 

order to ascertain whether the failure to find lagged Identity NP on Experiment 1 was 

due to insufficient task difficulty, non-word targets were altered to appear more word

like. It was predicted that this would make the lexical decision task harder to perform, 

thus increasing the probability that the distractor would become associated with 

inhibition. 

3.1 Method 

Participants 

The participants were 31 females and 12 males recruited via an email that was sent out 

to 259 students enrolled in a second year psychology course. The participants were 

paid $5 cash for taking part in the experiment. All participants claimed to have normal 

or corrected to normal visual acuity. Data from two participants was excluded from the 

study as they reported a non-English first language. One participant was excluded from 

the study as she had taken part in similar research previously. Data from three 

participants (the last participants in the larger group to complete the experiment) was 

excluded in order to have equal numbers in each group. Data from five participants 

was not included in the final data analysis due to high error rates (greater than 25%). 

The final sample consisted of 32 participants. 

Apparatus 

The apparatus was identical to that used in Experiment 1. 

Stimuli 

The stimuli used were the same as those used in Experiment 1, with the exception of 

the non-word target items. To explore the possibility that easy word-nonword 

discriminations were responsible for the lack of negative priming effects in Experiment 

1, we sought to make non-words more word-like, thus making the task more difficult. 

In Experiment 1, the non-word target items were formed by replacing one or more 

letters in words that were drawn at random the pool. In the current experiment, the 

non-words were the same as those used by Russell & Neumann (2001), who found 
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immediate identity and semantic NP with words. Additional non-words were modified 

to conform to the new more word-like nonword targets. 

Design and Procedure 

The conditions (IR, IRCo, IS, ISCo) used in Experiment 1 were repeated here. The 

design and procedures were identical to those used in Experiment 1. 
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3.2 Results 

The means of the median correct RTs and the error rates for the IS, ISCo, IR and IRCo 

critical probe targets are reported in Table 2. The data represent the responses of the 32 

participants (86%) who each achieved at least 75% valid responses in each condition. 

Extreme scores taking longer than 5 seconds were excluded from the RT analysis. 

Table 3.2.1 

Mean Reaction Times and Error Rates to Probe Targets in the IR, IRCo, IS and ISCo 

Conditions in Experiment 2. 

Reaction Time (ms) 
Mean 
Std Error 

Error Rate (%) 

Reaction Time Analysis 

Semantic 

IS 

740.4 
22.4 

6.5 

ISCo 

772.1 
24.1 

3.1 

Identity 

IR 

715.6 
20.9 

3.6 

IRCo 

734.3 
22.9 

4.9 

Participant median RTs to the critical targets as reported in the table above formed the 

raw data for a two-way within-subjects repeated measures ANOVA (Semantic vs 

Identity x Repetition vs Control). The results showed a significant effect of prime

probe relationship (Semantic vs Identity; F(l,31) = 5.47, p = .03), and of level of 

repetition (Repetition vs Control; F(l ,31) = 7. 77, p = .0 I). Each priming condition 

(Ignored Semantic vs Control, and Ignored Repetition vs Control) was then analysed 

separately using one-way within subjects repeated measures ANOVAs. Analysis of the 

Ignored Semantic (IS) condition alone revealed a reliable positive priming effect 

F(l,31) = 6.16,p = .02, however this result is un-interpretable given that the error rates 

in this condition revealed a speed-accuracy trade-off (see error analysis). Positive 

priming in the Ignored Repetition (IR) condition failed to reach statistical significance 
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F(l,31) =2.09, p = .16. Due to these considerations, the finding that participants 

responded faster in both the IR and IS conditions relative to the respective control 

conditions (see Figure 3.2.1), is not treated as reliable evidence of positive priming 

780 

770 

760 

en 750 
-S 
Cl) 
Q) 

E 
i= 740 
C 
0 

'B ~• 
ro 
Q) 730 0::: 

720 

710 

700 
Repetition Control 

Condition 

-o- Semantic 
-•- Identity 

Figure 3.2.1. Mean lexical decision times to probe targets in the Ignored Semantic 

and Ignored Repetition conditions as a function of trial type. 

