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ABSTRACT
Visual word recognition studies rely on priming tasks to examine underlying
ﬁfocesses within the lexical system. A commonly used method is the lexical decision
-task, where participants are presented with a letter string that is either a familiar word
or a meaningless non word such as fost. Response times are measured for the time
taken to decide if the letter string is a word or a non word. The word the participant
responds to is the target, while the preceding word is referred to as the prime. There
are three types of priming conditions reported here. First, semantic priming where a
target in the pair chair-table is recognised faster than the target in the pair horse-table.
Semantic priming studies are considered to reflect later processes in word recognition,
which can occur after primes have been identified, A second paradigm is orthographic
priming, where the target in a word pair sharing letters, such as fable-table, is
recognised faster than the target item in the control pair shooi-table, in which no
letters overlap. Orthographic priming appears to be more robust in a masked
condition. That is, the prime stimulus is presented so briefly and in close proximity to
other visual features that it cannot be readily recognised. The reason targets in
orthographically related pairs are more likely to be facilitated when the prime is
masked is unresolved. This work addresses this question by examining what effect the
mask can have on the processing of the prime. There are two opposing views. Firstly,
it is assumed word recognition occurs over time, and when a mask appears shortly
after a word has been presented, further processing of the prime immediately ceases.
However, because the prime has already been perceived by the system to some

degree, it is said to be partially activated. This partial activation can persist for a brief
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period of time, but later processes of recognition do not occur, and the word is never
identified by the lexical system, This is referred to as an interruption theory of
--masking. The alternate account suggests the mask does not disrupt the processing of
the prime, rather, it affects the ability a person has in consciously reporting the primes
: ;ﬁreéence. That is, the word may have been identified by the lexical system, but it has
not been identified by the conscious system. Determining the true effect of 2 mask has
proved difficult. There are many parameters within the existing models of word
recognition that are yet to be accurately identified and described. With a large volume
of data from a vast array of different priming designs, theory testing is likely to
remain a slow process. This paper aims to take a unique approach of examining both
orthographic and semantic priming within the same design, which are considered here
to be somewhat opposing forces. Unexpectedly, no orthographic priming was found in
a design previously showing a robust effect. The results are examined in terms of an
interactive activation model, where an interruption account of the prime did not
appear to be supported. An expected result was obtained however in that a semantic
priming effect was not found in the masked condition. Subsequent tests attempted to
 obtain a semantic effect while looking at the relationship between semantic priming
and conscious awareness of the primes. The study highlights some of the difficulties
in making an unbiased assessment of the “participants” ability to detect masked

primes.
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1. Introduction

1.1 Overview

One of the most complex cognitive tasks we effortlessly carry out each day is
reading. A detailed arrangement of lines and curves becomes a rich and meaningful
composition, capable of representing any information we choose to externally store or
pass on to others, Many questions are yet to be answered in relation to the human
language system. One area of study seeks to understand the processes occurring
within the perceptual system when we recognise a written word. This work has relied
to a large degree on word priming studies, in which perception of one word is
influenced by the presence of another. As will be shown below, word pﬁming studies
often use a visual mask to make a particular word stimulus more difficult to detect.
The primary purpose of this paper is to examine what kind of an effect a mask can

have on the processing of a word.

1.2 Semantic Priming

An early aspect of priming studies was to investigate how words were stored
in memory. Tulving (1972) proposed two types of permanent memory: episodic and
semantic, Episodic memory contains information about when, where and how items
in memory are received, while semantic memory contains knowledge about the world
and language. It incorporates the phenomenon of a mental /exicon, similar to a mental

dictionary.



A common finding in word recognition studies is that people are faster to
recognise a word when it appears in close proximity to a semantically related word.

- This is referred to as a semantic priming effect. For example, Meyer and
Schvandeveldt (1971) showed that words were more easily recognised when
following semantically related elements, such that for the pair bread and butter, the
second word was recognised as a word faster than in the pair flash and butter. This
commonly used procedure is referred to as a lexical decision task. Participants must
decide if a letter string is a familiar word, or a meaningless non-word, such as fost.
The word item the participant responds to is referrec-l to as the farget, while the
preceding word is the prime stimulus.

It has also been demonstrated that a semantic priming effect is not obtained
every time a semantically related prime and target appear together (eg. Neely &
Durgunoglu, 1985). The factors governing semantic priming are not fully understood,
but there are several accounts offered for the effect. These are; spreading activation,
semantic matching, compound cuing, and expectancy (see Neely, 1991).

Spreading activation (eg. Collins and Loftus, 1975) occurs when a word
stimulus activates its representation in the lexicon, and then raises the activation of
neighbouring lexical entries in the semantic system. If these lexical neighbours
appear in close proximity to the original stimulus, their recognition is facilitated. This
process 1s fast acting, occurs automatically and without consciousness, Posner and
Snyder (1975) proposed a dual processing model in which both automatic spreading
activation and slower attentional mechanisms operated on word recognition. The

attentional mechanisms can produce a facilitation effect when attention is drawn to



semantically relatedl pairs, but inhibition occurs when items are presented upon which
attention is not focused.

Importantly, Neely (1977) showed these inhibition effects were dependent in
part on the time lapse between the prime and target presentations., For example, at
longer time intervals (> 250 ms) , the target in the pair bird-robin was recognised
faster than when appearing with an xxxx prime, but the target in bird-arm was
recognised slower than the xxxx condition. This indicates the “word-ness” of the
prime was in some way disruptive to the recognition process. However, when the
prime was presented for less that 250 ms, bird-arm was not slower than xxxx-arm,
hence inhibition had seemingly disappeared. Any facilitation achieved for a prime-
target interval below 250 ms was therefore assumed to operate only on the automatic
processes, and was therefore ftee from inhibition. When attentional mechanisms are
allowed to operate, the automatic process still occurs, but the end priming result
depends on the strength of the inhibitory processes. That is, both mechanisms operate
independently.

The interval between the prime and the target is therefore an important
dimension to the semantic priming effect. The time between the onset of the prime
and the onset of the target is referred to as the stimulus onset asynchrony (SOA).

A closer look at the mechanisms proposed for semantic priming will reveal
how the facilitation and inhibition processes work, In a semantic matching strategy
(eg. de Groot, 1984), participants determine if the prime and target are semantically
related after lexical access has occurred for the target. A similar process occurs for
compound cuing (Ratcliff and McKoon, 1988), where the target acts as the cue to

determine if the two words form a familiar compound. Semantically related pairs are



~ considered to form a more familiar compound pair than unrelated pairs. Inhibition is
in part dependent on the proportion of related and unrelated pairs in the experiment,
which effec!s the participants expectation about the appearance of related primes

(de Groot, 1984).

According to the expectancy model (eg. Becker, 1980), the presentation of a
word stimulus generates an expectancy set of words that are semantically related to
the prime stimulus. Upon presentation of a target word, the expectancy set is
searched, and if a match is found a facilitation effect is obtained. In contrast to
semantic matching and compound cuing, the expect.ancy priming effect occurs before
the target is identified. There is evidence for both matching and expectancy
mechanisms operating (Neely, Keefe, Ross 1989).

However, no expectancy or matching strategies are considered to function for
an SOA less that 200 ms (denHeyer, Briand, & Smith, 1983; Neely, 1977; Neely et
al., 1989). All SOAs used here are below 200 ms, so this paper is primarily concerned

with the conditions of automatic spreading activation.

1.3 Orthographic priming

As mentioned in the previous section, semantic memory incorporates a
lexicon, Semantic priming studies show that once a word has been identified, its
semantic properties can be used to assist the processing of subsequently encountered
words. This has in turn provided evidence that words are stored on the basis of

meaning. A second type of word effect, orthographic priming, has been used to



examine the processes involved with the access of the lexical system, where access is
referring to the processes leading up to the identification of a word.

This reflects a general assumption that has been used to view word
recognition; pre and post access processes. Pre-access refers to processes occurring
* before a lexical word unit has been selected, and post-access subsequently applies to
processes occurring beyond this selection stage. To clarify this important concept, the
term lexical access therefore refers to the instance when the processing system finds a
representation in the lexical memory that is a match for the representation generated
by the input stimulus

A final type of priming to be incorporated below is repeftition. Repetition
priming is one word presented more than once, usually just twice, as in house-house.
Strong priming effects are most often obtained in a repetition condition.

Orthographic priming (also referred to as form priming) is effectively the
facilitation occurring in a word pair sharing letter overlap, such as fable-table or taple-
table, when compared with an all letters different control pair such as brush-rable.
Orthographic overlap can also incorporate phonological overlap, and the two can be
separated. In a pair such as fable-table, there is both graphemic and phonetic overlap,
however both graphemic only and phonetic only pairs are possible; couch-touch and
mate-eight respectively. Research on orthographic priming has attempted to tease
apart the visual and phonetic aspects of words, to determine the saliency of these two
dimensions in orthographic facilitation (eg. Evett & Humphreys, 1981).

While priming has been found in terms of both graphemic access (eg. Evett &
Humphreys, 1981) and phonemic access {eg. Meyer and Schvandeveldt, 1974), there

is considerable evidence to suggest lexical access occurs via graphemic processing



(see Coltheart, 1978). Such support can be seen in Evett & Humphreys (1981). Here,
word pairs containing both graphemic and phonetic similarities eg. bribe-TRIBE, were
compared with graphemic only pairs such as couch-TOUCH. It was expected thata
phonemic priming effect would result in the phonetic-graphemic pairs being greater
than the graphemic alone pairs. However, both pairs showed equal facilitation and
importantly, phonemic priming did not add to graphemic processing. Evett and
Humphreys suggested graphemic priming was preferable because phonemic priming

could either take longer or be optional.

1.3.1 Priming results for orthographic pairs

Meyer, Schvandeveldt and Ruddy (1974) were among the first to report a form
priming effect, where lexical decision times were faster for words such as bribe-tribe,
compared to fence-tribe. Hillinger (1980) obtained a similar result. These studies
reported priming in conditions where both prime and target could be clearly seen.
Under similar conditions, subsequent attempts to replicate these findings have failed.

Colombo (1986) failed to find a facilitation effect for Italian rhyming pairs
using a lexical decision task. Primes were presented for 240 ms and 640 ms, making
them readable by participants. Humphreys et al. (1987) found no priming for primes
presented for 200 ms, which also allowed participants to identify the primes.

Martin and Jensen (1988) again failed to find phonological effects in a lexical
decision task when primes could be seen, for pairs such as fool-spool. Primes were
presented for 200 ms with SOAs of 250 ms and 550 ms, again allowing participants to
reliably read primes, and finally, Psterson, Dell, and O’Seaghdha (1989) reported that

effects were less robust when primes and targets were clearly seen.



Orthographic priming however, seems to be more robust in a masked
condition, in which the prime is severely visually masked to the point where it cannot
regularly be reported. There are two prominent designs in which masked orthographic
priming effects have been reported. These are Forster and Davis (1984) and Forster,
Davis, Schoknecht and Carter (1987), using a lexical decision task, and Evett and
Humphreys (1981) and Humphreys, Evett, and Taylor, (1982) using the tachistoscopic
identification task. In the Evett and Humphreys design, four stimuli are presented: a
forward mask, a lower case prime, an upper case target, and a backward mask.
Participants are asked to identify any words they ca.n report seeing, The stimuli are
presented consecutively at a constant inter-stimulus interval, and these times are
adjusted to meet individual threshold levels. In the Evett and Humphreys research,
the average exposure time was 33 ms, which allowed 30-40% of targets to be
identified. Primes were not usually reported due to the masking conditions. They
found that more targets were correctly identified for pairs such as couch-TOUCH and
Sfile-TILE, compared to pairs flown-COUCH and loft-FILE respectively.

The second design is that of Forster and Davis (1984), (referred to now as the
Forster and Davis design). Here, participants are presented with a row of hashes for
500 ms, followed immediately by a 50-60 ms lower case prime, followed by an upper
case target, also of 500ms duration. The target acts as a backward mask. Participants
are instructed to perform a lexical decision on the target. Forster and Davis failed to
find substitution (1 letter different) priming for short pairs such as lack-LOCK but did
find reliable priming for longer pairs such as bontrast~-CONTRAST (Forster et al.,
1987). This effect of length was interpreted as a density effect, in that form priming

only occurs when the target had very few neighbours, where neighbours is defined as



the number of words that can be generated from the word by changing any one letter.
This effect was supported by facilitation for low density short word pairs such as able-
axle and sefa-sofa.

Since form priming appears to be at least slightly more robust in masked
conditions, determining why might be revealing to the underlying processes of
recognition. A first approach is to examine various accounts for an absence of
facilitation in clear conditions, when primes are easily identified.

Colombo (1986) provided a competitive activation explanation (eg.
McClelland and Rumelhart, 1981) for her resuits, “;here no orthographic priming
occurred. According to the activation model, when a prime is presented, the
activation of several orthographically similar word units rises. Once the prime word
reaches a certain level of activation, it starts to inhibit the other word units. When the
related target appears, it is one of the pre-inhibited words, and so its recognition is
delayed. This approach will be examined in more detail below.

Taking an entirely different approach, Peterson et al.(1989) suggested
inhibition was caused by phonological competition between the prime and target.
According to their view, it was difficult to respond to the target because the phonemes
of the prime cause a confusion in phonological encoding.

Alternatively, Humphreys et al., (1987), who found no priming for 200 ms
primes, attributed the result to bias produced by an episodic trace of the prime. That
is, an episodic representation can change the nature of the priming effect, possibly by
changing the guessing strategy. They also offered the suggestion that any activation

within the system for word units orthographicaily similar to the prime is somehow



switched off after the prime is explicitly identified, so that persisting activation will
only remain for a lexical entry with an identical match to the stimuli.

Along similar lines, to account for the more reliable effects in masked
conditions, Forster and Davis (1984) stated that masking the prime prevented the
word from being accessed in the lexicon, which reduced or eliminated the formation
of an episodic memory trace of the prime, The contamination from the influences of

these episodic representations was therefore removed by the mask.

1.3.2 The importance of the masking effec-t

It is evident that the reasons for inconsistent form priming effects in clear
conditions are still being examined, but it does remain that form priming has produced
a more stable pattern of results when the prime is heavily masked. This aspect alone
does not of course answer all the questions of how word recognition is achieved.
Forster and Davis (1991) reported that it is still not clear why form priming effects are
strongest only when the prime is heavily masked, referring fo a distinction between
lexical and non lexical priming effects. This will be addressed in the following
section. There is also a second issue in relation to the nature of the masked form
priming effect that is a major focus of this work. That is, what effect does the mask
have on the processing of the prime? Forster et al., (1987) addressed this issue,
acknowledging that masking of a prime may have no effect on lexical access, rather, it
may be the processes of the output that are disrupted. This means that the effect may
not be truly revealing to the underlying word recognition processes. Experiment 2

will take up this issue of the distinction between a masking effect that can either
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uneffect or disrupt processing of a prime. However, an issue to contend with first is

the important distinction between lexical and non-lexical priming effects.

1.4 Lexical and non-lexical effects

A critical consideration in form priming results is whether or not the
facilitation effects are a lexical effect (Davis & Forster, 1994). This means, as Davis
and Forster state, a difference between experimental and control targets could be
attributed to a genuine facilitation effect of the identity condition (lexical effect), or to
interference occurring in the control condition (non-lexical effect). At the outset,
there is obviously an important difference between the form pairs and their control
pairs, in that the form pairs share visual features, while the control pairs most often
have no letters in common. Such a situation does not occur in semantic priming pairs,
creating an important difference between these two types of tests, The term Jexical
' effect generally refers to processing occurring at the word level, and unless
orthographic priming effects can be show to be lexical, their usefulness to
understanding underlying word recognition processes becomes limited. The
distinction between these two accounts remains unclear, but evidence has been
presented for both cases.

Early findings in form priming were considered to be lexical effects. Evett
and Humphreys (1981) rejected a visual interference effect. That is, priming was not
due to raw visual similarity but due to the letters themselves, based on the finding that
there was no correlation between the graphemic priming effect and prime-target letter

contour overlap. Humphreys et al. (1987) also noted form priming is not just energy
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summation between letters since the two stimuli, prime and target, are usually in
difference case.

There is other strong evidence for priming being an effect higher than the raw
visual level, (fe. non-lexical). First, support has been given from the occurrence of
phonological p.riming, as seen in Hmnﬁhreys et al. (1982). Also, Forster and Davis
(1984) found no repetition effects for non-words, such that tovid-TOVID was no faster
in recognition times than brass-TOVID in a lexical decision task. Forster and Davis
draw the conclusion that the repetition effect in this design was lexical. The
subsequent finding by Forster et al. (1987) that dens.ity was an important dimension in
form priming also called for a lexical interpretation, given that density should be
defined at the word level.

Despite the above evidence, that some level of access to lexical entries is
occurring in form priming, there are grounds on which to argue for non-lexical
interpretations of some form priming results. Humphreys et al. (1987), asked if
orthographic priming (in their naming task) was é genuine facilitation or a by product
of letter intrusion errors. That is, target responses may have been based on
amalgamation of letters between the prime and target. It was concluded that intrusion
errors did play a role, given targets preceded by a form related prime had the same
benefit over the graphemic control condition as did targets preceded by a row of x’s.
Therefore, the main orthographic priming effect was described as protection from
interference. Humphreys et al. still argued that visual similarity was not a factor, on
the basis of Evett and Humphreys (1981), where visual similarity did not influence the

magnitude of priming. Their conclusion was that priming was apparently based on
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processes operating at levels higher than a purely visual level, but still possibly
‘through pre-lexical (non word) levels.

This claim by Humphreys et al. (1987) against a purely visual explanation was

subsequently disputed by Davis and Forster (1994), who found evidence for non

' Ié:-cical effects, due to letter fision. In a study on prime-target legibility, they
constructed stimuli that were a direct overlap of prime and target items, that is, one
word was placed on top of another, These stimuli were then tested to see if either
word was detectable within the fused compound stimuli. They found that for the items
where the fusion of the prime and target letters allm;ved for the extraction of a word,
accuracy in the identification task was higher for these items. So, even if no letters
overlapped, recognition was dependent on Iegibility of a prime-target fusion. This
was not the case for the lexical decision task. However, it was not the task itself but
the duration of the target that was crucial. This study cautioned results from the four
field identification task described above, in terms of legibility effects, due to
interference at the visual level.

To conclude, there is strong evidence for genuine lexical priming effects when
talking about the facilitation of form related pairs in the masking designs where these
effects have been most commonly reported. But there is also evidence for non lexical
explanations, particularly in the naming task utilised by Humphreys and Evett. This is
partly the reason that the masked form priming design used in this study is a

replication of that used by Forster and Davis.
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1.5 Theoretical models and orthographic priming

It has been revealed that masking is an important component of a priming
design in which a form priming effect is more readily obtained. There are two
theoretical models of word recognition that have been principally applied to
orthographic priming data; activation (Morton, 1970; McClelland and Rumelhart,
1981, 1982) and serial search (Forster, 1976; 1989). From the outset, activation
models provide straightforward account of form priming according to Forster (1987).

