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Abstract

The present experiment explored the effects of stimulus omission
on mismatch negativity elicitation under varying conditions of
attention. Fifty subjects were divided into five groups based on
attentional focus during stimulus presentation. The three
experimental groups (all of whom received 10% omitted stimuli)
included a Reading (ignore all stimuli) Group, a Counting (attend to
omitted stimulus) Group, and a Passive ‘Attend (attend to stimuli
alone) Group. The two Control Groups (all of whom received 100%
standard stimuli) comprised a Reading (ignore all stimuli) Group and
a Passive Attend (attend to all stimuli alone) Group.

Stimuli were presented to the subjects in a single channel
binaural auditory oddball paradigm. Subjects responses to the rare
tones and also to the tone prior to the rare (pre) and following the rare
(post) were monitored using EEG electrodes at three vertex sites (Fz,
Cz, and Pz). Results indicated, (in contrast to orienting responses to
omission), that there was little evidence of any mismatch negativity to
omitted stimuli in any of the attentional conditions employed within
the experiment. '

The results did not provide any support for Ndadtanen's (1990)
suggestion that MMN may be an integral component of, or at least
associated with, the OR since both appear to be preattentive neuronal
mismatch mechanisms. The results did however suggest that
refractory effects occurred in Post responses to the standard stimulus
immediately following an omission. In addition, there was some
evidence of dishabituation in the Post responses of the Reading
(Ignore) Group. Only the Counting Group exhibited a significant P300
in response to the omitted stimuli predominantly at the Cz and Pz
sites. The relationship between attention and mismatch negativity
and its unique response to omission are considered in light of the
current findings.
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Chapter 1
Introduction 1

Preamble & Outline

The last two decades have witnessed a large increase in the
amount of research dedicaﬁed towards an understanding of the
processes thought to underlie human cognition and behaviour. To
a large extent this proliferation of research has been brought
about by new technology which has facilitated the acquisition,
observation and recording of human neural activity to a previously

unprecedented degree.

Principal among the areas of greatest interest has been an
exploration of the central neural mechanisms thought to govern
such human cognitive processes as 'orienting to a stimulus' or
‘attending to changes in the environment'. Cognitive
psychophysiological research has employed a myriad of
neurophysiological and autonomic observational techniques in
order to explicate the neural processes underlying these
deceptively simple human behaviours. Some of the techniques
employed include; Electro-enéephaldgraphy (EEQG), Event Related
Potentials (ERP), Brain Electrical Activity Mapping (BEAM),
Computerised Axial Tomography (CAT), Magnetic Resonance
Imaging (MRI), Magneto-encephalography (MEG), Heart Rate
Monitoring (HRM), Respiration Rate Assessment (RESP) and Skin

Conductance Response measurement (SCR).



The objectives of this paper are to examine the research
which has focused on the neural processes involved in attentive
and preattentive processing and the transition between these two
states. More specifically, the aim is to investigate the phenomena
in cognitive psychophysiology known as Mismatch Negativity
(MMN) a component of ERP Processing Negativity (PN). The
neural generator process underlying MMN has been posited to be
one of the possible mechanisms implicated in the transition from a

preattentive to an attentive state (Ndétdnen, 1988).

This paper will focus principally upon the auditory modality
since this area has received the most attention in the literature. A
theory related to MMN posited by Ndédtédnen (1990) has attempted
to integrate the preattentive mismatch process underlying the
MMN process with those related to the autonomic OR. This paper
will consider the possible correspondence between MMN and OR

responses to stimulus deviance (in particular stimulus omission).

In order to appreciate the characteristic attributes of MMN
it will be necessary, in Chapter 1, to first consider ERPs (of which
the MMN component is but a small part). The vast body of
fesearch, providing an explanation of the characteristics of ERPs,
will be briefly outlined along with a comprehensive overview of the

essential characteristics of the MMN component.

In Chapter 2, the Orienting Response (OR) will be discussed
since it has been suggested to be interrelated both with

attentional processes and with the occurrence of MMN. The



complimentary attributes and the incongruities between the MMN

and OR neural generators will be considered.

Chapter 3, will consider the influence of both omission and
attentional focus on mismatch negativity elicitation with reference

to the current literature.

At present, it is considered that MMN is elicited in response
to a neural mismatch between standard stimuli and a so called
"deviant" stimulus. The OR of the autonomic nervous system has
also been suggested to respond to stimulus deviance in a similar
manner. However, although there has been some research which
has addressed the OR in response to omission, there has been
relatively little research undertaken to establish if stimulus
omission produces mismatch negativity. Should the two events
parallel one another this would provide substantial support for the
suggestion that MMN and the OR are allied in some manner (or at

least that they are functionally related).v

Finally, in Chapter 4, a summary of the status of current
research on the relationships between MMN and the OR,
specifically in relation to omission, will be provided. This chapter
will culminate in a discussion of the objectives and experimental

hypotheses of the current research project.

Event Related Potentials (ERPs)
According to Shelley, Ward, Michie, Andrews, Mitchell,
Catts, and McConoghy (1991) the desire to anchor cognitive theory

in neurobiology has led to the use of event related potentials as a



means of investigating the neural mechanisms involved in human
attention and information processing. Many of the studies which
have observed ERPs have examined either the characteristic
components of the waveform in response to the changing stimuli
which elicit them or have sought to establish the location of the
neural generator which is likely to be producing them. ERPs have
been targeted specifically since they may reveal the nature,

timing, and duration of the various stages of stimulus processing.

ERPs are observed using an electroencephalograph with
surface electrodes connected at strategic cranial sites appropriate
to the modality of stimulus being presented. Typically, in auditory
paradigms, the vertex sites including Fz, Cz, and Pz are measured
concurrently. The ERP components are usually classified
according to polarity, latency, site and amplitude of waveform.
The ERP waveforms are revealed by averaging pre-selected
stimulus intervals. These recording epochs are time-locked to be
in precise synchrony with stimulus presentation (Né&ditédnen,

1982).

According to Hillyard and Hansen (1986) the characteristic
waveforms can be described as a series of components or peaks
and troughs which occur at characteristic latencies. An ERP
consists of both positive and negative deflections which reflect the
degree of brain activity during the recorded epoch (Né&itdnen,
1986b). Using experimental manipulations it is possible to

disentangle the separate components of the ERP waveforms which



are thought to reflect the operation of distinct neural processes

within the brain (Nditinen, 1986b).

Gaillard (1988) and Naiitidnen (1990) suggested that the
ERP waveform components are usually classified as either
endogenous or exogenous (predicated on the degree of influence of
the external stimulus eliciting the organisms response). If a
response is evoked by the characteristics of a stimulus outside the
organism (such as pitch, frequency, duration, etc.) then the ERP
component is said to be exogenous. Gaillard (1988) suggests that
the endogenous components of the ERP are generally considered
to be largely independent of the stimulus presented and
principally the result of an internal, psychological, comparator
process (Sams, Alho, & Niidtinen, 1985). We shall see however
that this latter assumption has not always been supported since
some external factors, such as focused selective attention, do
appear to influence ERP endogenous components (Woldorff,
Hackley, & Hillyard, 1991). Hillyard and Hansen (1986, p.228)
issue a warning regarding interpretation of the ERP waveform,;

In seeking relationships between ERPs and
psychological processes, it is certainly an
oversimplification to consider an ERP as a
linear sequence of discreet components. Each
peak or valley in the ERP probably reflects
the activity of many different neural systems
operating in parallel, and there is no reason to
suppose that these peaks reflect more
important neural events than do inter-
mediate points.



The ERP typically has several components each of which
are considered to represent different stages of stimulus
processing. The most researched components include; the N1
component thought to index early sensory processing; the N2
component thought to be comprised of two parts: the N2a (MMN)
which is preattentive (N&ddtidnen, 1986b; Nidtinen & Géillard,
1983; Nditidnen, Gaillard, & Mantysalo, 1978); and the N2b which
is thought to be attentive (Nidédtdnen & Gaillard, 1983) and
associated with the later component in issui_I_lg a 'call' for further
processing and thé P300. Other components, less frequently
studied, include the N400, the late positive component (LPC), and
P2. The ERP component of current interest is the N2a or MMN

component to which we now turn.

Mismatch Negativity (MMN)

What is MMN ?

Mismatch negativity may be construed as the processing
negativity which is exhibited by an organism when a novel or
deviant stimulus is presented amid a usually constant
(homogenous) stream of standard stimuli (Sams et al., 1985).
According to Nddtdnen (1986b) it reflects a cerebral process which
is specific, not to the presenting stimulus per se, but rather, to
stimulus change . Nddtdnen (1986b) argues that a stimulus cannot
elicit a response from this neural population without there first
being a preceding 'different’ stimulus. This deviant stimulus must

be physically different from the standard stimulus since other



forms of stimulus deviance do not appear to elicit the MMN
(N4ddtdnen & Gaillard, 1983; Novak, Ritter, & Vaughan, 1992).
MMN is purported to occur in response to a deviant stimulus
irrespective of whether the stimuli are attended to or not
(Nadtidnen & Gaillard, 1983) (althoug_h, according to Néiidtidnen
and Lyytinen (1989) MMN is best observed in the ignore condition

because there is no overlapping N2b component).

In the preceding discussion one must remain cognisant of
the fact that this postulated definition is still somewhat tenuous
since recent findings by Woldorff et al. (1991) suggest that MMN,
previously considered to be preattentive and quite independent of
external attention (Ndidtidnen et al., 1978; Nididtidnen, Gaillard, &
Mantysalo, 1980; Sams, Alho, & Né&dtdnen, 1984; Sams,
Paavilainen, Alho, & Niédtidnen, 1985), may be less independent
than had been previously thought. Woldorff, et al. (1991) were
able to establish that MMN to an auditory deviant stimulus was
significantly attenuated when a strong auditory attentional focus
was imposed upon the subject. This latter finding has called into
question the validity of MMN, as reflecting a wholly preattentive
cognitive process unaffected by external influences and

significance.

ERP Negativity Relationships

Mismatch Negativity is but one aspect of a series of ERP
processing negativity components. According to Gaillard (1988)
the classification of processing negativity is a somewhat slippery

concept to grasp since the literature seems replete with many,



often contradictory, negativity constructs. Among these are the
following negativity terms; PN, Nd, N1, N2, N2a, N2b, N200,
MMN and N400. All of these terms apparently qualify as a
processing negativity yet differ in definition and/or purported
function (or mean the same thing as is the case with MMN and
N2a) (refer to Gaillard (1988) for a more comprehensive discussion
of this issue). The emphasis in this paper is upon MMN, N2a, N2b
and P300.

Both the N2a and N2b components are thought to constitute
the various aspects of preattentive and attentive auditory
processing. The N2a or MMN component is thought to index
preattentive, automatic neural processing (Néidtdnen, 1986b;
Nidtidnen & Gaillard, 1983; Niitédnen, et al., 1978) whereas the
N2b component, and the subsequent P300 waveform with which it
seems inexorably connected (Nddtdnen & Gaillard, 1983), are
suggested to index conscious, focused, voluntary attention. On
balance, the literature refers to MMN as synonymous with the

N2a component.

Response Attributes of MMN/N2a

Mismatch negativity is currently thought to be generated
only when a mismatch occurs between the neuronal
representation (or trace) of the frequent repetitive (standard)
stimulus and a deviant stimulus (N&ddtdnen, 1988). Auditory
MMN appears to be sensitive to single or multiple aspects of
stimulus deviance including; frequency, intensity, duration and

location (N&dédtdnen & Gaillard, 1983). MMN is also dependent



upon the magnitude of the physical stimulus deviance, that is,
MMN latency may increase or decrease depending on the extent of
the differences between standard and deviant stimuli (Nddtédnen
& Gaillard, 1983). This distinction does not however appear to
apply to stimulus omission as Robinson (1991) and Martin, Siddle,
and Robinson (1992) failed to find MMN to an omitted auditory

stimulus.

One study has considered how well the MMN generator can
tolerate small changes in the standard stimulus before resorting
to identifying them as deviant. Winkler, Paavilainen, Alho,
Reinikainen, Sams, and Néidtdnen (1990) varied the frequency
and intensity of the standard auditory stimuli presented to the
subjects. It was demonstrated in this experiment that MMN was
still elicited to the deviant stimuli irrespective of the intensity and
frequency variation of the standard stimuli, (although in some
cases the amplitude was somewhat attenuated). According to
Winkler, et al. (1990) this demonstrates that the MMN generator
process is likely to be activated in ecologically more valid

circumstances as well as in the experimental situation.

The response attributes of MMN appear to suggest that the
neuronal representation of the standard stimulus is maintained in
the brain for relatively short durations. This discoirery has been
established by altering the Inter Stimulus Interval (ISI) between
standard stimulus presentations. Mantysalo and Néaéténen (1987)
presented auditory stimuli at four different ISIs (1,2,4,8 sec). The
results of this study showed clear evidence of MMN at the two



shorter ISIs but no evidence of MMN at the two longer ISIs. Thus
it was concluded that the duration of the neuronal trace was

limited to under 4 seconds.

Stimulus duration is also known to influence the degree of
MMN exhibited. As the duration of the stimulus is increased the
MMN exhibited also increases suggesting that the longer duration

stimuli may produce better neuronal traces (Néitdnen, 1986b).

Temporal Attributes of MMN/N2a

The neuronal representation (or trace), which may best be
conceptualised as a sensory register or preattentive store
(Nédtdnen, 1988; Niidtidnen, 1986a), is generated quite rapidly
(after only a few repetitions of the standard stimulus (Sams, et al.,
1984)). The onset latency of an auditory MMN occurs at around
100-150ms following stimulus onset and is characterised by a
negative going potential of some 3 to 4uV (although this is
dependent, to a large extent, on the stimulus modality presented,
the magnitude of the deviant stimulus, and the ISI) (Né&étédnen,
1986a). With auditory stimuli MMN amplitude reaches its peak at
around 200-250ms following stimulus onset (Giard, Perrin,
Pernier, & Bouchet, 1991; Niitinen & Gaillard, 1983). Typically
the amplitude of MMN increases rapidly and then levels off to a
plateau (Graham & Hackley, 1991).

Location of MMN Generators
Much of the knowledge about the physiological mechanisms

involved in producing MMN rests upon the evidence produced by
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topographic studies of the neural structures active during MMN
elicitation. From these studies several possible locations of MMN
generators have been posited (Giard, et al., 1991). Several
topographic studies suggest that the generators controlling MMN
are modality specific (Simson, Vaughan, & Ritter, 1977; Néddtidnen
& Gaillard, 1983; Nyman, Alho, Laurinen, Paavilainen, Radil,
Reinikainen, Sama, & Niitinen 1990). Generally, at least in the
auditory modality, the findings suggest a maximal focus over the
fronto-central areas of the séalp (Nddtdnen & Gaillard,.1983;
Nddtdnen, 1990) and also at least partly in the primary auditory
cortex (or in its immediate vicinity) (Winkler, et al., 1990;

Niddtdnen, 1990)

More recently studies using magnetoencephalography
(MEG) have found that the negative wave elicited by the deviant
stimuli exhibited the highest amplitude over the right hemiscalp
irrespective of the ear of stimulation (Giard, et al., 1991). Giard, et
al. (1991) conducted two experiments to establish the possible
location of MMN generators. The outcome of these studies are
consistent with the idea that more than one generator process
may be involved in MMN. Their findings reveal both temporal and
frontal generators associated with MMN elicitation (Giard, et al.,
1991). Interestingly, some researchers have suggested that it is
likely that multiple neuronal traces of standard stimuli may in
fact operate in parallel (Sams, et al., 1984) and simultaneously
contribute to the mismatch process (Winkler, Paavilainen, &

Naiidtdnen, 1992).
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The preceding discussion appears to provide at least
tentative support for the argument that the N2a component is the
output of a functional neuronal mismatch generator which may
initiate a 'call' for focal processing (Ohman, 1979). The second N2
component, presumably the N2b/P3 complex, might be elicited
when the call process succeeds in switching attention to the
deviant stimulus (N#didtdnen & Lyytinen, 1989). Additional
research is needed however to clarify these assumptions. As
Naidtdnen and Gaillard (1983) point out it is not always possible to
decompose the N2a and N2b components, often, the two appear to

merge in a predominantly fronto-central distribution.

Habituation, Dishabituation and
Refractoriness of the MMN Component

Research into the habituation and dishabituation
characteristics of the MMN component of the ERP suggested that
MMN is susceptible to short term habituation and dishabituation
(Sams, et al., 1984). However, this suggestion has, at best,
equivocal support. Some researchers point out that some response
decrements might more appropriately be construed as a refractory
process rather than a true habituation process (Graham &
Hackley, 1991). The refractory process is considered to be one of
sensory adaptation or fatigue rather than of learning origin as is
the case with habituation. More specifically, the distinction
between the two is that simple repetition rate effects are
considered to be due to refractoriness while those decrements due

to learning are considered to represent habituation (Graham &

12



Hackley, 1991). Dishabituation is an increase in responding
following a change from an habituated stimuli and has Been
shown in some studies to occur in the ERP if the stimulus
following the deviant stimulus was unattended (subjects reading a

book) (Martin et al., 1992; Robinson, 1991).

It has been argued then that MMN processes bear a
striking resemblance to certain aspects of the OR. The issue of the
relationship between.these two neuronal response mechanisms
will be considered in the next chapter together with a brief

overview of the orienting response (OR).
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Chapter 2

Introduction 11

The Orienting Response

According to Néitidnen (1986b) recent ERP research has
identified a process not unlike that involved in eliciting an OR.
Specifically, it is suspected that MMN (together with the N2/P3a
complex) may, in some manner, be involved with the initiation of
the OR (Néétidnen & Lyytinen, 1989). Graham and Hackley (1991)
suggest that although MMN cannot be considered an OR
component it is frequently followed by an N2b/P3a which does
exhibit similar functional characteristics to the OR. This section
will briefly review the basic characteristics and models of the
orienting response and then consider its relationship to MMN

more fully.

A definition of the Orienting Response

The OR has been defined as a complex of both behavioural
and physiological responses which are produced by the individual
in response to a novel stimulus change (Sokolov, 1963b; Siddle,
1991). The purpose of the OR is to produce elevated attention and
alertness to permit optimal assessment of the eliciting stimulus
(Spinks & Siddle, 1983). This definition, as we shall see is still
somewhat controversial since it is purported to ignore important
aspects of OR elicitation. The OR, by definition, represents an
early stage of information processing (Ndidtdnen, 1986b). It is

suggested to be the primary mechanism by which we orient

14



toward a target of interest (or threat) prior to developing any
cognitive strategy for assessing it (Nididtdnen, 1986b). It is
therefore a crucial process in shifting from preattentive to
attentive status. Some researchers argue that, to a large extent,
the OR may represent attentional processes, in particular, those
related to passive attention to input (Graham & Hackley, 1991).
Other theorists suggest that the OR represents a 'call' for
processing which is therefore largely preattentive (Ohman, 1979).

The process of orienting appears to be very rapid, which is
as might be expected given its functional role of alerting the
- organism. The terms frequently employed by researchers to
describe the OR, according to (N&didtdnen, 1986b), include the
"Investigatory Reaction"”, the "What-is-it" response or the

"Orienting exploratory reflex".

Effects of the OR

An OR, initiated by a novel perceived stimulus change (with
'perceived change' being the operative term), produces a
characteristic train of physiological, postural (although postural
change is frequently challenged as not constituting part of the OR
(see; Graham and Hackley (1991)) and autonomic nervous system
reactions. Nddtdnen (1986b) has suggested these fall into two
categories of response. First there are those responses directed
towards an attentional shift, and secondly, there are those
directed towards physical arousal. These reactions are both

dedicated towards directing the individuals maximal processing

resources towards the stimulus and preparing the individual to

15



physically cope. Nididtidnen (1986b) suggests these two patterns

constitute an "attentional-arousal” response pattern.

Basically, the individual displays the following during an
OR: a cessation of current activities, an inclination of the primary
receptor organs towards the stimulus, a general elevation of
muscle tone, the sensitivity of the sense organs is magnified,
pupillary dilation occurs, and the EEG changes to a low amplitude
and fast rate waveform suggestive of increased arousal (Lindsley,
1960, 1961 cited in Nditinen, 1986). In addition to these changes
Ndidtidnen (1986b) also points to changes in heart rate
(deceleration), respiration, and the presence of a GSR - Galvanic

Skin Response.

Observation of the OR

The OR, as indicated earlier, may be detected by employing
physiological measures of the autonomic nervous system and
periphery. Monitoring of heart rate, GSR, or respiration are
typically undertaken in research to establish OR elicitation. The
OR is frequently studied by exposing the subject to a repetitive
stimulus with long ISIs (sufficient to allow measurement of the
slow autonomic responses) (Nddtdnen & Lyytinen, 1989;

Niidtidnen & Gaillard, 1983).

According to Ndidtidnen and Lyytinen (1989) a large OR is
generally evident to the first stimulus presentation but this is
quickly habituated (Niddtinen & Gaillard, 1983). When the
subject is then presented with a secondary rare or deviant

stimulus or some feature of the original stimulus is modified then

16



a marked autonomic nervous system (ANS) change is evidenced -
the OR. The OR to the first stimulus is often referred to as the
'Initial OR' and the OR to the changed stimulus the 'Change OR'
(Barry, 1984; Kenemans, Verbaten, Roelofs, & Slangen, 1989;
Nidtidnen & Gaillard, 1983).

The OR is not modality specific since it can be observed in a
variety of response modalities. According to Siddle, Stephenson,
and Spinks (1983) it may be readily elicited in response to a
variety of stimulus attributes such as either to stimulus onset or
offset, and either to reduced or elevated stimulus intensity. Siddle
and Spinks (1979) suggest that the amplitude of the OR is
dependent on stimulus change with frequent repetition of a
stimulus leading to habituation and presentation of a rare or
deviant stimulus producing a recovery of response. In addition, it
is not the quality of the stimulus itself which elicits the OR but
rather any change in stimulation with a low probability of
occurrence (Graham & Hackley, 1991). We shall see in later

discussion that this latter view is challenged by some theorists.

Theoretical perspectives on the OR

Theoretical explanation of the OR mechanism and its
principal function has culminated in several principal theoretical
orientations toward the OR. This paper will be concerned
primarily with two of the comparator models. Firstly the Stimulus
Comparator theory of Sokolov (1963a) and secondly an opposing
view which modifies the comparator model in favour of an

information processing model (Ohman, 1979). The latter model

17



has also been modified somewhat by other researchers. Both of

these perspectives will be considered briefly here.

T kolov OR Neuronal Mismatch Model
A Stimulu mparator Model |

Sokolov (1963a) proposes that the OR mechanism
constitutes the operation of a neural comparator process. When
the organism is initially presented with a stimulus, a
representation, or as Sokolov calls it a 'neuronal model, of the
stimulus is committed to memory. This neuronal representation of
the repetitive stimulus then acts as a template against which all
subsequent income is compared. The model proposed by Sokolov
(1963b) consists of internal representations of the peculiar
characteristics of the repeated stimuli such as intensity, temporal

presentation, sequence and pattern of presentation.

When the next stimulus is presented the comparator
references it to the neuronal model. If the presenting stimulus is
identical to the neuronal model then no output is generated from
the comparator mechanism - and consequently no OR. If however
the stimulus characteristics have changed and the comparator
identifies a mismatch between its characteristics and the neuronal
model then an output is generated from the comparator resulting

in the elicitation of an OR (Ndidtdnen, 1986b).

Sokolov (1963b) provides neurological evidence for his
theory through microelectrode studies with rabbits indicating the

likely location of comparator mechanism in the hippocampus.

- 18



However, to date, little information is available which describes

similar mechanisms within humans (Nédéitinen, 1986b).

Sokolov (1963a) theory has been widely disputed as a
sufficient explanation for the OR since it considers only the
stimulus attributes in accounting for its elicitation. According to
Niidtidnen (1986b) Sokolov's model has been called into question
by many researchers in light of the argument that the OR is not
simply elicited to stimulus change but, more importantly, to the
'significance of the change' to the organism. When stimulus
significance is introduced within an experiment such that the
subject must attend to the deviant stimulus the resulting OR is
enhanced. The significance hypothesis then considers that the OR
is not simply stimulus specific but that cortical interpretive and
evaluative processes must precede the OR elicitation (Néiitédnen,
1986b). Niidtdnen (1986b) however does not necessarily subscribe
to this perspective since much of the current MMN results suggest
the OR may be elicited to stimulus change irrespective of
psychological processes and significance issues - thus neuronal
mismatch alone seems to be sufficient for eliciting the OR

(N4ddtdnen & Gaillard, 1983; Nidtidnen, 1986a).
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Ohman's (1979) Orienting Reflex Model

An Information Processing Theory
Ohman (1979) has proposed that several issues need to be

challenged in Sokolov (1969) model of the orienting response.
First, clear distinctions need to be made between the initial
(preattentive) processing of a stimulus and the more in-depth
controlled processing which is "selective and resource limited"
(Ohman, 1979, p. 444). Secondly, the memory store is a limited
capacity carrier and at any given time has only limited resources
available for processing (the available component being the STM
store, whereas the LTM store is largely unavailable). Finally,
Ohman (1979, p.443) proposes that given the aforementioned
points the OR is elicited when the preattentive mechanisms fail
to establish a match for the incoming stimuli in short term
memory and that this should be construed rather as a 'call' for

controlled processing within a central, capacity limited channel.

Ohman's (1979, p.444) model proposes that stimuli can be

accepted into the focal processing channel in two ways;

When the preattentive mechanisms fail to
identify a stimulus because there is no
matching representation in short term
memory a non-signal OR is elicited and the
stimulus is admitted into the central channel.
Alternatively, a stimulus can elicit an OR
because it matches a memory that has been
primed as "significant” and then the stimulus
enters the central channel for further
processing.
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Ohman (1979) has suggested that the depth to which a stimulus is
processed predicts its likelihood of storage in long term memory,
thus deviant stimuli of low probability are more likely to receive
additional processing than a repetitive stimulus. According to
Ohman's (1979) model the OR constitutes an essential
prerequisite for learning and for integration of stimuli into LTM
and this is the mechanism by which individuals learn about
unexpected and surprising events. Thus Ohman's (1979) model
emphasises the preattentive nature of the OR and its relationship

to controlled processing within the central channel.

Mismatch Negativity & the
Orienting Response

According to Naidtdnen (1990) and Néidtdnen (1986b) the
process generating the MMN component of the ERP bears a
striking resemblance to the neuronal mismatch proposed by
Sokolov (1963a) and Sokolov (1975). Nddtdnen (1988) has
hypothesised that MMN reflects an acoustic-specific trigger or call
for controlled processing and, although not a true OR component
on its own, when coupled with the N2b/P3a complex does show
similar functional characteristics of an OR. In addition, Graham
and Hackley (1991) have suggested that MMN might represent,
either directly or indirectly, an automatic OR trigger. It is also
possible that MMN precedes the OR and in some manner acts as
part of the preattentive mechanisms posited by Ohman (1979).

This suggestion has received some support from Nyman et al.,
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(1990). However the evidence for this argument to date is still

relatively meagre.