Error Analysis 

Similar analyses were conducted on error rates to the IS, ISCo, IR, and IRCo critical 

targets. The interaction between prime-probe relationship (Semantic vs Identity) and 

level of repetition (Repetition vs Control) was significant, F(l,31) = 5.62, p = .02. 

Separate one-way ANOVAs revealed no significant difference in error rates between 

the IRCo and IR conditions, F(l,31) = 0.71,p = .41. However, in the IS condition there 

were significantly more errors in the IS than the ISCo condition, F(l,31) = 5.91, p = 

.02. Given that the experimental IS condition also produced the fastest reaction times, 

RT and percent errors are negatively correlated, thus a speed accuracy trade off is 

evident here. 
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Recognition and Knowledge of Conditions Information 

As in Experiment 1, participants completed both a knowledge of conditions 

questionnaire and a recognition test. Twenty two percent (7) of the participants 

recognised the word related to the most recently presented distractor theme, a rate 

similar to that expected if participants responded at chance (20%). Of these subjects, 2 

expressed confidence in their judgement as indicated by a response of 5 or above on a 

7-point scale, while 5 responded 4 or below, indicating they had guessed the correct 

response. 

In this experiment, a slightly higher percentage of participants demonstrated knowledge 

of the experiment conditions than in experiment 1. Three (9%) subjects were aware of 

the IR condition, 3 (9%) subjects were aware of the IS condition, and 4 (13%) noticed 

the semantic relationship between 2 or more distractors. As in experiment 1, few 

participants expressed explicit knowledge of the experimental conditions, precluding 

formal analysis. An informal comparison did not reveal any clear pattern of differences 

in priming trends between subjects who correctly recognised the distractor theme or 

identified an experimental condition and those who were unaware. 

Effect of Serial Position in IS Prime Sequence 

Experiment 1 produced no evidence of an interaction of serial position with IS vs ISCo. 

This aspect of the results was also investigated in Experiment 2, due to the alterations 

to the non-word target items. Mean RTs to prime targets in each serial position in the IS 

condition were calculated for both the control (unrelated) and experimental 

(thematically related) trials. For each serial position, the mean control RT was 

subtracted from the mean IS RT, giving the lexical decision time difference as a 

function of serial position (see Figure 3 .2.2). In Positions 1-3 combined, RTs to targets 

in the IS condition appeared faster than RTs to targets in the control condition (rather 

than the same as might be expected); unfortunately patterns of responding in each of 

these 3 serial positions cannot be presented individually. However, in contrast to 

Experiment 1, lexical decisions to the last six targets in the IS condition were made 

faster than their corresponding controls, suggesting that later distractors in the sequence 

provided less competition with the target than distractors in positions 4 - 6. 
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Figure 3.2.2. Ignored semantic primes: Lexical decision times as a function of serial 
position in Experiment 2. 

Results of Experiment 1 and 2 combined. 

The data from both experiments were analysed together, in order to determine whether 

the change to the non-word targets had any effect on RTs or error rates in the Identity 

Repetition condition. The Semantic condition was excluded because of the speed

accuracy trade-off problem described above. The main effect of Experiment was not 

significant F(l,98) = 0.514,p = .48. There was no statistically significant difference in 

error rates in the Identity Repetition conditions of the two experiments F(l,98) = 0.99, 

p = .32. These results suggest that participants responded at a similar speed, and with 

similar accuracy, to the non-words in Experiment 1 and Experiment 2. 

Serial position effects in Semantic NP were further analysed by combining the data 

from both experiments in analyses that involved 3-way mixed Experiment x (Serial 

position x Repetition vs Control) ANOVAs performed on participant median target RT 

and error rate data. Given the Position x Repetition vs Control interaction RTs was not 

significant F(9, 882) = 1.154, p = .322, the hypothesis that target reaction times would 

become faster relative to their controls with progression through the sequence of 

thematically related distractors was not supported. In fact, except for the Position main 
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effect (which is of no interest given the different targets at each position) no effect 

approached significance. 