A closer examination of these activation models will reveal why. Looking
first at Morton’s logogen model, it is proposed that within the lexicon, there is a
separate unit for each word, referred to as a logogen. Each logogen is defined by a set
of characteristics, which include letter position, graphemic, phonetic and semantic
information. Each time one of those characteristics appears, the logogen activation
level increases. When it reaches a threshold level of activation, the logogen is
identified as a match to the stimulus, and suppresses other logogens. Hi ghgr
frequency words have lower threshold levels, and are thus recognised faster, and a
recently fired word has a reduced threshold.

McClelland and Rumelhart’s interactive model is different to the logogen on
the basis of feedback during the recognition process. The model i« divided into three
levels of detectors; features, letters and words. A word space of up to four letters is
processed simultaneously. The process begins when an input stimulus activates
feature detectors that are consistent with the letters of the visual input. Over time, as
letter detectors grow stronger, they activate all word detectors that comply with letter
structures, meaning several word detectors may rise. in an example offered by

McClelland and Rumelhart, the presentation of the word WORK may result in the
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activation of the letter detectors W,0, and R, but perhaps for the final leiter, in the

very initial stages, equal activation occurs for both the K and R letter detectors,
because X and R share many features. At the word level, activation will now occur for
séverai words, such as work, word, wear, weak etc. Because work is the most
consistent with the visual information, its activation will be to some degree higher
than any other word detector’s activation level. As the activation for work continues to
increase due to greater consistency with activation at both feature and letter levels, it
will begin to inhibit word detectors that are visually most similar to it, The stronger
the activation of a competitor, the stronger the level ‘of inhibition directed at that
competitor. The detectors for words such as word and weak fall sharply down to
below resting levels. Processing occurs at all levels at the same time, and both top
down and bottom up processes are assumed, with knowledge of words co-determining

the nature and time of perception.

1.5.1 Theory of Partial activation

Why do activation models such as Morton (1969) and McClelland &
Rumelhart (1981) provide a straightforward account of form priming? As stated,
word stimuli generate a list of possible candidates as a match for the stimulus input,
through increases in activation of several logogens or word detectors. Until a word is
identified, logogens and word detector nodes are said to be partially activated, When
this partial activation persists until the presentation of a subsequent target word,
recognition of the target is facilitated, (see Forster, 1987). The crucial issue here is

partial activation, which provides the basis of form priming in activation models.
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1.5.2 An alternative to activation model.

An alternative to activation accounts are search models (eg. Forster, 1976).
Forster proposed a bin model, where bins are sublists of words. In the original design,
&w lexicon consisted of a master lexicon, with three access files organised on
orthography, phonology and semantic properties. Upon presentation of a word, a
serial search of word lists within the lexicon is carried out until a match is found, at
which point the entry for that word is “opened”. If the same word is subsequently
presented, facilitation occurs because the entry is already in an open state. Lexical
lists are frequency ordered, with higher frequency vu;ords appearing at the top.
Support for a search process of frequency ordered lists is seen in Murray and Forster
(1994), who found lexical decision times to be a direct linear function of estimated
rank list position.

In light of orthographic priming evidence, Forster et al. (1987) claimed that
search models could account for form priming in terms of the best match hypothesis.
That is, form priming is a type of repetition effect, where X primes Y if X is
mistakenly taken to be an instance of Y. However, Forster (1987) subsequently
rejected this claim when he found attitude and anri;'ude equally facilitated
APTITUDE. Under the best match hypothesis, he claimed priming should not have
occurred with the prime attitude, because aptitude would never be taken as the best
match for attitude.

Therefore, to account for the form priming effect, Forster (1987) stated that
entries in a search model could no longer be viewed as open or closed, instead
. ﬁroposing a division of the open state into higher and lower levels of openness,

acknowledging the similarity to an activation model in which word detectors are at
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different levels of activation. To account for the form priming effect, it was proposed
that when the lexicon is searched, entries with similar orthographic features to the
prime are flagged, then later rechecked if a match is not found. Ifa lexical item is
flagged, facilitation will occur for an orthographic target because information will be
extracted from that entry faster, because it is partially opened. Forster also
maintained that form priming still has repetition like properties, in finding that
activation persists across intervening words, which is not to be expected for activation
models, where persisting activation across several words would create excess “noise”.
This is supported by McClelland and Rumelhart’s ( i981) suggestion that presentation
of a new stimulus wipes out the remaining traces of the previous stimulus.

In summary, there is evidence that when primes are severely masked, they can
have a robust form facilitation effect. It can also be argued that this effect is lexically
based, in that it is a genuine priming effect and not protection from interference,
Activation models provide a good account for form priming, based on partial
activation of orthographically similar words. Alternatively, the search mode] has
failed to provide a stronger account. While further investigation is still needed, the
accepted position in this work is that masked orthographic priming occurs through a
partial aciivation account as described by McClelland and Rumelhart’s interactive-
activation modzl. That is, the presentation of a masked word partially activates word
detectors for orthographically similar words which persist in a partially activated state
until the target it presented. This position will be examined further by looking at the
effect the mask may have on the prime by incorporating semantic pairs into the

Forster and Davis design.
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1.6 Interruption theory of masking

Central to the partial activation account of form priming is an interruption
theory of the mask. That is, processing is seen as a two part process. The first stage
involves the build up of a visual representation, and the second stage the gathering of
information from the representation. The mask is considered to cause a processing
interruption either before or during the second stage of processing, which leaves the
initial stage unaffected. The mask therefore allows for an examination of the earliest
processes of word recognition without contamination of the later processes. The
second stage of processing can be seen as essential in leading to identification of the
word. This addresses a central issue being examined here. That is, for form priming
to occur, either activation or near activation of the prime must not occur, otherwise
orthographically related words (targets) will be strongly inhibited. It is also noted that
a prime must be accessed in order to have a semantic priming effect. As Coltheart
(1978) stated, “a words semantic representation can only be obtained by consultation
of it’s lexical entry”, p. 152. Therefore, it would be predicted that a semantic priming
effect will not be found under the same conditions of a lexical form priming effect.

Forster reports finding no semantic priming effects in his masked design
(personal communication-2/5/97), in which orthographic priming is reliably obtained.
Such a result fits well with a partial activation account for the orthographic resuit,
where the mask interrupts processing. However, there are three lines of evidence to
suggest further examination of prime access in the Forster and Davis design is
necessary, and that these issues must be accounted for if a partial activation account of
form priming is to be upheld. The three issues are that in some cases, the prime

appears to be fully accessed and others it appears not to be. Second, Evett and
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Humphreys (1981) achieved both a semantic and orthographic priming effect under
the same conditions, which would not be expected in a partial activation account, and
- finally, there is a large body of literature that reports semantic priming effects under
masked condition. This last issue relates to work on unconscious processing, to be

further examined in experiments 2 and 3.

1.7 Reasons to review semantic priming in the Forster and
Davis design.

The first line of evidence to raise questions about the absence of a semantic
priming effect in the Forster and Davis design is the finding by Forster et al. (1987)
that make-MADE pairs primed equally well as its repetition pair made-MADE, but no
priming occurred for male-MADE. Forster et al. concluded that the make-MADE
resuit provided strong support for a post-access interpretation within the Forster and
Davis design, contradicting a pre-access account required for form priming. Asin
repetition priming, semantic information seemed to sum with form information in the
pair make-MADE. Forster also noted that the identity pairs were high density,
meaning the form priming coraponent should be at best very small, He stated, “this
(result) clearly implies that priming occurs after the prime has been recognised, not
during the recognition of the prime.” (Forster, 1987, p. 130). The first experiment
reported here is to replicate the Forster and Davis design, testing for both orthographic
and semantic priming effects. Repetition pairs are also included, considered as the

more robust priming effect.
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1.8 Hypothesis.

The assumptions, mentioned above, of the first experiment are that form
- priming is best explained by partial activation. Also, partial activation of a prime,
_should not allow identification of the word, and a semantic priming effect between
prime and target should therefore not be expected.

The expected outcome of the first experiment is to replicate both published
and unpublished results obtained under the Forster and Davis design. Namely, the
hypothesis states that priming effects will be obtained for form related pairs, for

repetition pairs, but not for semantically related pairs.

2. Experiment 1

2.1 Mathod

Design and materials

The masked priming design was a replication of that first used by Forster and
Davis (1984). The within participant factor was prime-target relationship. A list of
30 sets of four words was generated. Within each set was a target word, such as
TABLE, and three primes, allowing for three different prime-target relationships;
orthographic (eg. fable-TABLE), semantic (eg. chair-TABLE) and neutral (eg. horse-
TABLE). A repetition condition (eg. army-4RMY) was as also included as a separate
set.

Target words were low density, having between 1 and 3 neighbours, with an

average of 1.6, All words within a set were the same length, so targets could only be
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selected if they had at least one neighbour, and a strong semantic associate of the
same length. All form primes differed from the target by one leiter, and were all
words themselves. The semantic primes had at most I Jetter position overlap with the
targets, as did the neutral primes. Word length varied from 4 to 7 letters, with an
average of 5.2. Itemns were also balanced on frequency as much as possible, These
criteria made item selection difficult, but 30 sets deemed suitable were generated.

Each participant saw all 30 target words, rotated so that for 10 trials, the target
appeared with its form prime, for 10 trials with the semantic prime, and for 10 trials
with the neutral prime, The 30 participants were aléo divided into three groups of 10,
creating three versions, with versions being a between participants factor. For each
version, the type of prime was rotated so that all appeared with each of the targets.
That is, participants in version 1 saw Z4BLE appear with fable, in version 2 it
appeared with chair, and in version 3 with horse. Each version was balanced on
associative strength for semantic pairs, target density, word length, letter overlap, and
frequency where possible,

A repetition condition was also included for all participants. However,
because of the difficulty in creating the 30 word sets which satisfied all the criteria,
the final group of 10 repetition pairs was not rotated through the versions, instead the
same set of 10 repetitions pairs was seen by all 30 participants.

Non word pairs were included for the lexical decision task, but were not
included in the final analysis. All non word targets had word primes, and were
balanced on length with the word pairs. Participants were given 20 non word pairs,
making the word-non word target ratio 2-1, and the total number of trials 60.

Participants were told the first 10 trials were practice items and did not count towards
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 the final result. In actual fact they were given 11 practice items, to eliminate possible
stress of the “first” trial.
. Participants
Thirty participants took part, mostly psychology students from Edith Cowan
University. The ages ranged from 17 to 46, with a mean age of 28, Male and female
participants numbered 10 and 20 respectively.
Apparatus
| Participants used Dmastr, a program developed by Ken Forster, which records
reaction times and errors, The majority of the parti;:ipants (24) were run on computers
in the Psychology Department computer lab at Edith Cowan University, and the
remaining on another computer in a private room.
Procedure
Participants were run individually and in groups of up to six. Each participant
was told they would see a row of hashes on the screen, followed by an upper case
letter string. The upper case letter sting would either be a word they would easiljr
recognise, or a non-word. They were told that all non-words were pronounceable (ie.
psuedowords), but they did not have any meaning. As in the Forster and Davis (1984)
design, the Dmastr program in fact presented the participants with two letter strings.
A row of hashes was presented for 500 ms, followed immediately by the masked
prime, appearing in lower case letters for approximately 52ms. The upper case target
immediately followed the prime, also remaining on the screen for 500ms, (eg. #H#H-
- chair-TABLE). When seeing a word, participants were instructed to press the right
shift key, and when seeing a non-word, to press the left shift key. Upon making a

response, the computer waited for the participants to press the space bar before
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presenting the next item, so participants were told they could proceed at their own
pace. Participants were instructed to respond as quickly and accurately as possible,
but not to be concerned at making an occasional error. However if they were making
numerous errors it was suggested they “slow down”. When participants made a
correct response, the word “correct” appeared on the screen below the target, along
with the reaction time in milliseconds. Participants were told there was no right or
wrong time, but that response time was given so they could keep competitive with
themselves. In the event of an error, the word “wrong” appeared on the screen, with
no reaction time given. |

A small number of participants (2-3) were possibly suspicious prior to testing
that a prime stimulus was being presented, but no other participants reported an
awareness of the primes, and were surprised when informed during the debriefing that

they had been shown two letter strings rather than one.

2.2 Results (part 1)

Only word item responses were used in the analysis, Errors were also
excluded, along with any response between 200 ms and 2000 ms. A response under
200ms is considered too fast for the human response mechanism, and times longer
than 2000ms are treated as a failure to respond. The standard deviation was then
determined for each participant across all conditions, and any scores more than 25Ds
from the mean were brought back to the 2SD value. Table 1. shows the means for

each of the four word conditions for the first 30 participants.
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Table 1.
Mean response times for word conditions for group 1.

Mean RT (ms)
neut, form sem. rep.

Group 1 565.7 5579 555.6 534.7

SD 64.6 726 733 70.0
SE 11.8 133 134 12.8

Tests for homogeneity were performed, as \z;rell as a 4x3 repeated measure
ANOVA. The between subjects factor versions was not significant, but a main effect
was found for pairs (£(3,26) = 2.95, p <.05), with a post hoc analysis revealing a
priming effect for the repetition condition (1(29) = 2.48, p <.05). No interaction

effects were found between word pairs and versions.

Replication of Experiment 1

Participants

Unexpectedly, no form priming was obtained in Experiment 1, in conflict with
Forster et al. (1987). A further 30 participants were therefore given the same task.
Participants were predominantly university science students or graduates, from
Murdoch University and the University of Western Australia, between the ages of 17
and 34, with a mean age of 25 years. Male and female participants numbered 13 and

17 respectively.
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Procedure

Unlike the first group of participants, all testing was done on a one to one

- basis, in a semi darkened private room. Three testing locations were used, but all

-.vGere matched for light conditions using a light meter. The second group was
instructed in the same way as the first group. One participant suspected there was two

- words being presented, due to previous use of Dmastr. All other participants were
again surprised when informed two words were presented, and no participants

reported an awareness of the primes.

2.3 Results (part 2)

The same elimination and cut off procedures was applied to the data for the
second group, as well as a test for homogeneity of variance. Table 2. shows mean

reaction times for the combined group of sixty participants.

Table 2.

Mean response times and priming effect for
comparison with the neutral condition for word conditions.

Mean RT (ms)
neut. form sem. rep.

n=60 536.7 522.9 5255 5010

Priming -13.3 ~11.2 -35.7

SD 67.3 69.9 67.9 69.5
SE 8.7 9.0 3.8 9.0
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A 4x3 repeated measures ANOVA revealed the between subject factor versions was
again not significant, but there was main effect for pairs (#(3,26) = 10.07, p < .001).
Again, post hoc analysis revealed a priming effect only for the repetition condition

(36ms).

2.4 Discussion

2.4.1 Failure to replicate form priming

In the first experiment, it was asked if semantic priming would occur in the
Forster and Davis design, which it did not. Presentation conditions were identical, but
items differed to some degree, in that unlike most of the Forster and Davis pairs, all
primes were words. A significant facilitation effect was obtained for repetition in
both the first and combined groups, but unexpectedly, a form priming effect was not
obtained.

The absence of a form priming effect has two implications for an interactive-
activation model. Firstly, this result could be considered supportive to a model in
which inhibition occurs between competing words before the onset of the target. Such
an account presented earlier by Colombo (1986), as an explanation for an absence for
form priming effects. In the example pair shot-SHOE, it is expected that shor will
initially increase the level of the detector for shoe by some degree. Between the onset
of the prime and the onset of the target, the detector for skoe can do one of two things.
It can either remain partially activated, or it can be inhibited by the more strongly
activated match for the prime, ie. shot. If shoe remains partially activated, a priming

effect might be expected when the target SHOE is subsequently presented. However,
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no priming occurs. 'This could therefore simply mean that shoe has received
inhibition prior to target onset.

Form priming can still occur however if the prime is a non-word. Much of
Forster’s pairs included non word primes, such as sefa-SOFA. Here, sefa partially
activates sofa, but perhaps without producing a stronger entry that inhibits the target
detector, given that sefa does not have it’s own word detector. This account was also
offered by Grainger and Jacobs (1993), in support of the interactive activation model.

Even though no form priming for word targets was obtained here, a form
priming effect was found for low density short wordls (Forster et al., 1987) and for
long words (Forster, 1987), having a minimum of 8 letters. However, short word-
word form priming is reported in only one experiment, and given the findings here,
further replication seems necessary. Also, it is possible that long word primes may
not activate a single higher candidate, similar to a non word, perhéps duetoa
processing limitation based on length when the word is presented briefly.

If it does appear that form priming is generally not obtainable in this design
when the prime is a word, then it allows for the possibility that the primes in both
form priming pairs and repetition pairs are being accessed (when they are words),
because they have reached a sufficiently high level of activation to inhibit other
competitors. However, the word prime in table-CHAIR does not appear to be
accessed. This could be due to the fact that semantic primes have no orthographic
overlap with the target, which may be crucial for prime access. That is, the
orthographically related target has a backward effect on the processing of the prime,
meaning the prime is accessed affer the onset of the target. This is not consistent with

an interruption theory of masking discussed above. An orthographich retroactive
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mechanism is the second implication of the absense of form priming for all word-
word pairs.

2.4.2 Orthographic retroactive priming effect

In determining why chair-TABLE does not show a semantic priming effect
while made-MAKE does appears to, an explanation may lie in the presence of
backward or retroactive priming effect on the prime. For example, when made
appears, several similar words are also activated, including both made and make.
However, made is stronger than make, so the detector for make may begin to receive
inhibition, meaning the activation level (for make) zﬁay fall, even before the onset of
the target, although this is not important for this account. What is important is that the
onset of the target MAKE again causes activation is several candidates, with make
receiving the strongest activation, but made is also given further activation. This
second feed of activation toward the prime must be sufficient to reach threshold, in
which case a spreading activation processes could spread to the as yet unrecognised
MAKE. The ongoing processing of the target is thus facilitated since its entry has
already been activated, through a semantic priming spreading activation effect.

Two processes have been described for orthuzraphic priming, although both
are dependent on the absence of a priming effect when primes are words. Firstly,
when the prime is an orthographic word neighbour of the target, the detectors for the
target appear to be inhibited before the target is identified, indicating that the prime
may even reach threshold. Secondly, the access of the prime may be dependentona
orthographic retroactive process, occurring only for orthographically similar or

identical targets. Word-word form priming therefore only occurs when the pairs are
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. _semantically related, as in made-MAKE, making this effect essentially a semantic
- ﬁne.