Graham and Hackley (1991, p.335) have proposed a
tentative model to explain the relationship between mismatch

negativity and both Sokolov's and Ohman's theories of orienting;

Delivery of a stimulus deviating from a model
along physical or temporal dimensions evokes
a specific-modality mismatch negativity in the
ERP. If the deviance from expectations
exceeds a threshold, a request is auto-
matically issued for additional processing
resources. This call is mirrored in N2b-P3a
and in ANS-OR components. If the request is
granted, sensory processing in general is
enhanced and may include further processing
of the input, reflecting prolonged heart rate
deceleration and perhaps further negativity in
the ERP, and/or an effortful search of long
term memory and encoding of the stimulus
into memory, reflected in heart rate
acceleration and P3b.

Niidtinen (1986a, p.72 ) offers similar suggestions regarding the
relationship between MMN and the OR;

Hence, it is suggested that any neuronal
mismatch leads to automatic orienting kinds
of changes such as transient increases in
spinal excitability and reticular and thalamic
(non-specific nuclei) arousal with their typical
widely spread reflections in different
functional systems of the organism.



Nidtidnen (1986a) goes on to point out that the "significance” of
the mismatch process then become paramount in determining if
further orienting occurs. Néidtidnen (1986a) suggests that the P3
component is important in this latter instance since the bulk of
evidence suggests that P3 is elicited only in circumstances where

the stimulus has some clear significance to the organism.

Is the MMN of the ERP the same as
the Mismatch Process of the OR ?

Although there are many obvious parallels between the
mismatch process of the OR and the MMN of the ERP, it is still
relatively unclear whether the two mechanisms are functionally
related (Nddtdnen & Gaillard, 1983; Graham & Hackley, 1991).
However, there is some congruence between MMN measures and
the accompanying occurrence of autonomic nervous system (ANS)
activity, suggestive of orienting reflex activity, however these
findings are by no means unequivocal. For example, research
conducted by Lyytinen, Blomberg, and N&éitidnen (1992) suggested
that, in short ISI conditions at least, MMN can be elicited without

any resultant OR elicitation.

Nédtdnen and Gaillard (1983) in their consideration of the
relationship between MMN and the OR suggest that the two
processes do appear to have much in common. In particular the
N2b/P3a components of the ERP bear a strong resemblance to the
OR. Nidtidnen (1986a) after reviewing the outcomes of several
ERP studies concluded that MMN may be valuable as a non-

invasive measure of the neuronal mismatch of the OR thus
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providing a bridge between cognitive research and

psychophysiological research.

Nsdtinen and Michie (1979) have suggested that, on the
basis of current research and topographic studies, it appears likely
that 'processing negativity' of which MMN is a part, jointly
reflects both the orienting to a relevant stimulus and its further
processing. This suggests then the activity of two generator
systems: one principally dedicated to orienting the individual and
the other involved in further stimulus processing. This concept is
supported by the findings of Giard, et al. (1991) who suggests that
MMN generators appear to be active both frontally as well as in
the auditory cortex. According to Giard, et al., (1991) it is this

frontal component that is related to orienting.

As indicated earlier, there is some evidence to suggest that
orienting type autonomic responses can accompany MMN
immediately following slight changes in the irrelevant input.
Lyytinen and Néditidnen (1987) found that when there were even
slight changes in irrelevant input this tended to elicit both MMN
and an ANS reaction suggestive of a shift in attention. It was also
found that a shift in irrelevant input could also be made without
any associated ANS response - it was assumed in this case that
the shift in attention may have failed to occur (Lyytinen &

'Nidtidnen, 1987). This lends some weight to the suggestion that
MMN and the OR may be somehow connected with each other.
Naiitdnen (1990) also points out that MMN tends to be followed by
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the P3a component which could be construed as a sign of

activation of an attention-switching mechanism.

Principal Differences between
MMN and the OR

One of the obvious differences between MMN and the OR
has been discussed by Nyman et al. (1990) who point out that
there are pronounced differences in the onset latency and duration
of effect between MMN and the OR. Typically, MMN (at least in
the auditory modality) is observed to commence at around 70-
150ms from the onset of the deviant stimulus (Nyman, et al.,
1990) whereas the OR (Skin Conductance Response (SCR)) is
observed to commence, at the earliest, around 200-300ms (Nyman,
et al., 1990). In addition MMN lasts only for some 100ms whereas
the OR peaks at around 500-1500ms (SCR) (Nyman et al., 1990).
Nyman et al. (1990) suggest that this indicates that MMN and the
OR are unlikely to be produced by the same processes but perhaps
MMN may precede the OR and be a necessary mechanism in its

elicitation.

Another difference between MMN and the OR lies in the
anomaly between their habituation and dishabituation
characteristics. According to Sams, et al. (1984) MMN is
susceptible only to short term habituation and dishabituation
whereas the OR. is susceptible to rapid habituation and

dishabituation (Grahain & Hackley, 1991).

Of particular note are the differences in specificity between

the OR and MMN. Much of the early research suggested that
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MMN was modality specific (predominantly seen in the auditory
modality) (Graham & Hackley, 1991). This point of view has
changed somewhat to acknowledge the possibility of inclusion in
other modalities (Nédtidnen, 1990; Dobber, 1992). However, it has
been suggested for some time that the OR is multi-modal and can

be elicited to visual, auditory or somatosensory stimuli.

A major challenge in establishing any relationship between
MMN and the OR concerns the differences between the measures
employed in OR research and those used in ERP/MMN studies. As
previously suggested, there are substantial differences in response
latency with MMN exhibiting short latencies and the OR
measures exhibiting long latencies (Nddtdnen, 1979). These
differences in response latency make it difficult to make direct
comparisons between the cerebral events of MMN and the
autonomic responses of the OR (N&ditidnen & Gaillard, 1983)
(although this has been attempted by some researchers (see;

Nistinen and Lyytinen (1989)).

A further obvious difference identified by Ndétdnen (1986b)
is that MMN is normally not elicited to the first stimulus in a
series whereas it is in an OR. This suggests that there may be two
OR generators, one for the "Initial” stimulus and one for the
"Change" stimulus. Néiidtidnen and Gaillard (1983) postulate that
it is possible to distinguish the change OR from the initial OR via
psychophysiological measures. The change OR appears to be
indexed by the MMN component while the initial OR is indexed by
the N1 component of the ERP.
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Finally, there are differences in the location of cerebral
generators for the OR mismatch process and the MMN component
of the ERP. The OR mismatch process has been purportedly
located in the hippocampus (Sokolov, 1975) while MMN research
as discussed earlier indicates a focus predominantly in the
auditory cortex. This discordance has now been ameliorated to
some extent since recent topographical studies have provided
evidence that MMN generators may also be located in other
regions of the brain including the hippocampus (Ndidtinen &
Lyytinen, 1989).

According to Ndiidtinen (1986b) although there are
similarities between MMN and the OR mismatch process there
are also some profound differences. Graham and Hackley (1991,
p.283) argue that;

These differences between functional
~ characteristics of the neuronal model inferred
from MMN and from ANS orienting responses
are consistent with differences in the
presumed loci of the models; that is, with a
sensory-specific locus for a sensory-specific
model, on the one hand, and a locus in an

integrational area (eg: amygdala-hippo-
campus), on the other hand .

Granted there are profound differences it is still possible
that MMN represents an integral constituent of the OR mismatch
process. Additional research identifying the incongruities between

the two is needed to tease out the role of MMN in the OR (and also
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the possibility of multiple MMN generators being involved in the
elicitation of the OR).

One such incongruity relates to the elicitation of the OR in
response to stimulus omission. Sokolov (1963b) has suggested that
the OR can be elicited to omitted stimuli (this viewpoint has been
accepted by many researchers, according to Barry and O'Gorman
(1987), but is challenged by others). While there has been a great
deal of research into the effects of stimulus omission on the OR
there has been a relative dearth of .research considering its effects
on the elicitation of MMN. The next chapter will consider the
effects of stimulus omission and attention on both the OR and
MMN in an attempt to identify a bridge between the two
responses systems. If it is possible to identify similarities in
omission response characteristics between the OR and MMN this
would represent significant theoretical support for a common

reciprocity between the two.
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Chapter 3
Introduction 111

Influence of Omission on the OR

Much of the available literature on the effects of stimulus
omission relate to its influence on the elicitation of the OR
(O'Gorman & Lloyd, 1976; Siddle, 1985; Siddle & Heron, 1975). On
balance the research appears to support the notion that the OR is
sensitive to omitted stimuli. However, as previously suggested,
according to Barry (1984) and Barry and O'Gorman (1987),
current research provides only equivocal support for this
suggestion since there have been wide variations in subject

outcome in many of the studies undertaken to date.

Barry (1984, p.535) argues that although the OR seems
responsive to omission the "phenomena is relatively fragile".
Siddle and Heron (1975) also reach this conclusion in light of
research suggesting that electrodermal omission ORs also appear
to be a somewhat unstable phenomenon. It has been argued that
the OR response to stimulus omission has efroneously been
attributed to an involuntary effect rather than a voluntary one

(Barry & O'Gorman, 1987; Maltzman, 1979).

Influence of Omission on MMN

Very little research has been undertaken to establish the
effects of stimulus omission on the elicitation of MMN. Much of

the early ERP research, such as that undertaken by Picton and
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Hillyard (1974), was directed more towards establishing the
effects of omission on other ERP components such as N1, P1, and
P300. One early study Klinke, Fruhstorfer, and Finkenzeller
(1968) considered the effects of stimulus omission on
somatosensory ERP elicitation finding that the omitted stimuli
produced a small negative wave maximal at 200-240 ms. The

authors however did not identify this as MMN.

More recent research (Martin et al., 1992; Robinson, 1991)
has employed an auditory "oddball" paradigm with a binaural
stimulus presentation of either a continuous standard tone alone,
a deviant pitch or stimulus omission (all subjects read a book
during stimulus presentation and were instructed to ignore the
presented tones). The findings in these studies suggest that MMN
was elicited normally to the pitch deviant stimuli (in agreement
with previous research) but was not elicited at all in response to
the omitted stimuli. The authors suggest that this may be
because stimulus omission may not constitute physical stimulus
deviance (Martin et al., 1992; Robinson, 1991) as is suggested to
be necessary for the elicitation of MMN (Néaédtdnen & Gaillard,
1983;‘ Graham & Hackley, 1991). This absence of a physically
deviant stimulus fails to register as a mismatch in the neuronal

store and MMN is prevented (Robinson, 1991).

Support for the presence of MMN to omission is likewise
meagre. One study by Ullsperger, Gille, and Peitschmann (1985)
used tone pairs and tone triples from which one component of the

triple was omitted. Their findings suggested some evidence of N2
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negative deflections in response to the omission of one component
of the tone triples. However, it must be borne in mind that the
expérimental omission conditions were not strictly omission since
only a portion of the stimulus train was omitted. In addition, the
authors point out that the negative deflections observed could not

be identified as MMN.

More recent research by Tervaniemi, Saarinen, Paavilainen,
and Naidtidnen (1993), using similar methodology to the previous
study, suggests that MMN was elicited when the order of
presented tones was reversed or when the second stimulus of a
stimulus pair was omitted. These researchers presented a tone
pair formed by two closely paced tones of different frequencies.
They then either reversed the order of the tones or omitted the
second tone. Both of these stimulus conditions apparently elicited
MMN. Once again, only a portion of the stimulus train was
omitted therefore the occurrence of true omission is questionable.
The findings of the latter studies, where stimulus trains were
used, seem to support the suggestion that a 'physically’ deviant
stimulus is necessary for the elicitation of MMN since in all
conditions there was a physical stimulus. That is, it could
reasonably be argued that in the condition where the second tone
was omitted the deviant stimulus simply became physically
shorter (in time). If this is true then the use of the term ‘omission’

in paradigms such as this is perhaps ambiguous.
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The Influence of Attention on MMN

According to Graham and Hackley (1991) the term attention
is a "fuzzy" construct which has yet to secure its position within a
comprehensive theory of information processing. Graham and
Hackley (1991) suggest the term refers to an internal, central,

process which benefits sensory reception and perception.

Characteristic Components of Attention

There are several characteristic components of attention
identified in the literature which are pertinent to the mismatch
negativity component of the ERP. Attentional descriptors often
employed include the following; passive or involuntary attention;
and active, voluntary or controlled attention. The distinction
between these components of attention is not always clear. This
paper is concerned primarily with the voluntary/involuntary

attentional distinction.

Involuntary attention is suggested by some researchers to
represent the organisms response to sudden changes within a
constant environment. The individuals attention is drawn to a
stimulus by virtue of its salience (Néddtdnen, et al., 1980), that is,
the stimulus is the initiator of the attentional action rather than
the organism. This form of attention is suggested by some

researchers to be closely related to the OR (Sokolov, 1975).

In contrast to the latter definition, voluntary attention is
initiated by the organism itself and is in this sense 'controlled'’

attention. The organism selects the stimulus on which to focus on
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the basis of motive, self instruction or when directed (Néditinen, et
al., 1980). Thus the individual selects the stimulus on the basis of

its significance (selective attention).

Attention is an integral component of most cognitive
processes in most modalities. It has also been shown to be a
crucial outcome of the OR. There are several categories of
attention referred to in MMN research inéluding; ﬁassive
attention, active attention, focal attention, divided attention, and

selective attention.

Theories of Attention

Niddtdnen (1988) has provided a review of the theories of
attention relevant to MMN. Two main attentional theories were
identified by Naidtdnen (1988): selective attention (focused) and
divided attention. Selective attention research has its main focus
on the individuals ability to "tune out" or resist distractions and
also to determine the threshold at which attention is disengaged
from distractive stimuli (Nididtdnen, 1988). Dividéd attention
research has been directed towards an exposé of the limits of
performance by seeking to establish which tasks can be

undertaken without loss (Niitidnen, 1988).

Automaticity of Processing

One of the central issues in MMN/attention research has
been the issue of automaticity in processing. Kahneman and
Treisman (1984) (cited in Niédtdnen (1988:p.119)), have made a

distinction between:
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Strong automaticity (where an act of
percéptual processing is neither facilitated by
focusing attention to the stimulus, nor
impaired by diverting attention from it);
Partial Automaticity (where an act is
normally completed even when attention is
diverted from the stimulus, but can be
facilitated by attention); Occasional
Automaticity (where an act generally
requires attention but can sometimes be
completed without it).

Nidtdnen and Lyytinen (1989) has suggested that MMN
because of its largely preattentive quaiities (i.e.; strong
automaticity) is particularly valuable as a means of assessing the
automaticity in auditory sensory processing. Automatic
involuntary attention is considered by Néétédnen, et al., (1980) to
be closely related to the processes initiating the OR.

The Attentional Trace
(Naatianen, 1988)

Nadtidnen (1988) alludes to the existence of the theory of an
"attentional trace". This theory implies that some internal
neurophysiological répresentation of a selected target stimulusx
must exist within the individual to permit discrimination between
target and non-target stimuli. That is, if we ask a subject to attend
only to the deviant stimuli within a series of homogenous
repetitive stimuli then some representation of the deviant stimuli
must exist for this selection process to occur. Ndidtdnen (1982)
suggests this attentional trace is developed and maintained in the

organism as a "precise mental image" of the target stimulus. It
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takes only a few presentations of the target stimulus for the

attentional trace to be strengthened.

According to Niidtidnen (1982) the trace exists only as long
as the individual maintains this image as the prime focus of
consciousness. It is thus presumed that the attentional trace is
under the voluntary control of the individual. Thus the attentional
trace, according to Nistdnen (1988), represents a flexible and
efficient but high-cost neural mechanism used for fast

recognition, discrimination and related operations.

Role of Attention in
Mismatch Negativity Elicitation

Attention is suggested not to influence the elicitation of the
MMN component of the ERP. Naitidnen (1988) suggests that the
main feature of interest in MMN research is its apparent
independence from attentional influence. Similar MMN
waveforms have been elicited to both attended and unattended
(relevant and irrelevant) stimuli (Ndidtdnen, et al., 1978;
Mantysalo & Naidtdnen, 1987). As indicated in Chapter 1 this
theory is now being challenged by recent studies which have
demonstrated that MMN can be attenuated by a strong
attentional focus away from the deviant stimuli (Woldorff, et al.,

1991).

Event related potential research has been predominantly
concerned with active attention mechanisms according to Graham
and Hackley (1991). However, most recently research has

considered the effects on MMN of both active and passive
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attention. MMN has been studied within a variety of attentional
contexts including 'ignore' conditions, while actively reading a
book, while performing other intellectual tasks, or while listening
to the unattended ear during dichotic listening (Graham &

Hackley, 1991).

In the preceding chapters it has been suggested that MMN

is elicited to a deviant stimulus within a steady stream of

homogenous "standard" stimuli (Sams, et al., 1985). The nature of .

attentional processing during the elicitation of MMN was also
discussed. Essentially, the early literature has been replete with
suggestions that the MMN component of the ERP was strictly
preattentive and impervious to the effects of attention, (suggestive
of an automatic process over which the subject had minuscule, if
any, control) (Nddtdnen & Gaillard, 1983; Néditinen, et al,, 1978;
Né4édtédnen, et al., 1980; Sams, et al., 1984; Sams, et al., 1985).

Later studies by Woldorff, et al. (1991) discounted these
earlier suggestions of attentional imperviousness. Woldorff, et al.,
(1991) was able to establish that MMN to an auditory deviant
stimuli within a dichotic listening task in two separate
experiments was significantly attenuated by a strong auditory,
selective attentional, focus by the subject. That is, when the
subjects had their attention strongly focused on a secondary task,
which placed extensive demands on their processing capacity, the
MMN response to deviant stimuli was markedly reduced in

amplitude.
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Naitidnen (1991) responded to the findings of Woldorff, et
al., (1991) with an alternative explanation for their findings.
Nidtidnen (1991), while agreeing that some attenuation of the
MMN component had occurred in the Woldorff, et al. (1991) study,
attributes the majority of the attenuation to attentional effects
relative to other components of the ERP rather than to the MMN
component. Nddtdinen (1991) points to other studies where a
strong attentional focus was provided where no evidence of MMN
attenuation in the unattended channel was exhibited (Alho, Sams,

Paavilainen, Reinikainen, & Né&itidnen, 1989).

Attended and unattended stimuli are thought to influence
different components of the ERP. As previously suggested the N2
deflection of the ERP is characteristically divided into two sub-
components. According to Nadidtdnen and Gaillard (1983) the
MMN/N2a component appears to be involved with the activity of
the generator process which reflects the cerebral response to
stimulus deviance. The N2b component appears to be task
dependent, occurring mainly in attention conditions. As suggested
previously the N2b is strongly associated with the P3a component
such that in conditions where subjects are asked to ignore the
stimulus presented (eg: by reading) no P3a is elicited. In contrast,
in attend conditions both the N2b and P3a components will be
present (Ndidtdnen & Gaillard, 1983).
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Attention Paradigms used in MMN

The study of attentive and preattentive processes within the
auditory modality using ERPs has employed two dominant
paradigms (Nddtdnen, 1990). First, the "oddball" paradigm
involves the presentation of a homogenous set of repetitive
'standard’ stimuli to the subject interspersed randomly with a
deviant stimulus at a predetermined level of probability (usually
10%). There are normally two variants of this paradigm; the active
mode where the subject actively attends to the deviant stimuli
(usually by counting them), and the passive mode, where the
subject is passive and is instructed to either ignore the presented
stimuli or their attention is deliberately focused upon some other
sensory demanding task to distract their attention from the

presented deviants (usually a reading task).

Each of these methods is aimed at providing information
about the different processing mechanisms mobilized within the
brain while interpreting the stimuli. The passive mode explores
the involuntary processing of the deviant stimulus whereas the
active mode examines the purposeful discrimination of the
presented deviants (Nddtidnen, 1990). A second paradigm,‘known
as the filtering paradigm employs a somewhat different strategy
in that deviant stimuli are i)resented to both ears separately. The
subject is required to attend to the stimuli in one ear while
ignoring the stimulus presented to the other ear. This task reveals
the differential processes involved in both the attended and

unattended channels (Nddtdnen, 1990).
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Chapter 4
Introduction IV

Research Aims & Hypotheses

The preceding discussion has provided a brief overview of
the current status of the MMN research with a particular
emphasis on omission, attention and the relationship that is
hypothesised to exist between MMN and the OR (Ford, Roth, &
Kopell, 1976; Nidtinen, 1990; Naidtdnen, Gailliard, & Varey,
1981; Sams et al., 1984). |

It has been suggested that the MMN generator and the OR
mismatch generator have many attributes in common, suggestive
of some connection between the two processes (Nididtdnen, 1990;
Nidtdnen & Gaillard, 1983). Clearly, if MMN and the OR are
associated in some way, either as precursors to one another or as
component parts of one process, it is crucial to establish if both
the OR and MMN react to stimulus omission in a similar manner.
On the basis of present evidence, this does not appear to be the
case. The incongruity of the findings to date casts some doubt on
the veracity of the suggestion that the OR and MMN may be
functionally integrated with one another. As previously indicated
the relationship of MMN to attention is also particularly uncertain

at present.

Research Objectives
The present project aims to establish the effects of stimulus

omission during different forms of attentional focus on the
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elicitation of MMN. Specifically, the methodology involves an
"oddball", single-channel selective attention paradigm within the
auditory modality. The stimuli presented employed either a
stimulus omission as the rare stimulus interspersed within a
continuous homogenous stream of standard tones (at a random
probability of 10%) or an uninterrupted stream of continuous

homogenous standard tones (100% probability).

There were five groups of subjects, three of which received
omitted (rare) stimuli (probability 10%) the remaining two groups
acted as control groups. The three experimental groups engaged
in one of three attentional focus conditions including; first,
ignoring the auditory stimuli while reading a book; second,
counting the number of omitted stimuli; and finally, passively

‘attending to all the presented stimuli without any additional
distraction task. The two control groups engaged in either;
ignoring the presented continuous stimuli while reading a text or
passively attending to the presented stimuli without any

additional distraction task.

Experimental Hypotheses

Both MMN and the OR have been suggested to be
preattentive mechanisms which reflect neuronal mismatch
generation (Néédtdnen, 1990). The OR , at least tentatively, has
been shown to be responsive to stimulus omission. If MMN and
the OR are indeed allied processes it might be expected that MMN
should also be elicited to stimulus omission. There have been

relatively few studies which have adequately assessed the
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possibility of a relationship between the OR and MMN in response
to omission. Those that have been undertaken have used
principally auditory, single attentional focus paradigms and have
found little evidence of any MMN waveform in response to
stimulus omission. There are some exceptions however in studies
using stimulus trains rather than a single deviant stimulus (in
which only one component of a train is omitted). MMN is often

elicited to these partial omissions.

Given the theoretical importance of being able to establish
some link between the neural generators for MMN and the OR it
would be of significant interest to establish if MMN can be elicited
to stimulus omission under various forms of attentional focus.
Since recént research has cast some doubt as to the automaticity
and independence of the MMN component of the ERP (Woldorff et
al., 1991) it is considered important to include this attentional

factor.

The outcome of this experiment will provide insight into the
following questions; firstly, can MMN be elicited to omitted
stimuli within the auditory oddball paradigm?; secondly, is MMN
to the omitted deviant stimuli, within the auditory oddball
paradigm, significantly attenuated or elevated by either of the

three attention conditions?

Should the outcome of the present research demonstrate the
presence of MMN to omission, in any or each of the attentional
conditions employed, this would provide tentative support for

Niddtdnen's (1990) suggestion that MMN and the OR may be
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related preattentive processes and that MMN indexes processes
sensitive to change in stimulus input. If however, MMN is not
observed to the omitted stimuli this would tend to suggest either
that no mismatch was detected or that the mismatch process
simply initiates the 'call’' for processing rather than processing per
se. In addition, any observed differences in MMN due to changes
in attentional focus would challenge MMNSs status as a wholly

preattentive process.

42



Chapter 5
Method

Subjects

The 50 subjects, who were randomly allocated to one of five
groups (resulting in ten (10) subjects per group), were comprised
of experimentally naive undergraduate volunteers, participating
in the experiment as part of their course requirement. All subjects
were aged between 18 and 25 years with a mean age of 18.9 (SD
1.7) years. The ratio of female to male subjects was approximately
five to one (42 females and 8 males) with the male subjects spread
relatively evenly across conditions. Subjects were screened using a
Medical History Questionnaire (Appendix A).

All subjects with a history of excessive alcohol, drug or
tobacco consumption, and those who had significant head injury or
hearing impairment were excluded from participation. In addition,
no subject was permitted to participate if he or she had any first
order relatives who were classified as alcoholic (Hill, Steinhauer,
& Zubin, 1990; Buffington, Martin, & Becker, 1981). Each subject
was required to provide written informed consent (see Appendix
B). The project received ethics committee approval from the

University of Tasmania Ethics Committee.
Stimuli Employed

The stimuli presented were auditory tones generated by an
IBM 386 compatible computer and presented to the subject

binaurally through headphones. Standard tones were 50ms in
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duration (rise time 10ms) at 75 dB intensity. In each of the
conditions presented the subjects were exposed to the same
intensity of stimulus with the exception being that in some
conditions the stimulus was continuous (standard) while in others
stimulus omissions (rare) occurred. All omitted tones occurred in
random order and all standard tones were characterised by an

interstimulus interval (ISI) of 1000ms (onset to onset). A

minimum of five standard tones preceded any omitted tone

(Robinson, 1991).

Electroencephalographs (EEG)

The electroencephalographic (EEG) record of each subject
was obtained using a Grass Neurodata Acquisition System (Model
12) integrated with an IBM compatible 386 computer. Electrodes
were connected to each subject in accordance with the
International 10/20 placement system (Jasper, 1958) using a skull
cap fitted with tin electrodes. Measurements were recorded from
each of three sites including Fz, Cz, and Pz. The right ear lobe

served as a reference for the EEG.

The EEG and computer equipment were configured to
provide sampling at 500 Hz. The amplifiers had a high frequency
cut off at 30 Hz and a time constant of 15sec. Vertical EOGs were
recorded (since the midline sites were of predominant interest)
(Gratton, Coles, & Donchin, 1983) using tin electrodes fitted above
and below the subjects right eye. EEG epoch averaging and EOG
recording were performed by the IBM compatible 386 computer for
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a period of 660ms commencing 60ms before stimulus presentation.
Electrode impedances were strictly controlled below 5kQ. All EEG
records with an EOG artefact exceeding 70uV were eliminated
online from the computed averages to prevent contamination of

EEG records (Sams et al., 1984).

Design

A 5 x 3 x 3 factorial design was employed in the experiment.
The between-subjects factor was Condition (5) and the within-
subjects factors included Tone (3) (pre, rare, post); and Electrode
Site (3) (Fz, Cz, Pz). The dependent variable was the mean
amplitude of MMN for various intervals. The independent
variables were Condition (5), Tone (3), and Site (3). Subjects
were randomly assigned to one of five attending groups;
Group A - Reading (ignore) Condition
(10% Omitted (rare) & 90% Standard Tones - Subjects ignored
tones and actively read a book during stimulus presentation).
Group B - Reading (ignore) Control Condition
(All Standard tones - Subject ignored tones and actively read a
book).
Group C - Counting Condition
(10% Omitted (rare) & 90% Standard - subject kept a running
count of the number of omitted (rare) tones).
Group D - Passive Attending Condition
(10% Omitted (rare) & 90% Standard - subject listened to the
tones but ignored the omitted tones).
Group E - Control Passive Attending Condition

(All standard Tones - subject attended to tone).
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EEG was recorded and averaged for first; pre measures of
the subjects response to the tone immediately preceding a rare
stimulus, second; rare measurement (where an omission of a tone
occurred within the series of standard tones) and finally, post
measurement (of the response to the tone following immediately
after a rare stimulus). In the two control conditions where the
stimuli were continuous pre, rare, and post stimuli were randomly
selected to conform to the same criteria as applicable to the

experimental conditions.