For any pattern among RTs to be real, error rates for the repetition and control 

conditions need to be comparable at each serial position, but not necessarily between 

serial positions. For error data the Experiment x Position interaction effect was 

significant, F(9, 882) = 1.946, p = .043, reflecting different non-word targets in the two 

experiments, but there were no significant effects involving the repetition vs control 

factor. Examination of the RT and error data fails to reveal any systematic relation 

between the direction of the Semantic - Control RT difference at a serial position and 

corresponding error rates. It is therefore concluded that speed-accuracy is not an issue 

here. 

3.3 Discussion 

The purpose of this experiment was to establish whether the absence of lagged NP 

effects in Experiment 1 in the Ignored Repetition condition was due to the low 

difficulty level of the lexical decision task in that experiment. In Experiment 1·, non

word targets were formed by replacing one or more letters in words that were drawn at 

random the pool, while in Experiment 2, the non-words were the same as those used by 

Russell & Neumann (2001). These non-words in Experiment 2 were originally formed 

in the same way as the non-words in Experiment 1 but had previously proven 

successful at producing immediate identity and semantic NP with words (Russell & 

Neumann, 2001). 

In this experiment, as in Experiment 1, there was no negative priming effect. In fact, in 

the present experiment, there were trends towards positive priming in both the IR and 

IS conditions. Thus the results of Experiment 2 do not support the hypothesis that the 

more obvious nonwords in Experiment 1 had concealed any priming effects by making 

the lexical decision task too easy. This is further indicated by the combined analysis of 

Experiments 1 and 2 which revealed no real differences between the two experiments 

on error rates or RTs. 
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On reflection, if the non-words in Experiment 2 were indeed more word like than those 

in Experiment 1, two alternative hypotheses could generate contradictory predictions 

about the effect on RTs and error rates. It was initially expected that more word-like 

non-words would require participants to attend more diligently to the target in order to 

make a word or non-word discrimination, making the LD task more difficult to 

perform. However, it could equally be argued that this heightened attention to the 

target could improve performance compared to the situation where obvious non-words 

contribute to an easy lexical decision. Neither of these hypotheses can account for the 

lack of significant differences between the results of Experiment 1 and 2. It appears 

that the non-word sets in both experiments were functionally equivalent, despite the 

fact that the non-words in Experiment 2 had previously proven successful at producing 

immediate identity and semantic NP with words (Russell & Neumann, 2001). 

4.0 GENERAL DISCUSSION 

The aim of the current experiments was to investigate whether lagged semantic NP to a 

previously non-presented word was possible as a result of ignoring a sequence of words 

related to that critical word. The two experiments reported here failed to produce 

evidence for such Semantic NP when the prime sequence and probe trials were 

separated by 54 intervening trials. However, the same experimental conditions also 

failed to produce Identity NP over this interval, a result that prevents any further 

discussion regarding the existence of semantic NP and the proposed spreading 

inhibition mechanism. 

While priming effects did not reach statistical significance in the Identity Repetition 

conditions, there was a trend towards NP in this condition of Experiment 1, and a trend 

towards positive priming in the corresponding condition of Experiment 2. These 

findings do not offer convincing support for the hypothesis that an internal 

representation of the ignored word may have been registered and stored implicitly, as 

suggested by post-categorical models of selection (Allport et al., 1985; Tipper, 1985; 

Tipper & Driver, 1988; Houghton & Tipper, 1994). Alternative models are also unable 

to account for the contradictory directions of the priming effects observed on the 

present experiments. However, previous research has established that Identity NP with 
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once presented word stimuli is possible (Treisman & DeSchepper, 1996; Neumann et 

al., 1999b; Neumann & Russell, 2000; Russell & Neumann, 2001) and can persist 

across intervening trials (Neumann & Russell, 2000). It is unclear why the present 

experiment failed to reproduce this Identity NP effect with word stimuli. 

One difference between the present experiments and Neumann and Russell's (2000) 

procedure which successfully demonstrated lagged Identity Repetition NP to words, is 

the type of experimental tasks completed on the prime and probe trials. The present 

experiments featured a lexical decision (LD) task on both the prime and probe trials. In 

contrast, participants in Neumann and Russell's experiments named prime targets, and 

made lexical decisions to probe targets (Neumann & Russell, 2000). This combination 

of tasks produced NP that persisted across 100 intervening trials, an interval of about 10 

minutes. From this one might conclude that NP produced by a combination of naming 

and LD tasks persists while that produced by a continuous LD task does not. However, 

recent unpublished research that failed to produce Identity Repetition NP with a 

combination of naming and LD tasks and a lag of 50 trials undermines this argument 

(P.N. Russell, personal communication, August 2002). 