. - Some suggestion that form related pairs might have an increased level of
detection compared to primes in an all letters different condition can be seen in
Farsfer and Davis (1984). In testing what information was available from the primes,
participants looked at all letters different pairs, and identity pairs. They were asked to
say if words were the same or different, and make a lexical decision response on the
prime. While the lexical decision task only obtained chance levels performance,
participants scored above chance on the same different task, with 61% overall correct
(including non-words). Forster and Davis suggested this effect was due to participants
matching a single letter in the prime and target when the pairs were identical. Itis
also possible that prime detection was increased from an orthographic retroactive
effect. If prime detection for male-make, made-make and make-make were equal, (and
higher than primes such as made-shot), it would provide such support, indicating the
effect did not depend on identity primes, or on semantic overlap, but on an

orthographic retroactive effect.

24.3 Problems for the orthographic retroactive effect

Despite the above suggestion that primes are accessed when they are
orthographically related to the target, there are problems in accepting the orthographic
retroactive effect. Forster et al. (1987) examined a similar account for the example
able-AXLE when considering form priming in an activation model. However, they
identified the problem of different activation levels associated with different Word

frequencies. That is, lower frequency words may not receive a sufficient level of
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acﬁvatiﬁn from the retroactive effect to always ensure they reach threshold, where as
higher frequency words will.

As mentioned, the account described above can explain the repetition effect
seen in experiment 1, where a retroactive effect results in access of the prime before
the target is recognised. However, in a repetition pair there is no inhibition of the
target word as there is in made-MAKE. This is because a prime such as army will
activate and inhibit the detector for a word such as arms, but because the target is
itself army, there is no inhibition to overcome as would be expected in made-MAKE.
Repetition should therefore be faster than the made-MflKE pair, but Forster et al.

(1987) indicated an equal priming effect.

2.4.4 Can partial activation theory account for the data?

To review, in conflict to much of Forster’s results, form priming effects were
not obtained here, which can offer support to a interactive-activation model when
inhibitory processes operate between competing ¢ ndidate words, before the onset or
recognition of the target.

As expected, a repetition effect was obtained in experiment 1, along with an
absence of any semantic facilitation. Support can also given to the activation account
if one assumes that orthographic overlap between prime and target causes a retroactive
activation effect on the prime, increasing its level of activation to threshold, Such a
processes explains the priming effect for made-MAKE (primarily as a semantic
priming effect) as well as the absence of priming for orthographic word-word pairs
sharing no semantic overlap, and semantically related words with no orthographic

overlap.
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While support is given for the activation model, it was mentioned above that
an account of masked form priming in this model relied on an interruption theory of
masking. Without form priming in word-word conditions, it was seen that some
priming results suggest the mask does not act in this way. Rather, primes appear to be
.accf.:s'sed afier the onset of the target. If it is indeed the case the mask does not stop
processing of the prime, then an alternative possibility exists in which processing of
the prime is allowed to proceed, perhaps always to threshold level. This issue is
taken up in the next experiment, which will draw attention to the third line of
evidence warranting further examination of the masf(ed semantic priming paradigm: a
large body of literature reporting masked.scmantic priming effects for heavily masked
words, The interruption theory of masking is of paramount importance to theories
examining the access of words considered unconscious, in that processing is seen to

extend beyond the mask (Holander, 1986).

3. Experiments 2 and 3

3.1 Overview

As mentioned, a final line of evidence to cause a reconsideration of semantic
prilming in the Forster and Davis design comes from a large body of literature
examining the semantic processing of undetectable stimuli, (eg. Fishler and Goodman,
1978; Fowler et al., 1981; Balota, 1983; Marcel, 1983; Greenwald et al, 1989; Klinger
and Greenwald, 1995), all of which ¢'aim to have obtained semantic processing of

- severely masked words.
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Why are these studies relevant to the priming design examined here? A

“crucial feature of these studies is that the primes are undetectable. This is the case
with the Forster and Davis design, where primes are masked so as to eliminate an
explicit memory trace of the word. The question being asked here is, what is the

| feiétionship between access of a lexical entry, and the existence of the an explicit
memory trace? It is reasonable to assume that if there is an explicit trace, then access
has occurred, but if there is no explicit trace, can it be assumed access did not
occurred? An alternative possibility is that access does indeed occurred, but no
explicit trace is present. This is a described as a sep:aration of processing and
consciousness, which is an underlying theme of subliminal or unconscious perception
work. At first, it might appear that there is no reason to look for a measure of lexical
access other than simply testing for a semantic priming effect. However, given there
are other designs which found semantic priming in similar conditions to Forster, it is
possible that like those designs, access of primes may also be occurring in the Forster

and Davis design. This would require that the processes of semantic priming are
blocked by another factor, perhaps a non lexical interference effect related to
conditions specific to the task. Further examination of semantic priming in the Forster

and Davis design is therefore warranted.

3.2 Masked semantic priming for undetectable primes

Within research on unconscious processing of words, there are two opposing
views of masking. First, the suppression of a stimulus only allows for primitive

feature information to be extracted (Blake, 1989), hence an interruption account.
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Alternativeiy, masking does not restrict visual processing, but effects the ability to
consciously report what has been masked, (see Marcel, 1983).

Fishler and Goodman (1978) were one of the first to report a masked semantic
priming effect. Here, facilitation occurred when a prime was presented at 40ms and
backward masked. Balota (1983), Marcel (1983) and Fowler et al. (1981) found
masked semantic effect using a dichoptic design, where a word is presented to the

non-dominant eye and a pattern mask to the dominant eye,

3.2.1 Criticisms of masked semantic priming

In contrast to these findings is the view that semantic priming can only occur
when primes are detectable, even if only partially detectable. To determine if a prime
is detectable or not, masked semantic priming experiments usually include some type
of threshold detection test. Here, individual thresholds are set to determine the SOA
required in the priming exercise in order for the prime to be equally undetectable to
each individual.

This issue of prime detectability was addressed by Cheeseman and Merikle
(1984), who said detection tests had not been rigorous enough, and that the commonly
used presence-absence task was inadequate. Cheeseman and Merikle (1985)
subsequently made a distinction between subjective and objective thresholds.
Subjective is where participants make their own judgement about being able to see
something or not, such as saying yes or no in a presence-absence test. When
participants thought they were not seeing the primes, it could be shown that they were
still performing above chance level. Objective tests used forced choice word

discrimination, aimed at minimising response bias. Similar criticism came from a
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review by Holander (1986), claiming again that the primes reported as being below
- conscious identification were in fact partially visible.

Masked semantic priming studies carried out more recently have attempted to
address these criticisms, with more rigorous threshold testing measures, and the use of
-. @jective thresholds over subjective thresholds, (eg. Kemp-Wheeler and Hill, 1988;
Greenwald, Klinger and Liu, 1989; Klinger and Greenwald, 1995). All these studies
still reported semantic priming effects for below or at near objective threshold levels.

Another recent criticism in the area of prime detectability suggests primes are
more detectable when occurring in close proximity to an associated target, (Dark,
1988; Briand et al., 1988; Bernstein, 1989), This finding could potentially confound
masked semantic designs where thresholds were established in a different context to
the priming task. Also, it could create a difference in detection between a control and
semantic condition. However, Klinger and Greenwald (1995) found no evidence that
prime-target relatedness affected prime detection judgements, for a heavily masked
prime. They suggested that retroactive priming had been found in pervious studies
because the primes were partially visible. So while this work has addressed much of
its criticisms, the question remains as to whether a word can be truly undetectable and

yet still processed at a semantic level.

3.3 Hypothesis

The second experiment manipulates the SOA in the Forster masked priming
“design, by creating a testing situation where the primes becomes progressively easier

to detect.
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This task aims to achieve the following, If primes in the original Forster and
Davis design are partially and not fully activated, and the mask acts as an interruptive
device, tiwn at some point during experiment two, the activation level of the primes
should begin to reach the full threshold level of activation, The method of assessing
- this event will be the appearance of a semantic priming effect. Experiment 3 tests
participants ability to detect the masked primes.

There are 3 hypotheses associated with experiments 2 and 3. Firstly, it is
hypothesised that a semantic priming effect will emerge for one of the SOA
conditions in experiment 2. The second hypothesis states that for a particular SOA in
experiment 3, participants will rise above chance level of performance in their ability
to correctly make a lexical decision on the prime. A comparison between experiments
2 and 3 could yield one of two possible trends. Firstly, the SOA associated with the
appearance of a semantic priming could roughly correspond to the SOA condition in
experiment 3 where subjects rose above chance level in the prime detection task.
Secondly, and more generally, any of several other results could be obtained, where
semantic priming occurs before or after participants show an above chance
performance on prime detection, or alternatively, no semantic priminé will eccur for
any SQA.

Finally, it is hypothesised that word primes in experiment 3 will not initially
be detected to a higher degree when appearing with a semantically related target,
compared to primes appearing with a neutral target. For example, the prime in table-
CHAIR will not be recognised to a greater degree in the lexical decision task that the

prime in house-CHAIR. However, this will only be the case when neutral prime
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detection is at chance levels. When primes do become more visible, the semantically

related primes are expected to show higher lexical decision discrimination.

3.4 Method

3.4.1 Experiment 2

Design

The same Forster and Davis design from Experiment 1 was used here, with a
slight modification of the SOA, resulting in SOA being a second within participants
factor, along with prime-target relationship. Again,‘ participants were given semantic,
neutral and repetition pairs, with orthographic pairs being omitted. A list of 60 related
word pairs (eg. bread-BUTTER) was generated using norms from Postman and
Kepple (1970}, Monash Free Word Associations (1974), and independent judges.
Words were chosen on the basis of being primary associates, with a small number
being strong secondary associates. Sixty pairs of neutral words (eg. nature-LENGTH)
were also generated. Half of these 120 items were used in experiment 2, and the other
half in experiment 3. Also, 30 words were used for the repetition condition (eg lizard-
LIZARD) in experiment 2. Words were divided at first on a random basis to six SOA
conditions between experiments 2 and 3, but some exchanges vvere made to help meet
certain balancing criteria - see below.

Unlike experiment 1 in which all prime and target pairs shared the same

‘ number of letiers, length differencés between semantic primes and targets varied by

up to 2 letters. Word length ranged from 4 to 8 letters, and length was balanced
between semantic and neutral pairs. Length was also balanced for each SOA

condition, and each version. Unlike experiment 1, targets always appeared with only
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| the_one prime, so there was no rotation. This allowed for fewer semantic pairs,
- ensuring all pairs has high associative strength. Target density was between 0 and 3,
- and the best attempts were made to also balance on frequency across each SOA
condition.

Three SOA conditions were given, which increased in steps, at one third and
two thirds of the way through the experiment. Participants were not informed of these
increments in SOA during the experiment. For each of the three SOAs, there were 30
participants, each seeing 10 semantic, 10 neutral, and 10 repetition pairs. They also

saw 15 non-word pairs, where the prime was alway§ a word. Rotation occurred
through the SOAs, so that different word pairs occurred in each of the three SOAs.

Participants

Participants were the 30 who participated in the replication of experiment 1.
They were given experiments 1,2 and 3 in succession, over one sitting.

Materials/Apparatus

The same Dmastr program in Experiment 1 was used here,

Procedure

Participants had just completed experiment 1 and were familiar and practiced
with the program. They were told that the second task was very similar to the first, in
which they would be making the same word/non word judgements. However, they
were told that on some trials they would see some lower case letters appearing
between the hashes and the upper case letters. These letters would only appear very
‘briefly, and they would not always be present (in actual fact they were always
present), Participants were then told that the lower case letters were obviously there

to have some kind of impact on the task, but they were asked to do their best to ignore
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them, and to do the task in the same way as the previous test. The decision to give the
participants some prior knowledge of the primes was taken because as the SOA
increased,'lpilot testing suggested that all participants would eventually be seeing the
primes to some degree towards the end. It was felt that participants were better off if
the realisation that a second word was being present was not a “surprise”, which could
have been a distraction during the task if participants began trying to determine if
something was changing or not. By informing the participants that other letters would
occur at times, they were also not surprised if they did not notice the prime.

As in experiment 1, Forster’s masked dcsigﬁ was used eg. #HHH#(500ms)-
prime(~52ms)-TARGET(500ms), however the SOA was increased by adding a blank
field between the prime and the target. The smallest blank field allowable by Dmastr
was one tick, or 17ms. The first SOA condition included a one tick blank field, the
second condition two ticks, and the third condition four ticks. That is, SOA for the
presentation of ####-prime-blank field-TARGET, was approximately 70ms, 86ms and
120ms. Four ticks was chosen over three since pilot testing suggested three ticks was
not much higher than 2, but 4 showed considerably more detection yet still not %100.
So, participants saw semantic, neutral, repetition and non word pairs within each of
the three blocks of incrementing SOAs.

Participants were reminded to again respond as quickly and accurately as
possible. No practice items were provided since the essential task was exactly the
same as the previous, and test time was estimated at 7 minutes. Participants were
instructed to take a brief break at any time, however few participants took more than
one break, and breaks were only a few seconds for participants to rest their eyes.

After completing experiment 2, participants were asked if they noticed any lower case
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letters or words appearing between the hashes and upper case letters, and asked if they
felt this was a distraction to them.

3.4.2 Experiment 3

Design

The structure of the presentation was identical in terms of SOA changes,
however, repetition pairs were removed, and the number of non word target pairs was
increased to match the number of word trial. Therefore, within each of the three SOA
conditions, participants saw 10 semantic pairs, 10 neutral pairs, and 20 non word
pairs.

Participants

The participants were the same as for experiment 2.

Procedure

Participants were told that the last task was very similar to experiment 2, but
this time there would always be a letter string appearing between the hashes and upper
case letters. The task was to decide if the lower case letter string was a word or 2 non
word. They were to respond in the same way using the shift keys. All the upper case
letter strings in experiment 3 were now words, and participants were specifically
instructed that their word/non word discrimination was no fonger based on the upper
case letters. They were told that this task was considerably more difficult than the
previous, and that sometimes they may not even be able to see the lower case letters.
However, they were informed that half the letters strings were words, and half non
words, so that even by purely guessing, they could get half right, Participants were
specifically told to make & response on every trial, even if they had no idea what the

word was. For this task, accuracy was more important than speed, and the suggestion
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was made to participants that for unseeable items they should act on “impulse” rather
~ than “thinking about it”. Before beginning, participants were again reassured that the
'. task was designed to be difficult, and not to be discouraged if they were making many
errors. They were informed the task would become easier towards the end. Ten
practice items were given, and before beginning the real trials a final check was made
on their understanding of the task, given they were responding to items they could not
at first “see”. Again, immediate feedback on responses was given on screen during
the task, and expected completion time was given as 6 minutes. Participants were

debriefed upon completion.

3.5 Results

3.5.1 Experiment 2

As in experiment 1, only word item responses were used in the analysis, and
the same procedure used for score cutoffs and adjustments, Table 3. shows the means
for each of the three word conditions for each SOA condition.
Table 3.

Mean response times for word conditions, for each
SOA condition. (N=neutral.; S=semantic.: R=repetition.

Priming effect for S and R compared to N condition,

SOA - 70 86 120
N S R N S R N S R
RT 522.7 523.8 4783 509.6 S512.6 4733 5064 5023 462.2

Priming +1.1 444 +30 363 -4.1 -44.2

SD 71.48 50.63 49.27 5296 5292 59.16 54.06 5648 47.71
SE 13.05_9.25 9.00 9.67 966 10.80 987 1031 8.71
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A 3x3x3 repeated measures ANOVA was applied to the data. Tests for
homogeﬁeity of variance were significant for SOA. The between participants variable
versions was not significant. The only significant result was a main effect for pairs
(F(2,27) = 36.55, p < .001). Subsequent t tests revealed there was a significant
priming effect in the repetition condition for all SOA conditions: 70ms SOA (#(29) =
4.29, p <.001), 86ms SOA (#(29) = 4.49, p <.001), and 120ms SOA (£(29) =4.35,p <
.001).

There were no significant semantic priming effects for any of the SOA
condition, and priming effects remained fairly stabh;. across SOA, for both the

semantic and repetition pairs.

3.5.2 Experiment 3

In experiment 3 correct responses to a lexical decision task on the prime were
re-coded as 1, and errors as 0, eliminating response times from any of the analysis.
Tests for homogeneity of variance was significant for word pairs. Table 4. shows the
overall correct response rate to primes in each of the three SOA condition, as well as a

breakdown of the responses to prime types in relation to the target.

Table 4. Number of correct responses for the
three SOA conditions out of 40 total response,
and proportion of correct responses by prime type
out of 10. (S=Sem., N=Neut,, NW=Non Word).

SOA 70 86 120
No. Correct/40 22,5 24.0 26.8
% Correct 36.3 60.0 74.5
S N NW S._N_ NW S N_ NW

No. Correct/10 85 69 32 85 80 37 93 87 58
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A repeated measures ANOVA showed significant effects for word pairs (F
(2,27) = 173.11, p < .001), SOA. (#(2,27) = 38.00, p <.001), pairs x SOA. (F(4,25) =
4.35, p <.005). This indicates that subjects clearly improved in their ability to detect
primes for each of the SOA conditions, Post hoc analysis revealed A post hoc analysis
betﬁeen the semantic and neutral primes revealed a significant difference for SOA
conditions 70ms, £(29) = -4.64, p < 0.001, and 120ms, #(29) =-2.31, p < 0.05. There
was no significant difference at the 86ms condition. This indicates that for two of the
SOA conditions, participants were beiter at detecting semantic primes over neuiral

primes.

3.6 Discussion

3.6.1 Awareness of primes and semantic facilitation

The results indicate no semantic priming effects for any of the SOA
conditions. Clearly, the participants ability to do a lexical decision on the prime in
each SOA condition increases significantly, to the degree that overall correct
responses are at 70%, which should certainly qualify primes as partially detectable
and above the participants detection thresholds, especially since participants were able
to name some of the prime words towards the end.

The absence of semantic priming in experiment 1 were discussed, in terms of a
below threshold activation level of the prime. When considering the longest SOA in
experiment 2 (120ms, with prime duration at 60ms), why was no semantic priming

effect obtained? According to a spreading activation theory, a word that is detected
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should cause automatic activation to neighbouring entries, especially in this case

where targets were predominantly primary associates of the prime,

3.6.2 Inhibition and strategies

Neely (1977) found inhibitory processes appearing only at an SOA greater
than 250 ms. This indicated that no attentional strategies were operating. Further
evidence suggests a lack of conscious strategies below 200ms (de Groot, 1984; den
Heyer et al., 1983). It does appear however, that unless a semantic activation process
is considered absent, there is an inhibitory process 6f some nature that is counteracting
the semantic priming effect.