Procedure

The subjects were first fitted with the requisite EEG
electrodes following the 10/20 International placement system
(Jasper, 1958). Subjects in this experiment were then required to
sit in a sound attenuated room to eliminate extraneous stimuli.
The equipment controlling the stimulus presentation was located
in an adjoining room. Subjects were seated comfortably in an

upright chair facing an opaque screen.

Subjects were given explicit instructions regarding their

role in the experiment and were cautioned to try to remain alert

-throughout the experiment. The form of instructions varied
depending on group membership. Condition A and B groups were

asked to read a book and to ignore the auditory stimuli. Condition

C group was required to attend to the auditory stimuli while

counting the number of omitted tones. Condition D and E groups

were asked to simply attend to the tones. Table 1 provides a
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summary of the stimulus attributes and direction of attention for

each of the five groups.

The stimuli were presented to the subjects binaurally via
headphones in six (6) blocks of trials with 500 tones per block. The
duration of each block was exactly 8 minutes followed by a short
intermission of approximately 30 seconds duration (subjects
were instructed not to count the intermissions between blocks as
omissions). In each of the conditions the subject was required to
maintain his/her concentration on his/her assigned task and to

keep their vertical eye movements and blinking to a minimum.

At the conclusion of the experiment subjects were debriefed
and those subjects in the counting condition were asked to
indicate the number of omitted tones observed. Those subjects in
the reading conditions completed a short comprehension
questionnaire (Appendix C) on the material read (all subjects in

the reading conditions were required to read the same material).

Data Analyses

The data were analysed using both a CSS statistical

package on an IBM compatible 486 computer and SuperAnova on

a Macintosh IIci. The initial analysis involved 5 (Groups: A - E)

x 3 (Sites: Fz, Cz, Pz) x 3 (Tone: pre, rare, post) x 8 (Interval: 2-
9) ANOVA on the complete data.
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Table 1 : Shows the stimuli presented to each of the five

ups along with direction of attention the

licabl ject in

Reading (ignore)

Condition
(Omitted tones occurred in the
sequence of standard tones. Subject
was instructed to read a book and
ignore the presented tones as much
as possible. Subject was informed of
post session comprehension test)

i

ns.

tttt ttttt tttt
Time

* 10% Omitted
* 90% Standard
¢ Random Omissions

Reading (ignore)

Control Condition

(Standard Tones are presented
continuously. Subject was instructed
to read a book and ignore the
presented tones as much as possible.
Subject was informed of post session
comprehension test)

ttttttttttttttt
>

Time
¢ Standard Tones
presented 50 ms
duration.

Counting Condition

(Omitted tones occur in the
sequence of standard tones. Subject
was instructed to attend to the
tones & to count the number of
omitted ones. Subject was informed
that a post session total of the
omitted tones will be required.)

tttt ttttt tttt
>

Time
* 10% Omitted

* 90% Standard
¢ Random Omissions

Passive Attention
Condition

(Omitted tones occur in the
sequence of tones. Subject was
instructed to, as far as possible,
simply attend to the tones.)

tttt ttttt tttt
>

Time
® 10% Omitted

* 90% Standard
¢ Random Omissions

Passive Attention
Control Condition

(Standard tones are presented
continuously. Subject was instructed
to, as far as possible, simply attend
to the tones.)

ttttttttttttttt
>

Time
¢ Standard Tones

presented 50 ms
duration.
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The between subjects factor was Group (5) and the within
subjects factors were Site, Tone and Interval. The dependent
variable was mean amplitude of ERP recording for each of the pre,
rare and post stimulus epochs. The 12 intervals of measurement
(of which only intervals 2-9 were included in the analyses)
involved the following time frames; 1 (0-50ms), 2 (50-100ms), 3
(100-150ms), 4 (150-200ms), 5 (200-250ms), 6 (250-300ms), 7 (300-
350ms), 8 (350-400ms), 9 (400-450ms), 10 (450-500ms), 11 (500-
550ms), 12 (550-600ms).

Subsequently, as significant 4-way interactions were
revealed by the ANOVA, discreet two-way ANOVAs at various
intervals and Fisher LSD post-hoc tests were undertaken.
Significance criterion was set at the .05 level for both ANOVAs
and Fisher LSD analyses. Greenhouse-Geisser corrections for
repeated measures were used in the Anova analyses. Copies of
both the raw data and the analyses undertaken may be found in

Appendix D and E respectively.

49



Chapter 6
Results

A four-way Anova (Group (5) x Site (3) x Tone (3) x
Interval (8)) was completed on the mean amplitudes which
indicated that the main effect of Group was non-significant
(F(4,45) = .91792, MSe = 75.304) and that the four-way interaction
was significant (F(112,1260) = 6.868, MSe = 0.266) (see Appendix
E1 for additional results of analyses). To facilitate comprehension,
subsequent further analyses were therefore carried out separately

for pre, rare and post stimuli at various intervals.

Two-way Anovas (Group x Site) were completed on the pre
responses for each of intervals 2 - 9 (from 50ms to 450ms). The
main effect of Group in the pre responses was not significant for
any interval. Table 2 shows the Group results of the 2 way Anova
analyses for each interval of the pre responses. This suggests that
the individual conditions for each group had no effect on the

subjects "pre" response to standard tones.

Grand-Mean Averqges

The raw amplitude data for each group (reflecting the
measurement of each of the subjects responses to the pre, rare and
post stimuli at Fz, Cz and Pz) were collated and grand-mean
average ERPs were computed for each of the five groups for each

stimuli at each site.
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Table 2 Shows the group results of the

wo way Anova anal for each
interval of the pre responses.

—
—

Interval F value df MSe
2 .559 4,45 9.27
3 1.341 4,45 7.87
4 0.736 445 9.02
5 1.187 4,45 7.41
6 0.054 4,45 7.84
7 0.249 4,45 7.19
8 0.614 445 6.08
9 0.358 4,45 6.08

Figure 1 shows the grand-mean average ERP waveforms
elicited in respbnse to pre, rare and post stimuli. These have been
superimposed on one another to permit a clearer comparison of
the pre, rare and post waveforms for each of the five groups (A:
Reading (Ignore) Omission, B: Reading (Ignore)-Control, C:
Counting Omission, D: Passive Attend-Omission and E: Passive
Attend-Control) at each of the three (3) measured sites (Fz, Cz and
Pz).

It can be seen in Figure 1 that no substantial differences
were exhibited between the pre, rare, and post responses for either
of the two control groups (Group B - Reading Control Group;
Group E - Passive-Attend Control Group). There were however
clear differences in negative amplitude between the three sites at

around 200-400 ms. The frontal sites in both control groups for
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pre, rare and post stimuli appear to have produced the larger
negative N2 amplitudes. Cz amplitudes were very similar to those
for Fz whereas Pz sites appeared to be substantially lower in
amplitude. Similarly, amplitudes were larger in the Passive
Attend Control Group than in the Reading Control Group
suggesting some effect of attention on the ERPs in the control

conditions.

The graphs in Figure 1 suggest that there was no MMN
elicited to the rare (omitted) stimuli in any of the three (3)
experimental groups. In each of the experimental groups (Groups:
A, C and D) a characteristic N1 and P2 wave was evfdent in the
pre and post responses. The magnitude of N1 and P2 was larger in
all the experimental groups than in the control groups for the post
stimuli suggesting an increased refractory period (the increased
response resulting from the slower recovery of the organism) to
the tone immediately following an omitted tone (Martin et al.,
1992). N1 or P2 were not evident for the rare responses suggesting

very little early activity to omitted stimuli.

At around 150ms there was some negative activity maximal
at Fz to the omitted stimuli in both the Counting and Passive-
Attention Groups which may indicate some form of MMN
(although these were of very small amplitude). This was not
evident in Group A where subjects did not attend to the stimuli.
It is difficult to determine if the negativities observed in the
counting and passive attention groups represent MMN or the N2b

negativity component. Since the negativities are accompanied by
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Figure 1 Shows the Grand Mean Average ERPS elicited by the Pre, Rare and Post stimuli for each of the five
groups at the Fz, Cz and Pz sites. Group A - Reading [Ignore]; Group B - Reading [Ignore] Control,;
Group C - Counting; Group D - Passive Attention; Group E - Passive Attention Control.
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the P300 component in these two groups it is more likely that they
represent the N2b/P3a complex rather than a MMN/N2a
component. If MMN is present in these negativities it is likely to

be embedded within the N2b responses.

In contrast to the pre responses there was a marked
negativity of post responses in Group A at both Fz and Cz sites.
This negativity had an onset latency at Fz of around 200ms
reaching peak amplitude at between 250 - 330ms. The Cz siteAhad
a slightly lower amplitude and a somewhat less prominent peak
but occurred at around the same latency. The Pz site however
displayed no evidence of this negative going waveform in either
the pre or post measures. This late negative activity to the post

tones was not evident in any other group.

At 400ms there was positive activity maximal at Pz in the
Counting Group C and some evidence of positive activity in the
Passive Attention Group D. This activity represents a P300

induced by counting the omitted stimuli.

Inferential Analyses
Refractory Period

Two-way Anovas (5 (Group) x 3 (Site)) were completed on
the post stimuli at intervals 2 (50-100 ms), and 4 (150-200 ms),
where maximal activity related to the refractory period was
observed. Figure 2 shows the mean amplitudes for post intervals 2

and 4 for all conditions at Fz, Cz and Pz.
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Figure 2 Mean amplitudes for Post Intervals
2 (50-100ms) and 4 (150-200ms) for all
conditions and all sites. (A: Reading [ignore];

B: Reading [Ignore] Control; C: Counting; D: Passive
Attention; E: Passive Attention Control).
At interval 2 there was a significant main effect of Site
(F(2,90) = 17.374, MSe = 0.877) where Fisher LSDs showed Fz

significantly more negative than Pz and Cz significantly more

negative than Pz.

There was also a significant main effect for Group (¥(4,45) =
2.974, MSe = 12.49). Fisher LSDs showed Group A to be more
negative than either Group B or Group E. This reflects a larger
refractory period in Group A than in either of the Control Groups
(B and E). Group D was more negative than Group B again
reflecting the larger refractory period on this early section of the
ERP. The interaction was not significant (F(8,90) = 1.628, MSe =
0.877).
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At interval 4 there was a significant main effect for Site
(F(2,90) = 29.484, MSe = 1.330) and Group (F(4, 45) = 3.468, MSe
= 12.46) and a significant interaction between Group and Site

(F(8,90) = 3.686, MSe = 1.330).

For the Site main effect Fisher LSDs showed Cz to be

significantly more po>sitive than either Fz or Pz and also Pz to be

significantly more positive than Fz. The Fisher LSD tests for

group showed that Group D responses were more positive than
either Groups B or E and that Group C was more positive than
Group B. These findings once again point to the greater refractory
period for the attending experimental groups at the early section

of the ERP!

The Fisher LSD tests for the Interaction of Group and Site
show that there were, with one exception (Group E - between Fz
and Pz), no significant differences across site for either of the
Control Groups (B and E). The analyses also revealed that
positivity was maximal at Cz sites for each of the three
experimental groups (A, C,.and D) and that Group D was
significantly more positive when compared to Groups A and C at

least at Cz and Pz.

Fisher LSDs showed that the experimental groups (A, C,
and D) were significantly more positive than the control groups (B
and E) at Cz. This was also true at Pz with two exceptions (Groups
A and C were not significantly different from Group E). At Fz
both Groups D and C were significantly more positive than Groups

B and E. In summary, the interaction post-hocs for Interval 4
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show that Cz sites exhibited maximal amplitude suggestive of a

refractory period. All three experimental groups (A, C and D)

exhibited the refractory period in contrast to the two control

groups (B and E).

Mismatch Negativity

Two-way Anovas (5 (Group) x 3 (Site)) were undertaken for
intervals 3 (100-150 ms) and 4 (150-200 ms) on the rare stimuli to
investigate the effects of each of the experimental manipulations
on the elicitation of MMN. MMN has been shown to occur from
100-200ms (Ndidtdnen, 1986a). Figure 3 shows the mean
amplitudes for intervals 3 and 4 for rare tones for all conditions at

Fz, Cz and Pz.

At Interval 3 there was a significant main effect of Site
(F(2,90) = 4.703 , MSe = 0.438) where Fisher LSD tests showed
both Pz and Fz to be significantly more negative than Cz. There

were no other significant differences between sites.

There was also a significant main effect for Group (F(4,45) =
7.729, MSe = 2.296) at interval 3. Fisher LSDs showed that
Groups A, C, and D were all more negative than either of Control
Groups B and E. This indicates that all three experimental
Groups (A, C and D) exhibited a negative trend towards MMN not
exhibited by the control groups. However, as can be seen in Figure
3 Group A maximum negativity occurred at Pz which is contrary
to normal expectations for MMN since it is generally observed to

be maximal at Fz (Nddtdnen, 1990; Néitinen & Gaillard, 1983).
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Groups C and D exhibited negativity maximal at Fz. The
interaction was not significant (F(8,90) = 1.814, MSe = 0.438).

Fz
Cz
@ Pz

Amplitude (uV)

2-— T T T T T T T T T
A B C D E A B C D E

INTERVAL 3 INTERVAL 4
GROUP & INTERVAL

Figure 3 Mean amplitudes for rare Intervals
3 (100-150ms) and 4 (150-200ms) for all
conditions and all sites (A: Reading [ignore];
B: Reading [Ignore] Control; C: Counting; D: Passive
Attention; E: Passive Attention Control).

At interval 4 there was a significant main effect for Site
(F(2,90) = 6.535, MSe = 0.576) but the main effect for Group was
not significant (F(4,45) = 0.942, MSe = 7.033). There was however
a significant interaction between Group and Site (F(8,90) = 2.692,

MSe = 0.576) .

For the Site main effect Fisher LSDs showed Fz more
negative than Cz and Pz. There was no significant difference

between Cz and Pz.



The Fisher LSD tests for the Interaction of Group and Site
showed that there were no significant differences between sites for
Control Group B. Control Group E however exhibited significant
differences between Fz and both Cz and Pz. It was apparent that
Fz was significantly more negative than Cz and Pz in Control
Group E. This also may be an effect of attention. However,
maximal negativity was found at Fz for Group C which was

significantly more negative than either Group A or Group D.

There were no significant differences between the
experimental groups (A and D) and either of the Control Groups
(B, E) at Fz, however, Group C was significantly more negative
than either of the Control Groups B and E. This was also true of
Cz with the exception that both Group C and D were significantly
was more negative than Group E. At Pz all the Experimental
Groups (A, C, D) were significantly more negative than Control
Group E. In summary, the findings of the interaction post-hoc
tests indicate that there is some evidence of MMN at Fz at this
interval (4) in experimental Group C compared to Control Groups
B and E. Responses for Group A at all sites were smaller than for

any other condition with the exception of Group E (Cz and Pz).

Dishabituation

Two-way Anovas (5 (Group) x 3 (Site)) were used to assess
Intervals 5, 6 and 7 on the post stimuli to investigate the effects of
dishabituation following the experimental manipulatidns. Figure 4
shows the mean amplitudes for post intervals 5, 6, and 7 for all

conditions at Fz, Cz, and Pz
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Figure 4 Mean amplitudes for post stimuli at Intervals
5 (200-250ms), 6 (250-300 ms) and 7 (300-
350 ms) for all conditions at all sites.
(A: Reading [ignore]; B: Reading [Ignore] Control; C:
Counting; D: Passive Attention; E: Passive Attention ).
At Interval 5 there was a significant main effect of
Site (F(2,90) = 84.994, MSe = 0.832). There was no significant
group effect evident (F(4,45) = 1.626, MSe = 13.976). There was
however a significant Group x Site interaction present (F(8,90) =

4.899, MSe = 0.832).

Fisher LSD tests for Site revealed that Fz was significantly
more negative than either Cz or Pz. In addition, Cz was more
negative than Pz. That is the frontal sites were more negative

than either the central of parietal sites.

Post-hoc analyses (Fisher LSDs) for the interaction of Group

and Site at interval 5 show that for Control Group B there were
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only significant differences across site between Fz and Pz (with Fz
being more negative than Pz). This contrasted with Control Group
E which exhibited significant differences between all sites (Fz
being more negative than either Cz or Pz). This once again reflects
attentional influence. At Fz Group A and Group E were
significantly more negative than Group B and Group C suggesting
that dishabituation only occurred for Group A compared to Group
B. Thus, dishabituation was only exhibited in the non attending
omission condition at Fz. As can be seen in Figure 4, at both Cz
and Pz there was no evidence of dishabituation following omission

in the unattended stimuli (Group A) at this interval.

At interval 6 there was a significant main effect for Site
(F(2,90) = 76.967, MSe = 1.007) where Fisher LSDs showed Fz and
Cz to be significantly more negative than Pz. There was no
significant group effect present at this interval (F(4,45) = 0.386,
MSe = 10.239) but the interaction between Group and Site was
significant (F(8,90) = 2.839, MSe = 1.007) .

The post-hoc analyses (Fisher LSDs) of the interaction
revealed that at Fz and Cz Group A was significantly more
negative than Group B again sﬁggesting dishabituation in the
unattended condition (A) at Fz and Cz at this interval. There were
no significant differences aéross site evident in Control Group B
with the exception that Cz was significantly more negative than
Pz. Once again this contrasted with Control Group E which
exhibited significant differences between Pz and both Fz and Cz.
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At interval 7 there was a significant main effect for Site
(F(2,90) = 54.784, MSe = .703) Fisher LSDs showed Fz and Cz,
which did not differ, to be more negative than Pz. The main effect
of Group (F(4,45) = 0.255, MSe = 7.382) was not significant.
However, there was a significant interaction between Group and

Site (F(8,90) = 2.349, MSe = 0.703).

The post-hoc analyses of the interaction between Site and
Group for interval 7 revealed that at Cz Group A was significantly
more negative than Group B. At Fz only the Passive attention
Group D were significantly different from the Control Group B.
There were significant differences in response across Site for
Control Group B where Cz was more negative than Pz in contrast
to Control E which showed Fz and Cz significantly more negative
when compared with Pz. In summary the interaction analyses for
post responses at intervals 5, 6, and 7 indicate a significant
dishabituation effect was present in Experimental Group A when
compared with Control Group B predominantly at the Fz and Cz
sites. By interval 7 these affects had diminished below the level of

significance at the F'z site.

P300 Component

Two-way Anovas (5(Group) x 3 (Site)) were undertaken for
intervals 6-9 (6: 250-300 ms; 7: 300-350 ms; 8: 350-400 ms; 9: 400-
450 ms) on the rare stimuli to investigate the effects of the

omitted stimuli on the elicitation of the P300 component of the
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ERP waveform. Figure 5 shows the mean amplitudes for rare

intervals 6-9 for all conditions at Fz, Cz, and Pz.

There were significant main effects for Site at all the
intervals analysed: interval 6: (F(2,90) = 15.919, MSe = 1.013);
interval 7: (F(2,90) = 15.882, MSe = 1.155); interval 8: (F(2,90) =
23.585, MSe = 1.243), interval 9: (F(2,90) = 28.700, MSe = 1.389).
In each case subsequent Fisher LSD post-hoc analyses showed
that Cz and Pz were significantly most positive than Fz. At
intervals 6, 7, and 8 there were no significant differences between
Cz and Pz. However at interval 9 Pz was significantly more

positive than both Cz and Fz.

There were also significant main effects for Group at all the
intervals analysed: interval 6: (F(4,45) = 3.512, MSe = 12.207);
interval 7: (F(4,45) = 9.017, MSe = 11.722); interval 8: (F(4,45) =
7.133, MSe = 13.720); interval 9: (F(4,45) = 6.321, MSe = 13.970).
In each case subsequent Fisher LSD post-h?m analyses suggested
that Group C, the Counting Group, was significantly more positive
than either of the control groups. This finding reflects the
presence of the P300 waveform in response to the subject counting

the presented omissions in the attending condition.

There were also significant interactions between Group and
Site at each of the intervals analysed: interval 6: (F(8,90) = 8.205,
MSe = 1.014); interval 7: (F(8,90) = 10.101, MSe = 1.155); interval
8: (F(8,90) = 12.913, MSe = 1.243), interval 9: (F(8,90) = 14.903,
MSe = 1.389). Subsequent Fisher LSD tests showed that at

Interval 6, at both Cz and Pz, Counting Group C was more
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Figure 5 Mean amplitude for Rare stimuli at Intervals 6 (250-300),
7 (300-350 msec), 8 (350-400 msec), 9 (400-450 msec) for all

conditions at all sites. (A: Reading [ignorel; Reading [Ignore] Control;
C: Counting; D: Passive Attention; E: Passive Attention Control).



positive than either Groups A, D or either control group

suggesting the beginning of a P300 waveform at Cz and Pz to the

counting condition.

At intervals 7, 8, and 9 Fisher LSDs showed that Group C
was significantly more positive than any other group at Czand Pz
(i.e.;. P300). Group D was significantly more positive than Group
B at intervals 8 and 9 at Cz and Pz. At Cz and Pz Group D was
more positive than Group E. These results indicate a strong P300
effect in the counting condition and a weak P300 in the passive

attending condition Group D which was maximal at Pz.

Comprehension Test and
Omission Counting Results

The Reading (Ignore) Grbup A and the Reading (Control)

Group B were required to complete a brief comprehension test on -

the material read. The Counting Group C were required to count
the number of omitted stimuli. These responses were then
analysed. The reading comprehensioh test was scored by
calculating the percentage of correct answers based on the total

number of questions attempted.

The mean percentage of correct answers for subjects in
Group A was 93.33% while Group B achieved 86.67 %. A between-
groups Anova showed that there were no significant differences in

comprehension between the two groups (F(1,18) = 1.800, p =
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.1964). This suggests a high degree of attentional focus and that

the reading conditions were comparable.

In the counting task the subjects accuracy was based on
their estimate of thé number of omitted stimuli relative to the
actual number of omissions (300). The mean percentage accuracy
of omitted stimuli counted by the subjects in Group C was 97.27%.
This result supports the suggestion that subjects in Group C

closely attended to the omitted stimuli in the counting condition.
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Chapter 7
Discussion

The purpose of the present study was to establish if MMN
could be elicited by stimulus omission, under various forms of
attentional focus. The outcome of this research was then expected
to permit some evaluation of the degree of correspondence

between MMN and the OR in response to stimulus omission.

Overall, with the exception of the Counting Group C, the
results of the experiment demonstrated a predominantly fronto-
central response distribution in line with previous findings for

auditory responses. Group C exhibited more parietal responses.

The results obtained were largely in agreement with the
experimental hypothesis - that there would be little evidence of an
unequivocal MMN response to omission in the rare responses of
any of the experimental groups (although, as the results suggest,
this observation might be somewhat debatable). These findings
provide little evidence of any correspondence between the OR and
MMN specifically in relation to their response attributes to

stimulus omission.

The results clearly demonstrated that both Control Groups
(B and E) exhibited consistent response patterns irrespective of
pre, post and rare stimulus measurement. Although, responses in
Group E were larger than those observed in Group B suggesting
that the difference in attentional focus between them may have

contributed to the differential response patterns. Other than this
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the experimental conditions appeared to have had little impact on
the response of subjects to standard tones in the control
conditions.

There was an absence of any significant evidence of a MMN
response to the rare omissions. In qualification of this assertion, it
should be pointed out that there was some evidence of significant
negativity at intervals 3 (100-150ms) and 4 (150-200ms) in the
responses of the experimental Groups (A, C, and D) when
compared to the Control Groups B and/or E. There was also some
evidence of frontal negativity in both the Counting Group C and
Passive Attention Group D, maximal at the 200 ms latency.
However, these observed negativities, although suggestive of a
MMN effect, were construed as reflecting an absence of activity

rather than a specific response to the omitted stimuli.

Examination of the waveforms relevant to the latter
findings indicated an absence of the typical ERP waveform,
(including the N1/P2 components). Since the N1 component is
suggested to be involved in an "attention switching" response to
the initial presence of a physical stimulus the latter observation
supports the assumption that little activity was present rather
than that a MMN response had occurred. These findings replicate
many of the effects observed by Robinson (1991) and Martin et al.,

(1992) in experiments with a similar auditory omission paradigm.
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A significant dishabituation effect was present in the post
responses, primarily in the Reading (ignore stimuli) Group A at
the Fz site (when compared to Control Group B). The effects
occurred mainly at intervals 5 and 6 and tended to be reduced
considerably by interval 7. Dishabituation was also present at
Intervals 6 and 7 at Cz for Group A, but to a lesser extent. This
latter observation also proved to be significant. Thus it would
appear that dishabituation occurred only in the non-attending
condition at predominantly fronté-central sites. That is, attention

to the deviant stimuli removes dishabituation.

In addition to these findings there was evidence of a
significant P300 to the omitted stimuli in the Counting Group (C)
at predominantly centro-parietal sites. A weak P300 was also
found in the Passive Attention Group. A P300 appears to have
occurred only in the conditions in which the subject attended to
the omitted stimuli. The P3QO appeared to be much stronger when
the subjects were actively attending. There was some evidence of
the N2b negativity component which is suggested to be closely
associated with the P300 component. The N2b/P3a complex is
typically thought to be elicited when subjects attend to deviant

stimuli.

There were also signiﬁcant' refractory effects for all
experimental Groups (A, C, D) in the post responses, at the Cz and
Pz sites (with the exception of Group A when compared to Group
E), to those standard stimuli immediately following the omitted

tone. These responses were characterised by an elevation in both
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negative and positive amplitude in the post response
measurement epochs. At F'z significant differences were evident in
the responses of both the Counting Group C and the Passive
Attention Group D when these were compared with the two
control Groups (B and E). The refractory effects were maximal at
centro-parietal sites and were characterised by an elevated N1/P1
response amplitude to the post tones. Groups A and D refractory
periods were similar while Group C refractory amplitude was
considerably reduced in comparison. This elevated refractory
period in the post responses was considered to be attributable to
the length of the ISI (effectively 2 Seconds) and is replicative of
previous research by Martin et al. (1992).

Implications of Findings

The finding of little evidence of a MMN to omitted stimuli is
entirely in agreement with the previous findings of Martin et al.
(1992) and Robinson (1991) who demonstrated that MMN was not
elicited to omitted auditory stimuli (these studies utilised a
similar reading (ignore) condition to the one employed within the

present research).

These MMN to omission findings contrast with recent
research by Tervaniemi et al. (1993) suggesting that MMN was
elicited both when the order of presented tones were reversed or
when the second stimulus of a stimulus pair was omitted.
However, the effects may have been observed in this case because

of the nature of the stimulus omission employed. The researchers
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employed a "tone pair” formed by two closely paced tones of
different frequencies. They then either reversed the order of the

tones or omitted the second tone of the pair.

The fact that both of these manipulations elicited MMN
suggests that the partial omission condition employed by them
was fundamentally different to the complete omission condition
applied in the present experiment. Therefore, it is difficult to
extrapolate any satisfactory explanation for the incongruity
between these findings other than to suggest that the omissions

were fundamentally different from one another.

The differences between full omission and partial omission
processing were discussed by Siddle (1985) predominantly in
relation to the OR. Siddle's (1985) suggestion was that, when one
component of a paired stimulus is omitted, some information still
exists to act as a specific retrieval cue. However, in the case of
complete omission contextual cues become paramount and the

processing demands are therefore increased.