There is another, less obvious difference between the present experiments and 

Neumann and Russell's (2000) procedure which successfully demonstrated lagged 

Identity Repetition NP to words. The word stimuli used by Neumann and Russell 

included a small proportion (12.5%) of compound word trials on Experiment 1 and the 

first block of Experiment 2, in which the target and distractor on a single trial together 

formed a compound word. Compound word trials were not included in the present 

experiments because they were not considered relevant. However, it is now suggested 

that compound word target-distractor pairs may act as a catalyst facilitating NP effects. 

It is proposed that in comparison with unaltered trial pairs, greater allocation of 

attention to the target is needed and more suppressive effort is required to inhibit the 

distractor when the prime target-distractor pair form a compound word. The presence 

of compound words is though to induce a heightened selection set (see Tipper & 

Cranston, 1985) that facilitates NP effects. It is therefore speculated that the inclusion 

of a number of compound word immediate Identity Repetition trials would have 

facilitated a lagged Identity Repetition NP effect with word stimuli, and possibly a 

lagged Ignored Semantic NP effect as well. Similarly, the inclusion of immediate 
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attended repetition trials could facilitate NP, given that these trials encourage 

participants to attend to the target as this would improve performance on a proportion 

of trials. 

Previous experiments that did not include compound words but successfully produced 

immediate Identity Repetition priming (Treisman & DeSchepper, 1996; Neumann et al, 

1999b; Russell & Neumann, 2001) do not necessarily contradict the compound word 

hypothesis described above. Instead, it could be that the conditions of these 

experiments were conducive to temporary inhibition of the distractor and thus NP on 

the immediately ensuing probe trial. Lagged Identity Repetition trials within the same 

experimental contexts may not have produced a similar result, as evident in the 

experiment conducted by Treisman and DeSchepper (1996); there was no NP in their 

lag 100 and lag 200 conditions. In contrast, the inclusion of compound word trials may 

induce a selective set that results in stronger inhibition of the distractor, that persists 

across intervening trials, ultimately slowing responding to the same word when it 

appears as a target on the probe trial. 

To restate this hypothesis in the terms of Tipper's (2001) integrative model, on a 

compound word trial inhibition becomes associated with the distractor as it is highly 

salient or competitive with the target, because it forms a compound word with the 

target. The presentation of the probe target word prompts the retrieval of prior 

processing episodes, which includes the reinstatement of inhibition that became 

associated with the distractor on the prime trial. A NP effect would be expected as a 

result of retrieval of this inhibitory processing. However, in experiments that do not 

include compound word trials, the inhibition associated with the distractor is weak and 

transitory, and is either not retrieved with the episodic memory, or is insufficient to 

produce an observable NP effect. 

The results reported here do not provide clear evidence of a build up of inhibition over 

a sequence of distractors related to the same word. Graphical data in Experiment 1 and 

the combined statistical analysis of Experiments 1 & 2 clearly showed no effect of 

serial position. Experiment 2 graphical data showed that lexical decisions to the last six 

targets in the IS condition were made faster than their corresponding controls, however 

this pattern was inconsistent with RT data for the first six targets in the series. These 
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findings are incompatible with Russell and Neumann (2001), who reported no 

facilitation relative to controls for the first six targets in the 12-target sequence, but 

faster LDs to the last six targets than their corresponding controls (P.N. Russell, 

personal communication, April 3, 2002). Thus Russell and Neumann's (2001) results 

appear to offer support for hypothesis that inhibition accumulates across a sequence of 

thematically related distractors, while the present results do not. One possible 

explanation for these divergent results is that the experiments of interest used different 

stimuli. However, this is unlikely to be the cause of the discrepancy, given that the 

present experiments and the previous experiment used very similar target and distractor 

sets. Experiment 2 used the same stimuli as Russell and Neumann (2001), with the 

exception of four additional distractor theme sets; three to create a lag of 54 trials, and 

one for the final recognition test. In Experiment 1, the non-word targets were also 

different to those used by Russell and Neumann (2001), although they were constructed 

in the same manner. 