In a masked semantic priming paradigm where primes are near or below
detection threshold and hence below conscious awareness (but still being accessed),
one view already discussed suggests the mask prevents any processes controlled by
conscious mechanism. This leaves only automatic processing that are revealing to
“pure” cognitive processes and mechanisms. In light of this view, Dagenbach et al.
(1989) pointed out that in these suppressed stimuli tests, participants can be
consciously trying to attend to the prime. Even if they cannot see the prime, the
efforts to “see” it might have an effect on prime processing and hence an effect on
target processing, perhaps resulting in an inhibitory effect. They also suggests that
different tasks containing different information could result in different strategies used
by the participants. Such a claim is discouraging, in that it makes the comparison of
any different priming designs confounding, including the comparison here between
experiments 2 and 3. For instance, in experiment 2, participants were to}d thata

second word (the prime) would sometimes be present, even though they were asked to
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ignore this word. In assessing detection of a word stimulus, it is difficult to have the
person unaware that suppressed words are being presented, Experiment 3 was
designed to overcome this by doing detection assessments after the priming task.
However, in experiment 2 participants were attending to the target, and in experiment
3, attention was drawn to the prime. Itis possible this different task induced certain
strategies which mean the prime detection in experiment 3 is not an accurate
representation of prime detection in experiment 2. Priming tasks ir. which individual
thresholds are not assessed therefore hold same advantage, as in the Forster and Davis
design where participants can be easily temporarily 'deceived into thinking they are
seeing only one letter string. At the same time however, assessment of level of
detection for a masked stimuli can be important knowledge for the experimenter to

have when considering unconscious perception.

3.6.3 The nature of SOA and semantic priming for short SOAs

A similar design to that used here can be seen in Durante and Hirshman
(1994}, who tested for priming effects and prime detection at the same time. They
presented participants with a masked prime and target, but on some trials participants
where instructed to perform a lexical decision on the prime, while on other trials they
were instructed to name the prime, or any letters of the prime. Using two SOA
conditions, 33ms and 66ms, they found that as prime detection increased, masked
semantic priming decreased. They suggested that the relationship between prime
duration and semantic priming might be U-shaped.

Support for a U-shaped relationship might be seen in Klinger and Greenwald

(1995). They divided participants into two groups, those obtaining a high level of
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prime detection, and those obtaining a low score. Upon comparing the priming effects
of the two groups, it was found that the high detection group had a lower priming

. effect than the low detection group, a result which could be accounted for be placing

- each group in an appropriate place on a U-shaped curve of activation as a function of

| SOA.

In light of this analysis, a similar comparison was carried out on participants
here, using two methods. The thirty participants were placed in rank order for overall
correct response rate in experiment 3. The highest and lowerst 10 participants formed
the high and low groups respectively. Table 5. shoﬁs the mean response times for
both groups in experiment 2.

Table 5.
Mean response times for word conditions, for
each SOA condition, (N=neufral.: S=semantic.:

R=repetition.) Priming effect for Sand R is
compared with N condition,

Mean RT (ms)
SOA 70 86 120
N S R N § R N S R

High detection 532.7 526.0 473.9  515.7 518.8 473.0 4929 500.5 466.2

Priming 6.7 -58.8 +3.1 42,7 +7.6 26.7

Low detection 521.0 515.6 475.0 492.7 509.6 428.8 491.9 507.5 461.1

Priming -54 46 +16.9 -63.9 +15.6 -30.8

There appears to be little difference on the semantic priming task for both the
High and low detection tests. Although this analysis is based on a small number of

participants, it suggests that while there was certainly a variation in people’s ability to
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detect the primes, there is no indication of the use of different strategies either based

on or triggered by the participants ability to detect masked primes.

3.6.4 Were primes partially activated or fully activated?

‘What processes are occurring in experiment 2? Participants perhaps all used
the same strategies, which may have had some kind inhibitory effect on the
semantically related pairs. Ifthis is the case, then is this strategy perhaps used in the
original design where SOA is 50-60ms. That is, priming may be absent not because
the prime is failing to reach threshold, but because sﬁbjects are in some way using a
strategy to recognise the target, and this strategy acts as an inhibitory effect for
semantically related pairs. This would call into question the claim by Forster that his
masked priming design is strategy free, in which a person cannot help but submit to
universal automatic process of the cognitive system.

An alternative and perhaps more likely explanation is that threshold activation
of primes simply did not occur in experiment 2 (or occurred only for a very small
number of primes), and that the procedure used in experiment 3 is an invalid way of

assessing the level of detection in the actual priming task.

3.6.5 Retroactive priming

A final issue to consider is retroactive priming, There is growing evidence
that a retroactive priming effect may result in a different degree of suppression
between a related and an unrelated masked prime (eg. Bemnstein, 1989). It is therefore

important to asses such a difference in each priming design.
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The results for experiment 3 showed that for two of the three SOA conditions,
sernantic primes were lexically distinguished more often than the neutral primes,
' prdvidiné evidence for the enhancement of primes in the semantic condition. This
does.not méan that prime detection in experiment 2 is invalidated, because prime
.detection was carried out under the same conditions. It does however call into

question the validity of a neutral prime.

4. Conclusion

4.1 General findings, problems, and future studies

The aim of this study was to examine aspects of the masking effect on the
prime in the Forster priming design, within the framework of the interactive activation
mode] and an interruption theory of masking. An assessment of the level of
information that is extracted from a masked stimulus has important implications for
how word recognition functions,

The unexpected absence of form priming in experiment 1 gave support to the
interactive activation model, in that inhibition may have been operating between
orthographically related primes in a candidate Iist. If primes were effectively
inhibiting competing words, then it was considered that the primes may have been
accessed, or were close to being accessed. However, because no semantic priming
effects were obtained for pairs such as chair-table, it was assumed the primes were not
reaching threshold activation levels. An explanation as to why primes in orthographic

pairs appeared to be accessed, while primes for semantic pairs were not, was
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considered in terms of a retroactive orthographic priming effect. This was able to
account for much of the data, although not without problems. The important aspect
emerging from the discussion was that primes appeared to be accessed after the onset
of the target; opposing an assumption for an interruption theory of masking. While no
strong evidence emerged to dispute the interactive activation model, the second and
third experiments focussed on testing support for the interruption account of the mask.

Unfortunately, no semantic priming effects were obtained in experiment 2,
providing little basis on which to consider the conditions where a mask interruption
effect might disappear, There are two possible reasoﬁs why semantic priming did not
occur. One states that prime access did occur at some SOA value, perhaps even as
early at 60 ms. However the resulting facilitory effect of a spreading activation
mechanism was inhibited by another conscious processes, possibly a strategy used to
carry out the task, although the nature of such a strategy is unknown. This opposes an
interruption theory of the mask, and suggests primes are always accessed,
independently to the target. Support for this argument requires the verification of
strategic inhibitory processes that impact on priming tasks with very short SOAs.

The second account for an absence of semantic priming provides perhaps the
most important finding here. That is, prime detection tasks are often invalid measures
of the level of prime detection occurring during the testing stage. While prime access
occurred readily in the detection task, it cannot be assumed this same level of access
applies when participants switch their attention to the target. This is am important
issue that needs to be addressed in future work.

Although not significant, some evidence was found for a semantic retroactive

effect operating on prime detection, where primes are more detectable when occurring
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~ with semantically related targets than when appearing with non related targets. There

' hés been an insufficient amount of work done on this issue to estimate the
- lmpllcatlons for semantic priming paradigms, and the validity of the neutral prime as a
" control condition.

o Finally; future work might also benefit from the examination of both semantic
and orthographic priming within the same design, in particular with studies
particularly look at unconscious processing. Knowing the conditions in which both
types of priming do and do not occur would provide valuable insight into current

models of recognition.
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APPENDIX A



Experiment 1 - Version 1

s4 f40n70 2

$000 "Welcome! To move to the next instruction line, press the space bar";
000 "You will be presented with letters in the centre of the screen™;
000 "Your task is to decide if the item in UPPER CASE is a word";
000 "If it is a word press the RIGHT shift key,";

000 "if it is NOT a word press the LEFT shift key.";

000 "Remember to respond as quickly and accurately as possible.";
000 "Place your fingers on the shift keys now, ready to begin. Then press space bar.";
000 "Here are some items for practice. Press the space bar to move forward.";
+250 "#HER" %3 "yell"*"FISH'/ ;

000 "Remember, respond as quickly and accurately as possible. (Press space) ";
+250 "#HH#"1%3"book"/*"PAGE"/ ; '
-250 “#iH" %3 "exam"/*"KEST"/ ;

+250 "H###H" /%3 "data"/*"SWIM"/ ;

+250 "####" /%3 "soar"/*"PLUG"/ ;

-250 "#HEHE %3 "bold" *"FLIT"/ ;

+250 "H##EHE" Y03 " super" " MOUSE"/ ;

<250 "HHHH" %3 "fault"/*"OFFED"/ ;

250 "##H#" %3 "back"/*"KACE"/ ;

000 "That's the end of the practice items. Go on when ready..." ;
=250 "#HHH" %3 "wren"/*"SINT"/ ;$

+011 "H####" /%3 "stop"/*"CITY"/;

+012 "#HHHE"1%3"slip"/*"TREE"/,

-051 "##HH" %3 "hype"*"KETS"/;

+013 "#H###" %3 "change"/*"RUBBER"/;

+014 "#H###" %3 "entail "/* " JUNGLE"/;

-052 "#Hi#i" %3 "gloss"/*"PURTE"/,

+015 "###H#" %3 "ozone" *"QUEEN"/;

+016 "###H" %3 "crust"/*"BLADE"/;

<053 "#HHHE" %3 "baren"*"QUIST"/;

+017 "H###H#HE" /%3 finger"/* "AVENUE'/;

+018 "H#itHH" %3 "socks"/*"DREAM"/,

-054 "#HHEHR" %3 "feast"/*"RAPIS"/,

+019 "#HEE %3 flack"/*"RADIO"/;

+020 n#####n /%3"humaﬂ" /1:1! MONTH" /;

~055 "HHHFR %3 "mystro"/*"NATISE"/,

+021 " %3 "bunny"/* "FUNNY"/;

+022 "H#HEHHH %3 " fiddle"/*"MIDDLE"/;

-061 "#HEHH" %3 "wisdom"/*"FOLLAR"/;

+023 "###HH" %3 "thread"/*" THREAT"/;

+024 “#HH#" %3 "shot"/*"SHOE"/;

062 "##HH#" 1%3"bake"/*"NAST"/;

+025 "#HEE" /%3 "clue"*"CLUB"Y;

+026 "####H "%3 " "blood"/*"FLOOD"/;

-063 "#####" (%3 "creed"/*"TOTOR"/;

+027 "H#EHEH %3 "rivet"/*"RIVER"/;



+028 "#HHEHH" %3 " chilli"/*"CHILLY"/;
064 "HEH#E %3 "right"/*"LOSTE"/;

+020 "HHHHHE %3 "gather"/*"FATHER"/;
+030 "H#HEHHE %3 "quilt"/*"QUIET"/;

-065 “HH#EHE /%3 "billow"/*"DEVITE"/;
+031 "HHHHEE" %3 "winter"/*"SUMMER"/;
+032 "#HHHR" %3 "liver"*"HEART"/;

-071 "#EHHER" /Y03 "rates"/*"TINCH"/;

+033 "HHEEEE" %3 "tight"/*"LOOSE"/;
+034 "####" /%3 "atom"/*"BOMB"/;

-072 "#HH#" %3 "open" M "GEAD"/;

+035 “HERHA %3 "canary"/*"PARROT"/,
+036 "HHAHEH" %3 "patient"/*"SURGERY"/;
-073 "HHH#" %3 "juor"/*"SAIS"/;

+037 "HHEHE" %3 "garden" *"FLOWER"/;
+038 "H##EHE %3 " cigar"/*"SMOKE"/;
-074 "#HHEE /%3 "enter"/*"PLACS"/;

+039 "#HEHE" %3 "round"/*"EARTH"/;
+040 "HHHHE %3 "smash"/*"BREAK"/;
-075 "HEHHHHEP %3 "gravel"*"VALLES"/;
+041 "#HE#HE" %3 "peace"/*"PEACE"/;
+042 "#HEHE" %3 "sailor" /*"SAILOR"/;
-081 "##HE" %3 "trim"/*"LAXY"/;

+043 "#i#HHE" %3 "shoot"/* "SHOOT"/;
+044 "H##HHRE %3 crust"/*"CRUST"/;

-082 "##H##HE" /%3 " batch"/*"FOLER"/;
+045 "#H#f###°1%3 " "pillow"/*"PILLOW"/;
+046 "#HHH##"/%3 "enjoy" *"ENJOY"/;

-083 "HHHH#E" %3 "revise" *"FANDER"/;
+047 "HHH" %3 army " * " ARMY"/;

+048 "##HHHR" %3 "wetter"*"WETTER"/;
-084 "#i##H#" /%3 "buddy"/*"ZASTA"/;
+049 "###HH" %3 "motor"/*"MOTOR"/;
+050 "HHHA" %3 "bealth"/*"HEALTH"/;
-085 "#H#HH" /%3 "mower"/*"CRUSS"/,
$000 LB"THATS THE END OF PART 1";$



Experiment 1 - Version 2

s4 fA0 n70 a

$000 "Welcome! To move to the next instruction line, press the space bar";
000 "You will be presented with letters in the centre of the screen";
000 "Your task is to decide if the letters in UPPER CASE are a word";
000 "If it is a word press the RIGHT shift key,";

000 "if it is NOT a word press the LEFT shift key.";

000 "Remember to respond as quickly and accurately as possible.”;
000 "Place your fingers on the shift keys now, ready to begin. Then press space bar.";
000 "Here are some items for practice. Press the space bar to move forward.";
+250 "HH#" 1%3 yell"/*"FISH"/ ,

000 "Remember, respond as quickly and accurately as possible. (Press space) ";
+250 "R %3 "book"/* "PAGE"/ ;

-250 "#HHHE" /%3 " exam"/*"KEST"/ ;

+250 " (%3 " data" " SWIM"/ ;

+250 "#HEH#E" /%3 "soar"/*" PLUG"/ ;

-250 "#EE" /%3 "bold" *"FLOT"/ ;

+250 "#####" /%3 super"*+"MOUSE"/ ;

250 "HHHEE" /%3 " fault"/*"OFFED"/ ;

-250 "#HHHE" /%3 "back"*"KACE"/ ;

000 "That's the end of the practice items. Go on when ready..." ;

=250 "HHHH#" %3 "wren"/* "SINT"/ ;$

+031 "#E#HE" (%3 friend"* " SUMMER"/;

+032 "#HHH#" /%3 "movie"/*"HEART"/,

-071 "#HHH##E" %3 "rates"/*"TINCH"/;

+033 “#EEHHE" /%3 "muddy"/*"LOOSE"/,

+034 "####" %3 " date" /*"BOMB"/;

-072 "###H#" /%3 "open"/*"GEAD"/;

+035 "#HHHEH %3" divide" *"PARROT",

+036 "HHH##E" %3  leather"/*"SURGERY"/;

-073 "##HH"/%3"juor"*"SAIS";

+037 " %3 hassle"/*"FLOWER"/;

+038 "iHHHHE" %3 " input"/*"SMOKE"/,

-074 "Hi##H" %3 "enter"/*"PLACS"/;

+039 “H#HHH" %3 "diary"/*"EARTH"/;

+040 "##HHH" %3 "right"/* " BREAK"/;

075 “HHEHHHE %3 gravel"*"VALLES"/,

+011 "#HHE" %3 "cite"*"CITY"/;

+012 "#HAH"1%3 " free"*"TREE"/;

-051 "####" /%3 "hype"/*"KETS"/;

+013 "H#H#HHHE %3 "robber"/*"RUBBER"/;

+014 "#it###" /%3 "bungle"/* " JUNGLE"/;

<052 "HHHHE"1%3"gloss"/*"PURTE"/;

+015 "#itt##" %3 "queer"/*"QUEEN"/;

+016 "####4#" /%3 "blame"/*"BLADE"/;

053 """ %3 "baren"/*"QUIST"/;

+Q17 "HE#HA" Y3 "avenge" /*"AVENUE"/;



+018 "#i##HH#" /%3 "cream"/*"DREAM"/;
-054 "HH#H#HE1%3 "feast"/* "RAPIT"/;

+019 "HHHH#" /%3 "ratio"/*"RADIO"Y,
+020 "##HHIH" /%3 "mouth"/*"MONTH"/;
-055 "H#HHH#" %3 "mystro"/*"NATISE"/:
+021 "#EHH" %3 "comic" /" FUNNY"/;
+022 "HHEH" %3 "center"/*"MIDDLE"/;
-061 "HEHHHE" %3 "wisdom"/*"FOLLAR"/;
+023 "HHHEE" %3 " needie"/*"THREAD"/;
+024 "##HH" %3 " foot"/*"SHOE"/;

-062 "##HH#" %3 bake" ¥ "NAST"/;

+025 "HHH /%3 golf"/*"CLUB"Y,

+026 "#HHE "1%3 "water"/*"FLOOD"/;
-063 "#H##HH" %3 "creed"/*"TOTOR",;
+027 "HHH#E /%3 "creek"*"RIVER"/;
+028 "HHHH#E" %3 " frosty" /*"CHILLY"/;
-064 “#H#RE" %3 "right"/*"LOSTE"/;
+029 "#HHHHRE %3 "parent"*"FATHER"/;
+030 "#HEHH %3 "noise"/*"QUIET"/;
-065 "#HHi#HH" %3 "billow" /A" DEVITE'/,
+041 “#HHH" %3 "peace”/* "PEACE"/,
+042 "HEHHH Y3 sallor"/*"SAILOR"/,
-081 "#H#HHA" %3 "trim"*"LAXY"/;

+043 "HHH#P %3 "shoot"/*"SHOOT"/;
+044 "HHEHF %3 "crust "+ "CRUST"/;
-082 "#####" %3 "batch"*"FOLER"/;
+045 " 1%3"pillow"* "PILLOW"/;
+046 "HHH#" %3 "enjoy"/*"ENJOY"/;
-083 "HHHHH" %3 "revise"*"FANDER"/;
+047 "HER" %3 army" " ARMY"/,
+048 “HEFHH /%3 "wetter"/*"WETTER"/;
-084 "##HHE" %3 "buddy"/*"ZASTA"/;
+049 "#HEH" %3 "motor"/*"MOTOR"/;
+050 "#HHHH" %3 " health"/*"HEALTH"/;
-085 "H#HHH" %3 "mower"/*"CRUSS"/;
$000 LB"THANK YOU. That's the END,

<RJEXP1b>";$



N Experiment 1 - Version 3

s4 f40n704a

$000 "Welcome! To move to the next instruction line, press the space bar";
000 "You will be presented with letters in the centre of the screen";
000 "Your task is to decide if the letters in UPPER CASE are a word";
000 "If it is a word press the RIGHT shift key,";