If the latter suggestion is correct then it has important
implications for the integration hypothesis regarding MMN and
the OR. It raises the possibility of both quantitatively and
qualitatively different levels of contextual processing between the
OR and MMN generators. That is, it may be the case that the
MMN neural generétor is somehow restricted to a narrow time
window for stimulus processing while the OR generator has much

broader parameters (being multimodal and able to process a wider
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array of not only specific stimulus attributes but also substantial

contextual information in relation to the presented stimuli).

Of course the latter rationale is merely conjecture. The
existence of such differences needs to be tested empirically
through additional research. It may be the case that increasing
the duration of the rare omitted stimulus might enable the effects
of contextual information to be incorporated within the neural
representation of the MMN generator. Since the neural generator
would have more time to integrate the contextual information
relative to the omitted stimuli a mismatch may thus be enabled.
Future research, employing variable duration omissions, may be
able to establish an optimal point at which sufficient contextual
information can be integrated in the neuronal store to permit

MMN to be elicited.

Although Sokolov's (1963a) model comparator process for
the OR bears a striking resemblance to the MMN comparator
process (according to Ndidtidnen (1986b)), (which would predict the
elicitation of MMN to omission), the outcome of the present MMN
research does not support this model. Thus, Ndidtidnen's (1990)
proposal that MMN and the OR are likely to be closely allied
processes is not supported at least as far as stimulus omission is
concerned. This raises doubts about the functional relationship
between the OR and MMN comparators and the adequacy of
Sokolov (1963a) comparator model for the OR.

The foregoing discussion has provided suggestions

regarding the possible importance of contextual cues in the
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establishment of an omission neural representation. It has been
suggested that a neural representation of the deviant stimuli is
maintained in the neuronal store as a neural trace (N&itdnen,
1982; Naitdnen, 1988). This trace is then used in a comparator
process to establish a match between the representation of the

standard tone trace and the deviant.

According to Ndidtinen and Lyytinen (1989) for MMN to be
elicited all physical features of the deviant auditory stimulus
would have been fully processed. However, given the rapidity of
the establishment of the neuronal trace it is difficult to see how a
trace of an omitted stimulus can be adequately developed since
processing the omission requires laying down of the 'context' (as
suggested by Siddle (1985) in relation to the OR) within which the
omission occurred and not just the characteristics of the stimulus

as is the case with a physical deviant stimulus.

What is being‘suggested here is that the processing
demands required of the neural comparator in processing an
omission are infinitely more complex than that involved in
processing physical stimulus deviance. This is probably true for
both MMN and the OR but appears to be particularly crucial in
the case of MMN since the mechanism of processing appears to
preclude a sufficient evaluation of the contextual aspects of
omitted stimuli. It is possible that this is due to either limitations
in the processing capacity of the MMN neuronal store or to the

stimulus specificity of specific cell populations.
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Graham and Hackley (1991) have suggested that some
stimuli may be difficult to encode and may require qualitatively
different processing. As there are no characteristics on which to
base the stored representation of the stimulus such as pitch, tone,
frequency etc, the comparator mechanism must scan for any
distinctive attributes relative to the omission on which to base a
representation. It is suggested that this process may demand
additional time to accomplish and consequently MMN is not
possible since the comparator does not have time to establish a
sufficiently elaborate neural representation and it may also lead
to dishabituation. This explanation might account for the
observations of Tervaniemi et al. (1993) who observed MMN to
omission in response to the omission of one component of a

stimulus pair as suggested by (Tervaniemi et al., 1993).

The findings regarding the refractory period suggest that
the stimulus omissions following the repetitive standard stimulus
presentations induces an elevated re-establishment of the
response to the standérd stimuli. This clearly demonstrates that
some sensitization to the standard stimuli occurs as the result of
frequent repetition and that a recovery occurs when standard
stimulus presentation is intermpted. As previously suggested the
elevated refractory period in the post responses was considered to
be attributable to the length of the ISI (effectively 2 Seconds).
These refractory responses were most evident at the 100 ms
latency and were associated with the N1 component of the ERP
which is suggested to index initial physical registration of the

presented stimuli (Nd4dtdnen & Gaillard, 1983).
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The dishabituation results seen in the Reading (Ignore)
Group A indicate that the subjects in this condition were more
likely to habituate to the standard stimuli in the pre trials and to
exhibit dishabituation in the post trials (to the stimuli
immediately following the deviant omitted presentation).
Therefore, it would appear that unattended stimuli result in an
increased likelihood for subjects to habituate to the standard

stimuli and dishabituate to the post stimuli.

The P300 component observed in the count (and therefore
attend) condition of Group C, was predominantly centro-parietal
with a waveform maximal at the Pz site. This finding is in
agreement with other research on the scalp distribution of P300
according to Fabiani, Gratton, Karis, and Donchin (1987). There
was also slight evidence of the P300 component in the Passive
Attend Group D. The fact that P300 was elicited in the attend
condition and not in any of the other experimental or control
groups is also in agreement with previous findings (Pritchard,
1981; Fabiani et al., 1987). The research which has considered the
effects of stimulus omission on the P300 confirms the findings of
the present study in that omitted stimuli resulted in P300
elicitation only when subjects attended to the omissions (Klinke et
al., 1968; Picton & Hillyard, 1974; Pritchard, 1981). In summary,
the present findings suggest that focal attention to omitted stimuli
was necessary to produce the P300. This supports the suggestion
that processing of the omitted stimuli must be in the "attended to"
channel to permit the issue of a call for further processing. The

negativity preceding the onset of the P300 may be suggestive of
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the N2b/P3a complex postulated to be associated with issuing this
"call" (Nditinen & Gaillard, 1983).

Future Research

There are a number of reasons why MMN may not have
been elicited to the omitted stimuli. Firstly, the omitted stimuli
may not have been compelling enough to register as deviant. That
is, the contrast between the standard stimuli and omitted stimuli
may have lacked sufficient magnitude to reach the threshold

needed to facilitate a neuronal mismatch.

It is possible that if the standard stimuli in future research
were presented at a rate and intensity which make it impossible to
miss an omission thét this might facilitate the mismatch process
thus generating MMN. However, as subjects in this experiment
did not miss very many omissions (at least in the counting
condition) the latter suggestion is questionable. Alternatively, it
may be possible to generate MMN by increasing the salience of the

stimulus omission.

It is also possible that a combination of these two
suggestions might produce MMN to omission. Reducing the inter-
stimulus interval of the standard stimuli while both decreasing
the probability of the deviant omissions and increasing their
duration may prove to facilitate detection of omission deviants.
The distinction between standard and deviant stimuli would then
be more clearly delineated and would perhaps permit the

integration of contextual information into the neural model in a
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similar manner to that suggested for the OR by (Siddle & Packer,
1987).

It is also possible that the attentional conditions used in
this research were not optimal for the elicitation of MMN in
response to omitted stimuli. It is suggested that an area worthy of
further investigation would be to examine the effects of stimulus
omission under escalating conditions of stronger attentional focus
(i.e.; from simple attentional tasks such as reading through to
attentional tasks demanding extraordinary processing resources
such as requiring the subject to respond to slides of impending
motor vehicle accident scenes within a reaction time paradigm.
The demand on central processing resources under the latter
conditions may distract the subjects active attention away from
unintentional controlled processing of the presented stimuli. This
arrangement may then provide a more valid assessment of MMN

in response to omission (if in fact MMN is a preattentive process).

Paradoxically it may be the case that MMN is only elicited
under conditions of strong attentional focus away from the deviant
(rare) stimulus as suggested by the Woldorff et al. (1991) research.
When the subjects attention is diverted very strongly away from
the presented deviant stimuli such that automatic mismatch
processes cannot be influenced by arbitrary attentional focus to
the presented omissions, MMN may then be elicited to omitted

stimuli.
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Conclusions

In summary, the present research demonstrated that MMN
was not elicited to omission under any of the attentional
conditions employed in this study. There was evidence of
negativity in the counting Group C which was characteristic of
mismatch negativity but as was pointed out previously this was
considered more likely to be the N2b component associated with

the distinct P3a/P300 observed in this Group (C).

There was clear evidence of a dishabituation effect to the
standard stimuli in the post trials of the Reading (Ignore) Group A
primarily at fronto-central sites. This suggests that the standard
tone immediately following a deviant stimulus presentation
produced a recovery of response to pre-omission stimuli. There
was also an obvious refractory period in all the experimental

groups in the N1/P2 components post responses.

These current findings are of particular importance to the
current debate in the literature concerning the reiationship
between the MMN component of the ERP and the OR. The
evidence provided here, at least in terms of stimulus omission,
points to a possible dissociation between the two processes. It will
be necessary in future research to identify the peculiar attentional
conditions that may be conducive to stimulus omission. It may be
the case that stimulus omission is, paradoxically, observed only
under conditions of strong attentional focus away from the deviant
stimuli. Alternatively, stimulus omission may only induce MMN

- when experienced in other stimulus modalities. If the latter
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suggestion were true then this would provide substantial support
for the suggestion that MMN and the OR are integrated since

many of the OR responses to omission have been shown to be

multimodal.
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University of Tasmania

Department of Psychology
[ (4 (4 ®
Medical History Questionnaire
NAME............ ceonsnsosecesroncescesorane cesesescrsrens sesvonsececsensesvens cresesermeesnsesnsesares
AGE......... eeecsssseserssesarsrsesssesraces seerecacs PHONE........uceurreecurieriieeecnrsensenes
Doyou; A.Smoke Cigarettes........ccoeeeerrreriererennnnnne Yes L—_] No D
B. Use or have experimented with either
drugs or marijuana ...........ccccceeeeeeeeeeenns
.................................................................. Yes D No D
Have you ever been a patient in a Mental hospital?......... Yes D No D
Have you ever been a patient in any other hospital ?......... Yes D No D
HAVE YOU EVER HAD OR ARE YOU NOW SUFFERING FROM ANY OF THE FOLLOWING;
Fits or Convulsions............ccucvuennnnen. Yes D No D
Epilepsy....cccoevriiiniiiniiiiiiiiiiiiniiinnen Yes D No EI
Giddiness........ccooeerviriinnniinirininnnnnn Yes D No D
ConcuSSION....cuuueeiiiriieeniiienernrnieeen, Yes D No D
Severe Head injury..........ccocvvvvvnnnnnee. Yes D No D
Loss of Consciousness............cceeeennne. Yes D No D
CURRENT MEDICATION
Are you taking any medications at present ? ...... Yes D No D

If YES, which Drugs are you taking?

HEARING

Have you any hearing difficulties? ...... Yes D No D
If YES, indicate hearing defects ............cooeeeeiriiinninniinennnnnee,

....................................................................................

On how many days last week did you drink alcohol ?... None
One or Two days
Five or Six Days

Every Day

Do you usually drink........cccceeeeimnnnnnmnniniciiiininninnnnn. Never
During the Week
Friday Night
Week Ends Only

When you drink is it Normally.........coocoinneninnnnennie Light Beer
Beer or Cider
Wine
Mixed spirits

OOo0o0 Ooooo oo

Straight Spirits



On a day when you drink, how many drinks would you usually have?
One or Two
Three to Five
Five to Eight
Eight to Twelve

More than Twelve

How long have you been drinking at this level 2............ Weeks
Months

Years

Doyougetdrunk?......cooeiiieiieiiiiiiiiiiniiieininiens Never
Rarely
Once a Month
Once a Week
More Frequently

Does your father.get drunk?.......ccoiiiiiiiiiiinienens Never
Rarely
Once a Month
Once a Week

More Frequently

Does your Mother get drunk?............cooeneeiiicieniiss Never
Rarely
Once a Month
Once a Week
More Frequently

Do you have any relatives whom you would consider to be alcoholic?

Yes D No

If YES, How many and what relationship are they to you? .........ccocovvininniininnnns

O 00000 00000 00000 OoOogo ooooo

OTHER INFORMATION

How often do you smoke Cigarettes ?..........cuuuee Never D
Less than 10 per day D
10 to 20 per day D
20 to 40 per day D
Over 40 per day D

Note:

It is a formal requirement of the Ethics Committee of the University of Tasmania that the information
provided on this questionnaire be held under security to comply with confidentiality regulations and to
protect your privacy. You can be assured that information will be available only to the principal researcher
and not to any other party. The questionnaire will be destroyed following the completion of the project.

Thankyou for your participation,

Version 1.0 MVG: 3/92



UNIVERSITY OF TASMANIA
DEPARTMENT OF PSYCHOLOGY

Cognitive Psychophysiology Research
Participant Consent Form

Information for participation in studies in the Cognitive Psychophysiology Laboratory.

The research carried out in the Electroencephalographic Research Laboratory
includes a number of continuing research projects. Our studies are concerned with
understanding more about the nature of cognitive processes, brain activity and a variety
of related phenomena. The success of our research depends, in large measure, upon the
assistance of volunteers such as yourself. We would like to extend our appreciation to
you for your participation in this experiment today.

Please sign and date this form after carefully reading the following section; Today
I am volunteering to participate in a research study that involves the presentation of
aural stimuli via headphones. I understand that this experiment involves the recording
of Event Related Potential's from my brain which will be detected via sensors
harmlessly placed on my scalp. (These Event Related Potential’s will occur in response to
some tones which you will hear through the headphones. Because we are interested in the nature
of your brains response to the sounds we will give you specific instructions about what you
should attend to during the duration of the experiment. Listen carefully to the instructions given
and don't be afraid to ask the experimenter for them to be repeated again.)

As part of the experiment I will also be required to listen to the sounds presented
on the headphones. I understand that the natural electrical activity of my brain will be
detected and measured in this experiment and that as part of my participation I will be
asked to discuss my experiences and reactions to the study. I also understand that I
have the right to discontinue my participation at any point in the experiment, if I so
desire, without any penalty whatsoever. I understand that I will receive pro-rata
research participation credit for the time spent in the experiment prior to withdrawal.

L, have read and understood the above
information in regard to this research project and agree to participate in the experiment
of my own free will and choice. I understand my rights in regard to my ongoing
participation in the project.

I have explained this project and the implications of participation in it to this
volunteer and am satisfied that the consent is informed and that she/he understands the
implications of participation.



1. Father's job was
[ ] A Publican
[ ] A Doctor
[ ] A soldier in the army .
[ 1 A factory worker

2. The childs name was
[]Larry
[ 1 Robert
[]1Craig
[ ] James

3. The boy called his feet
[ ] Sally and Sam
[ ] Mrs. Left & Mrs. Right
[]Tiny & Tim

4. When Sonny arrived the boy
was
[ 1 Overjoyed
[]1Sad
[] Angry
[]1"Put Out”

1. Kilamanjaro is in
[]Japan
[ ] India
[ 1 Africa
[ 1 North America

2. The story is about a man who
has
[ ] Gangreen
[ 1 A broken Leg
[ ] Concussion
[ ] Hypothermia

1. Lencho Grew
[ ] Corn & Kidney bean
Flowers
[ ] Wheat
[ ] Poppies
[ ] Peas & Beans

2. Lencho was concerned about
[ 1 An approaching cyclone
[ 1 The need for rain
[ ] Insects eating the crop

1. At the dance there were
[ ] Italian men
[ ] Parisian men
[ ] Bouilloux men

1. The jewel was lost by the
[ 1 An Indian prince
[ ] A French women
[ ] A Dutch princess

1. Lerice and her husband lived
ten miles out of
[ ] Ohio
[ ] Cairo
[ ] Johannesburg



F2

GROUP
PRE
INT2 INT3 INT4 INTS INT6 INT7 INT8 INT9 INT2

1] GRoUP A OMISSION -2.20 .80 -.80 -3.20 -2.50 -1.00 -1.10 -.20 -.20
2] (REPD)  OMISSION .30 .80 -2.20 -5.40 -2.60 .40 .60 .30 -.30
3 OMISSION -3.00 -1.50 -2.20 -5.50 -3.10 -1.60 -2.00 -2.10 .10
4 OMISSION -1.00 2.10 -.70 -1.90 -.70 -.30 1.10 1.00 1.50
5 OMISSION -5.70 3.50 .50 -4.10 -3.60 -4.40 -4.20 -4.40 0.00
6 OMISSION 1.90 2.00 -.60 -2.00 -2.40 -2.70 .2.00 -1.70 -.20
7 OMISSION -6.40 .40 -.70 -3.00 -3.70 -2.90 -.80 1.80 -1.20
8 OMISSION -3.50 -.10 -1.60 -4.50 -3.10 -.90 -.80 -1.60 .40
9 OMISSION 2.00 5.40 3.20 -.50 -1.10 -1.30 -1.00 -.30 -.20
10 OMISSION -4.20 3.30 -2.10 -5.60| -2.60 -1.20 -1.50 -.90 -.70
11 GROP B CONTROL-1 -.90 3.10 .80 1.10 1.00 .60 .30 -.20 -1.10
12{ (REM™D) CONTROL-1 .40 -.10 -1.40 -1.10 -1.80 -1.30 -1.50 -1.90 .10
13 CONTROL-1 1.40 2.60 .70 -1.20 ..40 .50 1.20 1.30 1.90
14 CONTROL-1 10 3.20 1.00 -1.90 -.80 -1.40 -.50 -.20 -.50
15 CONTROL-1 -4.60 -2.00 -4.40| -6.00 -5.30 -5.30 -5.90 -6.20 -3.70
16 CONTROL-1 -2.10 .20 -1.40 -3.80 -4.50 -3.40 -2.00 -2.00 -2.00
17 CONTROL*1 -1.40 3.20 -.50 -1.10 -1.40 0.00 .80 .20 -2.50
18 CONTROL-1 -2.00 .20 -2.00 -4.80 -5.20 -4.40 -2.40 -1.40 -1.00
19 CONTROL*1 -.60 2.00 -.50 -3.00 -2.80 -1.50 -.20 -.60 -1.20
20 CONTROL-1 -3.60 0.00 -2.80| -2.00 -.60 -1.00 -.70 -1.40 -3.20
21| GROUP C COUNTING -3.60 -1.70 -1.80 -3.60 -3.30 -2.70 -2.40 -1.70 -.70
22) (CaunT) COUNTING -3.30 -3.90 -3.40 -2.50 -2.30 -1.00 -1.00 -.90 -.80
23 COUNTING -1.80 4.50 7.10 1.40 -1.50 -3.40 -2.70 -2.40 -.70
24 COUNTING -1.50 .30 -3.90| -4.40 -3.60 -4.10 -4.00 -2.00 -.70
25 COUNTING -2.40 -1.40 -2.80 -3.40 -2.10 -.50 -2.50 -2.00 -1.10
26 COUNTING -4.30 1.20 -.50] -2.40 -2.00 -2.50 -1.80 -.50 -.70
27 COUNTING -2.90 .30 -1.50 -3.20 -6.10 -3.90 -3.60 -3.70 .50
28 COUNTING -.20 2.20 2.10 .30 -.60 .40 10 .80 -.50
29 COUNTING -1.50 1.00 -1.10 -3.50 -3.80 -4.00 -4.70 -3.20 .70
30 COUNTING -3.30 -.50 -.30 -.40 -.10 -.20 -1.40 -1.30 --2.80
311 GRoUP D. PASSIVE -3.40 2.80 1.40 -1.50 -3.20 -2.20 -1.40 -2.00 -.40
32| (Pass\WE  PASSIVE -.20 5.00 2.80 .40 .70 -.90 -1.80 -.50 -2.30
33| ATTOMO)  PASSIVE -1.50 2.10 -.70 -3.30 -5.70 -6.00 -6.20 -3.90 .10
34 PASSIVE .40 4.30 -1.00 -5.10 -3.30 2.00 -2.50 -2.10 .50
35 PASSIVE -1.90 1.00 -2.20 -5.10 -5.30 -3.70 -3.90 -2.80] -1.70
36 PASSIVE -3.90 -2.20 -4.30 -5.40 -5.20 4.00 -2.40 -1.601. 0.00
37 PASSIVE -.50 3.10 1.30 -.70 -.80 -1.30 -.90 -.50 .30
38 PASSIVE -8.70 1.60 -1.40 -4.10 -4.70 -1.50 -1.50 0.00 -1.50
39 PASSIVE -2.30 1.70 -2.10 -4.10 -4.10 -2.30 -2.10 -1.40 1.00
40 _____ PASSIVE -2.40 -1.10 -2.40 -3.50 -1.10 -1.50 -.90 -2.00 -1.40
41 GQuP E CONTROL-2 .40 3.30 .40 -2.60 -1.60 -2.40 -1.00 -2.00 .60
42| (PAs\vE CONTROL-2 -.90 1.80 -1.20| -2.70 -1.70] -3.80 -3.60 -3.40 -.60
"43]  ATTGND) CONTROL-2 -2.20 .10 -1.80 -1.70 .50 .30 -.30 -.60 -3.60
44 CONTROL-2 -6.60 -1.00 -4.20 .7.00 -6.00 4.90 -4.10 -3.30 -4.70
45 CONTROL-2 -4.70 -2.00 -5.70 -7.30 -6.50 -5.90 -4.80 -3.60 -4.20
46 CONTROL-2 -2.50 3.00 2.30 -.90 -1.20 ..70 .20 1.40 -5.50
47 CONTROL:2 0.00 .20 -1.30 -2.70 -1.30 .50 2.10 1.50 .10
48 CONTROL:2 -1.10 3.00 -.30 .4.80 -6.00 -5.10 -4.20 -4.10 -1.20
49 CONTROL+2 -2.70 1.40 .50 -3.50 -3.40 -2.00 -1.80 -3.30 -3.70
50 CONTROL-2 .20 2.00 -1.20 -3.50 -4.60 -3.30 -2.80 -1.90 .90
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FZ F&
RARE PosST POY
INT3 INT4 INTS INTE INT7 INTS INT9 INT2 INT3 INT4 INTS

1 -.50 -.20 -.20 0.00 0.00 .50 10 -4.50 -1.90 -1.40 -3.20
2 -1.80 -2.30 -1.50 -.90 -.30 .10 -.20 -.10 -.80 -1.70 -6.60
3 -.10 -.50 -.50 0.00 .20 .30 -.50 -4.30 1.40 -.30 -3.00
4 1.20 1.80 1.70 2.60 2.70 2.30 2.40 -2.80 .40 -1.90 -4.10
5 -1.00 -.40 .20 -.80 -.50 -.60 -.50 -6.60 5.70 3.00 -2.00
6 0.00 -.30 -.40 -1.00 -.80 -.50 -.10 -4.00 2.00 .20 -2.70

7 -.80 -.70 -1.40 -.90 -1.20 -.80 10 -9.30 -2.10 0.00 -.30

8 0.00 -.10 -.40 .40 .70 .80 .50 -4.60 .50 -1.20 -4.40
9 -.50 .30 0.00 .20 1.00 .60 .40 -2.00 3.90 4.60 -2.10
10 -2.10 -2.90 -2.90 -2.90 -2.40 -2.70 -3.10 -6.40 1.10 -.80 -5.70
11 3.10 .20 .40 .80 .10 -.10 0.00 -1.70 2.70 -.30 -1.10
12 0.00 -1.00 -1.10 -1.00 -1.00 .90 -.90 .10 -.60 -.90 -1.10
13 3.10 1.00 -1.40 .40 .60 .70 .90 1.30 3.20 1.90 -1.00
14 1.50 -.90 -3.10 -3.20 3.40 -3.50 -3.30 0.00 2.50 .80 -2.00
15 -.40 -3.10 -4.70 -5.40 -5.40 -4.80 -6.30 -1.70 1.00 -1.40 -2.40
16 .80 -1.90 -4.30 -4.20 -3.10 -2.80 -2.90 -1.40 1.50 -.90 -4.20
17 2.40 -.10 -1.00 -1.30 -.40 .40 -.60 -3.30 .50 -2.20 -1.80
18 .40 -2.20 -4.10 -4.70 -2.80 -.30 -.50 -1.50 .50 -2.00 -4.90
19 2.20 .90 -2.90 -2.20 -1.40 -.90 -.30 -.50 2.860 -.30 -1.80
20 1.00 -2.10 -1.80 -.20 -.73 .60 .30 -3.60 0.00 2.80 -2.00
21 -.10 .60 2.80 4.00 2.90 .50 -3.00 -5.00 -1.20 -.50 -2.20
22 -1.30 -1.10 -.80 -.90 0.00 -.20 -.80 -5.30 -5.70 -4.20 -4.10
23 .10 -2.20 -1.20 -.80 -.20 -.20 -.70 -2.10 3.30 8.10 1.30
24 -1.90 -2.20 -1.60 1.10 .60 .90 -.20 .60 1.70 -.30 .20
25 -1.40 -2.10 -1.70 -1.70 10 -.30 .30 -2.50 -.30 0.00 -3.70
26 -2.40 -1.70 2.40 -2.80 -3.10 -4.40 -5.30 -4.80 2.50 2.50 .60
27 .60 -1.10 -1.20 -.80 -.90 -1.10 -3.60 -5.00 .70 .50 -1.60
28 -1.10 -2.40 -1.20 1.00 3.30 3.80 4.50 -2.00 1.90 3.30 2.00
29 -.20 -.40 -.30 -1.80 0.00 1.80 1.20 -3.40 -1.20 3.50 -4.30
30 -5.00 -6.60 -5.90 -4.10 -.40 .90 -.50 -6.40 3.00 -2.40 -1.90
31 -.90 -1.50 -1.50 -1.40 -1.20 -2.00 -2.90 -6.00 -1.60 1.90 -1.20
32 -3.30 -3.40 -2.80 -2.20 -2.30 -2.80 -3.40 -2.80 2.80 4.80 1.10
33 -.50 1.40 -.60 0.00 -.90 -.30 .30 -2.90 2.20 .80 -.20
34 -.80 -.40 -1.80 -1.50 -1.60 -1.80 -2.70 -3.10 2.20 .10 -5.60
35 -2.80 -3.10 2.90 -3.50 -2.60 -3.40 -4.60 -3.50 .30 -.30 -3.50
36 -.80 -.40 .30 1.90 3.30 3.40 2.70 -3.60 -.40 1.40 -3.30
37 -.20 .20 1.80 1.00 2.10 2.20 2.10 -1.10 3.50 1.40 -1.30
38 -2.10 -2.50 -2.00 -2.10 -1.80 -1.50 -.90 -12.80 1.90 1.20 -7.30
39 1.00 .60 .10 1.40 1.60 2.00 1.60 -3.90 1.00 -.50 -3.60
40 -.60 -1.40 -1.00 -.10 1.40 1.80 1.40 -2.90 -1.00 -2.40 -3.50
41 3.20 1.20 -2.50 -.90 -1.10 60 -1.00 1.10 4.00 1.80 -2.20
42 1.50 .20 2.10 -2.70 -3.10 -1.80 -1.30 -.40 3.00 1.10 1.00
43 -.80 -1.70 -1.20 -.60 -1.50 -1.40 -1.10 -2.40 1.00 -2.20 -3.10
44 1.90 -2.70 -4.80 -4.70 -4.00 -2.10 -1.30 -6.30 -1.00 -4.90 -8.10
45 -2.20 -4.40 -7.30 -6.10 -5.00 -4.20 -2.40 -4.00 -2.00 -5.70 -8.30
46 0.00 .10 -3.20 -3.80 -2.50 -1.20 -.30 -3.80 1.90 1.30 -1.30
47 -.50 -2.00 -3.20 -2.70 -1.30 .10 -1.10 -.30 1.40 -.30 -2.70
48 3.30 1.10 -4.40 -5.20 -4.90 -4.00 -3.60 -2.90 1.60 -1.00 -5.60
49 -.50 -2.20 -5.20 -4.40 -4.50 -4.60 -3.50 -3.30 .60 -.20 -3.10
50 2.70 .30 -1.90 -3.00 -2.00 1.60 -2.20 .80 3.60 .40 -1.80
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EZ o2
PosT PRE
INT6 INT?7 INT8 INTS INT2 INT3 INT4 INTS INT6 INT7 INT8