One weakness of the present study is that it does not include an immediate Identity 

Repetition condition that would enable the researcher to exclude the data of participants 

who failed to show immediate NP from the analysis of the lagged condition results. 

Previous research has shown that a minority of participants show facilitation rather than 

inhibition on immediate negative priming tasks, and these differing patterns are still 

evident after lags consisting of intervening trials or temporal delays (DeSchepper & 

Treisman, 1996; Treisman & DeSchepper, 1996). There are several possible 

explanations for these individual differences, including that some subjects more 

effectively suppress unwanted stimuli, or that subjects many employ different selective 

attention strategies (Houghton & Tipper, 1994; DeSchepper & Treisman, 1996; 

Treisman & DeSchepper, 1995; Hern, 2000). Further support for these interpretations 

of individual differences in NP come from a study where NP was only observed in 

those subjects who scored low on the Cognitive Failures Questionnaire, an index of 

absentmindedness and failures of attention (Tipper & Baylis, 1987). Due to these 

individual variations in priming effects, it is recommended that future researchers of 

lagged NP effects identify those participants who demonstrate NP ( as opposed to no 

priming or positive priming) in an immediate priming condition, for inclusion in the 

data analysis of the lagged NP condition. 
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Another potential explanation for results that do not suggest a NP effect is insufficient 

selection difficulty between targets and distractors on the prime trial (e.g. Neumann, 

McCloskey et al., 1999). Several researchers have used experimental designs with the 

goal of heightening and maintaining selection difficulty in mind, such as avoiding the 

use of repeated distractors, reducing spatial separation between targets and distractors 

(Pritchard, 2002), and increasing the line-thickness of the distractor relative to the 

target (Hern, 2000). The present experiment attempted to maximise selection difficulty 

by using upper and lower case black words in close proximity to each other, following 

Neumann, McCloskey and Felio (1999), Neumann and Russell, (2000) and Russell and 

Neumann (2001). Given that these researchers successfully produced immediate 

Identity NP, lagged Identity NP, and immediate Semantic NP, it seems reasonable to 

assume that in this procedure there is sufficient selection difficulty involved in selecting 

the target from the distractor to produce at least lagged Identity NP. It remains to be 

seen whether this procedure can lead to lagged Semantic NP. However, future research 

may benefit from further changes to this experimental procedure that are designed to 

increase selection difficulty. For example, selection of the target from the distractor 

would be more difficult if both items were presented in uppercase letters, and in a very 

similar shade of the same colour (e.g. grey), and selection was on the basis of colour. 

Concluding Remarks 

The aim of the present investigation was to contribute to the body of knowledge on the 

NP effect, particularly lagged semantic NP. While lagged semantic NP was not 

observed in these experiments, this is not interpreted as reliable evidence against the 

existence of this effect, as this experimental design also failed to produce lagged 

Identity NP, a more fundamental effect. Therefore the value of the present study is in 

describing an experimental context that failed to produce the lagged Identity Repetition 

NP effect, thus establishing limits on the generality of this phenomenon. In addition it 

is recommended that in the future, researchers include immediate Identity Repetition 

trials, and a proportion of compound word trials when investigating lagged NP effects. 

Investigations of this kind are likely to continue, given that NP is regarded as an 

indicator of efficient inhibitory functioning, which is in turn seen as a necessary 

component of optimal cognitive performance. As such, studies of NP are relevant to 

the study of cognitive functioning in older adults, children, people with ADHD, people 

with schizophrenia and others who demonstrate difficulties in selective attention. In 
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addition, the Semantic NP effect may yet prove to be relevant and informative to the 

study of selective attention and inhibition. If future research indicates that a sequence 

of distractor words that are related to a target word can produce Semantic NP, then 

numerous possibilities emerge for other lines of inquiry. 
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SET1 SET2 
doctor NURSE bread BUTTER high LOW thief STEAL river WATER sleep BED 

SICK FOOD UP ROBBER STREAM REST r./)_ > 
MEDICINE EAT TALL CROOK LAKE TIRED ~ 't::I 
HEALTH SANDWICH TOWER BURGLAR NILE DREAM 9 't::I 