000 "if it is NOT a word press the LEFT shift key.";

000 "Remember to respond as quickly and accurately as possible.";
000 "Place your fingers on the shift keys now, ready to begin. Then press space bar.";
000 "Here are some items for practice. Press the space bar to move forward.";
+250 "HHHE" Y03 yell"* ' FISH"/

000 "Remember, respond as quickly and accurately as possible. (Press space) ";
+250 "#HHH" 243" book" ¥ ' PAGE"/ ;

250 "####" %3 " exam"*"KEST"/ ;

+250 "#HH##" /%3 " data"/* "SWIM'/ ;

+250 "#HH#" %3 "soar"/*"PLUG"/ ;

~250 "#i##H#"/%3"bold"#"FLIT"/ ;

+250 " (%3 "super" /A "MOUSE"/ ;

-250 "#H##E" /%3 " fault"/*"OFFED"/ ;

<250 "##H#" %3 "back"/*"KACE"/ ;

000 "That's the end of the practice items. Go on when ready..." ;

=250 "HHH#" %3 "wren"/*"SINT"/ ;8

+021 "HHAHE /%3 " trial"/* "FUNNY"/;

+022 "HHEHE 143" oxygen"/*"MIDDLE"/,

061 "#HHEHA" %3 " "wisdom"/*"FOLLAR"/;

+023 "H#HHHR" (%3 "simmer"/* “THREAD"/;

+024 " /%3 "visa"/*"SHOE"/;

-062 "####" /%3 " bake" ¥ "NAST"/;

+025 "####" /%3 "buzz"/*"CLUB"/;

+026 "#HiEH# " 1%3"sight"/*"FLOOD"/;

~063 "##H#H##"/%3 "creed"/*"TOTOR"/;

+027 “#HHH" %3 "whole"/*"RIVER"/;

+028 "HHHHE"1Y03" pimple" /*"CHILLY"/;

-064 "H#H#HH"1%3 "right"/*"LOSTE"/;

+029 "#HH" 123" choice"*"FATHER"/;

+030 "HEHHE" %3 "stand"/*"QUIET"/;

-065 "##HIE" %3 " billow"/*"DEVITE"/;

+031 "H#HHH /%3 " bummer"/*"SUMMER"/;

+032 "#####" %3 "hears"/*"HEART"/;

~071 "#H#HEHE#" /%3 "rates"*"TINCH"/; -

+033 "####H" %3 " goose"*"LOOSE"/;

+034 "#HH#H#" /%3 "tomb"/*"BOMB"/;

-072 "####" /%3 "open"*"GEAD"/;

+035 "##H#HE" /%03  carrot" /*"PARROT"/;

+036 "#HHHEE /%3 "purgery"/*"SURGERY"/;

<073 "#HE" 1%3"Juor" /*" SAIS"/,

+037 "R (%3 "slower"/*"FLOWER"/;



+038 "H#####" /%3 "spoke" /*"SMOKE"/;
-074 "$#HEHHE" /%3 "enter" /% "PLACS"/;
+039 "H#HEHHE /%3 "garth"/* "EARTH"/;
+040 "H#HHHE /%3 "bread"/*"BREAK"/;
-075 "#iHHAH" %3 "gravel "/*"VALLES"/;
+011 "####"1%3 town"/*"CITY",

+012 "#EHE" %3 " leal"/*"TREE"/;

-051 "#HH#"/%3 " hype"/*"KETS"/;

+013 "#Hi##E#" /%3 "mallet"*"RUBBER"/;
+014 “######" (%3 " forest" " JUNGLE"/;
-052 "#HEH#" %3 "gloss"/* "PURTE"/;
+015 "H###E" %3 " crown"*"QUEEN"/;
+016 "#HHHH" /%3 knife"/*"BLADE"/;
-053 "#####"/%3 "baren"/*"QUIST"Y;
+017 "HHHEHH" %3 "street"/*" AVENUE"/;
+018 "#HHHE %3 sleep"/*"DREAM"/;
-054 "##HH#" %3 " feast"/* "RAPIT"/;

+019 "####" %3 "music"/*"RADIO"/;
+020 "FEH##E" /%3 april"/F " MONTH"/;
~055 "HHH#H##" /%3 "mystro"*"NATISE"/,
+041 "###H##" %3 "peace"/* " PEACE"/;
+042 "#HHHHE" %3 "sailor" *"SAILOR"/;
-081 "##HH#" /%3 "trim"*"LAXY"/;

+043 “fH#HHP %3 "shoot"/*"SHOOT"/;
+044 "H#HEH#" %3 "crust"/*"CRUST"/;
-082 "#####" /%3 "batch"/*"FOLER"/;
+045 "H###" %3 "pillow"/* "PILLOW"/;
+046 "H#EHHE" /%3 "enjoy"/* "ENJOY"/;
-083 "HHHH#" %3 "revise"/*"FANDER"/;
+047 "##H#H#" /%3 "army"/* " ARMY"/;
+048 "HHRHHE %3 "wetter"*"WETTER"/;
-084 "#HH#H" %3 " buddy"/*"ZASTA"/;
+049 “H##HFE" %3 "motor"/*"MOTOR"/;
+040 "####4##" /%3 "health"/*"HEALTH"/;
-085 "#H#H#HE" /%3 "mower"/*"CRUSS"/;

$000 LB"That's the end of Part 1";$



Experiment 2 - Version |

s5f40ni35a
$000 "This second task is similar to the first. (press space)”;
000 “Task takes about 8 mins. Take a break at any point. (begin) ;8

\

+011 "HHEHEHH"1%3 "contract"/%1" "*"PAPER"
+012 “AHAHARER" 173" cabbage"/%1" */+“LETTUCE"/ ;
-161 "HH#HHE" %3 "barre] /%1 "/#"CEILIND'/;
+013 "HHESHHE %3 "costume"/%1" "/*"DRESS"/ ;
+014 “#ittHEHH#" %3 "leopard"/%1" "/*"SPOTS"/ ;
~162 " %3 "spoon (%1 "H"LIDGE"/;
+015 “HiHHHERA %3 "sheep'/%1" "f*"LAMB"/ ;
+H016 “H#HHHHHRA %3 "dove" /%1 " "#"BIRD"/ ;

-163 "HHHEREA" %3 "better"/%1" "/#"SLIND"/ ;
+017 “HHRHERE %3 "time %1 " "#"CLOCK"/;
+018 "#hiHHHAH" %5 "oatmeal "% 1" "/+"CEREAL" ;
-164 "BREERRA %5 ord" %1 " "H"PASK"/;

+019 "HHAFAEHE" %3 "easier" /% 1" "#"HARDER"/ ;
+020 "HHHHEAE %3 "venom" 51" "*"SNAKE'/;
-165 "#atAE#AE" %3 "repay" /%l " "#"SHEN"/;

+021 “HiFHHRER" %3 "unit" %1 " "/*"DOGS"/ ;

+022 “ffaiA" %3 "unloved"/%1" "/4"ENGAGED"/;
-166 "#HEti %3 empire"/%1" "/*'SPALE";
+023 “#HEE %3 "listen" %% 1" "f*"PRISON"/ ;
+024 “HARHHHIER" %3 "forced" /%0 1" "HMEMORY"/ ;
~167 "W /%3 "medical"/¢41" "AYORIOUSY
+023 "HHARR AR %3 query" /% 1" " SHINE'/ ;
+026 "HHARANEE %3 thyme"/%61" “/**"DOORSY ;
-168 “HHRHERE %3 "society" Yo" "HYHASCH" ;
+027 "HitHAEE" %3 " verse /%1 "APLAIN"/;
+028 "HHEAAH R Y3 " nerve "% 1" "/“"OLDER"/;
-169 "BEREHHIE %3 care"/%1" "/#"NAIN'/ ;

+029 "R EE" %3 warm "% 1" ""HAIR"/ ;

H030 "R %3 "thick "Ll "/*"UNDER"/;
~170 "HERBR#H" (%3 "plant"/% 1" "#"SATE" ;

HI31 "HHEEARER %3 "window'/%61" "[*"WINDOW'/ ;
H032 "R 3 "mess %1 “/*"MESS"/;

171 “HERRHARA %3 "sware"/% 1" "/*"JEENS"/;

+033 “HEHEANER 163 "modify"/%1" "/+"MODIFY"/;
+034 “REFAHEE"1%3 "fashion"/%61" "/*"FASHION"/;
~172 “HHRAHERE /Y63 title " %1 " "/*'LIOM"/ ;

+035 "HEHHEHHE Y3 width"/%1" "MWIDTH"/ ;
+036 "HEAHAARE" %03 skill" /Y1 "ASKILLYY

=173 "R %3 " surname"/% 1" "PLATA' ;
+H)37 "HERHRHRE"1%3 "brain"/% 1" "/*"BRAIN";
+038 "HAHHR"1%3 "stars" Y1 "/*"STARS"/;

=174 "HHRHEE %3 aunt"/%1" "*UQACK"/ ;

+039 "HHHHHAHE" %3 after"/%1 " " "AFTER'/;
+040 "HAHEHRER" %3 "tuna" % 1" "MAYTUNA"

<175 “HiHEB " 1%3 " oval " %] " "/*"REND"/;

\
H041 "HARBHAER" 193 "citizen"/%62" “/*"PERSON'/ ;
+042 "#HERAHAR" %3 "shotgun"/%2" "/*"RIFLE"/;



-176 “EHEHH#H" %3 "bronze"/%02"
043 “HHEHEHEH" %3 "people"/¥e2"
+044 "HAHRAHEN"[%3 afraid"/%2"
177 “HEREHERE /%03 " shrub"/%2"
+045 "HEAHRERE" Y3 "nursery"/%2"

H046 "IN %3 command 1%2"
"/*"LUDGE"/;
"/*"STEAL" ;

178 “HHHEHRE" %3 volly" /%2
+047 "HHAHHERE" %3 heil"/%2"
+048 "HEHEHBRH" %3 injury"/%a2"
=179 "BEHHHEHE" %3 "story"/%2"
+049 “HERRHEIE" %3 " bread"/%2"
+050 "BHHEHARR Y3 "hard"/%2"
-180 "#EHRHIHH"%3 "advice" /%2"

HOS1 "HEHHHEH %3 "pisto] "/%2"
+052 "HHHHRERY Y3 "plastic"/%62"
-181 "HHEREHE" %3 " salute"/%2"
+053 "BHREHHER %3 "wooden"/%2"
+054 "SEREHFHH" %3 liquor"/%2"
=182 "HERRHH %3 "gorilla"/%2"
+055 "HHHHAE" %3 "pitch"/%2"
+056 “"HHHHRREH" /%3 "captain"/%%62"
-183 VHHIBEREH" %5 " depth " /%2"
+057 "HHBHHHEE Y3 cook"1%2"
+058 "HARHRAA" /Y3 passage"/ %2"
- 184 "HEREHEEE 9% "trail %2
H059 "HHEHAERH %3 advise"/Ya2"
+060 “HAHREER Y03 fever" 262"
«185 "HHEERHES" Y3 "machine " 1Y62"

+061 “FiHR# %3 infant"/%2"
+062 “HHHERAERE" %3 victim"%2"
-186 "R %3 "betray " /%2"
+063 "HEHAREES" %3 humor"/%o2"
+064 "HERHEHE %3 shake"/%2"
- 187 “HAHERR R 1%  ask %2
+H063 "R Y63 pony " %e2"
+066 "B Ye3 "wrong " %2"
-188 "HEHREAIA" %3 " wallet"/%62"
+067 “HHRt R (%3 "saving"/%02"
+068 "HEHHHAA" %3 "green"/%2"
189 "HEHHHARR" %3 "enough"/%62"
+069 "HihH#AH" %3 horse"/%2"
+070 "HRAHHESR" %3 " long"/%2"
-190 "B 13 "simple"/%2"

\

071 "HAHHFHAH" Y3 vigour"/Yed"
+072 "HHEIF %3 tomb" /%4 "
-191 "HHRHRHRE" %3 "gate" /Y%4"

+073 "HAFHAHRF"/%3 "volcano" /4"

+074 "HARHHTRA" %3 "cottage"Yed"
-192 “"H#HRERHHA" %3 "vote" V4"
+075 “HHEHARHA" %3 "excuse" [%%4"
+076 "HHRHHAHE" %3 "violin"/¥4"
~193 “HHHEHHER" 03 "Jewr1"/%4"
+077 "BERHHAHA" %3 speak"/Yad"”
+078 "#HEHHARER 3 "doctor"Yed™

“/+"SHREAM"/;
"#*CROWD"/;
"/**SCARED"/ ;

wRWTR A QY ;

"UBABY" ;
II}'* IIORDERH'J ;

!I'(* HHURT“! ;

llft IIMELL!I! ;

"/*"BUTTER"/;

|l{* ||SOF‘1‘II’ ;

"/#"OBER" ;

"/*"MAMMAL"/ ;
"M*"WIDER"/;
"/*REET"/;
“/*DIRTY"/;
“/*"HAMMER"/;
"*"SPEDIFY"/;
"/*"CLOSER" ;
"A"STYLE" ;
"/*"PRAPER"/ ;
"/+"LOUD"Y ;
tllﬁ'# HIRON Il}.’ ;

" WHET"/;

"/A"ANIMAL"/ ;
"/*"CLOSE"/ ;
"#"HIGHTAY"/;

"/*"INFANT"/;
"#VICTIMYY ;
"/*"MUNOR"/;
"/+"HUMOR"/;
"/*"SHAKE"/;

"*"SRAY" ;

"/*"PONY"/ ;
"/*"WRONG"/;
"/*"SEUCE"/;
"M#"SAVING";
"/#"GREEN"/ ;
"/*"SHAB"/ ;
"/*"HORSE"/ ;

II!* lILONGOI! ;

"/+"TRISOD"/ ;

"/A"ENERGY"/,
"/¢*"DEATH"/;

"/*"DACH" ;

"f'* "LAVA"’( ;
"PHOUSE"Y ;

"/*"FAUGT"/ ;

"/*"REASON"/;
"/*"STRING"/;
"/#"BLAD"/ ;
"*"TALK" ;
"/*"NURSE"/ ;



194 "FEHHHEEE" %3 "hunger"/%4 "
+079 “HEHHHERR" %3 " preview"/%4"
+080 "BEHHAHAH" %3 "reflex"/%4"
-195 “HiHH##E 13 "ugly"/%e4"

- H081 "BHHEBEEE" %3 "Dlenty"/%4"
+082 “HHHEHEER %3 " jeans"/%4"
-196 "HEHEHIES %3 " muscle"/%4"
+083 “HEHHBERE" %3 "wonder"/%4"
+0B4 “HEHANBEE" %3 " destroy " [%64"

-197 “HHEAEEE %3 "guitar/ %4
+08S5 "HHHHHHER"1%3 "Tent"/%4"
+086 “HE UL %3 "TRUE"%4"
-108 "HHFHHEEE %3 sland /%4
+0B7 “HEHHHEH" %3 dating"/%4"
+088 "HHHAMEEEN Y% starter"/%4"
-199 "BHHABEEE" 3" cross" 4"
+089 "HAEHHE %3 nature"/%4"
+090 “HE##EE%3 "weather"/%4"
200 "HEEHEHE %3 "brown"/%4"

+09 1 "HHEHHEHE %3 "dune" /%4
+092 “HHSHHER"1%3 wasp" Y4
-201 "HEHHRHEE" 193 " "chain"/%4"
+093 "HERHHAE"1Y3 "pupil"/%4"
+094 "HEHAHERE Y3 "sweet" /%4
-202 "HHHHHEE" %3 "troop"/%ed"!
+095 "HHEERAE" %3 office" /%4 "
+096 "HEREHIEH" %3 "child"/%4"
-203 "HREEHAH" %3 cinema"/%4"
H097 "REHHERAR"1%3 "whistle"/%4"
+098 "REHHERHF" %3 "mother"/Y%64"
204 “HE#HHHAR" %3 "moving"/%e4"
+099 "EHHHHA %3 right"1%4"
+100 "HHRAHBHE %3 lizard " /%4"
-205 "HHAREHF Y3 cowboy"Yed"

$000 LB"THATS THE END OF PART 2. ONE MORE TO GO.";$

| ""TRAY"/;

"/+"MOVIE" ;
"/**ACTION"/ ;

II{‘!IWITEII; ;

"/*"TYRES" ;
"A"BATH"/ ;
"/*"ROGGED"/ ;
"/*"NEEDLE"/ ;
"/*"APPLE" ;
"/*"SCHEEN"/;

"USALT'Y ;

||£\‘* IISHARPII}' ;
"/*"PINGE"/ ;

l'l* 1 SILVERI!’( ;

"/**YELLOW"/ ;
"/*"MULT"/;

"/*LENGHT"/;

"/*"SHORT"/ ;
"/*"PROT"/;

"/*"DUNE"/ ;
YA WASP" ;
"M+*NOOSY"/;
II;* IIP"J'PH-'"! ;
"/*"SWEET"/ ;
"/*"BRENCH"/;
"/*"OFFICE"/;
"/**CHILD"/ ;
"/*"RASE"/;
"M+ WHISTLE" ;
"/#"MOTHER"/ ;
"/+"BADDLE"/;
"/*"RIGHT"/ ;
"/*"LIZARD"/;
"*"EARLT"/ ;



Experiment 2 - Version 2

. 55f0nl135a

$000 "This second task is similar to the first. (press space}";

000 "Task takes about 8 mins. Take a break at any point. (begin) ";$

Q071 HEHARERE" %3 Vigour"/Yal®
H)72 "HEHHERRE /%3 "tomb /%1 "

| -191 “HHHEEERE" Y3 gate" /%1
+)73 "HEHHHEHE %3 "volcano"/ % 1"
+)74 "HHGRESHE" Y3 "cottage" /%61
=192 "BHHEBERE %3 vote" /%1
+H075 "R %3 "excuse /%"
076 "EHHHEER %3 violin"/% 1"
103 “HHHEEERE %3 jewel /%1 "
+OTT HHEHRREE 263" speak "
HI78 "W /%3 doctor /%R 1"
-104 "HEHHEF%3 "hunger"/%1”
+079 “HERERHAR" Y63 "preview" /%1 "
+H080 VHEHHHEAA" %3 "reflex"" 1% 1"
=195 "HEHHIREE" Y3 Magly" %"