1 -2.80 -1.30 -1.80 -1.50 -2.70 .50 -.30 -2.70 -3.00 -1.00 -1.10
2 -4.20 -1.40 -1.50 -2.00 -.10 1.50 -1.60 -4.60 -2.60 -.50 0.00
3 -1.60 2.20 1.00 -.10 -3.10 -1.00 -.50 -4.70 -3.70 -2.30 -1.70
4 -3.60 -3.60 -3.50 -3.10 -1.10 3.00 -.30 -2.30 -1.30 -1.00 -.10
5 -2.60 -3.50 -3.10 -4.90 -6.00 2.80 1.10 -2.90 -2.00 -4.00 -2.60
] -4.30 -3.40 -3.30 -3.90 -2.60 2.30 -.10 -2.00 -2.00 -1.80 -1.20
7 -3.90 -2.60 -2.70 -.10 -7.50 1.70 .50 -3.40 -5.40 -4.00 -.70
8 -3.00 -1.60 -1.50 -2.00 -2.70 .60 -.80 -3.60 -2.40 -.90 -1.10
9 -3.20 -3.20 -3.90 -3.80 1.00 5.00 3.20 -.30 -1.00 -.90 -1.30
10 -3.00 -1.30 -5.30 -5.40 -5.30 4.60 -1.30 -5.20 -3.00 -1.60 -1.90
11 -1.20 -1.80 -1.70 -1.20 -1.90 3.10 10 .10 .20 -.10 -.50
12 -1.40 -1.40 -1.40 -.90 .20 .40 -1.00 -.80 -1.70 -1.10 -.90
13 -.80 -.70 -.50 0.00 .80 3.30 1.00 -1.50 .90 .10 .70
14 -1.40 -1.60 -.40 -1.50 -.20 3.70 1.20 -2.50 -1.30 -2.00 -1.30
15 -1.30 -1.00 -2.10 -2.50 -4.30 -2.30 -4.00 -6.10 6.40 -6.20 -6.10
16 -5.00 -3.80 -3.00 -4.00 -2.90 1.10 -.40 -3.00 -3.40 -2.60 1.50
17 -2.30 -.80 -.10 -1.20 -1.50 1.70 -1.60 -2.00 -2.60 -1.90 -.80
18 -4.80 -2.30 -.50 EN -1.90 .80 -.20 -3.00 -4.30 -3.50 -1.10
19 -1.00 -.90 .20 .30 -1.50 1.40 -.20 -2.50 -3.30 -.90 -1.30
20 -.60 -1.00 -.70 -1.40 -3.10 .90 -2.20 -1.90 -1.70 -1.70 -.50
21 -3.00 -2.90 -2.70 -1.70 -2.80 .40 .20 -2.00 -2.90 -2.00 -1.70
22 -4.30 -3.30 -4.40 -4.40 -3.20 -3.20 -2.50 -1.50 -1.20 .10 -.10
23 -1.80 -1.00 -1.10 -1.30 -1.00 5.40 6.80 1.40 -2.60 -3.00 -2.60
24 -.20 -1.90 -1.10 -.50 -1.10 1.80 -2.40 -3.40 -2.90 -3.60 -3.50
25 -3.50 -1.70 -2.10 -1.00 -2.20 .10 -1.30 -3.30 -2.10 -.90 -2.50
26 .90 1.20 -.60 .60 -3.60 2.00 1.10 -1.60 -2.40 -2.90 -2.00
27 -7.00 -3.30 -3.20 -3.50 -2.80 .60 -.10 -3.30 -5.90 -3.00 -3.00
28 -.10 .10 .80 2.80 .30 4.30 3.30 -.50 -.80 0.00 0.00
29 -4.20 -4.40 -3.30 -4.80 -1.40 2.90 .50 -2.20 -2.80 -3.00 -3.50
30 -3.80 -3.30 -4.20 -5.00 3.50 .20 1.30 .60 .30 .40 -.40
31 -3.20 -2.20 -1.70 -2.90 -3.70 2.30 2.30 -1.00 -2.90 -1.70 -2.10
32 -1.70 -1.80 -3.10 -1.70 -.50 6.00 4.10 1.90 .10 -.80 -1.50
33 -2.20 -3.90 -4.60 -2.70 -.90 4.00 1.50 -1.80 -4.10 -4.70 -3.80
34 -3.60 -3.40 -1.70 -3.10 .50 5.00 .20 3.70 -1.80 -.80 -1.40
35 -4.80 -5.00 -5.70 -4.30 -1.80 3.00 -.40 -4.70 -4.60 -3.60 -3.20
36 -4.00 -1.90 -.70 -1.00 -4.00 -.10 -2.00 3.90 -4.20 -5.00 -4.20
7 -.10 -1.70 -1.10 -1.30 -1.40 3.40 1.40 1.20 -1.60 -2.10 -1.90
38 -7.60 -3.20 -2.30 -4.90 -6.90 1.60 -.40 -2.90 -3.30 -1.60 -.70
39 -3.60 -2.90 -3.60 -4.20 -2.20 3.20 -.50 .3.20 -3.00 -1.30 -1.10
40 -1.20 -.60 -.50 -.70 -.30 3.20 1.30 1.20 1.80 .90 1.80
41 -1.30 -1.80 -.50 -1.10 -.80 2.40 .60 -2.00 -.50 -2.20 -1.20
42 .70 -.70 0.00 .40 -2.00 1.80 -1.10 -1.40 -1.60 -4.20 -3.20
43 .30 -.20 -.10 1.00 -3.30 1.60 .40 -.20 1.80 .50 -.50
44 -6.10 -4.80 -4.40 -2.90 -6.80 .10 -2.70 -5.40 -5.30 -4.70 -3.80
45 -7.50 -6.90 -6.00 -5.00 -4.60 -1.10 -5.00 -6.00 -6.80 -6.60 -5.40
46 -1.20 -.40 -.30 -1.30 -2.60 3.10 2.40 -.60 -1.60 -.70 -.30
47 -2.00 -1.30 1.30 .30 -.20 .30 -.90 -1.90 <1.10 .50 1.10
48 -7.10 -7.10 -4.30 -4.70 -2.00 4.90 4.00 -2.90 -4.40 -3.80 -3.30
49 -3.00 .2.60 -3.00 .2.30 -2.80 1.70 1.50 1.70 -1.70 -.50 -.50
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AMPLITUDE
(>4
Pee RARE
INT9 INT2 INT3 INT4 INTS INT6 INT7 INT8 INT9 INT2

1 -.60 -.40 -1.10 -.80 -.90 -.40 -.40 -.10 -.70 -5.00

2 -.80 0.00 -1.30 -1.30 -.50 .50 1.40 1.60 1.20 -.20

3 -2.40 1.00 .20 -.60 -.70 -.10 0.00 .80 .70 -4.80

4 .10 1.00 1.10 1.80 2.20 3.40 3.00 2.30 2.10 -2.20

5 -3.30 .50 -1.20 .10 -.20 -.30 -.90 -.60 -.10 -6.00

6 -1.40 0.00 .20 .10 .40 -.30 -.20 .10 .20 -4.40

7 .20 -1.60 -.80 -.90 -2.30 -2.40 -2.50 1.90 -.20 -9.90

8 -1.60 .40 -.20 0.00 -.40 -.90 .40 .20 .10 -3.50

9 -.50 -.10 -.80 -.40 -.50 0.00 .80 .20 .80 -2.90
10 -1.50 -.90 -2.00 -3.10 -2.50 -3.30 -2.70 3.00 -3.80 -8.90
11 -.40 -2.30 2.90 -.40 .10 .30 -.20 -.70 -.10 -2.80
12 -1.30 -.10 .50 -.60 -.30 -.50 -.60 -.40 -.40 -.30
13 .80 1.40 3.90 1.30 -1.30 .40 1.10 1.10 1.00 .10
14 -.80 -1.10 1.90 -.40 -3.00 -2.70 -3.10 -3.40 -3.50 -.90
15 -7.00 -4.40 -1.00 -3.00 -4.90 -6.50 -6.20 -5.00 6.90 -2.20
16 -1.90 -3.40 1.60 -1.20 -3.90 -3.90 -3.40 -3.20 -3.10 -2.20
17 -1.40 -2.60 1.90 .20 -.40 -1.00 -.60 .60 -.10 -3.20
18 -.90 -1.80 .70 -2.00 -3.00 -4.30 -2.30 .20 -.90 -.80
19 -1.20 -2.30 1.80 1.00 -2.90 -2.80 -2.50 1.60 -.90 -.70
20 -.50 -3.40 1.70 -1.30 -1.10 -.10 -.40 .50 0.00 -4.20
21 -1.40 0.00 .90 3.20 6.80 8.10 6.20 1.60 0.00 -4.50
22 -.20 -1.20 -1.60 -1.10 -.60 .20 1.70 2.10 2.10 -5.60
23 -2.70 -1.60 -.50 -2.60 -1.40 -1.10 1.20 1.20 1.60 -1.70
24 -2.50 -.60 -.80 -.30 1.80 4.20 7.80 9.30 9.20 .80
25 -2.20 -1.90 -2.60 -2.70 -1.90 -.60 1.40 '1.60 2.30 -3.40
26 -1.00 -.50 -1.70 -1.50 -1.70 -1.50 -1.10 2.10 -2.40 -4.80
27 -3.10 .50 1.80 .80 1.60 3.70 5.60 6.00 3.80 -3.80
28 .40 -1.20 -1.20 -1.60 -.40 2.50 6.40 8.60 10.40 -2.30
29 -2.80 0.00 0.00 -.70 -.80 -1.00 .40 2.60 3.50 -3.70
30 -.40 2.70 -5.00 -6.50 -5.10 -.90 4.50 6.10 4.60 -6.20
31 -2.70 -.70 -1.00 -1.60 -2.10 -1.60 -1.50 -2.50 -3.30 -5.80
32 -1.10 -1.90 -3.40 -3.30 -3.60 -3.90 -3.30 -2.90 -1.90 -2.60
33 -2.30 .20 -.10 1.70 .20 .40 -.50 .30 .70 -2.70
34 -1.70 .90 -.30 -.50 -1.60 -1.00 -1.00 -1.30 -2.60 -4.70
35 -2.40 -1.30 -2.10 -1.90 -1.70 -2.00 -.80 -1.60 -2.60 -3.20
36 -3.50 -.30 -.80 0.00 .80 2.80 4.60 5.00 4.00 -4.10
37 -1.20 -.50 -.90 .20 1.50 .60 1.80 1.70 1.20 -2.30
38 0.00 -1.90 -3.00 -3.90 -4.20 -4.20 -3.90 -1.90 -1.00 -10.70
39 0.00 1.20 1.50 1.30 1.40 2.30 2.40 2.80 2.20 -5.20
40 .60 -.50 1.60 1.60 2.20 3.70 4.00 3.70 4.20 -.70
41 -2.10 .20 3.20 1.60 -1.20 0.00 -.70 -.50 -.70
42 -3.80 -.60 2.30 1.30 .70 -.60 -1.70 0.00 -1.00
43 -1.40 -4.10 .60 0.00 .10 .20 -.40 -1.70 -2.60
44 -3.10 -5.40 2.90 -1.00 -2.70 -3.80 -3.30 -.80 -6.80
45 -4.70 -4.00 -1.40 -4.40 -6.90 -6.30 -6.10 -3.50 -4.20
46 .40 -5.70 .80 1.50 -2.20 -2.90 -1.90 -.10 -5.40
47 .20 .20 .70 .30 -2.50 -1.00 -.60 .10 .40
48 -3.40 -1.90 4.80 4.00 -3.10 -4.30 -2.20 -2.90 -3.40
49 -1.90 -4.30 -.60 -1.30 -4.70 -4.70 -3.80 -3.30 -3.20
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cZ =
POST Re
INT3 INT4 INTS INT6 INT7 INT8 INTS INT2 INT3 INT4

1 -2.00 -.80 -2.70 -3.50 -1.80 -2.20 -1.90 -1.40 .20 -.30
2 .90 .30 -5.40 -3.90 -1.90 -2.40 -1.50 -.60 1.20 -1.10
3 -1.10 2.90 - 60 -1.70 2.40 2.10 10 -1.80 ..50 .20
4 2.00 -.10 -3.50 -3.40 -3.60 -3.50 -3.00 -.90 1.30 -.80
5 5.10 3.30 -.60 -.50 -2.80 -2.70 -3.50 -4.20 0.00 -.90
6 1.90 1.20 -2.70 -4.40 -3.30 -3.10 -4.10 -2.20 1.10 -.40
7 1.60 4.90 .40 -6.30 -4.40 -1.40 1.90 -5.20 1.60 .10
8 1.30 -.10 -3.10 -2.30 -1.60 -1.90 -1.80 -1.40 .40 -.70
9 4.40 6.20 -.70 -2.50 -3.20 -3.60 -3.10 .40 2.30 .90
10 4.00 4.20 -3.70 -4.00 -5.40 -6.60 -5.30 -3.70 2.90 -1.10
11 3.00 -.30 -.80 -1.00 -1.60 -.80 -.70 -1.30 1.50 -.30
12 -.50 -1.00 -.70 -1.30 -1.50 -1.40 -.80 0.00 .50 -.80
13 3.50 1.20 -2.40 -2.20 -1.80 -1.10 -1.10 20 1.60 .10
14 2.70 .80 -2.80 -1.90 -1.70 -1.00 -2.00 -.20 2.70 .80
15 .40 -1.30 -2.50 -2.20 -1.40 -2.40 -3.20 -2.30 -2.70 -3.50
16 2.20 -.70 -4.10 -4.70 -3.10 -2.70 -3.90 -2.10 .90 .20
17 -.10 -1.80 -1.860 -1.90 -.40 .70 -.50 -1.10 -.20 2.90
18 .90 -1.40 -4.40 -4.90 -2.60 -.60 -.60 -1.10 .90 .20
19 2.50 .30 -.60 -1.50 -1.10 0.00 10 -1.70 -.40 -.90
20 .50 -2.10 -1.60 -.90 -1.00 -.50 -2.00 -2.50 .40 -1.30
21 .90 3.20 -.20 -2.50 -3.10 -2.30 -1.70 -.80 .40 .80
22 -4.60 -2.10 -1.50 -2.50 -2.20 -3.50 -3.50 -1.40 -1.00 -.20
23 3.60 8.20 .70 -2.70 -2.00 -1.00 .50 -.90 1.30 2.00
24 3.40 1.10 1.20 0.00 -1.70 -1.20 -.70 -1.30 1.00 -1.20
25 .10 .70 -3.60 -4.20 -2.30 -1.50 -1.40 -1.90 -.60 -.70
26 1.80 4.20 1.10 -.90 -.10 -.40 1.20 -2.10 0.00 .80
27 1.60 4.80 1.80 -4.80 -2.30 -2.40 -1.40 -1.90 -.50 -.50
28 4.30 6.20 2.80 .70 1.10 .50 2.50 40 3.20 1.40
29 -1.40 -2.40 -2.20 -3.40 -3.50 -2.90 -5.20 -.70 2.10 1.70
30 -1.90 .30 1.10 -1.40 -1.50 -1.90 -2.90 -2.10 0.00 1.60
31 -.40 5.90 2.30 -.50 -.70 -1.80 -3.10 -2.60 _80 1.00
32 5.60 9.70 6.30 -.10 -.20 -1.80 -.90 10 4.90 2.30
33 5.20 4.90 .70 -4.00 -3.50 -4.00 -1.10 -1.90 2.40 1.80
34 2.60 2.80 -4.60 -2.80 -3.30 -.90 -2.50 -.50 1.80 .40
35 3.00 4.80 -.10 -2.70 -3.90 -4.80 -3.40 -1.50 2.50 .40
36 1.70 2.20 -.40 -1.40 -.90 -.50 -1.50 -2.60 .10 -.70
37 3.90 2.30 -1.80 -1.00 -2.10 -1.60 -1.90 -.30 1.40 0.00
38 .80 1.80 -5.70 -6.90 -4.30 -1.60 -4.70 -2.20 2.70 .80
39 2.60 1.50 -2.80 -4.20 -3.20 -3.30 -3.50 -1.60 1.40 .20
40 5.80 4.30 .60 1.70 1.30 1.60 1.10 0.00 1.10 .70
41 3.20 1.80 -.80 -.50 -1.30 .30 -.40 -1.10 .80 10
42 3.10 1.50 2.50 1.30 0.00 .60 .30 -1.90 .80 -1.60
43 1.10 -.80 -1.00 1.70 .20 .30 -.30 -2.00 .20 .50
44 .30 -3.70 -7.20 -6.10 -5.40 -4.80 -3.80 -5.10 .50 -1.20
45 -1.00 -5.50 -7.60 -7.20 -7.80 -6.60 -5.60 -2.80 0.00 -1.90
46 1.00 1.30 -.50 -1.00 -.50 -1.00 -2.30 -1.40 1.90 2.00
47 2.90 2.00 0.00 .20 -.10 1.70 -.10 .30 .60 -.60
48 3.50 3.20 -3.40 -6.40 -5.10 -3.70 -3.80 -1.20 4.40 2.70
49 1.10 .30 -2.50 -2.80 -2.00 -2.30 -1.90 -1.80 .80 .80
50 3.70 0.00 -2.50 -3.80 -2.10 -1.80 -1.10 -.30 .50 -1.00
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Pz 4
RARE
INTS INT6 INT7 INT8 INT9 INT2 INT3 INT4 INTS INT&

1 -1.50 -1.80 -.60 -.50 -.30 -.60 -1.50 -1.10 -1.50 -1.00
2 -3.10 -2.60 -1.60 -.80 -1.40 -.10 -1.00 -.80 -.90 -.20
3 -2.70 -2.40 -1.80 -.90 -1.70 .50 0.00 -.80 -.70 0.00
4 -1.60 -.90 -.40 -.10 -.30 .20 .40 .60 .90 1.90
5 -2.90 -1.40 -3.00 -1.20 -3.10 1.00 -1.00 .80 -.30 .50
6 -1.60 -.90 -.90 -.60 -1.00 0.00 -.10 -.10 10 -.20
7 -2.10 -2.80 -2.30 -1.00 -1.40 -1.10 -.90 1.40 -2.10 -1.60
8 -2.30 -1.80 -1.40 -1.90 -2.00 .20 -.10 -.10 -.20 -.70
9 -.40 0.00 .60 -.70 -.20 -.80 -1.40 -1.90 -1.70 -1.30
10 -3.30 -1.50 -.60 -1.60 -1.20 -.60 -1.60 -3.20 -2.70 -3.80
11 -.30 .40 .20 -.10 .10 -2.60 -.10 -1.70 -1.00 -.60
12 -.50 -.90 -.70 -.50 -.80 -.40 .30 -.50 -.10 0.00
13 -1.30 -.60 -.50 -.40 -.30 .40 1.50 .20 -1.20 .20
14 -2.30 -1.00 -1.40 -1.10 -.80 -1.20 1.00 -.70 -3.00 -2.00
15 -4.40 -4.70 -4.60 -4.70 -5.50 -3.40 -2.20 -3.80 -4.50 -5.70
16 -1.50 -1.00 -1.50 -.90 -1.10 -2.80 1.00 -1.00 -2.40 -1.60
17 -2.10 -1.50 -1.20 -1.10 -1.20 -1.10 1.20 -.40 -1.20 -.40
18 -1.20 -1.40 -1.50 -.10 -.80 -1.70 .70 1.80 -1.30 -2.70
19 -1.80 -2.90 -.80 -1.50 -1.30 -1.50 .30 .20 -2.10 -2.30
20 -1.10 -.90 -.80 0.00 .20 -2.30 1.20 -.50 10 .90
21 .60 -.20 .10 -.60 -.30 0.00 .50 1.60 3.30 5.30
22 .30 .40 1.20 .80 .40 -.80 -1.10 -.60 -.40 .70
23 -.20 -1.80 -1.50 -2.90 -3.10 -.90 -1.60 1.90 -1.70 -1.40
24 -2.40 -2.20 -3.50 -2.70 -2.70 -.30 0.00 .70 2.20 5.10
25 -2.40 -.70 -1.30 -2.10 -2.30 -2.90 -4.70 -3.50 -4.40 -1.40
26 -.70 -1.30 1.50 -2.00 -1.10 -.80 -1.40 -1.60 -1.20 0.00
27 -2.00 -2.70 -1.50 -2.10 -1.70 0.00 1.00 .50 2.80 5.40
28 -.90 -1.00 .20 -.30 Q.00 -1.80 -1.70 1.40 -1.60 2.40§
29 -.20 .70 -1.10 -2.00 -2.00 .20 .30 -.40 -.50 -.10
30 1.30 .60 0.00 -.80 -1.10 -2.10 -3.20 -3.10 -1.90 3.10
31 .30 -.90 -.30 -1.70 -2.00 -1.80 -1.50 -2.20 -2.80 -2.70
32 3.00 1.70 .50 .80 -.20 -.90 -2.90 -2.50 -3.70 -4.80
33 .20 -.60 -2.40 -1.70 -1.90 0.00 -.60 1.00 -.10 -.30
34 -1.30 .20 .20 -1.00 -1.50 .30 -.60 -.90 -2.60 -.90
35 -2.30 -1.50 -2.40 -1.50 -1.30 -1.10 -1.00 1.20 1.20 -1.00
36 -1.80 -2.00 -3.30 -3.40 -3.30 -.60 -.60 -.40 -.40 1.60
37 -1.40 -.90 -.70 -.70 .30 -1.00 -1.80 -.30 .60 .30 §
38 -.80 1.00 -1.10 1.60 1.30 -1.80 -1.90 3.40 -5.40 -4.70
39 -1.60 -1.20 -.20 -.40 -.30 .70 1.20 .20 .50 .80
40 -1.30 1.40 .20 1.70 .60 -1.30 -.20 .30 -.20 .50
41 -1.20 .90 -1.00 -.60 -1.70 -.60 2.10 .50 .30 .80}
42 -1.30 -.10 -1.90 -2.00 -3.50 -.60 1.40 1.70 2.50 2.90
43 .70 1.70 -.80 -.80 -1.20 -3.20 .40 .50 1.00 .50
44 -2.70 -2.70 -2.80 -1.80 -1.70 -3.40 3.30 .50 .20 0.00
45 -2.90 -3.30 -3.50 -3.00 -3.00 -2.70 0.00 -1.80 -3.40 -2.60
46 1.30 -.10 -.60 -.80 .50 -3.70 -.40 1.60 .20 -.40
47 .40 .80 1.20 1.40 .90 .70 1.10 2.10 -.40 1.80
48 -1.30 -1.20 -.90 -.80 -1.50 -1.40 3.10 1.80 -2.30 -2.50
49 -.30 -.20 -.40 -1.40 -3.00 -.70 -.80 -2.60 -3.30
50 -1.20 -1.40 0.00 .10 .70 .70
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P=
POST
INT7 INT8 INT9 INT2 INT3 INT4 INTS INT6 INT7 INT8

1 -1.40 -.60 -1.10 -3.20 -1.50 -1.40 -1.10 -1.50 -.80 -.90
2 .60 1.10 1.10 -.90 1.20 1.10 -3.10 -2.40 -1.30 -1.30
3 -.40 .20 1.00 -2.70 -.20 3.20 1.90 .30 2.90 3.00

4 1.50 .80 .70 -1.80 .50 -1.00 -2.40 -1.50 -2.00 -2.30
5 -.80 -.40 -.80 -3.10 1.80 .70 -.60 o 1.90 -.30 0.00
6 -.10 .20 .50 -3.80 -.30 -.10 -2.10 -2.60 -1.60 -1.30

7 -1.90 -1.60 -.40 -7.60 .90 1.80 -.60 -3.30 -1.90 -.10
8 .10 -.20 -.10 -1.10 1.40 -.20 -2.20 -1.50 -1.60 -1.50
9 -.70 -.70 -.20 -2.60 2.00 2.30 -1.40 -1.00 -1.50 -1.70
10 -3.20 -3.30 -3.80 -6.20 1.20 1.70 -1.40 -.40 -2.60 -4.80
11 -.50 -1.10 -.80 -2.10 1.70 -1.10 -.30 -1.00 -.90 0.00
12 -.30 -.10 -.20 -.40 -.40 -.90 -.20 -.60 -.90 -1.00
13 .40 10 .20 -.40 2.40 .40 -1.70 1.50 -1.80 -1.00
14 -2.20 -2.40 -2.60 -.90 1.80 .40 -2.40 -1.60 -.90 -.80
15 .5.80 -5.20 -6.30 -1.20 -.80 -1.50 -1.80 1.50 -.70 -1.004.
16 -1.90 -2.20 -2.10 -1.80 1.40 -.50 -2.20 1,901 . -1.30 -1.60
17 .20 1.00 -.10 -2.70 -1.00 -2.20 -2.00 -.90 .30 .30
18 -.80 .60 -.60 -.50 .60 -1.00 -2.50 -2.50 -1.50 .30
19 -2.90 -1.80 -1.20 -.50 1.20 -.10 .30 -1.10 -.20 .40
20 .20 .50 0.00 -3.10 .20 -1.40 -.80 -.30 -.60 -.50
21 6.50 5.50 4.10 -1.70 .30 1.90 .40 -.50 -1.40 -1.10
22 2.10 3.10 3.70 -3.40 -2.30 -.50 .40 -.10 -.50 -1.70
23 1.80 1.20 2.70 -.40 2.20 3.00 .80 -.40 -.40 -1.10
24 9.20 11.30 11.90 0.00 2.10 .80 2.00 1.00 -.40 -.80
25 -.20 1.20 .80 -3.80 -2.10 -1.50 -4.40 -2.90 -2.10 -.20
26 2.00 2.70 2.60 -3.90 -2.00 2.20 1.40 .80 .50 -.70
27 8.80 10.20 9.80 -2.20 .70 2.20 1.20 -.10 .40 .50
28 6.00 8.70 10.00 -1.70 2.90 3.00 2.40 2.20 1.80 1.50
29 1.10 3.50 4.80 -2.90 -1.50 -1.80 -1.50 -2.30 -2.00 -2.50
30 8.20 10.10 8.30 -3.30 -.80 .80 2.00 1.00 .40 .40
31 -2.00 -2.30 -2.20 -4.30 -1.60 2.20 2.50 1.80 .90 -.80
32 -4.20 -4.20 -2.00 -.80 4,70 6.00 7.10 2.80 1.60 .40
33 -.50 -.50 .50 -2.70 4.40 3.70 3.60 -2.20 -.30 -3.40
34 -1.40 -.50 -1.10 -4.30 -.60 2.10 -2.00 1.20 -1.00 -.20
35 .80 1.20 .80 -2.00 3.20 4.20 3.00 2.50 0.00 -.90
36 3.50 4.90 5.10 -3.10 .70 1.10 . 1.10 .10 -.30
37 .30 .80 -.40 -.80 1.50 .80 . -.10 -.10 -.70
38 -5.10 -1.70 -1.00 -4.40 -.20 0.00 . -2.40 -3.40 -.40
39 1.60 2.40 2.60 -4.60 .20 0.00 . -3.10 -3.00 -3.40
40 1.40 1.20 3.60 .10 4.70 3.10 . 1.80 1.00 1.80
41 .10 .50 -.20 -1.80 1.40 .40 . .60 -.30 .30
42 1.10 3.00 2.00 -.70 2.20 1.00 . 3.70 2.90 2.30
43 -.60 -.90 -2.10 -1.30 .10 0.00 . .80 -.80 -1.50
44 -.60 .80 .90 -4.80 1.40 -1.50 -2.30 -2.00 -2.10
45 -2.80 -2.50 -2.20 -2.80 -.10 -2.40 -3.30 -4.20 -3.50
46 -1.20 -1.10 -.80 -4.40 .20 1.80 .70 .80 -.10
47 .30 2.60 1.40 -.30 2.60 1.50 1.50 1.20 .80
48 -1.00 -1.50 -1.50 -1.50 3.50 3.20 -2.60 -1.00 -1.00
49 -2.50 -2.70 -2.70 -1.80 .80 1.10 -.50 -.20 -.40
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E 1 Group (5) x Site (3) x Stimulus (3) x Interval| Four-way
2-9) Anova
E 2 Group (5) x Site (3) for Pre Intervals 2-9 Two-way
' Anova
E 3 Group (5) x Site (3) for Rare Intervals2 -9 Two-way
Anova
' |
E 4 Rare Intervals: 3 (100-150msec) & 4 (150 Fisher
200msec) for all Groups (5) at all Sites (3) LSDs
E 5 Rare Intervals: 6 (250-300msec), 7 (300- Fisher
350msec), 8 (350-400msec) & 9 (400-450msec) LSDs
for all Groups (5) at all Sites (3)
|
E6 Group (5) x Site (3) for Post Intervals 2 - 9 Two-way
. Anova
E 7 Post Intervals: 2 (50-100msec) & 4 (150 Fisher
200msec) for all Groups (5) at all Sites (3) LSDs
E 8 Post Intervals: 5 (200-250msec), 6 (250- Fisher
300msec) & 7 (300-350msec) for all Groups (5) LSDs

at all Sites (3)

NOTE:

The significance criteria for all the above analyses
was set at the .05 level. Greenhouse- Geisser
corrections for repeated measures were used in all

Anova analyses.