~ ~ 
HOSPITAL RYE JUMP COP BOAT SNOOZE = = PHYSICIAN JAM ABOVE BAD SWIM BLANKET ::t. Q. 
ILL FLOUR BUILDING ROB FLOW DOZE ~ ~-
PATIENT DOUGH CLIFF JAIL BARGE SLUMBER ~> STETHOSCOPE CRUST SKY GUN CREEK SNORE 0 
SURGEON SLICE AEROPLANE CRIME BROOK NAP "'l 
CLINIC LOAF DIVE BANDIT FISH YAWN Q. 

CURE TOAST ELEVATE CRIMINAL BRIDGE DROWSY r 
mountain HILL window DOOR spider WEB soft HARD music NOTE girl BOY 

.... 
[I.> 

VALLEY GLASS INSECT LIGHT SOUND DOLLS ~ 
[I.> 

CLIMB PANE FRIGHT PILLOW PIANO FEMALE 
SUMMIT SILL FLY PLUSH SING DRESS 
TOP HOUSE CRAWL FUR BAND PRETTY 
PEAK OPEN TARANTULA TOUCH MELODY HAIR 
GLACIER CURTAIN POISON FLUFFY HORN NIECE 
GOAT VIEW BITE FEATHER CONCERT DANCE 
BIKE BREEZE CREEPY FURRY SYMPHONY BEAUTIFUL 
RANGE SASH UGLY KITTEN JAZZ CUTE 
STEEP SCREEN FEELERS SKIN ORCHESTRA DAUGHTER 
SKI SHUTTER SMALL TENDER RHYTHM SISTER 

sweet SOUR man WOMAN Fillers:cup MUG anger MAD fruit APPLE Fillers:cup MUG 
CANDY HUSBAND SAUCER FEAR VEGETABLE SAUCER 
SUGAR UNCLE TEA HATE ORANGE TEA 
BITTER MALE MEASURING RAGE KIWI MEASURING 
TASTE FATHER COASTER TEMPER CITRUS COASTER 
TOOTH STRONG HANDLE FURY RIPE HANDLE 
NICE FRIEND COFFEE IRE PEAR COFFEE 
HONEY BEARD STRAW WRATH BANANA STRAW 
HEART PERSON GOBLET FIGHT BERRY GOBLET 
CAKE HANDSOME DRINK HATRED CHERRY DRINK 
TART MUSCLE PLASTIC EMOTION JUICE PLASTIC 
PIE SUIT SIP ENRAGE COCKTAIL SIP 

chair TABLE cold HOT rubber ELASTIC king QUEEN needle THREAD rubber ELASTIC 
SIT SNOW BOUNCE CROWN PIN BOUNCE 
LEGS WINTER GLOVES PRINCE SEWING GLOVES 
SEAT ICE TIRE PALACE POINT TIRE 
COUCH WET BALL THRONE PRICK BALL 
DESK FRIGID ERASER CHESS THIMBLE ERASER 
RECLINER CHILLY SPRINGY RULE THORN SPRINGY 
SOFA FREEZE FOAM SUBJECTS HURT FOAM 
CUSHION AIR SOLES MONARCH INJECTION SOLES 
STOOL SHIVER LATEX ROYAL SYRINGE LATEX 
SITTING ARCTIC FLEXIBLE LEADER CLOTH FLEXIBLE 
ROCKING FROST STRETCH REIGN KNITTING STRETCH 

black WHITE foot SHOE Recognition NOSE rough SMOOTH slow FAST Recognition BLOUSE 
DARK HAND Trial SNIFF BUMPY LETHARGIC Trial SLEEVES 
CAT TOE (smell) AROMA TOUGH STOP (shirt) PANTS 
CHARRED KICK NOSTRIL JAGGED LISTLESS TIE 
NIGHT SANDALS WHIFF READY SNAIL BUTTON 
FUNERAL SOCCER SCENT COARSE DELAY SHORTS 
GRIEF WALK REEK UNEVEN TRAFFIC POLO 

""' 
BLUE ANKLE STENCH RUGGED TURTLE COLLAR 

(.,.) DEATH BOOT FRAGRANT SAND HESITANT VEST 
INK SOCK PERFUME BOARDS QUICK POCKET 
COAL SMELL SALTS GROUND SLUGGISH JERSEY 
GRAY MOUTH ROSE GRAVEL WAIT CUFFS 



Appendix B 
Information for Participants 

Department of Psychology University of Canterbury 

Consent to participate in a Research Study 

We invite you to take part in a study that is part of a larger ongoing investigation we 
are undertaking on people's perception, attention and memory. 