+081 "EHAHEEHE %3 "plenty"/%1"
+082 "HHHRHEEE %3 jeans" /%L "
-196 "#H#HHHER"Y3 "muscle"/%1"
+H083 "HEMHEE" Y3 "wonder/% 1"
+084 "HHHHERE" %3 "destroy"/%1"
-197 “HiH#HIRA" %3 guitar" /%"
+085 "HHEAHHE %3 "rent "% 1"
+086 "HEARHRRE Y3 " TRUE" %%1"
-198 "#EREAHEH" /%03 " island"/%1"
+087 "HiHHAERE %3 dating"/%1"
T08B "HERAAEHE" /Y03 "starter"/% 1"
-199 “HEHHHIHA" %3 " cross" /%1 "
+089 "HERAHEHH" %3 "nature" 1"
+090 "R %3 "weather"/ %5 1"
=200 “HHHEHEA"%3 "brown /% 1"

+091 "BEEHHEHEY%3 " dune /% 1"
+092 "BURHHEHE" %3 "wasp" /%1 "
201 “HEHEEHEE"I%3 chain "% "
+003 "HHBLERE%3 pupil"/% 1"
+094 "HURERBHI%3 sweet 1% 1"
202 “HEMEHHEE" %3 To0p" /%] "
+095 "HEHEHSEY %3 0ffice Y 1"
+096 "HHBEHEEEY%3 child" %1 "
-203 "HHEEEE Y3 Cinema %1
+007 “HAHBHEHE %3 Whistle"/% 1"
+098 "HHHERERE" %3 mother" /%1 "
<204 "BHHHEEE %3 moving /%"
+099 MM %3 right"/%] "
+100 "HHHEHERE %3 izard 1% 1"
=205 “HHEHBEH %3 cowboy /%]

\
+011 "HAUARHRE /%3 "contract"/%2"
+012 "RHHHIE" %3 cabbage "/ %2"

"/*"ENERGY"/;
"/*"DEATH"/ ;

"*"DACH" ;

YRLAVA ;

"ATHOUSE" ;

"+ FAUGT"

"/*"REASON"/ ;

"/#'STRING"/ ;
"/*"BLAD" ;
"#"TALK"/ ;
"/+"NURSE"/ ;
"/*"TRAY"/;
"/A"MOVIE"/ ;

"/*"ACTION"/ ;

"YWITE" ;

"/*"TYRES" ;
ll!* "BATH";’ ;
"#"ROGGED"/;
"/¢"NEEDLE"/ ;
"*"APPLE"/ ;
"/*"SCHEEN"/ ;

"PUSALT" ;

"/*"SHARP"/ ;
"/*"PINGE" ;
"/*"SILVER" ;
"*"YELLOW"/ ;
" MULT"/ ;
"/+"LENGTH"/ ;
"/*"SHORT"/ ;
"/*"PROT"/;

lt"* "DUNE“A“ :
"WASPY
"M"NOOSY"/ ;
"/*"PUPIL"/ ;
"M"SWEET" ;
"/*"BRENCH"/;
"/*"OFFICE" ;
"#"CHILD"/ ;
"M*"RASE"/;
"/+"WHISTLE" ;
"/#*MOTHER"/ ;
"/+"BADDLE"/;
II‘l'* IIR-[GHTII‘{ ;
"/*"LIZARD"/ ;
"/*"EARLT"/ ;

"/*"PAPER"/ ;
"#*LETTUCE" ;



-161 “REHBHHHH" %3 barrel /%2" "/#*CEILIND"/ ;
013 “HHHSHRAR" Y63 "costume"/%62" "/*"DRESS"/ ;
+H014 "B HEEE81%3 " leopard"/%2" "+SPOTS'/ ;
-162 "HERHRERE" %3 "spoon"/%2" " "LIDGE"/ ;
+015 “HEHHERI"1%3 sheep"¥62" "*"LAMB"/;
+016 “HEH#REIN" %3 dove"/%2" “*'BIRD"/
~163 "HEHHEREH %3 "better"/%2" "#"SLIND"/;
017 "HHEHE %3 time" /%2 "HCLOCK"f;
+018 "HA#HAFIE"%3 " " 0atmeal /92" "f*"CEREAL'/;
-164 "HEREHHHR /%3 lord"/%2" "/*"PASK"/;

+019 "HHEREHIHE"1%3 "easier"/Yo2" "*"HARDER'/;
+020 "HEAHEHAR %5 venom"/%2" "fAUSNAKE"/ ;
-165 “HEHHFREHI %3 "Tepay" /%" YFSHEN"/ ;

021 "EHERBBAHY%3 INIY%2"  /*"DOGS"/;
022 “"HESHHRHH1%3 unloved"(%2"  "M"ENGAGED"/;
-166 "HHEHHHBE %3 "empite/%2"  "/*"SPALE"/;

023 "BHBRHBAY%3 Tisten"/%2"  "/*"PRISON'/ ;

024 "BHAHABREI%3 Torced"/%2"  "/*"MEMORY"/;
(167 "HEMHAER %3 medical"/%2"  "M"VORIOUS" ;
025 “SHERERIE%3 qQuery"/%2"  "/*"SHINE"/;

+026 "HHEHESHR %3 thyme"/%2"  "/*"DOORS";

168 SRS %3 s0ciety"/%2"  "/*"HASCH'/;
027 "BHEHBSHAIY3 verse"/%2"  "/*"PLAIN';

028 “HHHEHAHA" %3 nerve/%2"  "/*"OLDER"/;

<169 “HABHEEE %3 care"%2"  "PNAINY ;

+020 "SHEHHRIE Y3 Warm 1%2°  "/*"HAIR";

+030 "HYBHEH"I%3"hick" /%2 "/*"UNDER';

170 "HAESHAE%3 plant"/%2"  “F"SATE";

+031 "#HEHHRER %03 "window"/%2" "#A"WINDOW"/ ;
+032 “HRARFHHR 1763 "mess"/%2" "/*"MESS"/ ;

=171 "R %3 "sware"/%2" "A"JEENS"/;
+033 "HHERRERN %3 "modify"/%62" "/*"MODIFY"/;
+(134 “HAEHEAHE %3 " fashion"/%2" "/*"FASHION" ;
172 "HERHEEE Y3 e %2 “/*"LIOM"/;

+035 "HHRHHEHE %03 "width"/%2" "/*"WIDTH"/;
+(36 "HEHHHEE Y3 skill"/%2" ""SKILL"/ ;

-173 "REEHEHHR %3 surname /962" "/*"PLATA'Y;
H037 A HHER 193 brain"/%2" "*"BRAIN'/;
+038 "HHHHEE %3 stars" 162" "/*"STARS"/;

174 "HHHEE" %3 aunt /%2 "HUQACK"/;

+039 "HEHAAHHR"1%3 "a fer "% 2" "#YAFTER" ;
+040 "HEERRHHE P43 " una /%2 " " TUNA",

=175 "Hin i 1%3 oval"%2" "/*"REND"/;

\

H041 "EHRESHE %3 Citizen"/%4"  "/**PERSON" ;
H042 "HHEEEE %3 shotgun /264" "/**RIFLE" ;
-176 “HH#aEHE %3 bronze"%4"  "**SHREAM"/ ;
+043 "HEREBEEI %3 people" /%4t ""CROWD'" ;
+044 "BEHEEI %3 afraid"/%4"  "*"SCARED";
17T HHEHEH %3 shrub %4 U TRASY
+045 "HHREEHE%3 Tursery/%64®  "*"BABY"/;
+046 "HEREEHHE %3 command/%4"  "/*"ORDER"/;
-178 "HHHHEREE %3 volly 44" "W LUDGE" ;
H04T "HEEEBEAR %3 heif %4 ""STEALY :
+048 "HESHHE %3 injury /%4 " HURTY ;



179 "HEHREHEE 1% 3 story (%4
+049 "HAREHHHR /%3 "bread"/%4"
+050 "HAHEREHR" 13 hard" V4"
-180 "HHEREHIE 173  ad vice"/%4"

+051 "HERHRERN"/%3 "pistol"1%e4”
+H052 “HAHERERI"/%63 "plastic /764"
-181 “HEHHERHE" Y3 salute"/%e4"
+053 “HEHHRBRE" %3 "Wooden"/%4"
+054 "HHHHEHAR" %3 liquor"/Yed"
-182 “HHHEHHIN" %3 " gorilla" %4
+055 "BERHEE" %] "pitch"/%4"
+056 "HERHARHH" %3 "captain"/%4"
-183 "Hif#AR V03 depth" /%04
+057 "HHHRHE"1%3 "cook" /%4 "
+058 "#i " %3 "passage"/Y4"”
-184 "EREHEHE" 43 wall"/%4"
+059 "HAHHHARR 03 "advise"/Yed"
+060 "HERHHERN" %3 " fever%4"
-185 “########" /%3 "machine"/%4"

+061 "HHERARER Y63 "Infant"/%4"
+062 "HHENHHAR %3 victim "/ Yad"
-186 "HHAHENHH" %3 "betray" /¥4
+063 "HAHAHHER"1%5 " humor" /264"
+064 "HEdHERR" %3 " "shake /%4 "
-187 "REHRHE" %3 task /%"
+065 "#FHFREHHE" 103 "pony"/Ved "
+066 "FERHHERT" /%3 "wrong'"/%4"
-188 "FEHHIEAE" 13 wallet"/%4"
+067 "HEAHHEHE" %3 "saving " /Yed"
+068 "HERHHEHL" %3 green"1%4"
~-189 "HHEHE" %3 "enough /%4 "
+069 "EHAHERIH" %3 "horse"/%4"
+070 "HHEHAHER %3 " long" /%4
-190 "FR#ni %3 "simple"/%4"

"/*"MELL" ;
"/**BUTTER" ;

IIJ* IISOF‘I‘III ;
"/*"OBER" ;

"/#"MAMMAL"/ §
e WIDERY / :
n.(*nREETn! :

" "DIRTY")" :
“/*"HAMMER'/ ;
"/*"SPEDIFY"/ ;

“/*"CLOSER"/ ;
"/**STYLE"/;

"/#"PRAPER" ;

"/**LQUD'" ;
"/+"[RON"/ ;

ll’!* I|WHIT"! ;

|ll* HANMALIII ;
"/*"CLOSE"/ ;
II!* HHIGHTAYIII ;

"/"INFANT"/ ;
"VICTIMY ;
"/*"MUNOR"/ ;
"/*"HUMOR" ;
"/*'SHAKE" ;

“f*"SRAY"f :

Il;‘ llPONYIl! ;
"/*"WRONG"/ ;
"+"SEUCE" ;
"M"SAVING" ;
"/*"GREEN"/ ;
"!* IISI_[AB“!I ;
"**HORSE"/;
" LONG" ;
II’J* II'I"I{ISOI:)II"{I ;

$000 LB"THATS THE END OF PART 2, ONE MORE TO GO.";$

=3



Experiment 2 - Version 3

s5f40nl352

$000 "This second task is similar to the first. (press space)";

- 000 "Task takes about 8 mins. Take a break at any point. (begin} ";$

A
U041 EHEHEEHE %3 citizen"/% 1"

042 "HBSHEERE" %3 "shotgun*/% 1"
~176 "HUBEHERE %3 bronze"/%]"
043 HEHEEHEE %3 people" /%1 "
+044 "HHEHEHER Y3 afrald /Y] "
177 “HEREESEE" %3 shrub /%A1
+045 “HEEASEEE %3 Tursery /261"

+046 "BHAFHHER" %3 "command"/%]"

178 "R 1% 3 Volly"/% 1"
HOAT “EHHHHBHH %3 " heif %4 1"
H048 BRI IY%3 Infury /%1 "
179 "HEHEEE" %3 story" /% 1"
+049 "HERREEHHI%3 " bread" 951"
+050 "M HE %3 hard"/% 1"
~180 "HHHHERE %3 2 dvice %1

+051 "FRHREHAR" %3 pistol"/%e]"
+052 "HHREERA" %3 "plastic"/%]"
-181 "HEHIFHAA" Y3 "salute"%01"
+053 "HHHHHEH#" %3 " wooden "% 1"
+054 " %3 liquor"/%61"
-182 "HER AR %3 gorilla" /1"
+055 "HAEH#HFT# 13" pitch"/%1"
+056 "HRHHRERE" %3 " captain"/%1"
-183 "HrH##EHR" %3 " depth"1%1"
+H057 "HARERERA" /%3 cook " 1"
+058 “HHEHBEHE %3 "passage"/Ya]"
-184 “HHHREHRE %3 trail /%] "
+059 "HiHH#HEH" Y3 "advise"/%1"
+060 "Huf A (%3 "fever"/%1"
=185 "HEHEHHA" %3 "machine"/%1"

001 "ERERHAHE" %3 Infant" /%% 1"
+062 "HRERAERE %3 " victim"/%1"
-186 "HHBHAAHR" /%3 "betray"/%al"
+063 "HiHRAERH" /%3 "humor"/%1"
+064 "RHHRER" %3 "shake "Y1
187 " %3 task Y "
+005 "HIHHRERE %3 pony /%"
H066 "HAHHHERHE" %3 wrong"/%1"
-188 "RAHHHEE" %3 wallet"/%1"
+067 "HHHEHHE" %] "saving /%4 1"
+068 "HEHHHIEE" %3 "green"% 1"
- 189 "#HH#EH##"1%3 "enough"/%1"
+069 "BiR#HH" %3 "horse"/%1"
+070 "HERHHHER" %3 " long" /%1 "
-190 "HA#AEHE" %3 "simple"/%1"

\
+071 "RHAHAEER" %3 vigour"/%2"
+072 “HABARHRA %3 tomb " %2"

"/*"PERSON" ;
"M#'RIFLE" ;
“M"SHREAM"/;
"/*'"CROWD"/;
"/*"SCARED"/;
"M TRAS" ;
"*"BABY"/;
“}* HORDER"! ;
II!* IILUDGE“; ;
"/*"STEAL" ;
"MHURT" ;
“#"MELL"/ ;
"/*"BUTTER";
"/*"SOFT"/ ;
"/+"OBER" ;

"MMAMMAL'/;
"/*"WIDER"/;
Il;* IlREE"[‘"}I ;
"/*"DIRTY"/;
"/A"HAMMER' ;
"/*"SPEDIFY"/;
"/*"CLOSER"/ ;
""STYLE" ;
"/*'PRAPER"/ ;
II!*IILOU‘D“}‘ ;
"/*'IRON"/;
"HWHITY ;
"/*"ANIMAL"/;
"/*"CLOSE"/ ;
"MVHIGHTAY"/ ;

l!“!* lIINFANTII! ;
"AVICTIMY ;
"/*"MUNOR"/;
"/*"HUMOR"/;
"/*'SHAKE"/;
"*"SRAY"/ ;
"/A"PONY"/ ;
"/*"WRONG"/ ;
“/*"SEUCE" ;
"FSAVING'/;
"/*'"GREEN"/;
"+"SHAB"/;
"/*"HORSE"/ ;
llf‘tllLoNG "f' ;
"*TRISOD"/ ;

“M"ENERGY"/;
"M*DEATHY,;



-191 "HEREHI %3 gate /902"
+073 "HHEHRERH" %3 "volcan0" /%2
+074 "HHBHHERE" %3 "cottage™/%o2"
-102 “"HHHFEEIR"1Y3 vote /%"
075 "HERBEHEHY3 "exonse "/ Ye2"
076 "EEHHEREH %3 Violin"/%2"
~193 "BHHHIE Y3 jewel Y2
+)77 “HHHHRERE %3 "speak " %02"
+078 "EEHEHAE %3 "doctor /62"
-194 "gEREFEIE 193 hunger"/%62"
+079 “HHHAHHER" %63 preview"/%2"
+080 "HEHHHEH" %3 "reflex"/%2"

- 195 "HEHBREHE" %63 "ugly"1952"

+081 "HHERHHER %3 "plenty"/%2"
+082 “HAHARERA" %3 jeans"/%2"
-196 "HEHEEI P43 "muscle" 02"
083 "R %3 wonder"/%2"
+084 PHARHHEH %3 destroy /Y02
-197 "HAEARHEH" %3 "guitar"/%62"
+08S5 "HHEAHEHE %3 "rent"/1%2"
+086 "HHHHHH %3 TRUE" /%2"
«198 “HEHHEHEH %3 (sland"/%2"
+087 “HiHHHHE /%3 dating"/%%2"
088 "HHRHAHN" %3 "starter"/%2"
- 100 "HHHHEH" %3 "cross" %2 "
+080 "HHAHEHAE" 1% "nature"/%2"
+090 "HAHAHAE" %3 "weather"/%62"
<200 “HHHFHHH %3 "brown"/%2"

091 "HRHFHFRA"%3 " dune"/%2"
092 "HERERHRE %3  wasp" V62"
=201 "#EHRRERE" %3 "chain"/%2"
+093 "HHEREHER %3 " pupil /% 2"
+094 "HAERHRHR"I%3 "sweet"/%2"
=202 "HHERRAH" %3 troop™/%2"
+095 "HHR#FHRE" %3 office"/%62"
+006 “HHEHHIEE %3 child"/%2"
-203 "#HEHEREH"1%3 "cinema"/%62"
+097 “REHHHARHA"%3 "whistle"/%2"
+098 "HEHREHH %3 "mother"/%62"
<204 "HHBRERE %3 "moving"/%62"
+099 “HHEREIEE %3 "right"/%2"
+100 "AHEAHERAR" %3 " [izard"/%2"
205 "HHHHERIR"I%3 "cowboy"1%2"

\

+011 "I /%3 "contract /24"
1012 “"HFHEH#E" %3 cabbage"/Ye4”
~161 “HARRHHHE" %3 "barrel /%4
+013 "HAEHERER Y3 "costume"/%e4"
+014 "HREAERER"1%3 " leopard"/%e4"
162 "RERRERHH" %3 "spoon"/%ed"
+015 "ERHEAERE" 1%3 " sheep"/%4"
+016 "HIAHEUHE" %3 " dove"/%4"
~163 "HHHBHHE Y3 "Detter/Y4™
+017 "HREAURBR %3 "time"/%4™
+018 "HRUARAHR %3 "oatmeal "/%4"

"/*"DACH"/ ;

"*"LAVA"/ ;
"/**HOUSE"/ ;

"/*"EAUGT' ;

"/*"REASON"/;
"/*"STRING"/ ;
"/*"BLAD"/;
"/*"TALK" ;
"/*"NURSE"/;
"*"TRAY" ;
"*"MOVIE"/;
""ACTION'/;

"J’*"WITE".\(;

“/*"TYRES"/;
"I"BATH/ ;
"/*"ROGGED"/ ;
"/*"NEEDLE"/ ;
"/*"APPLE'/;
“/*"SCHEEN"/ ;

"/*"SALT"/ ;

"/*"SHARP"/;
“/*"PINGE" ;
“/+"SILVER" ;
"/ YELLOW"/ ;
"MMULT'Y
"/"LENGTH" ;
"*SHORT"/ ;
"#"PROT"/ ;