E1l - 4 way Anova

L *
Group (5) x Site (3) x Stimulus (3) x Interval (2-9)

css/3: Summary of all Effects; design:

general :tprQUE;’;‘iz-\sftgf_cp;'" 32tpr?q. 4-int2- ~

X - %3 v i) > aTinken _

.manovej A-€ Fz C2 P2 Rex/Race/| INT 2-9,

LA
dt mMsS dt MsS

Effect Effect Effect Error Error F p-level G G.

1 Geasf A 69.1232 45 75.30378 . 91792 .461848
*2 SiTe A 2 303.0588 S0 6.66995 45.43644 . 800000 000
*3 STiM(Ton; 2 168.4725 %0 27.44209 6.13920 . 003167 Xelel-Y
*6 INTRRUAL . 7 389.7734 318 8.02213 48.58729 0.000000 Q00|
*12 GPx SR 8 31.5182 S0 6.66995 4.72540 . 000074 - 000S

13 GLPx STim 8 51.4840 90 27.44209 1.87610 .073472 - OBOO
=23 STimx ST & $.6205 180 1.76170 5.46089 .000358 | . o029
* 14 GRI> INT, 28 19.8362 315 8.02213 2.47268 . 000087 .°°4|
%24 STEx (NT. 14 24.9741 630 .70587 35.38066 0.000000 r000|
* 34 STim 5 INT, 14 84.3465 630 2.47593 34.06655 0. 000000 - Ooo|
*123 16 11.1420 180 1.76170 6.32456 .0ooooo » DOOI
*124 Sé 2.0843 630 .70587 2.95288 . 000000 * 000
*134 Sé 20.1177 630 2.47593 8.1252% . 000C00 -+ O0o|
*234 28 4.9461 1260 . 26611 18.58644 0.000000 - QOo|
*1234 112 1.8275 1260 .26611 6.86751 0.000000 + 0O
G STEX STt >4 [<TBA ol.

*Marked effects significant at p<.0500



E2 - Two way Anova

Group (5) x Site (3) for PRE Interval 2

css/3: Summary of all Effects; design:
general 1-GROUP, 2-sitefcp
manova
dr MS dr MS
Effect Effect Effect Error Error F p-level 66
1 4 5.184100 45 9.265206 .55952 .693170 \
*2 2 8.259267 30 . 528074 15.64035 .§goo001 -000
12 8 . 766850 3a .528074 1.45216 . 186140 - 21 84
*Marked effects significant at p<£.0S500
.
Group (5) x Site (3) for PRE Interval 3
css/3: Summary of all Effects; design:
general 1-GROUP, 2-sitefcp
manova
ar MS at MS
Effect Effect Effect Error Error F p-level G;G;
1 4 10.55056 45 7.868667 1.34083 . 269579
*2 2 12.14827 %0 . 787445 15.42745 .000002 - 000
12 8 .90752 90 . 787445 1.15248 .336829 | - 3429
*Marked effects significant at p<.0500
.
Group (5) x Site (3) for PRE Interval 4
fee
css/3: Summary of all Effects; design:
general 1-GROUP, 2-sitefcp @
manova
dr MS dt MS G 6
Effect Effect Effect Error Error F p-level .
1 4 6.6346423 45 3.020488 73546 . 572660
*2 2 14.94086 90 . 930022 16.06506 .0oco01 - 000|
12 8 1.10203 sa . 930022 1.18495 .316974 |- 3272
*Marked effects significant at p<£.0S00
L
Group (5) x Site (3) for PRE Interval 5
css/3: Summary of all Effects; design:
general 1-GROUP, 2-sitefce @
manova
df MS dt MS G G
Effect Effect Effect Error Error F p-level
1 & 8.7%9073 45 7.408741 1.18654 . 329644
*2 2 41.65688 S0 .546408 76.23776 . 0000Go ¢ OOO‘
*12 8 1.85703 30 .546408 3.39863 .001870 .cxgeyﬂ

*Marked effects significant at p£.0S00



E2 - Two way Anova

Group (5) x Site (3) for PRE Interval 6

R

css/3: Summary of all Effects; design:
general 1-GROUP, 2-sitefcp <6 >
manova
ar MS dr MS )
Effect Effect Effect Error Error F p—level G G
1 4 . 42500 4S 7.840444 .05421 . 994324
*2 2 46.85287 30 . 602933 77.70820 .goooaoo el e |
*12 - 2.79045 S0 . 602933 4.62812 . 000093 . 000S
*Marked effects significant at p<.0500
*
Group (5) x Site (3) for PRE Interval 7
css/3: Summary of all Effects; design:
general 1-GROUP, 2-sitefce @
manova
dar MS dt MS
Effect Effect Effect Error Error F p-level G G.
1 4 1.79327 45 7.184593 . 24960 . 908406
2 2 16.29086 SO .513592 31.71945 . 000c00 Q00!
12 8 .90187 S0 .513592 1.75600 .096373 . “66
*Marked effects significant at p<.0500
*
Group (5) x Site (3) for PRE Interval 8
css/3: Summary of all Effects; design:
gseneral 1-GROUP, 2~sitefcp
manova
dr mMS dt MS
Effect Effect Effect Error Error F p-level 6 G
1 4 3.730434 45 6.078741 .61369 .654974
*2 2 | 9.333264 90 .595230 15.68011 .00000: | +0QOl
*12 8 1.291183 90 . 595230 2.16922 .037187 |, oé%

*Marked effects significant at p<£.0500

Group (5) x Site (3) for PRE Interval 9

css/3: Summary of all Effects; design:
general 1-GROUP, 2-sitefcp
manova
df MS [=}d MS GG
Effect Effect Effect Error Error F p-level
1 4 2.177166 45 6.077029 . 358262 . 836929
*2 2 1.971670 S0 . 4407412 4.473533 .014053 'ozss
12 a . 7656417 S0 .440741 1.736658 - 100626 . !zqg
*Marked effects significant at p<.0S500



E3 - Two way Anova

Group (5) x Site (3) for RARE Interval 2

RARe %2

css/3: Summary of all Effects: design:

general 1-GROUP, 2-sitefcp @

manova

drf MS dr MS

Effect Effect Effect Error Error F p~level G 6
*1 4 21.73907 45 S$.165608 4.208424 . 005591

2 2 . 60560 S0 .255119 | 2.373797 .098934 | W7

i2 8 .51352 S0 .255119 2.012852 .Q53630 '08\3

*Marked effects significant at ©<.0500 i
.
Group (5) x Site (3) for RARE Interval 3
Rrre %3

cass/3: Summary of all Effects; design:

general 1-GRQUP, 2-sitefcp

manova

dt MS dt MS .

Effect Effect Effect Error Error F p-level |G G
*1 4 40.93523 45 5.296288 7.729040 . 000079
*2 2 2.05940 90 .437911 4.702780 .011414 e 02(3

12 8 .79448 90 .437911 1.8142S58 . 084543 .u zz

*Marked effects significant at p5.0500

Group (5) x Site (3) for RARE Interva1v4

—"Rare *4

css/3: Summary of all Effects; design:

general 1-GROUP, 2-sitefcp @

manova

df MS df Ms 6 6

Effect Effect Effect Error Error F p-level

1 4 6.626067 45 7.03318S .942118 .448422
*2 2 3.765268 %0 .576185 6.534828 .002239 |-00Q3%7
*12 8 1.550767 90 .576185 2.691439 .010600 .0‘54_

*Marked effects significant at ps.0500

Group (5) x Site (3) for RARE Interval 5

Rare #5

cssa/3: Summary of all Effects; design:

general 1-GROUP, 2-sitefcp @

manove

df MS ar MS

Effect Effect Effect Error Error F p-level GG.

1 4 16.88793 45 9.445755 1.78789 147913
*2 2 8.41520 S0 .757111 11.11489 .000049 | -000l\
*12 8 5.77953 90 .757111 7.63367 .000000 |- oool

*Marked effects significant at pg

. 0500



E3 - Two way Anova

Group (5) x Site (3) for RARE Interval 6

RARE*E

css/3: Summary of all Effects; design:
general 1-GROUP, 2~sitefcp @
manova
df MS dt MS
Effect Effect Effect Error Error F p—-level GG.
*1 [ 42.87623 45 12.20698 3.51243 .014057
*2 2 16.14107 90 1.01392 15.91949 . 000001 - 0001
*12 a8 8.31898 [0 1.013%92 8.20478 . 000000 - sool
*Marked effects significant at p<.0500
L3
Group (5) x Site (3) for RARE Interval 7
Rage ® 7
css/3: Summary of all Effects; design:
general L-GROUP, 2-sitefco
manova
[=}d MS ar mMS
Effect Effect Effect Error Error F p-level (=X C]
*1 4 105. 7098 45 11.72239 $.01778 .0o00o19
*x2 2 18.3381 90 1.15467 15.881460 . 000001 - o000l
*12 8 11.6637 90 1.15467 10.10132 . 000000 . cool
*Marked effects significant at p<.0500
*
Group (5) x Site (3) for RARE Interval 8
Rare *%
c8s/3: Summary of all Effects; design:
general 1-GROUP, 2-sitefco ( ]b)
manova :
df MS daf MS
Effect Effect Effect Error Error F p-level G G
*1 4 97.86256 45 13.71967 7.13301 .0D0155
*2 2 29.30480 S0 1.24281 23.58515 .000000 |-oool
*12 8 16.04472 S0 1.24251 12.91314 . 000000 - OOO‘
*Marked effects significant at p<.0S500 Ve
*
Group (5) x Site (3) for RARE Interval 9
css/3: Summary of all Effects; design:
general 1-GROQUP, 2-sitefcp @
manova
df MS af MsS
Effect Effect Effect Error Error F p~level G&
:1 4 88.31349 45 13.97080 6.32129 .000400
.2 2 39.85146 30 1.38883 28.70041 . 000000 -oool
12 8 20. 69280 0 1.328853 14.90263 . 0gooco - oool
*Marked effects significant at p<.0500



E4 - Fisher LSD post-hoc tests

RARE Interval 3 (Group Matrix)

css/3: LSD TEST;: variable Var.1

general Probabilities for Post-Hoc Tests

manova MAIN EFFECT: GROUP

1) 5 (3} @ ) &

GROUP sitefcp -.623333 1.163333 -1.17667 -.980000 1.186667
1 sece {1}A . 004309 .356715 .551360 . 003869
2 seee {218 . 004309 . 000283 .000773 . 968851
3 sece {3)c . 356713 . 000283 . 742202 .00o2s0
G LX) {4}D .551350 .000773 . 762202 .0ocse87
5 seee (5}; . 003869 .968851 . 000288 i .0ooe8™

RARE Interval 3 (Site Matrix)

6ééaéaéééééééaéééééééééééééééééééééééééééééééééééééééééaéaééac

° css/3: ®* LSD TEST:; variable var.1l
° general ° Probabilities for Post-Hoc Tests °
° manova ° MAIN EFFECT: sitefcp °
Qééaéaaéaéaaéaaéaaééaéééééééééaaaéaéééééaaéééaaaééaéaéaaaaéééc
° (LY (2)C&* (3)fz-
* GROUP sitefcp ¢ =-.132000 ° .1359999 ° ~.262000 °
084444444844440842048448440444044244404464804488444464480444444448C
° e 1 F2 (1) ° ° .045837 ° .328612 °
° aaas 2 C¥E(2) ° %.045837 ° °  .003418 °
° tene 3 P2 (3) ° .328612 ° % .003418 ° °

EEEEEELELEEEEEEEEELEEEEEELLEEEEEEELEELEEEEEEELEEELEELEEEEEEEESR




E4 - Fisher LSD post-hoc tests

. *
RARE Interval 4 (Site Matrix)
daaaaaaaaaaaaaaaaaaaaaaaéoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa¢
* css/3: ° LSD TEST; variable Var.l
* general ° Probabilities for Post-Hoc Tests °
* manova ° MAIN EFFECT: sitefcp °

oaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaéaaaaoaaaaaaaaaaaoaaaaaaaaaaaq
: (1} ° (2y ° 3y °

* GROUP sitefcp ° ~-1.08600 ° -.586000 * ~-.§40000 °
Qééééééééééaéééééééééééééééééééééééééééééééééééééééééééééééééc
° 1000 1 {1}y ° ° .001415 ° .004198 °
° e 2 2y ° 001415 ° ° .722898 °
° saese 3 {3 ° .004198 ° .722898 ° °

88444444444848842844284840040440440444044544444444404444444a444)

RARE Interval 4 (Interaction Matrix)

° ¢ss/3: ° LSD TEST; variable var.1l
¢ general ° Probabilities for Post-Hoc Tests °
¢ manova ° INTERACTION: 1 x 2 °

OééééaééééééééaaééaéaééééééééééééééaéééééééaéééééééaéééééééééééééaééaC

° (1 ¢ 2y - 3y ° (4} °
° GROUP sitefcp ¢ -.530000 ° -.510000 ° ~.790000 °* -.920000 °
Oééééééééééééaaéééééééééééééééééééaéééaéaéééééééééaéééééééeééééééééééq

1 1 (1} .953149 °  .445734 ° .253656 °
. 1 2 {2} ° .953149 ° °__ .411651 ° .230296 °
. 1 3 {3) ° .445734 ° .411651 ° *  .702657 °
. 2 1 {4) ° .253656 ° .230296 ° .702657 ° e
. 2 2 {5} ° .746661 ° .702656 ° .659643 ° .41165
. 2 3 {6} ° .136505 ° .121968 ° .463372 ° .724543 °
. 3 1 (7} ° .000092 ° .000074 ° .001265 ° ,004100 °
. 3 2 {8} ° %.025705 °* %.022199 ° .136505 ° .265946 °
. 3 3 (9) ° .198236 ° .178787 ° .597248 ° .883232 °
. 4 1 (10} ° .129075 ° .115176 ° .445734 ° .702656 °
J 4 2 {11} ° .746661 ° .702656 ° .659643 ° .411652 °
. 4 3 {12} ° .230296 °* .208532 ° .659643 ¢ .953150 °
. 5 1 {13} * .160816 ° .144266 °* .518585 ° ,791521 °
. 5 2 (14} ° %.045039 ° .051484 ° .006280 ° ,002011 °
. 5 3 * .002203 ° .002638 ° .000174 ° .000043 °

{15
8448444444844804844848844044444488440848444444406448444844408444844444)

daaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaeaaaaaaaaéaaaaaaaaaaaaaaaaaac

* css/3: * LSD TEST; variable var.l
* general ° Probabilities for Post-Hoc Tests °
* manova INTERACTION: 1 x 2 °

uaaaaaaaaaaaaaaéaaaaaaaaaeaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaac
°

(s} - (6y - {7y 8y -

* GROUP sitefcp ® ~.640000 ° -1.04000 ° -1.92000 ° -1.30000 °

_ oaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaéaaaaaaaaaaéaaaaaaaaaaeaaaaaaaaaac

1 1 (1} ° .746661 ° .136505 °* .0000%2 ° .025705
* 1 2 {2} ° .702656 ° .121968 ° .000074 * .022199 °
* 1 3 (3) ° .659643 ° .463372 * .001265 * .136505 °
* 2 1 (4} °__-411652 ° .724543 ° .004100 ° .265946 °
¢ 2 2 {5y ° 2 .-241775 ° .000291 * .054991 °
° 2 3 (6} ° .241775 ° . +011125 * .445734 °
* 3 1 (7) ° .000291 ° .011125 ° °_ -071106 °
¢ 3 2 (8} ° .054991 ° .445734 ° .071106 ° N
° 3 3 (9} ° .333599 ° .837096 ° .006280 °* .333599
¢ 4 1 (10} °® .230296 °* .976564 ° .012042 ° .463372 °
¢ 4 2 (11} ° 1.000000 ° .241774 ° .000291 ° .054991 °
¢ 4 3 (12) © .379191 * .768993 ° .004871 ° .291759 °
* 5 1 (13} ° .278646 ° .929776 ° .008738 ° .395216 °
* 5 2 (14) ° .020610 ° .000646 ° .000000 ° .000043 °
* 5 3 ¢ .000785 ° .000011 ° .000000 ° .000000 *

{15}
44488404480448888444484844044484484448844448444444048444848844805485444444]




E4 - Fisher LSD post-hoc tests

RARE Interval 4 (Interaction Matrix) - Continued

Gaéééééééééééaééééééééééééééééééaéééaaéééééééééééééaééaééééééééééééééc

* css/3: ° LSD TEST; variable Var.l
* general ° Ptobabxllties for Post-Hoc Tests *
* manova ° INTERACTION: 1 x 2 ¢

Qéééééééééééééééééééééééééaéééééaaéaééaééaéaééaéééééééééééoaéééééééééc
° (9)y -~ (10) ° (1) ° (12) -

° GROUP sitefcp ° -.970000 ° -1.05000 ° -.640000 * -.940000 °
Oéééééééééaéééééaéééééaéaéééééééééaaééééééééaééeéééééaéaéééééééééééééc
1 1 {1y ° .l98236 .129075 ° .746661 ° .230296
* 1 2 {2y ° .178787 ° .115176 ° .702656 ° .208532 °
° 1 3 (3) ° .597248 ° .445734 ° .659643 ° .659643 °
° 2 1 (4) ° .883232 ° .702656 ° .411652 °* .953150 °
¢ 2 2 (S} ° .333599 ° .230296 ° 1.000000 ° .379191 °
° 2 3 (6} ° .837096 ° .976564 ° .241774 ° .768993 °
° 3 1 {7y ° .006280 ° .012042 ° .000291 ° .004871 °
° 3 2 (8} °_ -333599 ° .463372 ° .054991 °* . .291759 °
° 3 3 ¢y ° S .814228 ° .333598 ° .929775 °
¢ 4 1 (10} ° .8l4228 ° °  .230296 * .746660 °
° 4 2 (11} ° .333598 ° .23029 *  .379190 °
¢ 4 3 (12) ° .929775 ° .746660 ° .3791 °
¢ 5 1 (13} ° .906463 ° .906463 ° .278646 ¢
° 5 2 (14} ° .001265 ° .000586 ° .020610 ° .001674 °
° 5 3 15} * .000025 ° .000010 ° .000785 ° .000035 °

{
4444484888484888488484048840480448804408004444488084004a4444044448444844)

Oaaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

* css/3: * LSD TEST:; variable Vvar.l
¢ general ° Probabilities for Post-Hoc Tests °
* manova ¢ INTERACTION: 1 x 2 °

uaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaeaéaaaaaaaaoaaaaaaaaaaoaa1
° {13y ° (14} ° (15} °*

* GROUP sitefcp ¢ -1.01000 ° .1600000 ° .5400000 °
Oééééééééaééééééééééééééééééééééééééééééa&éaééééééééééééééC

1 1 (1) .160816 ° .045039 .002203 °
¢ 1 2 (2} °* .144266 ° .051484 ° .002638 °
* 1 3 {3) ° .518585 ° .006280 ° .000174 °
* 2 1 (4) ° .791s521 ° .002011 ° .000043 °
* 2 2 (S} ° .278646 ° .020610 ° .00078S °*
¢ 2 3 (6} ° .929776 ° .000646 ° .000011 °
° 3 1 {7y ° .008738 ° .000000 ° .000000 °*
* 3 2 (8) ° .395216 ° .000043 ° .000000 °
¢ 3 3 (9} ° .906463 ° .001265 °* .000025 °
° 4 1 (10} ° .906463 ° .000586 ° .000010 °
¢ 4 2 {11) ° .278646 ° .020610 ° .000785 °*
* 4 3 (12) ° .837095 * .001674 ° .000035 °
° 5 1 (13} ° ° .000865 * .000016 *
° 5 2 (14} ° .000865 ° s __.265946 °
N ] 3 15} ° .000016 ° .265946 ° N

(
844484844880848884888888484480444800484484804084888844440444444448484)




E5 - Fisher LSD post-hoc tests

RARE Interval 6 (Groul) Matrix)

css/3: LSD TEST; variable Var.1l

general Probabilities for Post-Hoc Tests

manova MAIN EFFECT: GROUP

{1} {2} (3} {a} {5}

GROUP sitefcp -.450000 -1.87667 . 79656666 ~-.686667 -2.18000
1 caen {1} . 120772 .173810 .794250 .061505
2 ecee {2} . 120772 . 00484y .193798 .738246
3 sere {3} .173810 .004849 . 107084 .001899
4 e {4} . 794250 .183798 . 107084 . 104806
S evee {5} .06150S . 738246 .001899 .104806

RARE Interval 6 (Site Matrix)

Gééaééééééééééééééaéééééééééaééaéééééééééééééééééééééééééééééc

* css/3: ° LSD TEST; variable var.l
° general ° Probabilities for Post-Hoc Tests °
° manova ° MAIN EFFECT: sitefcp °
naaaaaaaaaéaaaaaaaaaaaaaaéaaaaaaaaaaaoaaaaaaaaaaaoaéaaaaaaaaac
° (1} ¢ (2) ° 3} °
¢ GROUP sitefcp ° =1.47400 ° -.822000 ° —.322000 °
0844484888442484844448484846488488404846448484884844644884884844444C
. seee 1 R (1) ° .001689 ° ,000000 °
¢ e 2 c {2y - .001689 ° ° .019252 °

s suees 7 (3} ° .000000 ° .019252 ° .
aaaaaaaaaaaaaaaaaaaaaaaaaéaaaéaaaaaaaeaaaaaaaaaaaeaaaaaaaaaaax

RARE Interval 6 (Interaction Matrix)

ﬁaéééééééééééééééééééééééﬁéééaééééééaéééééééééééééééééééééééééééééééé¢

° ¢ss/3: ° LSD TEST; variable var.l
¢ general ° Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 °

088488444544444488888488868888888488083888880800488888480808088888884C
. (ry {2) ° (3 ° (4y °

* GROUP sitefcp * ~.330000 ° -.380000 ° -.640000 ° -2.10000 °
044828444888422002844884460480488054640408884886804882288860848888885C
1 1 1) ° ,911837 ° .492967 ° .000166
. 1 2 €2) * .911837 ° ° ,565129 ° .000245 °
. 1 3 €3) ° .492967 ° .565129 °* *  ,001664 °
. 2 1 (4} ° .000166 ° .000245 ° .001664 ° .
. 2 2 (5} *° .000154 ° .000227 ° ,001552 ° .982332 °
. 2 3 (6} ° .017507 ° .023205 ° .086678 ° .134533 °
. 3 1 (7} * .225137 * .269813 ° .595375 ° .008074 °
. 3 2 {8} ° .000309 * .000210 ° .000025 ° .000000 °
. 3 3 (9) * .000003 * .000002 ° .000000 ° .000000 °
. 4 1 (10} * .479161 * .550293 ° .982332 ° .001784 °
. 4 2 (11} * .929417 * .842041 * .439059 ° .000121 °
. 4 3 (12) * .082778 °* .103812 ° .289311 ° .032155 °
. 5 1 {13} ° .000000 * .000000 ° .000000 ° .004566 °
. 5 2 (14} * .000001 * .000002 * .000017 ° .193464 °
. 3 * .807575 ° .894301 * .658012 ° .000389 °

(15)
aaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaéaaaaaaaaaaeaaaaaaaaaAéaaaaaaaaaa1




E5 - Fisher LSD post-hoc tests

RARE Interval 6 (Interaction Matrix) - Continued

|- Oéééééaéééééééééééééééééébééééééééééééaéééééaéaééééééaééééééééééaééaéc

* css/3: * LSD TEST; variable Var.l
° general ° Prcbabilities for Post-Hoc Tests .
¢ manova ¢ INTERACTION: 1 x 2 °

oaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaac

{sy - {(6) ° 7y ° (8 °
* GROUP sitefcp ® -2.11000 ° -1.42000 ° -.880000 ° 1.360000 °
Oéééééééééaééaaéaaéaéaééaeéééééaaaaéééaaééééééaéééééaééééaééééééééaaéc

1 1 {1} ° .000154 ° .017507 ° .225137 ° .000309
* 1 2 {2} ° .000227 ° .023205 ° .269813 ° .000210 °
* 1 3 {3) ° .001552 ° .086678 ° .595375 ° .000025 °
° 2 1 (4} ° .982332 ° .134533 ° .008074 ° .000000 °
¢ 2 2 (5} ° ° .128966 ° .007589 ° .000000 °
* 2 3 (6} ° .128966 ° ° .233614 ° .000000 °
° 3 1 (7)) ° .007589 ° .233614 ° ° .000003 °
° 3 2 {8) ° .000000 ° .000000 ° .000003 ° °
° 3 3 {9) ° .000000 ° .000000 ° .000000 ° .225137 °
° 4 1 (10} ° .001664 ° .090727 ° .610774 ° .000023 °
¢ 4 2 (11} ° .000112 ° .013884 ° .193464 ° .000419 °*
* 4 3 (12) ° .030481 ° .506987 ° .595375 ° .000000 °
* 5 1 (13) ° .004871 ° .000028 ° .000000 ° .000000 °
¢ S 2 (14) ° .201052 ° .005%02 ° .000121 ° .000000 °
° S 3 ° .000360 ° .032155 ° .331142 ° ,000131 °