The project has been approved by the Human Ethics Committee of the University of 
Canterbury. 

In the current study pairs of word and nonword items will be displayed briefly on a 
computer screen. Your task is to decide whether some of the items form English 
words or are nonwords. Your decision time and the accuracy of your decisions will 
be recorded by the computer. Following this you will be asked a couple of brief 
questions about the procedure. In total this should take about 20 minutes. 

Neither we nor the ethics committee can for see any possible risk to you from 
participation. 

Your participation is entirely voluntary and you may withdraw at any time. Also, 
while the results we collect may reported in psychology journals or meetings your 
identity will not be known to anyone. 

You will be paid $5 for your participation. 

Thank you for your participation. 

Paul Russell 
Senior Lecturer 
8 January 2002 
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Appendix C 
Instructions to participants 

Instructions 
In this experiment you will see displays like those in the box below. Note that each display 
contains l\No items, one is in UPPERCASE print (eg. OBLONG) and the other in lowercase 
print (eg. ruve). 

Your task is to indicate whether the Iowarc:isa item is an English 
language word. You should ignore the UPPERCASE item. 

Press the left button on the response mouse if the lowercase item is a 
word. 

Press the right mouse button if the lowercase item is a nonword. 

OBLONG 
ruve 

Your response to the example in the box would be to press the right mouse button because 
ruve is a nonword. 

The displays are quite brief so you will need to concentrate fully and watch very carefully. 

Please make your word/nonword decisions as quickly and as accurately as you possibly can. 
The computer measures your speed to within a thousandth part of a second, and it also 
monitors your accuracy. Try to ignore the UPPERCASE items as best you can because the 
better you ignore them the faster and more accurately you will be able to respond to the lower 
case items. 

Try to ignore the uppercase words. 

It is important that you make your word/nonword decisions as quickly as you can without making 
errors. 

Press the Left button if the lowercase item is a word. 

Press the Right button if the lowercase item is a nonword. 

Half the lowercase items are words and half are nonwords. Please use the word (left) and 
nonword (right) buttons equally often while making as few errors as possible. 

The first few trials wi II be treated as practice trials so that you can become familiar with the task. 
The main trials follow the practice trials without a break. 

Please check with the experimenter before beginning the experimental trials. 
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AppendixD 
Recognition tests 

Set 1 - Group A 

Which of the words below is most closely related to the UPPERCASE 
words that you had to ignore on recent screen displays? 

AGENT PASTE SMELL SLIDE SCENE 

Choose one of the words, even if you have to guess, and tell it to the 
experimenter. 

How confident are you? 

Guess 

1 

Set 2 - Group B 

2 3 

Certain 

4 5 6 7 

Which of the words below is most closely related to the UPPERCASE 
words that you had to ignore on recent screen displays? 

AGENT PASTE SHIRT SLIDE SCENE 

Choose one of the words, even if you have to guess, and tell it to the 
experimenter. 

How confident are you? 

Guess 

1 2 3 4 

Certain 

5 6 7 
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AppendixE 
Awareness Questionnaire 

Version: G H 

File Id: M/F Date and Time: ------- -----

Response to Recognition Question: ________ _ 

Questionnaire 

1. During the experiment did you ever notice any relationship( s) between the ignored 
(UPPERCASE) word on one display screen and a target (lowercase) word on the 
next or a later display screen? 

Yes/No 

If yes please explain the relationship(s). 

2. During the experiment did you ever notice any relationship(s) between the ignored 
(UPPERCASE) word on one display screen and the ignored (UPPERCASE) 
word on the next or a later screen? 

Yes/No 

If yes please explain the relationship(s) and indicate whether you think the 
relationship(s) occurred infrequently or often. 
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