"/*"DUNE"/;
"*"WASP"/;
"*"NOOSY"/;
"/*"PUPIL"/;
"/*"SWEET"/;
"/*"BRENCH"/;
"/*"OFFICE"/ ;
"/*"CHILD" ;
ll’f‘ “R.ASE"! ;
"/¢"WHISTLE" ;
"/*"MOTHER"/ ;
"/*"BADDLE"/ ;
"/#"RIGHT"/ ;
"/*"LIZARD"/;
"/*"EARLT"/;

"/**PAPER"/ ;
"/*"LETTUCE'"/;
"/*"CEILIND"/ ;
"/*"DRESS"/ ;
"/*"SPOTS" ;
"/*"LIDGE" ;
"/*"LAMB"/ ;
"/*"BIRD"/
"/+"SLIND"/;
"/**CLOCK"/ ;
"/"CEREAL";



<164 “HEHERERE 1963 " lord %4 “*'PASK"/

+019 “HERRABEN"1%3 "easier"/%04" "/#"HARDER"f;
+020 "HEAHAEER"1Ya3"venom""/%4" "/*"SNAKE",
=165 “HAHHRERE" Y03 "repay "1%ed" "*"SHEN'"/ ;

+021 "HERHBERE %3 unit"Yeg” "*+"DOGS"/ ;

+022 “HEREAHRAE" %3 unloved"/%4" "A"ENGAGED"/ ;
~166 “#HAHAHAR" %3 "empire"/¥e4" "/**SPALE"/;
+023 “HERHHARE %3 " listen"/%4" "/*"PRISON"/;
+024 AR %3 forced "/ %e4" "*"MEMORY"/;
-167 "SRR %3 "medical "/%4" “f*"VORIQOUS'/ ;
+025 "R %3 query"/%%64" "/*"SHINE'"/ ;
+026 “HEHHHHEE"1%3 " thyme"/%4" "/*"DOORS"/;
-168 “HEHIHHER" %3 "society"/%4" "/*"HASCH"/;
+027 “HRERAI" %03 "verse"/Yod" "*UPLAINY ;
+028 “HtHHHHE" %3 "nerve"Y04" "*"OLDER"/;

- 169 "HitFH#HEH %3 care" /%4 "/#"NAIN"/;

+029 “HREAERE" /Y3 warm " Y04" "/*"HAIR"/ ;

+030 “H#HEAHAHR"1%3 "thick"/%4" "*"UNDER'/;
-170 "H A" %3 "plant"/%4" "*"SATE";

+031 "HAHHHHER Y3 " window " /%4 "H"WINDOW'/ ;
+032 "HRAHHEHR %3 "mess 24" "M*"MESS"/ ;

-171 “HHEHR Y3 "sware"/%4" "/*'JEENS"/;
+033 "B %3 "modify" /%" "*“MODIFY"/;
+034 "#ERERAHR" %3 " "fashion"/%4" "MFASHION"/ ;
~172 " 1%3 e /%4 "HULIOM"Y ;

+035 "HERHHEEHA"1%3 "Width" /964" "MHWIDTH'Y ;
HI36 "HHHHRAHA 1%3 skill"/%%4" "/*"SKILL"/;

-173 "R (%3 sumame' /%4 " "/*"PLATA"/;
+037 "M %3 "brain"/%4" “/*"BRAIN"/;
+038 “HitHHHHHA" %3 stars"/%4" "/*"STARS"/,

=174 "HHRHERHE Y3 aunt "1%4" "QACKY ;

+039 "HAHEHT %3 "after /%4 " "f*"AFTER"/;
+040 "HRRHEHRE %3 una"/%4" "A"TUNA" ;

=175 "RHERHHHRE %3 oval "%es" "*"REND"/ ;

$000 LB"THATS THE END OF PART 2. ONE MORE TO GO.";$



Experiment 3 - Version |

s5f40nl20a
$000 "Last test, Yippee! Proceed when instructed. (press space)";

000 "Remember, the first ten items are just practice. "}
000 “And in this task, accuracy is more important than speed.”,
000 “Takes about 5 mins, Break if needed. (begin) ";

000 "HRARERHA %3 vory" /51" "/"THROW'/;
+000 "#EBHFEHE 1%3* "Jackal"/%]1" "MFARING"/ ;
000 "WHEEHR#E" /%3  resait"/%1"  "/"GIANTS'/;
+000 “HEHRREHE %3 "glaze"/Y6]" “/"ELUSIVE"/;
+H000 "HHHBHHEH %3 "poke"/%1"  "/"CRIME"/;
-000 " %3 tustain"/%1" /" INCOME'/;
+000 "#HBEAHEE %3 "culture” Y1 "MLACTICY/ ;
+000 "HHEHEERE %3 "lottery /% 1" "MTINY"Y ;
~000 "#HBEHEHE" %3 fitcom"/%61"  "/"PUNT"/;

000 "That's the end of the practice items, Proceed when ready. ";

+000 "FHEAAAER %3 safari"/%1"  “/MSHIP'/;§

\

+101 "HHEHRI %3 glory"/%1"  "/"POWER'"/;
+102 "HEHREAR %3 * rubble"/%1"  "/"STONES"/;
206 "HHEHRAE"1%3* lebacy"/%1"  "/"SILENT'/;
207 "HERHHT %3* "optoon /% 1" "MMETRIC'/ ;
+103 "HHHARER %3 "truck" /%1 "/"DRIVERY/;
+104 "HEE#HH %34 " ion"1%1" “/"TIGER"/;
=208 “HIHHHHHE" %3 * "pumlish*/% 1" "/"FARMER"/;
=209 "I 1%3* "mestion"/%1" “/"PASTOR"/;
+105 "HHH#HERT" %3 victory" %" "{/"DEFEAT"/;
+106 "RHRAHRZ"%3% "stomach"/%1" "MACHE"/ ;
<210 "HHEHRS %3 * "senbor"/%61 " "/"GOOD"/,
<211 "HEEHHEHE /%5 * "bental /%1 "{"ZERQ"/ ;
+107 "HAHERHE %34 "deluge"/%1"  "/"RAIN"/;
+108 "HI T %3* "pretty"/%1" "f"GIRL"/ ;
-212 "HAHEHHRER %3 erotion"/%1"  "/"LAVISH";
-213 "WREAARRE" %3 "cencise" /%1 “/"NINETY';
+109 "AHEHR 1%3* "trousers"/% 1" "M"PANTS"/,
+110 "#HEEREH" %3 "table" % 1" ""CHAIR'/;
-214 “HHFRRHHE Y3 * 'excust"/%1"  "/"COFFEE'/;
<215 “HRAHHHEE"%3* "nocket"/%1"  "/"FINISH"/;
+111 "HHRERHE 3 " flavour"/%l” "/"BEER"/;
+112 "HHARHERE %3 puzzle" /%1 "/"BALLETY/;

-216 "#AFHFHIE"1%3* "medipal"/%1"
=217 "HHAAHE" %3 * " jacbet"/%1"

"/"GRAPE" ;
"/"PRINT"/;

+113 “"REHHHHE %3 * stuck /% 1" ""FAULT"/;
+114 "HHHBHRE L3 * wire"/%1" "M"FLOUR"/;
-218 "REHHEHHA" /%3 "anotter"/2%1"  "M"OXYGEN'/;
<219 "HHHHRRE" %3 ligerty /%1 "MSAMPLE"/;
+115 "HHHRARRE %3 * straw /% 1" */*CHEESE'/ ;
+116 "#H#EAEEY Y3 * country" /% 1" "MBOTTLE"/;
-220 "HEAHHIRT" %3 * "orbot"/% 1" "M"TASTE"/;
<221 "R %3 "knook /Y1 " "/"INCUR'"/;
+117 "HHEHAHER %3 * "sandal"/%61"  “/"BLOW"/,
+118 "HABHIRER"1%3* "organ" /Y1 ""FRUIT"/;

=222 "HHEER %3 "shale" /%"

R

“"ABSENT"/;



223 "HUBHEERE %3 * afer Y]
+119 “HEHEHHHE Y3 lucky" /%1
+120 "BHEFHER %3 sorrow" /%1 "
2224 “HHEERBRR"%3* supor/Ys]"
2225 “EHHHHEE1Y%3* danch "Y1 "

\

+121 “EHHBHEAR" /%3 "welfare"/%02"
+122 "HHSEREHE" 1%3% "square”/%62"
=226 VRAHERRET %3  fransit" 902"
227 "HA#EHEHE1%3* "noorish " /%2

+123 "HER#HRHE" Y3 * "'mountain"/%2"

+124 "R %3 *"ghost /962"
228 "HHHHAHER"/%3* "haphen"/%o2"
~229 "HHARRAAR" Y63 * "reloil" V62"
+125 "RHETHAE 3 IR %2 "
+126 "HAHHHEAA"1%3* "justice"/%2"
<230 “HEEEEHE"1%3* hostory"/%2"
231 “HEHEREHE (%3 "awaised"/%2"
+127 "RHAHAR" %3 * "vanity"/%2"
+128 "HASRERR %3 Y jury"/%2"
=232 “HHEHAE %3 nlert"/%62"
=233 “HHEHEE Y3 rittal /962"
+129 "REFEETHH /%3 drama"/%2"
+130 "HEARHREA" /%53 * always /42"
<234 "RHHHAH"1%3* "jogeer"/%42"
235 “HEEHEHEA" %3 "mector"/%62"

+131 "HHHERE %3 * "comfort"/%2"

+132 "HEHHEAE %3 family"/%2"
<236 "HHEHHE Y3 "miggle/%2"
=237 "HHBEAEE Y3 "wanter'/%2"
+133 "HHHHET %3 * " Tavour/42"
+134 "HREEERHH" Y%3* "fire"%2"
=238 "HHHHEERE %3 driser"/%62"
=239 "RUHEHIRR" /%3 * "mirits"/%2"
+135 "HHHHHERE" P43* "result" /902"
+136 "HAHHHABHA"19%3* "sing"/%2"
=240 "HEHEEE %3 "tuse" /%2 "
-241 "HHARBERE"%3* "luch"/%2"

+137 "RATHHE (%3 "decision /92"

+138 "HHEREHIA" /%3 variety" /%2
242 "B 13 % coost "% 2"
=243 "HHHEEAR %03 * "ambir"/%2"
139 "HEHHRRAE 1%3* "ruler"/%2"
+140 “"HRHEEHEH %3 "climb" /02"
=244 "EHHEGEI %3 "stadle" /062"
245 "HEHRRERE %3 "prinde"/%2"

\

+141 "HHAREHER" /%3 "street"/%4"
+142 "HEARERAR" /%3 opinion"/%e4"
~246 “HEARHERE Y3 "uselest"/%%4"
247 “HHAHHHER" %3 e delid"/Yo4"
+143 "FREFHRER 1%3* "metal"/%4"
+144 "BRHHHRHA"1%3 % "prayer" /4"
248 "SRHHHI1Y3* "waight'/%4"
=249 "HHHARHHE Y3 % "repish"/%4"

"/*OBIECT"/;
"/"PLANE"/;
"/"OPEN"/;
""NOVEL"/;
"/"PHOTQ"/ ;

"/"SOCIAL"/;
"/"CIRCLE" ;
“/"SPACE"/ ;
"/*CLOUD" ;
"/"HIGH"/ ;
"/*WHITE"/ ;
"/"BERRY"/;
""ANGLE"/ ;

"MCARRY"/;

"/"PEACE"/;
"MLLNESS"/ ;
"MSARDINE'/ ;

"/*MIRROR"/ ;

"/"JUDGE"/;
"/"BUMPY"/;
"/"FLESH'"/;

II{IIPLAY“{ ;

IIIIINEVERII’( ;
"MCATTLE"/ ;
*/MTENNIS"/ ;

"/"NEARER"/;
"/"PILOT"/;
"/"PETROL";
"/"MOBILE"/;
"/*THEORY"/;

"/'DRINK"” ;

"/"METRE"/ ;

"/"SOUTH" ;

"/"LOUNGE"/;
""GRASS"/;

"/"WHOLE"/;

"MUNION"/ ;
“IFISH'Y 5
"/"MONEY"/;
"I"BASIN'Y ;
"*YIELD"/;
"/"HERE"/ ;
""CLOAK" ;
"/"EANG"/ ;
|IJIINIEGA“‘! ;

"/*ROAD"/;
"/"IDEA" ;
"/"MURDER"/;
"/"NEITHER"/;
""STEEL"/;
"/"CHURCH"/;
"/"ROBUST"/;
"/"LEAGUE"/ ;



+145 "HEHAER"1%3* "smooth"/%e4" "MROUGHY ;
+146 "HABRRHE 1%3* "oven"/Yed" "MSTOVE' ;
2250 "HHEARERE"1%3* neck"%4" “/"RACEY;

2251 "HEHHRER %3 jelt"/%4" "ARIOT" ;

+147 “HEHHHER" %3 "very"/%4" ""MUCH'/;
+148 "HAEHHRE 3 goat"1%4" "MMILK" ;

252 ir########n I%B‘"sraph" (054 YMBULK" :
=253 “HEHHHERE %3 * "squld /%4 ""NAVY"/;
+149 "HHHEHRE %3 bloom"/%4" "MFLOWER'"/;
+150 "RAHHAES /%3 answer"/Yed" "MQUESTION"/ ;
<254 "HHRRHERE %3 * "pidlow" /%4 “"FUMES"/;
=255 HEEHEH %3 % "shience /264" "MMICROY ;

+151 "HHHHERE" %3 "tasty" /%04 "/"CLERK'"/;
+152 “"HEEERE %3 fand "1%4" "/"BRASS"/;

-256 "HHEHEA1%3* "bandbar"/%4" "/"SIGHT"/;
257 "HEHBHE Y3 "edening /4" ""LOCALY/,
+153 "HHEREHE" %3 * player"/Yed" "/"SEASON"/;
+154 "SE#RE#E %3 "master”/%64" "BREATH"/ ;
-258 “H#EHAREE" 3 fichion"/%4" ""TEACHER'/ ;
<259 "R 1%3 * lastung"/%e4" "/"PREDICT"/;
+155 "FHHHRHR" Y03 * "affair"/%4" "/"CLEAN"/;
+156 "HEHEES1%3* "mean"/%4" ""SUGAR"/;
260 " %3* innor" /Y4 " "/"BOAT"/;

=261 “HHFEHER 3 * " droll"/%4" "M"HAWK'"/;

+157 "HHHAFRAR" %3 * "mercury"/Yed" "/"CLOTHES" ;
+158 “HiHERRAE %3* "island"/%4" ""MOON"/;
-262 "R %3 * "portoon" Vo4 ""MORNING"/ ;
-263 "HARFEHER"%3* "nolder"/%4" "/"PERFUME'/;
+159 "HEHHRRE" %3 * "cabinet"/%04" "/"ROOM"/;
+160 "HHAREIH"%3* "bend " 1%4" "M'SLIP'/ ;

=264 "R %3 *  foll"/%4" "/"GROUP"/;

-265 “wHARHER"1%3* "maply" /%4 " "/*WORSE"/ ;

$000 LB"THANKS FOR PLAYING! THATS THE END.";§



Experiment 3 - Version 2

s5f40ni30a

$000 "Last test. Yippee! Proceed when instructed. (press space)”;

000 "Remember, the first ten items are just practice. *;

000 "And in this task, accuracy is more important than speed.”;
000 "Takes about S mins. Break if needed, (begin) ";

+000 "HHEHHHER %3 vory"/%1" - ""THROW"/;
+000 "SRR 1%3% " jackal"/%1" "/"FARING"/;
<000 "HHHHHER /%3 'resait" /%1 "/"GIANTS"Y/;
+000 "HEHHH#HI#" %3 % "glaze" /%1 " "/*ELUSIVE'/;
+000 "HHERHHHE"1%3% "poke"/%1"  "/"CRIME'/;
-000 "HERHHAER /%3 % ‘tustain"/%61" "MINCOME"/;
+000 "EHHEERAR %3 ¥ "culture”/% 1" "MLACTIC"/,
+000 "HABHEAT"1%3* "lottery"/%1" "M"TINY"/ ;
-000 “H#H#HEHE %3 fitcom"/%1"  "/'PUNT"/;
000 "That's the end of the practice items, Proceed when ready. ";
+000 "HEAHAANE" %3 * "safari"/%]" "/"SHIP'/ ;8

\

+141 "EERHFH %3 street' %61 "/"ROAD"/;
+142 "HEHEHREH /%3 opinion"/% ] " "/'IDEA"/;
246 "HESHRAAR" /%3 uselest" /%1 " "/"MURDER"/;
<247 "RAHHFR %3 "edelid" 241" "/"NEITHER'/;
+143 "ERERER#" %3 "metal 251" "/"STEEL"/ ;
+144 "HERHREER %3 prayer'1%]" "{"CHURCH"/;
-248 “HHEHHE %3 % "waight /%" ""ROBUST"/;
=249 "HEREEE %3 repish"/%1" "/"LEAGUE'"/;
+1435 "HHEERERR " %3* "smooth" %" "MROUGH"/;
+146 “#HREFAH#" 1703 oven"/%]" "MSTOVE'/ ;
-250 "mrfiEAR" %3 neek"/%1" "/"RACE"/,

<251 "HERA R Y3 et "% 1 "'"RIOT" ;

+147 "HERHRRAR Y3 very" /% 1" "/"MUCH"/ ;
+148 "HenitHAR 3 goat"/% 1" ""MILK"/;

=252 “FHHHAHE %3 * "staph"/%1" "/"BULK"/;
=253 "HEHHHHE" %3 squid"/%]1" ""NAVY'/;
+149 "GHEEERER" %3 bloom"/%1" "/'"FLOWER"/;
+150 “EARERRAR"I%63* "answer"/%1" "MQUESTION'/ ;
=254 " RHHRR" %3 pidlow"/%1" "/"FUMES"/ ;
=235 "HRAHRAHIR" %3 % "shience"/%1" ""MICRO"/ ;

+151 "HEARHREE" %3 "tasty" /% 1" "/*CLERK"/;

+152 "HHHHERR (%3 "land"/%1" "/"BRASS"/;

~256 “HHHIHHH"%3Y "bandbar" %1 "/"SIGHT"/ ;
=257 "HHHHE" %3 * "edening "% 1" ""LOCAL"/;
+153 "RERFAAEA %3 "player /% 1" "/"SEASON"/;
+154 "HUAHARER"1%3* "master"/%] " "/"BREATH"/;
~258 "HRHHHIR"%3* "fichion"/%1" ""TEACHER"/;
-259 "RERRRHHAR"I%3* 1astung" /%1 " "/"PREDICT"/;
+155 "HEHHRRER" %3 * "affair /%] " "/*CLEAN'/;
+156 "HHH#AARE" %3 mean"%1" "MSUGAR'/;
=260 "FHEFHHAA" /3 innor"/%1" “/"BOAT"/ ;