(15}
Aéééééééééé66éééééééaééaéééééaéaaéééééééaéééééééaéaéééééééééééaéaéaaél

6éééééééééééééééééaéééééééééééééééaéaééééaéaééaééééaaééééééééaaaééaéét

° css/3: ° LSD TEST; variable Var.l
¢ general ° Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 °

084448448848844888484842884048844884044428888440488884444404848488484C

° 9y (10} ° (11} ° 12y =
* GROUP sitefcp ° 1.910000 ° -.650000 ° -.290000 ° -1.12000 °
oaaaaaaaaaaaaaaaaaaéaaaaaéaaéaaaaaaaéaéaaaaaaaaéaaaaaaaaaaéaaaaaaaéaac

1 1 (1) ° .000003 ° .479161 ° .929417 ° .082778
° 1 2 {2) ° .000002 ° .550293 ° .842041 ° .103812 °
° 1 3 {3} ° .000000 ° .982332 ° .439059 ° .289311 °
° 2 1 (4) ° .000000 ° .001784 ° .000121 ° .032155 °
° 2 2 (5} ° .000000 ° .001664 ° .000112 ° .030481 °
° 2 3 {6} * .000000 ° .090727 ° .013884 ° .506987 °
° 3 1 {7} *° .000000 ° .610774 ° .193464 ° .595375 °
° 3 2 {8} ° .225137 ° .000023 ° .000419 ° .000000 °
° 3 3 {9}y ° ° .000000 ° .000004 ° .000000 °
° 4 1 {10} °* .000000 ° ®  .426140 * .299413 °
° 4 2 {11} ° .000004 ° .426140 ° ° .068598 °
° 4 3 (12} ° .000000 ° .299413 ° .068598 ° °
* S 1 {13) ®° .000000 ° .000000 ° .000000 ° .000002 °
N 5 2 (14) ® .000000 ° .000018 ° .00000l1 ° .000759 °
° 5 3 ° .000001 ° .642099 ° .739834 ° .134533 °

(15}
éaaééééééééééééééaééééééééééééééééééééééaéééééééaé&ééééééééééééééaéééi

~ 6aaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

* css/3: * LSD TEST:; variable var.l
* general ¢ Probabilities for Post-Hoc Tests °
* manova * INTERACTION: 1 x 2 °

aaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaéaaaaoaaaaaaaaaaoaaaaaaaaaaaaa1
* (13 - (14} ° (15} °

¢ GROUP sitefcp ® =3.41000 °* -2.69000 ° -.440000 °

naaaaaaaaaaaaaaéaaaaaaaaaéaaaaaaaaaaeaéaaaaaaaaeaaaaaaaaéac

1 1 (L} ° .000000 * .00000F ° .807575
¢ 1 2 {2} ° .000000 ° .000002 ° .894301 °
* 1 3 (3} °* .000000 ° .000017 °* .658012 °
* 2 1 (4} ° .004566 ° .193464 °* .000389 °
° 2 2 {5} ° .004871 * .201052 ° .000360 °*
¢ 2 3 {6} ° .000028 ° .005902 °* .032155 °*
d 3 1 {7} * .000000 * .000121 ° .331142 °*
¢ 3 2 (8} ° .000000 ° .000000 ° .000131 *
* 3 3 {9} * .000000 * .000000 * .000001 °*
* 4 1 {10} ° .000000 ° .000018 ° .642099 °*
* 4 2 (11} * .000000 * .00000L ° .739834 °
* 4 3 (12} ° .000002 * .000759 ° .134533 °
* 5 1 (13) * ¢ .113352 * .000000 °*
* 5 2 (14} °© .113352 ° ¢ .000003 °
N S 3 * .000000 * .000003 ° ¢

(15)
288824444228444444484884440448884444404488844448044440444441




ES5 - Fisher LSD post-hoc tests

RARE Interval 7 (Group Matrix)

css/3: LSD TEST: variable Var.1}

general Probabilities for Post-Hoc Tests

manova MAIN EFFECT: GROUP

{1} {2} {3} {4} {5}

GROUP sitefcep -.266667 -1.64333 2.730000 ~.193333 -2.06000
1 csee (1} . 126410 .001464 .$34256 .048440
2 LR R {2} .126410 .000011 .107930 .639681
3 LEE R (3} .001464 .00001 10 .001860 | .000002
4 esee {4} . 934256 . 107930 .001860 .040310
S seee {5} . 048440 .639681 . 000002 .040310 ’

RARE Interval 7 (Site Matrix)

Oéééééééééaaééééééaéééééééééééaéééaéééééééééééééaéééééaééééééc

° css/3: ° LSD TEST; variable Var.l
* general ° Probabilities for Post-Hoc Tests °
° manova ° MAIN EFFECT: sitefcp °
caaaaaaaaaaaaaeaaaaaaaaaaéaaaaaaaaéaaoaéééaaaaaaaoaaéaéaaaaaac
* (1) * (2) * (3) °
* GROUP sitefcp ® =-.954000 ° ~.134000 ° .2280001 °
oaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaaeaaaaaaaaaaaéaaaaaaaaaaac
seee 1 {1y -° ° .000249 ° .000000 °
° tese 2 2y ° .000249 ° ° .095567 °
. 1642 3 {3y - .000000 ° .095567 * °

844444444844484444480848444408448444448480488448484544580444844444444)

RARE Interval 7 (Interaction Matrix)

caaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

¢ css/3: ° LSD TEST; variable Vvar.l
° general ° Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 °

aaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaaaaaaaaaaaaoaaaaaéaaaaoaaaaaaaaaac
* {1y ° 2y = 3y ° {4y °

° GROUP sitefcp ®* -.060000 °* -.110000 ° -.630000 * -1.75000 °
Qéééééaéééééééééééééééééééééééééaéééééaéééééaééééééééééééééééééééééééc
1 1 (1} ° .917364 ° .238695 °* .000687
° 1 2 2y ° .917364 ° °  .282109 * .000%66 °
¢ 1 3 (3} ° .238695 ° .282109 ° ¢ .022008 °
¢ 2 1 (4} ° .000687 ° .000966 ° .022008 °* °
¢ 2 2 (5} ° .000421 ° .000598 ° .015145 * .884512 °
N 2 3 (6} ° .008164 ° .010862 ° .132250 * .419186 °
¢ 3 1 {7} *° .547716 ° ..481076 ° .076883 ° .000084 °
N 3 2 (8} ° .000000 ° .000000 ° .000000 * .000000 °
* 3 3 (9} ° .000000 ° .000000 ° .000000 * .000000 °
* 4 1 {10} * .771470 ° .851860 ° .373283 * .001754 °
° 4 2 (11} ° .618702 ° .547716 * .095348 * .000122 °
¢ 4 3 (12} * .300913 ° .351566 * .884512 * .015145 °
° S 1 (13} * .000000 * .000000 ° .000004 ° .011489 °
* S 2 (14} * .000008 ° .000013 * .00064l1 * .230620 °
* S 3 ® .099443 * .122107 ° .633376 * .067302 °

{15}
3384484484844444848484848408444044840404848884484808444444444844484484484)




ES5 - Fisher LSD post-hoc tests

RARE Interval 7 (Interaction Matrix) - Continued

Jéééééééééééééééééaééééééééééaééééééééééééééééééééaéééaaééééééééééééé¢

- * css/3: * LSD TEST: variable Vvar.l
4 ° general ° Probabilities for Post-Hoc Tests °
¢ manova ° INTERACTION: 1 x 2 °

uaaaaaaaaaaaaaaéaaaaaaaaaéaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaac

* (sy ° (6} ° (7 ° (8) °
¢ GROUP sitefcp ® -1.82000 ° -1.36000 ° .2300000 ° 3.410000 °
Qééééééééééééééééééééééééeéééaéééaééééaéééaaéééééaaaéééééééééaééaaaéac

1 1 (1} ° .000421 °* .008164 ° .547716 ° .000000
° 1 2 {2) ° .000598 ° .010862 ° .481076 ° .000000 °
¢ 1 3 (3} ° .015145 ° .132250 ° .076883 ° .000000 °
* 2 1 (4} ° .884512 ° .419186 ° .000084 ° .000000 °
° 2 2 {sy ° °  .341019 ° .000049 ° .000000 °
* 2 3 (6) ° .341019 ° ° .001349 ° .000000 °
* 3 1 (7)) ° .000049 ° .001349 ° ° .000000 °
* 3 2 (8 ° .000000 ° .000000 ° .000000 ° °
° 3 3 (¢} ° .000000 ° .000000 ° .000000 ° .019810 °
* 4 1 {10} * .001105 ° .017810 ° -.373283 ° .000000 °
° 4 2 {11) ° .000072 ° .001872 ° .917364 ° .000000 °
° 4 3 {12} ° .010265 ° .099443 ° .103680 ° .000000 °
° 5 1 (13) ° .016878 ° .001033 ° .000000 ° .Q00QO0O °
° 5 2 {14) ° .291407 °* .046517 ° .000001 ° .000000 °
e 5 3 (15} ° .048770 ° -300913 ° .025709 ° .000000 °

ﬁééééééééééééaééééééééééééééééaéééaééééééééééééééééaééééééééééééééééét

° css/3: ° LSD TEST; variable var.1l
¢ general ° Probabilities for Post-Hoc Tests °
° manova ° INTERACTION: 1 x 2 °

0éééééééaééééééééééaéééaéeaééaaaéaaaéaaéaaéaaéééééaaééééééééééééaééaéc

° (9} ° (10} ° (11) =° (12 o
° GROUP sitefep ° 4.550000 ° -.200000 ° .1800000 ° -.560000 °
0aéééaééaaaéééééaaéaééééééaaééééééééééaéaéaaaéaeéééaéééaaéeééaaéééaééc

° 1 1 (1) *° .000000 ° .771470 ° .618702 ° .300913

° 1 2 (2) * .000000 ° .851860 ° .547716 ° .351566 °
° 1 3 (3) *° .000000 ° .373283 ° .095348 ° .884512 °
M 2 1 (4} ° .000000 °* .001754 ° .000122 ° .015145 °
° 2 2 {(5) ° .000000 ° .001105 ° .000072 ° .010265 °
° 2 3 (6} ° .000000 ° .017810 ° .001872 ° .099443 °
° 3 1 (7)) ° .000000 ° .373283 ° .917364 ° .103680 °
° 3 2 (8) ° .019810 ° .000000 ° .000000 ° .000000 °
° 3 3 {9y ° ° .000000 ° .000000 ° .000000 °
¢ 4 1 {10} ° .Q000000 ° ° .431169 ° .455732 °
° 4 2 {11} ° .000000 ° .431169 ° ° .127098 °
° 4 3 {12} ° .000000 ° .455732 ° .127098 ° °
° S 1 {13) ° .000000 ° .000000 ° .000000 ° .000002 °
¢ 5 2 {14) ° .000000 °* .000026 ° .000001 ° .000393 °
* 5 3 ° .000000 ° .173038 ° .033100 ° .534026 °

{15}
84444444A0484444448080044480444844444R0A40444444440484404444640444884444448)

,aaaaaaaaaaaaaaaaéaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

* css/3: * LSD TEST; variable var.l
_. * general * Probabilities for Post-Hoc Tests °
* manova ¢ INTERACTION: 1 x 2 N

oaaaaaaaaaaaaaaaaaéaaaaaaéaaaaaaaaaaaaaaaaéaaaaoaaaaaaaaaaéaa1
° (13) ° (14} ° (15) °

* GROUP sitefcp ¢ -2.99000 ° -2.33000 ° -.860000 °

aaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaéaaaaaaaaaaééaaaaaaaaac

1 1 (1} * .000000 ° .000008 ° .099443
* 1 2 {2) ° .000000 ° .000013 °* .122107 °
* 1 3 (3 * .000004 ° .000641 ° .633376 °
* 2 1 (4) * .011489 °* .230620 ° .067302 °
° 2 2 {5} * .016878 * .291407 ° .048770 °
¢ 2 3 (6} * .001033 * .046517 ° .300913 °
° 3 1 {7y ¢ .000000 * .000001 * .025709 °
* 3 2 (8 ° .000000 °* .000000 °* .000000 °
° 3 3 {9} °* .000000 ° .000000 °* .000000 °
¢ 4 1 {10} ° .000000 ° .000026 ° .173038 °
. 4 2 {11} * .000000 * .000001 ° .033100 °
* 4 3 (12} °© .000002 ° .000393 ° .534026 °
* 5 1 (13} ° ° .173038 * .000026 °
* 5 2 (l4} ° .173038 ° * .002926 °
* S 3 {15} ° .000026 °* .002926 ° °

8884444838888844488484004804044848484084088048884044844804444844080)




E5 - Fisher LSD post-hoc tests

RARE Interval 8 (Group Matrix)

css/3: LSD TEST; variable var.1

general Probabilities for Post-Hoc Tests

manova MAIN EFFECT: GROUP

{1} {2} {3} {4} i5}

GROUP sitefcp ~.163333 -1.13667 3.173333 0733333 -1.31667
1 sreae {1} . 314244 .001097 .80567% .234140
2 seee {2 314264 . 000047 .212312 .851557
3 sese {3} .001097 . 000047 .002242 | .000025
4 asee {4} . 805675 .212312 .002242 i .153048
S sene {5} . 234140 .851557 .00002S .153048

RARE Interval 8 (Site Matrix)

Oéééééééééééééééaéééééééaéééééééééééééééééééééééééééééééééaéé¢

° css/3: ° LSD TEST; variable Var.l
* general ° Probabilities for Post-Hoc Tests °
* manova ° MAIN EFFECT: sitefcp °
oaaaaaaeaaaaaaaaaaaaaaaaAeaaaaaaaaaaaoaaaaaaaaaaaoaaaaaaaaaaae
° {1y ° (2y ° 3y °
* GROUP sitefep ° -.694000 ° .2500000 ° .8219999 °
04884448848444448484844444644048008444688000404040464884444484844C
° e 1 {1y ° ° .000055 ° .000000 °
° tees 2 2y ° .000055 * ° .011948 °
° tete 3 {3y ° .000000 * .011948 ° °

444444434444444448440448480484444444844004884044444484004844444844444)

RARE Interval 8 (Interaction Matrix)

daaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa¢

* ¢ss/3: ° LSD TEST; variable Var.l
* general ° Probabilities for Post-Hoc Tests ° -
* manova ° INTERACTION: 1 x 2 °

oaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaeaaaaéaaaaaoaaaaaaaaaaaaaaaaaaaaaq
° (1 ° 2y ° 3y ° {4y °

* GROUP sitefcp ° -.000000 ° ~.040000 ° -.450000 ° -1.16000 °
Oéééééaééaéééééééééééééééééééééééééééééééééééééééééééééééééééééaééééac
1 1 {1} ° .936224 ° .369091 ° .022211
¢ 1 2 {2y * .936224 ° ° .412985 ° .027102 °
* 1 3 (3} ° .369091 ° .412985 ° ° .157826 °
° 2 1 {4y ° .022211 ° .027102 ° .157826 ° °
* 2 2 (5} ¢ .019071 ° .023354 ° .141183 ° .952145 °
¢ 2 3 (6} ° .036209 ° .043661 ° .224270 ° .841463 °
* 3 1 (7) ° .888641 ° .825855 ° .299682 ° .015502 °
¢ 3 2 (8) ° .000000 ° .000000 ° .000000 ° .000000 °
° 3 3 {9) ¢ .000000 ° .000000 °* .000000 ° .000000 °
* 4 1 (10} * .631369 ° .689221 * .674567 ° .068248 °
* 4 2 (11) ° .509672 ° .459883 ° .121164 ° .003609 °
¢ 4 3 {12} * .794856 ° .733881 °* .247706 ° .011262 °
* 5 1 {13} ° .000044 ° .000060 ° .001039 ° .052393 °
* 5 2 (14} ° .002511 °* .003201 ° .029885 ° .436064 °
* 5 3 ¢ .603255 * .660037 °* .703995 * .0743s53 °

{15}
8444444445048480844084884404044444808040884884848800484484484808848888444)




ES5 - Fisher LSD post-hoc tests

RARE Interval 8 (Interaction Matrix) - Continued

éééééééééééééééééééééaééééééééééééééééééééééééééaéaééééaéaéééééééééét

* Ccss/3: ° LSD TEST; variable var.l
, ° general N Probabilities for Post-Hoc Tests °
' * manova ¢ INTERACTION: 1 x 2 °

Qéaaaéééééééaéaaéaééaéééééaaééééaaaaééaaaéééaaaaéaéaaéaaaéééaaaaééaaac

N (5} ° (6} ¢ (7} ° (8} °
* GROUP sitefcp ¢ -1.19000 ° -1.06000 ° .0700000 ° 3.700000 °
Qéééééééééééaéééééééaééééééééééééééaéaééééééééaéééééaééééééééééééééééc

1 1 (1) ° .019071 ° .036209 ° .888641 ° .000000
¢ 1 2 {2} ° .023354 ° .043661 ° .825855 ° .000000 °
¢ 1 3 (3) ° .l41183 ° .224270 °* .299682 ° .000000 °
d 2 1 (4} ° .952145 ° .841463 * .015502 ° .000000 °
* 2 2 (s °* ® .794856 ° .013230 ° .000000 °
* 2 3 (6} * .794856 ° ° .025798 ° .000000 °
¢ 3 1 {7y °* .013230 ° .025798 ° ° .000000 °
h 3 2 (8 ° .000000 ° .000000 ° .0Q00000 ° °
° 3 3 (9) ° .000000 ° .000000 ° .000000 ° .000086 °
* 4 1 (10} ° .059879 ° .103472 ° .S535602 ° .000000 °
* 4 2 (11} * .003014 ° .006464 ° .603255 ° .000000 °
° 4 3 {12) ° .009562 ° .019071 ° .904465 ° .000000 °
* 5 1 {13} © .059879 ° .032915 ° .000026 ° .000000 °
* 5 2 {l4) ° .47206S5 ° .328268 ° .001625 ° .000000 °
° 5 3 ° .065355 ° .112038 ° .509672 ° .000000 °

(15)
aaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaéaaaaaaaaaaeaaaaaaaaaaéaaaaaaaéaa1

Gaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

* ¢css/3: ° LSD TEST; variable Var.l
¢ general ° Probabll;ties for Post-Hoc Tests °
° manova ° INTERACTION: 1 X 2 °

ﬁééééééééAééééééAéééééééééééééééaééaééaéééaéaééééééaéééaéééééééééééééc

N (9) ° (o) - (11 ° (123 °
* GROUP sitefcp ° §,750000 ° -.240000 ° .3300000 ° .1300000 °
QaééaéééééaéééaéééééééaééeéaaéaaééaéeééééééééééeééééaaééééééaéééééaaéC

1 1 (1} ° .000000 ° .631369 ° .509672 ° .794856
J 1 2 (2} ° .000000 ° .§89221 ° .459883 ° .733881 °
. 1 3 {3} ° .000000 ° .674567 ° .121164 ° .247706 °
. 2 1 (4) ° .000000 ° .068248 ° .003609 ° .011262 °
. 2 2 {5} ° .000000 ° .059879 ° .003014 ° .009562 °
. 2 3 (6} ° .000000 ° .103472 ° .006464 ° .019071 °
. 3 1 (7} ° .000000 ° .535602 ° .603255 ° .904465 °
. 3 2 {8} ° .000086 ° .000000 ° .000000 ° .000000 °
. 3 3 (9} ° *  .000000 ° .000000 ° .000000 °
. 4 1 {10} * .000000 ° ° .255892 ° .459883 °
. 4 2 (11} * .000000 ° .255892 ° °  .689221 °
. 4 3 {12} ° .000000 ° .459883 ° .689221 ° .
. 5 1 (13) ° .000000 ° .000252 ° .000003 ° .00001l6 °
. 5 2 {14} ° .000000 ° .010101 ° .000250 ° .001108 °
. 5 3 © .000000 ° .968086 ° .239708 ° .436064 °

{15)
aéééééééaééééééééaéaéééééééééééééééééééééééééééééaééééééééééééééé&ééa1

,aaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

. * css/3: * LSD TEST; variable Var.l
~ °* general * Probabilities for Post-Hoc Tests *
* manova * INTERACTION: 1 X 2 °

044444844484484848888888468448448880404444888448044448888880481
. {13y - (14) ° (1sy *

* GROUP  sitefcp * -2.14000 * -1.55000 * -.260000 °

0444448444884848484888888644484440846484888488868080884884C

1 1 (1} * .000044 °* .002511 ° .603255
. 1 2 (2} ¢ .000060 ° .003201 °* .660037 °
. 1 3 {3} °* .001039 ° .029885 * .703995 °
. 2 1 {4} * .052393 * .436064 ° .074353 °
. 2 2 (5) °* .059879 °* .472065 °* .065355 °
. 2 3 (6} * .032915 ° .328268 ° .112038 °
. 3 1 (7} * .000026 ° .001625 ° .509672 °
. 3 2 {8} * .000000 * .000000 * .000000 °
. 3 3 (9} °© .000000 * .000000 ° .000000 °
. 4 1 (10} * .000252 * .010101 °* .968086 °
. 4 2 (11} * .000003 * .000290 ° .239708 *
. 4 3 {12) * .000016 * .001108 ° .436064 °
. 5 1 (13) ° .239708 ° .000290 *
. 5 2 {14} * .239708 ° * .011262 °
. 5 3 * .000290 * .011262 ° .

{15
U AAAAAAAAAAAAAAAAAAAAAASAARAAA5A44A440448844444408444444444)




E5 - Fisher LSD post-hoc tests

RARE Interval 9 (Group Matrix)

css/3: LSD TEST; variable Ver.l

general Probabilities for Post-Hoc Tests

manova MAIN EFFECT: GROUP

{1} {2} {3} {¢} {35}

GROUP sitefcp ~-.123333 -1.40667 2.856667 .0133334 -1.27333
1 sene {1} . 190298 .003448 .888019 . 239662
2 ssee {2} . 190298 . 000062 .148149 .890733
3 sace {3} .003448 . 000062 .0o0s5080 .0000%7
4 sses {4} .888019 .148149 . 00s080 .189171
5 sesse {s} . 239662 . 850733 . 000097 .189171

RARE Interval 9 (Site Matrix)

Oaaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

* ¢ss/3: ° LSD TEST; variable Vvar.l
¢ general ° Probabilities for Post-Hoc Tests °
* manova ° MAIN EFFECT: sitefcp °
0844848884844884484484844480486488844444440444440404484048448848484848484C
* ° (1) N (2) * (3) *
* GROUP sitefcp ® =-.936000 °* .1400000 °* .8360000 °
uaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaaeaaaaaaaaaaaéaaaaaaaaaaac
tees 1 {1}y - ° .00001l6 ° .000000 °
° 1o 2 {2y ° .000016 * ° .004011 °
° 100 3 {3y - .000000 ° .004011 ° ¢

AAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAANADAAAAAAAAAAABAAAAAAAA84A)

RARE Interval 9 (Interaction Matrix)

caaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa¢

* css/3: ° LSD TEST:; variable Var.l
Probabilities for Post-Hoc Tests

* general
* manova

INTERACTION: 1 x 2

aaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaaoéaaaaaaaaac
: {1y ° (2) ° 3y - (4} °

* GROUP sitefcp ® -.090000 * .0300000 ° -.310000 ° -1.36000 °
oaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaéaaaaaaaaaaéaaaaaaaaaaéaaaaaaaaaac
1 1 (1} ° .820386 ° .677326 ° .017989

¢ 1 2 {2} ° .820386 ° ° .520447 ° .009834 °
° 1 3 {3) ° .677326 ° .520447 ° ® .049347 °
¢ 2 1 (4) ° .017989 ° .009834 ° .049347 °* *
¢ 2 2 (5} ° .009336 ° .004907 °* .027609 ° .805711 °
¢ 2 3 {6} °* .017131 ° .009336 ° .047267 ° .984902 °*
* 3 1 {7) * .175256 ° .114444 ° .345261 ° .299426 °
¢ 3 2 {8} * .000000 ° .000000 ° .000000 ° .000000 °
* 3 3 {9} ° .000000 ° .000000 ° .000000 ° .000000 °
* 4 1 (10) * .299426 °* .206863 °* .532762 ° .175255 °
* 4 2 (11) * .733471 * .909605 * .449810 ° .007172 °
* 4 3 {12) * .200226 °* .290779 ° .091112 * .000370 °
¢ S 1 (13) *© .001858 °* .000899 °* .006443 °* .427551 *
* 5 2 {14} * .012077 * .006443 * .034704 °* .879678 °
* S 3 ® .335747 ¢ .235035 * .583472 °* .152722 °

A

AAAAAAAAAAAAAAAAAAAAAARAAABAAARAARARAALAAAAAAAALASAASRAASASABALAAARARASL



ES5 - Fisher LSD post-hoc tests

RARE Interval 9 (Interaction Matrix) - Continued

daaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaéaaaaéaaaaac

* ¢css/3: LSD TEST:; variable var.l
* general . Probabilities for Post-Hoc Tests .
¢ manova * INTERACTION: 1 x 2 .

044444444444444444444408486448848448840484448844440804408444404444444444C0
° ° {s) ° (6 ° {7y ° 8y °
* GROUP sitefcp * -1.49000 ° -1.37000 * -.810000 * 3.510000 *
oaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaeaaaaaaaaaaeaaaaaaaaaaéaaaaaaaaaac

1 1 (1) * .009336 °* .017131 ° .175256 * .000000
* 1 2 (2} * .004907 * .009336 * .114444 ° .000000 °
* 1 3 {3} * .027609 °* .047267 * .345261 ° .000000 °
¢ 2 1 (4) * .805711 °* .984902 °* .299426 ° .000000 °
* 2 2 s}y °* ¢ .820386 ° .200226 * .000000 °
¢ 2 3 {6}y ° .820386 ° * .290779 * .000000 °
* 3 1 {7y * .200226 * .290779 ° * .000000 °
* 3 2 (8)y ° .000000 ° .000000 ° .000000 ° °
* 3 3 (9) * .000000 ° .000000 ° .000000 ° .0QQO022 °
* 4 1 {10} °* .110253 * .169398 ° .747751 * .000000 °
* 4 2 (11} ° .003510 °* .006799 ° .091112 * .0Q00Q000 °
° 4 3 (12) * .000157 °* .000347 ° .009336 * .000000 °
¢ 5 1 (13) °* .583472 ° .438598 ° .068963 °* .000000 °
* 5 2 (14) ° .924621 ° .894622 ° .235035 * .000000 °
° S 3 15) ®* .094706 ° .147454 ° ,691207 ° .000000 °

(
84444444844880484048084440484844848484440484844484844040844844844¢04444444444)

daaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

° ¢css/3: ° LSD TEST; variable var.l
* general ° Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 °

oaaaaaaaaaaaaaaaaaaaaaaaaeaeaaaaaéaaoaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaac

9y =° (10} ° (11} ° (123 °
¢ GROUP sitefcp * 5.870000 * -.640000 ° .0900001 ° .5899999 °
Qéééééééééaéééaééééééééééééééééééééééééééééééééééééaéééééééééééaéééééc

1 1 (1) *° .000000 ° .299426 °* .733471 °* .200226
* 1 2 {2 * .000000 ° .206863 ° .909605 °* .290779 °
* 1 3 {3} ° .000000 ° .532762 ° .449810 ° .0911l12 °
° 2 1 (4) ° .000000 * .175255 ° .007172 ° .000370 °
* 2 2 (5} * .000000 ° .110253 ° .003510 ° .000157 °
* 2 3 {6} °* .000000 ° .169398 ° .006799 °* .000347 °
° 3 1 {7} * .000000 °* .7477S51 ° .091112 ° .009336 °
° 3 2 (8) ° .000022 * .000000 ° .000000 ° .000000 °
¢ 3 3 {9}y ° ¢ .000000 * .000000 ° .000Q000 °
* 4 1 {10} * .000000 °* * .169398 * .021819 °
¢ 4 2 {11} ° .000000 ° .169398 ° *  .345261 °
* 4 3 (12} * .000000 °* .021819 ° .345261 ° °
* 5 1 {13} * .000000 °* .033170 ° .000618 * .000020 °
° 5 2 {14) * .000000 * .132497 ° .004643 °* .000219 °
* 5 3 * .000000 ° .939664 ° .193748 * .026353 °

{15}
AAAAAAAAAAAAAAALAAA8484440448008840404884808084804440004444044484444584)

Gaaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaac

* ¢css/3: ¢ LSD TEST: variable var.l
¢ general * Probabilities for Post-Hoc Tests *
* manova * INTERACTION: 1 x 2 *

oaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaeaoaaaaaaaaaaoaaaaaaaaaaoaa1
‘ (13} ° (1a) ° (s} °

* GROUP sitefcp * -1.78000 * -1.44000 °* -.600000 °
044428884844444482454448864442884440€4444484854864446888854C
1 1 (1) .001858 .012077 ° .335747
. 1 2 {2) * .000899 ¢ .006443 °* .235035 °
. 1 3 (3) °* .006443 * .034704 °* .583472 °
. 2 1 (4} * .427551 * .879678 ° .152722 °
. 2 2 (5) * .583472 ° .924621 * .094706 °
. 2 3 (6) °* .438598 °* .894622 * ,147454 °
. 3 1 {7} ° .068963 * .235035 ° .691207 °
. 3 2 (8) * .000000 ° .000000 ° .000000 °
. 3 3 {9} * .000000 * .000000 * .000000 °
. 4 1 {10} * .033170 * .132497 * .939664 °
. 4 2 {11} * .000618 * .004643 °* .193748 °
. 4 3 (12} * .000020 * .000219 °* .026353 °
. S 1 {13} °* * .520447 * .027609 *
. 5 2 (14) *  .520447 °* °  .114444 °
. 5 3 .027609 * .114444 ° .