=261 "HRRERHHT 3 droll 1% 1" "/"HAWK'/ ;

+157 "RERHERRE %3 * "mercury™/%1" "/"CLOTHES"/;
+158 "HHHERER 1Y03% sland" /%561 " ""MOON"/ ;

-262 "NHHH#RRH#H"1%3* "portoon"/Y61" "/"MORNING'/;
~203 "HERHERHER%3* "nolder" /%] "/"PERFUME"/ ;



+159 "HHEHAHEE %3 * "cabinet"/%1"
+160 "#HEHEHEE"1%3* "bend /Yl

";IIROOMIIJ{ ;
"/"SLIP"/ ;

<264 "HARAHEAR" 3 ol %] " "/"GROUP"/;

265 "HHRH AR %3 "maply" /%"

N\
101 “HERRER %3 glory"Ye2"
+102 "#E##AHHR"[Y%3* ubble"/%2"
. =206 “HARHHRA" %5 "ebacy " 1%62"
=207 "REARHERA %3 optoon"/¥e2"
+103 "RHEHERAR Y3 "truck" 72"

"/"WORSE"/;

"'POWER" ;
"/"STONES"/;
"/"SILENT"/;
"/"METRIC"/;

“/DRIVER"/ ;

+104 "HHERERES" %3 *" lion"/%62" "/'TIGER"/;

~208 "HEHHEHHE" Y3 * "pumlish"/%2"
=209 "HHEEHEE" %3 ¥  mestion"/%2"
+105 "BHRHREE 3 victory" /22"
+106 "HHHREER" %3 * "stomach"/%2"
=210 “EHRERERE" 193 senbor /962"
<211 "HREHEH %3 bental /942"
+107 "#BHEHRE" %3 deluge"/%02"
+108 "H#HEAEGH" A3 prefy" /22"
=212 "HHHAEEE" 53 erotion /92"
=213 "EREEHER 193 "cencise Y2
+109 "#EFHRHH"1%3 ¥ "trousers™/%62"
+ 110 "REBHAERHY3* "table"/%2"
=214 “"HHEHERH A3 exoust" /262"
=215 "HHHHER#E %5 "nocket /262"

+111 "RHBERHE1%3 * " flavour" 262"
+112 "Brfaiiai" %3 puzzle"/ 2"
-216 "HER T 1%3* "medipal/%2"
=217 "HRREHR %3 * jachet " /%02"
+113 "BRER B Y63 "stuck " /%62"

"/"FARMER"/;
"/"PASTOR"/;
"/"DEFEAT'Y/;
"MACHE"/ ;
""GOOD" ;
II!"ZERO“’( ;
ll{llRAINII! ;
"!“GIRL“)‘ ;
""LAVISH'Y ;
"'NINETY"/ ;
"PANTS'/ ;
IilllCHAIRtI! ;
"/"COFFEE"/;
"/"FINISH'/ ;

"/"BEER"/;
"/"BALLET"/;
"MGRAPEY :
*MPRINT"/ :
"!“FAULT"; ;

+1 14 "HHEHEHRE PR3 "wire" /62" ""FLOUR" ;

=218 "HEHEHHR" 3 "anotter /902"
=219 "HHEAAHEE" %3 ligerty" /262"
+115 "HRHENRER" Y3 "straw"/%2"
+116 “HHHENER" %3 * "country™/%2"
~220 "#RHFHAH" %3 orbot"%62"
=221 "R %3 ¥ knook " /02"
+117 "M %3 * "sandal"/%2"
+118 "HHHHAEHR"%3* "organ"/%62"
-222 “HEHEHAH" %3 * "shale"/%2"
=223 “HHBHHEE %3 * "afer"/%2" '
+119 "#EEEREHR %3 lucky' 262"
+120 "HHEHHERA" 3% "sorTow" /%2
=224 "FERHFHER" %3 * "supor/%2"
=225 "REHHHEE Y63 "danch"/%2"

\

+121 "EAHERRR %3 "welfare" /Y4 "
+122 “ERHEHHAR" /%3 % "square"/%4"
=226 “HAHHEAR" %3 "ransit /944"
~227 "ARHHEHRE"1%3* "noorish /%4
+123 "HANHERAR" %3 * "mountain"/%4"
+124 "BHEBERER" %3 "ghost"/Ye4"
228 “HHHHAHAR %3 % "haphen"/Yed"
=229 "HARHHHERE" %3 * "teloil"/% 4"

""OXYGEN'/;
"/"SAMPLE'"/ ;
"/"CHEESE"/ ;
"mBOTTLEY :
"MTASTE"Y .
"/"INCURY;
"/"BLOW"Y/;
"/"FRUIT"/ ;
""ABSENT"/;
'f"OBJECT"/;
PLANE"/ :
"mOPENY/ :
"/*"NOVEL"/;
"/"PHOTO"/ ;

"/"SOCIAL" ;
""CIRCLE";
"/"SPACE"/ ;
"/"CLOUD"/ ;
“/"HIGH ;
"/WHITE"/ ;
PIIIIBERRYI'I." ;
""ANGLE";

+125 "HEREEREH Y3 NI Y4 ""CARRY"/;



+126 “HHEHHIRE"1%3* "justice"/%e4" "M"PEACE"/;
230 “HUHBE %3 hostory"/%4"  "/"ILLNESS"/;
231 MHHHHHEEE %3  awaised"/%4"  "/"SARDINEY/
+1Z7 "HEREHHE %3 % tvanity /%4 " "/"MIRROR"/;
+128 "HHHHHE %3 Jury* %4 /"JUDGE"/,
2232 "HARBERIR Y3 Y inlert" %4 "/"BUMPY"/;
233 VEHEHERER 63 inal" %4 "/"FLESHY;
129 “HEEEERHNY%3% drama"/%4”  "/"PLAY"/;
| F130 “HAERESEE Y3 % always"/%4"  "/"NEVER'/;
234 HEESHHE" %3 * "jogeer"/%4"  ""CATTLE"Y;
235 “HEREE Y3 "mector"/%4"  "/"TENNIS"/ ;

+131 “HHEEEREH"%63% "comfort"/%4" "/"NEARER"/ ;
+132 "HHEHRIE" %3 * family"%4"  "/"PILOTY;
236 "HEHBEHN 3% miggle" /%4 "/"PETROL'/;
237 MHEHAHEHET %3 'wanter"/%4"  "/"MOBILE"/;
+133 "RUAGREEA" 1Y 3% " Tavour"/%4" “/"THEQRY"/;
+134 "HEHHREAE Y3 "fire"/%4" . "/"DRINK"/,
238 “HRAAHIE P03 driser" %4 "/"METRE'Y,
-239 "HREHHEE %3 * minits"/%%4"  "/"SOUTH'Y;
+135 "R %3  result"/%4"  "/"LOUNGE'"/;
+136 "HHHHRE Y03 sing"/%4"  "/"GRASS'Y/;
240 "HESHHEAE" N3 tuse" %4 ""WHOLE"/;
<241 "BERAARE %3 luch"%64"  “/"UNIONY/ ;
+137 "RERAHERE %3 decision"/%4" "/"FISH"/ ;
+138 "HAAFHERR" IY03* variety"/%4"  "/"MONEY"/;
242 “"AEHASRI" %3  coost"/%4"  "/"BASIN'/;
=243 "HARARHRE /Y3 ¥ "ambir'/%4"  "/"YIELD"/;
+139 "EHTAHERE 3% ruler"/%4"  "/"HERE'/;
+140 "HiHHHE %3 climb"/%64"  "/"CLOAK'/;
<244 "HERHH %3 stadle"%%4"  "/"FANG'/;
-245 "HEHHEE 3 prinde" /%4 "/"MEGA™;

$000 LB"THANKS FOR PLAYING! THAT'S THE END.";$




Experiment 3 - Version 3

s5f40ni30a
$000 "Last test. Yippee! Proceed when instructed. (press space)”;
000 "Remember, the first ten items are just practice. ";

" 000 "And in this task, accuracy is more important than speed.”;
000 "Takes about 5 mins. Break if needed. (begin) ";

000 "HHHRBHER" Y3 ivory" % 1! THROW™
+000 "HERBEREN" %3 > Jackal" /%] " ""EARING'/ ;
000 "HEREHERE /%3 % resait"/%1" "MGIANTS"Y ;
000 "HEEHHER Y5 glaze " Y 1" "/"ELUSIVE";
+000 “"HHHHHAEE"[%3*"poke"/%1" ""CRIME'/ ;
000 "SHEHFHER" %43 * "ustain"/%e 1" "PINCOME'/;
+000 "HHHRRHHE 3% culture"/941" ""LACTIC";
+000 "HEFHHHA"%3* "ottery"/%61" ""TINY"
-000 “HERHEH#E" 53 "itcom "6 1" ""PUNT"Y
000 "That's the end of the practice items. Proceed when ready, ";
+Q00 "BREFHHEYY3 * safari"% 1" "SHIPY ;$

\
+121 BHEES %3 el fare" /%1 ""SOCIALY ;
+122 “BHBEEE Y3 square %1 ®  "'CIRCLEY ;
226 "EHREEEEE %I ransit"%1"  “"SPACE/;
227 “HERHHEHE A3 noorish"/%1"  ""CLOUDY/;
+123 "BHERSHEAYY%3* "mountain/%1”  "/HIGH";
+124 "HHEBEEEAY Y3 ghost' %1 Y"WHITEY ;
<228 VBUSSEEHE/%3* haphen/%6 1" "/"BERRY"/;
229 “HHEHEER %3 reloil"%1"  “ANGLE" ;
+125 "HAREEER% I LRY%1Y "CARRY"
+126 "HEHEEEE %3 ustice /% 1" "/"PEACEY/;
-230 "BHESBESE%3 hostory"/%1"  "MILLNESSY;
<231 "REEEHSE %3 awaised”/%]"  "/"SARDINEY ;
+127 "HEEBEER %3 vanity"/% 1" ""MIRROR";
+128 "HHBEE Y3y %1 " JUDGEY ;
232 “HYEEBEE %3 inlen% 1" “PBUMPYY;
233 “HHEEBBEP 43 Tl %1 Y"FLESHY;
+129 "HEEEEE%3* drama™ % 1" “"PLAY"/;
+130 “HEEHBEE %3 always"%1"  “"NEVERY;
234 HEEBEAE %3 ogeer %1 ""CATTLE"
<235 HHEHBBE 43 mector/%1”  "TENNIS";

+131 "HERAREHE" %3 * "comfort"/%1 " "/"NEARER"/;
+132 "RER#HERE %3 * family" /%1 " ""PILOT"/ ;
236 "HARHHER 3% "miggie" Yol */*"PETROL"/;
~237 "HAREHER" 1%5*  wanter /% 1" “/"MOBILE"/;
+133 "HERHHHA %3 * favour" /% 1" ""THEORY"/;
+134 "HUAHHRE 13 % fire"/% 1" "/"DRINK"/ ;
-238 "HEHEERRE 1Y% * driser' /%1 " ""METRE"/ ;
=239 “RERERHE Y5 * \mirits"/%1" "/"SOUTH"/ ;
+135 "HAHHHRE 43 result" /%" "MLOUNGE"/;
+136 "BAHHEHRE Y3 sing" /% 1" “/"GRASS"/;
-240 "REHHAEIH 173 * "Tuse" /%1 " “/"WHOLE'"/ ;
=241 "HEERAHRE V3% uch "% )" "UNION'Y
+137 "HRHAHEHE" %3 "decision /% 1" “"FISH"/;
+138 "BRHARRRR %3 * 'variety" /1" “/"MONEY"/;
~242 "HHARHHHN" 1%3% "coost "% 1" "/"BASIN"/;
-243 "I EREER Y3 "ambir/% 1" "M"YIELD"/ ;



+139 "HEHERAAE" 173" "ruler"/% 1" "/"HERE'/;
+140 “HEREEER Y3 climb"/%1" ""CLOAK"Y ;
=244 "HEHHREAR Y34 "stadle"/%1" ""FANG'/;
245 "HEHHEHIR %3 * "prinde"/%]1" ""MEGA" ;

\
+141 “HIEHBEIE %3 "street"/%2"  “/"ROAD"/;
+142 "ER{HER#H" %3 % opinion"/%2" “/"IDEA"/ ;
246 "HERHHEHE %3 "uselest /962" "/"MURDER"/;
247 “HAHEHEE %3 "edelid"/%2" "/"NEITHER'/ ;
+143 "SHHEHHE%3Y "metal/%2" "/"STEEL"/;
+144 "HEAHAREH /Y3  prayer'/%2"  "/"CHURCH'Y/;
248 "HiAER#HE" %3 Y "waight"/%02" “/"ROBUST"/ ;
<249 “HEHEHIEE %3 repish"/%2"  "/"LEAGUE"/;
+145 "BHHERE" %3 * smooth"/%2" "/"ROUGH"/;
+146 "HEHERERE %3 oven"/%2"  "/"STOVE'/;
-250 “HHHHHIEE %3 * "neek"/%2" "M"RACE";

251 “HHARHHRA %3 el 1%2" ""RIOT"/;

+147 "HRAEETHIHE Y3 "ery"/%2" */*MUCH"/;
+148 "HHREREHH" %3 goat" /%" "/"MILK"f;

252 "HAREHRHAH" (%3 * "sraph"1%2" “/"BULK"/;

253 VHERREHER" %3 % squld" 62" ""NAVY'/;
+149 "HEHHHERE %3 * bloom /562" "/"FLOWER"/;
+150 "RHARHRAH" /%3 * 'answer" /262" "/"QUESTION'/ ;
=254 "RARHARE %3 * "pidlow"/%2"  “/"FUMES"/;
255 "HIEHEHH %3 "shience"/%2" ""MICRO"/ ;

+151 "HHAHRERHA %3 * tasty"/%2" "MCLERK"/;

+152 "RiniR# %3 land"/%2" “/"BRASS" ;

236 "iHHREREE %3 "bandbar"/%62" "MSIGHTY ;
=257 "HEHARAHA Ye3* "edening /962" ""LOCAL" ;
+153 "HRTHERRE %3 "player"/%2" "/"SEASON'/;
+154 "BREAREN" %3 * "master"/%2" "/"BREATH"/;
-258 "HARRHAHL" %3 * "fichion"/%2" "/"TEACHER"/;
209 "HEFHEHET %5 * "lastung"/%2" "/"PREDICT"/;
+153 "R Va3 * affair"/%2" "/"CLEAN'Y/;
156 "R %5 "mean"/%2"  "/"SUGARY;
=260 "HEHERHHE" %3 * "innor"/%2" "/"BOATY;

-261 "HHEERERH %5 * drol]"/%2" ""HAWK"/ ;

+157 "HHHARERE Y3 "mercury”/%2" ""CLOTHES"/ ;
+138 “HERAHEE %3 island"/%2" ""MOON"/ ;
262 "HHHNAER" %3 * "portoon"/%62" ""MORNING"/ ;
-263 “"HIEHEHT %3 Y nolder/%62" "/"PERFUME"/;
+159 “HHREREHR" %3 * "cabinet"/%2" "/"ROOM'/ ;
+160 "HHAHRFERR" 1%3* "bend"/%2" "/"SLIP"/ ;

-264 "HESHINE FA3*  foll"/%2" "/"GROUP"/;

=265 "HHRHHHE" 13" "maply"/%2" "/"WORSE"/ ;

\

+101 "AHHEHEH 1%3* "glory'" /%4 “/"POWER"/;
+102 "FHHAHRER" %3 * "Tubble"/%d" "/"STONES'/ ;
=200 "HHHAHR" %3 % "lebacy"/%4" "/"SILENT"/ ;
<207 "HERHHEH" %3 "optoon"/%4" "/"METRIC"/ ;
+103 "HARURHRRE"1%3* "truck"/%4" "/"DRIVER"/;
+104 "HEEARREN" %3 * lion"/%e4" "M"TIGER"/ ;

-208 "HEHHRHER"1%3* "pumlish"/%4" "/"FARMER"/;
=209 "HEHAHHER" %3 * ‘mestion"/%4" "MPASTOR'/;
+105 "HHREBHE 43 victory /%4 ""DEFEAT"/;




+106 "HEREHRER" /%3 * "stomach"/%4"
210 “HHREHREN" %3 % "senbor"/%4"
211 "HERERER 1%3* "bental " /%ed"
+107 "ERHARERE 193 "deluge”/Y4"
+108 "HHHHERRE %3 " pretty"/%4"
. 212 BRI 1% 3* erotion"/%4"
(213 "HHERE" %3 * "cencise"'/%4"
+109 "REHHHER"Y%3 "trousers"/Y%d"
+110 "HEHEHER" Y03 "table" /24"
214 MHBHEHREPY3 excust" 64"
T 215 "HEHANE %3 nocket/%4"

k111 AR %63 % flavour " %64"
+112 “HHER I Y3 % "puzzle"/%d"
=216 “HEREHERH V3% "medipal"/%ed"
=217 "HHAEHRHA" /Y3 "jacbet™/%4"
+113 “HEHHIHHE" /%3 "stuck"/%4"

H114 “REREHR 3% wire /Y4
218 "REHFHHHE 173 * "anotter" /%4
219 “HERER 03 ¥ ligerty /Yol
+115 "R /Y03 * straw"/%4"
+116 "HEHRHHE %3 * "country™/%4"
220 " %3 * "orbot e
=221 “HEHHHEE %3 * "knook /264"
+117 "HHEHRHER"%3% "sandal' " /%4"
+118 "HARHERRE %3 * "organ"/%4"
=222 "R 1%3% "shale" /%4
223 AR Y%3 * " afer" /Y4
+119 "HEEFRRR" Y3 * lucky"/%04"
+120 "HHIEHRE %3 * "sorTow " /%4 "
=224 “HHHHERE 3% "supor"/%%4"
=225 "HHRH#RERE %3 "danch"/%4"

$000 LB"THANKS FOR PLAYING! THAT'S THE END.";$

"/"ACHE";
"/"GOOD" ;
"MZERO"/;
ll’fllRAINII;;
"/GIRL" ;
“/"LAVISH'/ ;
"/"NINETY"/;
"/"PANTS"/;
IIfIICHAmII’;
""COFFEE"/ ;
llfl!FINISH"’f;

“/"BEER"/ ;
"/"BALLET"/;
"/"GRAPE"/ ;
lli'l'PRINTII! ;
""FAULT"/;
"/"FLOUR"/ ;
"MOXYGEN"/ ;
""SAMPLE"/;
"/"CHEESE"/ ;
"/"BOTTLE"/ ;
""TASTE" ;
"MINCUR"/ ;
""BLOW"/;
"/"FRUIT"/ ;
"/'ABSENT"/;
"M"OBJECT"/;
"/"PLANE"/;
"/"OPEN"/;
"/"NOVEL" ;
"/"PHOTO" ;
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