(15}
aaaaaaaaaaaaaaaaaaaaeaaaaeaaaaaaaaaaeaaaaaaaaaaeaaaaaaaaaal




E6 - Two way Anova

Group (5) x Site (3) for POST Interval 2

PosT #2

css/3: Summary of all Effects; design:

general 1-GROUP, 2-sitefcp

manova R

ar MS dr MS

Effect Effect Effect Error Error F p-level GG,
*1 4 37.14277 45 12.48858 2.97414 .029112
*2 2 | 15.23168 90 .87671 17.37366 .000000 |+ OO0)
12 8 1.42742 S0 .87671 1.62815 .127833 » ‘635

*Marked effects significant at p<.0S5S00

Group (5) x Site (3) for POST Interval 3

PosT #3

css/3: Summary of all Effects; design:

general 1-GROUP, 2-sitercp @

manova

df MS dt MS

Effect Effect Effect Error Error F p-level [l )

1 & 12.79906 45 9.138133 1.40062 .249102
*2 2 14.07646 90 1.213311 11.60170 . 000033 ‘0@4

12 8 1.4669%97 20 1.213311 1.20906 .302807 -3\5\

*Marked effects significant at p<.0500
*
Group (5) x Site (3) for POST Interval 4
PosT#4

css/3: Summary of all Effects; design: .

general 1-GROUP, 2-sitefcp @

manova . .

ar MS dr MS

Effect Effect Effect Error Error F p-level G G
*1 4 43.21839 45 12.46336 3.46764 .Q014928
*2 2 39.21168 20 1.32996 29.48345 .0oooog |- OOO|
*12 8 4.90175 90 1.32996 3.68565 .000923 |.0022

*Marked effects significant at p<.0S00

Group (5) x Site (3) for POST Interval 5

psThS

css/3: Summary of all Effects; design:

general 1-GROUP, 2-sitefcp @

manova B

dtf MS at MS

Effect Effect Effect Error Error F p~level G &

1 4 22.71840 45 13.97636 1.62549 . 184350
2 2 70. 74021 90 .83230 84.99406 . 000000 * Q00!
12 8 4.07745 30 .83230 4.89904 . 000048 . OOOZ

*Marked effects significant at p£.0S00



E6 - Two way Anova

Group (5) x Site (3) for POST Interval 6

PosT*6,

css/3: Summary of all Effects: design:

general 1-GROUP, 2-sitefcp (22)

manova ¢

daf MS dr ™MS

Effect Effect Effect Error Error F p-level G G

1 4 3.85283 45 10.23940 .38614 .817405
*2 2 77.48660 S0 1.00676 76.26661 . 000000 - OCO0!
*12 3 2.85818 90 1.00676 2.83%00 .007394 L0143

*Marked effects significant at ps.0S00

Group (5) x Site (3) for POST Interval 7

PosT™7

css/3: Summary of all Effects; design:

general 1-GROUP, 2~sitefcp @

manova

daf MS at MS

Effect Effect Effect Error Error F p-level 6 6

1 4 1.88133 45 7.381696 . 25486 .905183
*2 2 38.53040 20 . 703319 54.78369 . 000000 + 000\
*12 8 1.65173 90 .703319 2.34848 024282 .0357

*Marked effects significant at p<£.0S00

Group (5) x Site (3) for POST Interval 8

FosT*8

css/3: Summary of all Effects; design:

general 1-GROUP, 2-sitetTcp ZLL

manova ( ;

dr MS df MS

Effect Effect Effect Error Error F p-level G G

1 4 6.13650 45 7.668756 .80020 .531474 .
*2 2 25.16541 90 . 568511 44.26548 .000000 | .000l

12 8 L 71290 30 . 568511 1.25398 .277707 .zq%

*Marked effects significant at p<.0500

Group (5) x Site (3) for POST Interval 9

RsT 79

css/3: Summary of all Effects; design:

general 1-GROUP, 2-sitefcp @

manova '

drf MS df MS

Effect Effect Effect Error Error F p-level GG_

1 4 4.50543 45 8.345022 .53989 .707176

2 2 15.98586 90 .558711 28.61204 .ooocoe |-c00!

12 8 1.14053 S0 .558711 2.04137 .050189 [.O77TI
*Marked effects significant at p<£.0S00



E7 - Fisher LSD post-hoc tests

POST Interval 2 (Group Matrix)

css/3: LSD TEST: veriable Var.1l

general Probabilities for Post-Hoc Tests

manova MAIN EFFECT: GROUP

{1} {2} (3} {4} {s}

GROUP sitefce -4 .18000 -1.43667 -3.14667 -3.71667 -2.22667
1 veee {1} .004312 . 263432 .614082 .037748
2 ssee {2} .004312 . 067422 .016182 -391194
3 svse {3} 263432 .067422 .535330 .318716
3 {4} . 614082 .016182 .535330 . 109456
S sese {5} . 037748 .3911%4 .318716 . 109456

POST Interval 2 (Site Matrix)

oaaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaéaac

* ¢css/3: ° LSD TEST; variable var.l
* general * Probabilities for Post-Hoc Tests °
° manova * MAIN EFFECT: sitefcp °

044844888488484444444484446448848888480804848880040484804884884C
: 1y - 2y = (3 °

° GROUP  sitefcp * -3.13800 * -3.36800 ° -2.31800 °
08843444854444482408484444688448484488688888488888644468888884C

tene 1 FZ (1) *  .222574 °  .000032 °
o e 2 [z (2} * .222574 ° *  .000000 °
AL 3 z (3} °* .000032 °  .000600 ° .

284448484884884888484844444084888488408044848454048484804884404444848)




E7 - Fisher LSD post-hoc tests

POST Interval 4 (Group Matrix)

css/3: . LSD TEST: variable Var.1

general Probabilities for Post-Hoc Tests

manova MAIN EFPECTh GROUP

A - 0
(7 (2 e Viay s

GROUP sitefcp 1.020000 -.740000 1.263333 2.300000 ~.146667
1 sees {1)9’ .059821 .7%90727 .167115 .207141
2 seee (2}? .05%821 .033153 .001715 .518409
3 seee {S)C« . 790727 .033153 261441 . 128905
4 seee {4)0 .167115 .001715 .261441 .010141
5 sees (5)¢ .207141 .518409 .128905 .010141

POST Interval 4 (Site Matrix)

Oééééééééééaééééééééééééééééaééééééééééééaééééééaééaééééééééét

* css/3: ° LSD TEST:; variable var.l

® general * Probabilities for Post-Hoc Tests °
* manova ® MAIN EFFECT: sitefcp °
Qéaaaaéééaééaéaéééaééééééééaaaéééaé 4044444844484404448484444844C

. (1) (£ 2y (= (3)

* GROUP sitefcp ® -.164000 ° 1.606000 ° .7759999 °
oaéaaaaaaééaaééaaaéaéaééééééééaééaaééeéééaaéaaaéaéaéaééééééaac
¢ 190 1 fx {1y - ° .000000 ° .000099 °
* sene 2 cZ (2} ° .000000 % ° .000523 °

LY 3 Pz (3} ° .000099 .000523. ° .
86844484484488442444440440584444448448844448434448444448444441

POST Interval 4 (Interaction Matrix)

aaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaaaaa¢

css/3: LSD TEST; variable var.l
° general ° Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 °

aaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaaoaaaaaa?éaac
¢ {1y ° 2y ° {3y ° (4 °

* GROUP sitefcp ° .0499999 ° 2.200000 ° .8099999 ° -.810000 °
Oéaéééééééééééééééééaééééééééééééaéaé&ééééééééééééaééééééééééééééééééc
1 1 {1y - ° .000070 ° .144078 * .098892
* 1 z {2} ° .000070 ° * .008396 * .000000 °
* 1 3 {3) ° .144078 °* .0083%6 ° *  .002278 °
¢ 2 1 {4} ° .098892 ° .000000 ° .002278 ° *
¢ 2 2 (5} ° .197229 ° .000000 ° .006757 ° .713440 °
¢ 2 3 (6} * .106869 ° .000000 ° .002565 ° .969153 °
* 3 1 (7) ° .562233 ¢ .,000543 ° ,374816 ° .026941 °
* 3 2 (8) *° .000014 ° .670712 ° .002418 ° .000000 °
¢ 3 3 (9) ° .063235 ° .024482 ° .684843 ° .000619 °
¢ 4 1 (10) ° .325381 ° .002021 ° .629040 ° .009344 °
* 4 3 {11} * .000000 ° .000660 ° .000000 ° .000000 °
* 4 3 {12} ° .000029 ° .816544 ° .004323 * .000000 °
¢ 5 1 (13) ° .051019 ° .000000 ° .000852 ° .757102 °
* 5 2 (14} ° .938352 ° .000053 ° .,124373 ° .115355 °
* 5 3 ° .364569 ° .001586 ° .575313 ° .011537 °

{15}
AAASAAAAAAAAAAAAAAAAAAAAABAAAAAAAALALAALAAA4A4404454444444080084448444)




E7 - Fisher LSD post-hoc tests

POST Interval 4 (Interaction Matrix) - Continued

* ¢css/3: ° LSD TEST:; variable var.l
¢ general ° Probabilities for Post-Hoc Tests °
* manova M INTERACTION 1 x 2 °

° (sy - (6} ° (7y ° 8y -
° GROUP sitefcp ® -.620000- * -.790000 * .3500001 ° 2.420000 °
Oéaaéééééaééééééééééaaaéééééaaaéaaéaéaééaéééaééeaéaéaéaaaééaééééaééééc

1 1 (1) ° .197229 ° .106869 ° .562233 ° .000014
* 1 2 {2y * .000000 ° .000000 ° .000543 ° .670712 °
° 1 3 (3) ° .Q06757 ° .002565 ° .374816 ° .002418 °
e 2 1 (4) ° .7134%0 ° .969153 ° .026941 ° .000000 °
* 2 2 {5y ° ® .742452 ° .063235 * .000000 °
M 2 3 (6} * .742452 ° ¢ .029613 * .000000 °
° 3 1 (7)) ° .063235 ° .029613 ° ° .000124 °
* 3 2 (8 ° .000000 ° .000000 ° .000124 ° °
* 3 3 {9y ° .002021 ° .000703 * .197229 ° .007955 °
* 4 1 (10} ° .024482 ° .010388 ° .684844 ° .000509 °
* 4 2 (11) ° .000000 ° .000000 ° .000000 ° .002565 °
* 4 3 (12} * .000000 ° .000000 ° .000245 ° ,846695 °
M S 1 {13} °© .499112 ° .727896 * .012153 ° .Q00000 °
* 5 2 (14) ° .225073 ° .124373 * .511423 ° .000010 °
* S 3 ° .029613 ¢ .012799 ° .742452 ° .000392 °*

(15}
ééééééaéaééééééééééaééaéééééééaaéééaééééaaééééééééaéééééééééééééééééél

‘aaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaéaaaaaaaaaaaaaaaaaaaaaaaaaaaaa¢

css/3: LSD TEST; variable var.1l
* general ° Probabilities for Post-Hoc Tests °
* manova * INTERACTION: 1 x 2 *

R e GG CLLELLEELLLEELEEL L ELLEEEEEELEEE

¢ 9y ° (10} ° {11y 2y -
* GROUP sitefcp ° 1.020000 ° .5599999 ° 4.020000 ° 2.320000 °
0432422422424044428084444688040888856888888885860488480080¢44 88808084

1 1 (1) * .063235 ° .325381 °* .000000 ° .000029
* 1 2 (2) ° .024482 °* .002021 ° .000660 ° .B16544 °
¢ 1 3 {3) ° .684843 ° .629040 ° .000000 * .004323 °
* 2 1 (4) * .000619 °* .009344 ° .000000 ° .000000 °
* 2 2 {(S) * .002021 ° .024482 * .000000 ° .000000 °
¢ 2 3 (6} * .000703 * .010388 °* .000000 °* .000000 °*
¢ 3 1 (7y ° .197229 ° .684844 ° .000000 ° .000245 °
¢ 3 2 (8} °* .007955 ° .000509 ° .002565 ° .B46695 °
* 3 3 {9}y - °  .374816 °* .000000 ° .013476 °
¢ 4 1 (10} ° .374816 ° ° .000000 ° .000966 °
* 4 2 (11} ° .000000 ° .000000 ° °  .001403 °
¢ 4 3 (12) * .013476 ° .000966 ° .001403 ° °
* 5 1 {13) * .000214 * .003856 * .000000 * .000000 °
* 5 2 (14} ° .053287 ° .289085 ° .000000 ° .000022 °
* 5 3 ®  .334907 ° .938352 * .000000 ° .000750 °*

(15}
AARAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAABAAAAAAAAAA2AA44404058004484040488481

daaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa¢

¢ ¢css8/3: * LSD TEST; variable var.l
¢ general * Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 X 2 *

aaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaaoaa1
¢ {13y ° {14} ° (15} °

* GROUP sitefcp ° ~.970000 ° .0100000 °* .5200000 °*

Qaééééééééééééééééééééééééééaéééaaaéééééééééééééééééééééééc

1 1 (1) * .051019 ° .938352 * .364569
* 1 2 (2} * .000000 °* .000053 °* .001S86 °
¢ 1 3 (3) * .000852 ° .124373 * .575313 °
¢ 2 1l (4} * .757102 °* .115355 * .0Q11537 °
¢ 2 2 {5} ¢ .499112 ° .225073 ° .029613 °
* 2 3 (6} ° .72789%6 °* .124373 °* .012799 °
* 3 1 {7y ¢ .012153 °* .511423 °* .742452 °
* 3 2 (8 ¢ .000000 ° .000010 ° .000392 °
* 3 3 {9} °* .000214 * .053287 °* .334907 °
¢ 4 1 (10} * .003856 * .289085 °* .938352 °
* 4 2 (11} ° .000000 °* .000000 °* .00000O0 °
° 4 3 (12} * .000000 * .000022 ° .000750 °
¢ S 1 (13} ° * .060612 ° .00484! °
¢ S 2 {14} ° .060612 ° * .325381 °
¢ 5 3 ® .004841 °* .325381 °* *

(15)
A4848484484444444444448444008584840444444204444484484480404444444884)




ES8 - Fisher LSD post-hoc tests

POST Interval 5 (Site Matrix)

oaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa¢

* css/3: ° LSD TEST; variable Var.l
* general ¢ Probabilities for Post-Hoc Tests °
* manova * MAIN EFFECT: sitefcp .

0848444484444284428448453¢43384884488048484600422044088884844C
° (1) (z) - 3y

° GROUP sitefcp ® -2.67400 ° -1.42800 ° -.296000 °
Qéééééééééééééaééaéééééééeéééééééééééééééééééééééeéééééééaéééc

rese 1 1y ° ° .000000 ° .000000 *
° 1000 2 2y ° .000000 ° * .000000 °
¢ Lo 3 3y ° .000000 ° .000000 ° °

348448844448480848842844448048484448444048484848448a48044484848448444)

POST Interval 5 (Interaction Matrix)

oaaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaac

* ¢css/3: ° LSD TEST; variable var.1l
* general ° Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 - °

oaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaac
° (1 ¢ (2) ° 3y ° {4y °

* GROUP sitefcp ° -3,41000 ° -2.26000 ° -1.30000 ° -2.23000 °
0484834244280088444488844€4540084842464408888484¢404888848068888888884C
. 1 1 1y * ° .005929 ° .000001 ° .004796

. 1 2 (2} ° .005929 ° ° .020803 ° .941547 °
. 1 3 {3} *° .000001 ° .020803 ° °  .025005 °
. 2 1 {4} * .004796 ° .941547 ° .025005 ° .
. 2 2 (5} ° .002677 ° .788076 * .040054 ° .844989 °
. 2 3 (6} ° .000003 ° .029937 ° .883413 ° .035699 °
. 3 1 (7} ° .000003 ° .031760 ° .864159 ° .037822 °
. 3 2 {8} ° .000000 ° .000000 ° .000774 ° .000000 °
. 3 3 {9} ° .000000 ° .000000 ° .000037 ° .000000 °
. 4 1 (10} * .165825 ° .158602 °* .000287 ° .138382 °
. 4 2 {11} ° .000000 ° .000065 °* .069322 * .000085 °
. 4 3 (12} ° .000000 ° .000000 ° .000001 ° .000000 °
. 5 1 {13} ° .788076 ° .002677 °* .000000 * .002137 °
*. 5 2 {14} * .007821 * .922119 °* .016178 ° .864160 °
. 5 3 15) ° .000000 °* .000001 ° .004796 ° .000001 °

844484848840044888880A0AARAAAAAAAAAABAAAARARARABAAALRAAASARAAAEE664444)

caaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

¢ ess/3: ° LSD TEST; variable var.l
* general ° Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 M

uaaaaaaaaaaaaaaaéaaaaaaaaéaaaaéaaaaaoaaaaaaaaaaoaaéaaaaaaaoaaaaaaaaaac

sy *  (6) * (1) (8 °
¢ GROUP sitefcp ¢ -2.15000 * -1.36000 ° -1.37000 ° .1200000 °
oaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaéaaaaaaaaaaéaaaaaaaaaaeaaaaaaaaaac

1 1 (1) ° .002677 * .000003 ° .000003 °* .000000
* 1 2 (2) ° .788076 °* .029937 ° .031760 ° .000000 °
¢ 1 3 (3) ° .040054 ° .883413 ° .864159 * .000774 °
* 2 1 (4) * .844989 ° .035699 ° .037822 ° .000000 *
* 2 2 sy °* * .055968 °* .059084 ° .000000 °
° 2 3 (6) °* .055968 ° ° .980500 ° .000474 °
¢ 3 1 {7y * .059084 ° .980500 ° ¢ .000437 °
* 3 2 (8} ° .000000 ° .000474 ° .000437 ° *
* 3 3 (9) ° .000000 ° .000021 ° .000020 ° .393251 °*
* 4 1 (10} * .09425% ° .000474 °* .000515 ° .000000 °
¢ 4 2 (1l) ° .000171 ° .050153 ° .047443 ° .104042 °
¢ 4 3 (12} * .000000 ° .00000L °* .000001 ° .085238 °
* 5 1 (13) *© .001153 °* .p0O0GCOL ° .000001 ° .000000 °
* S 2 (14} °© .713996 ° .023528 ° .025005 ° .000000 °*
¢ S 3 ° .000003 ° .003105 ° .002884 ° .557842 :

B40448848488A448400800A0AA0AAAAAAAAAAMAAAAAAAAAABAANAANAAAABAAAAAAAAAA




ES8 - Fisher LSD post-hoc tests

POST Interval 5 (Interaction Matrix) - Continued

Oaaaaaaaaaaaaaaaaaaaaaaaaaaaéééaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaaaaaa¢

* css/3: LSD TEST; variable var.1l
* general ° Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 °

Oéééééééééééaééééééééééééeééééééééééééééaaéaaééééééééaééaaééééaééééééc

° (%) ° (10} ° (1) (12} -
* GROUP sitefcp ° .4700000 ° -2.84000 ° -.550000 ° .8300001 °
Oaéaéaéééééééééééééééééééeaéaééaééaéeééaéaéééééééééééaaéééeééééééééééc

[y
¢
¢
c
. * 1 1 (1)} ° .000000 ° .165825 ° .000000 ° .000000
. * 1 2 (2) ° .000000 ° .158602 ° .000065 ° .000000 °
. ° 1 3 (3) ° .000037 ° .000287 ° .069322 * .000001 °
. 2 1 (4) * .000000 ° .138382 ° .000085 °* .000000 °
.« 2 2 (s} °* .000000 ° .094259 ° .000171 ° .000000 °
.« 2 3 {6} * .000021 ° .000474 ° .0S50153 ° .00000L °
« ° 3 1 {7}y ° .000020 ° .000515 ° .047443 ° .00000L °
. ° 3 2 (8) ° .393251 ° .000000 ° .104042 ° .085238 °
. * 3 3 9y ° ° .000000 ° .014230 ° .379930 °
. ° 4 1 {10} * .000000 ° ® .000000 ° .000QOQO0 °
« 4 2 (11} ° .014230 ° .000000 ° ° .001065 °
.« * 4 3 {12} * .379930 ° .000000 ° .001065 ° *
.« 5 1 {13} * .000000 ° .09%052 ° .000000 ° .000000 °
.« S 2 (14) ° .000000 ° .189005 ° .000045 ° .000000 °
a ° S 3 (15) ° .151623 ° .000000 ° .294733 ° .022128 °
AAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAAABAAAAAAAARARAAAAAAALAAARAAAAAAAAAAY

Oaaaaaaaaaaaaaaaaaaaaaaaaeaaéaéaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

* css/3: ° LSD TEST; variable var.l
* general * Probabilities for Post-Hoc Tests °
¢ manova ¢ INTERACTION: 1 x 2 °

Oaéaééééééééééééééééééééaéaéééééééééééééééééééébéééééééééébéél
(13} (14) ° (15) °

* GROUP sitefcp ® -3,52000 * -2.30000 °* -.120000 °
oaaaaaaaaaaaaaaaaaaaaaaaaeaaaaééaaaaeaaaaaaaaaaéaaaaaaaaaac
1 1 (29) .788076 ° .007821 * .000000
* 1 2 (2) * .002677 ° .922119 ° .000001 °
* 1 3 {3) ° .000000 ° .016178 ° .004796 °
° 2 1 (4} * .002137 ° .864160 ° .00000l1 °
* 2 2 {5y ° .001153 ° ,713996 ° .000003 °
¢ 2 3 {(6) * .000001 ° .023528 °* .003105 *
* 3 1 (7} ° .000001 ° .025005 ° .002884 °
* 3 2 (8 ° .000000 ° .000000 °* .557842 °
° 3 3 (9) ° .000000 * .000000 ° .151623 °
¢ 4 1 (10} ° .0990S52 * .189005 * .000000 °
* 4 2 {11) ° .000000 ° .000045 °* .294733 °
* 4 3 (12} * .000000 ° .000000 ° .022128 °
* 5 1 (13} * * .003595 ° .0Q00000 °
¢ S 2 (14} * .003595 ° ° .000001 °
* S 3 {15} ° .000000 ° .p0OOGOl ° °

}
AAAAAAAAAAAAAAAAALAAAAAA008848000804044844484444848444444444)




ES8 - Fisher LSD post-hoc tests

POST Interval 6 (Site Matrix)

---uuaoeaauaaaaaaaaaéééaaéééééééééééaééééééééééééééééééééééééc

° ¢ss/3: ° LSD TEST; variable Var.l

* general ° Probabilities for Post-Hoc Tests °
* manova * MAIN EFFECT: sitefcp °
aaaaaaaaaaaaéaaéaaaaaaaaaéaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaac

. (1) (2yC= (3}

* GROUP sitefcp ¢ =2.81200 ° -2.47200 * -.506000 °*
04484444834444848488884888648484808488040444444844444644848444444840
. tees 1 F2 (1) ° . .093669 ° .000000 °
. taee 2C2 (2) .093669 * ° .000000 °
¢ e 3 B {3y ° .000000 ° .000000 * °

354444545484084AAAA02224080488444448484804480400844844044848448444444)

POST Interval 6 (Interaction Matrix)

ﬁééééééééééééaéaéééééaééééééaééééééééééééééééééééééééééééééééééééééééc

* css/3: ° LSD TEST; variable var.l
¢ general ° Probabilities for Post-Hoc Tests °
¢ manova ° INTERACTION: 1 x 2 °

caaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaoaaaaaaaaaabaaaaaaaaaaeaaaaaaaaaac
° (1) ° (2y - 3y ¢ (4} °

° GROUP sitefcp ® -3.22000 ° -3.25000 ° -1.20000 °* -1.98000 °
Qaééééééééééééééééaéééé&éééééaéééééééééééaééaéaéééééaééééééééééééééééc
1 1 (ry o °  .946844 .000020 * .006936
* 1 2 (2} ° .946844 ° ® .0000l16 ° .005736 °
¢ 1 3 (3} ° .000020 ° .00001l6 ° * .085583 °
¢ 2 1 {4) ° .006936 ° .005736 ° .085583 ° ¢
* 2 2 {5} ° .033295 ° .028335 ° .021496 °* .548881 °
¢ 2 3 (6} ° .000043 ° .000033 ° .841488 * .127630 °
¢ 3 1 (7) ° .249584 ° .223508 ° .001210 ° .112095 °
* 3 2 (8 °* .026831 * .022734 * .026831 * .609510 °
¢ 3 3 (9} ° .000000 ° .000000 ° .018134 °* .000077 °
¢ 4 1 {10} ° .964548 ° .911526 ° .000024 * .007860 °
° 4 2 (11} * .024034 °* .020319 ° .029911 * .640919 °
* 4 3 (12) ° .000000 ° .000000 ° .000907 * .000001 °
* S 1 {13} ®° .S563751 ° .519742 ° .000171 °* .031564 °
¢ 5 2 (14} ¢ .093781 * .081711 ° .006113 * .287613 °
¢ ] 3 ® .000000 ° .000000 ° .038995 °* .000234 °

(15}
8848448448848444444848404448084840048840404485484484480844884844440844448444448)

oaaaaaaaaaaaaéaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaaaaaaaaaaaaac

1 * ecss/3: ° LSD TEST: variable Vvar.l
* general ° Probabilities for Post-Hoc Tests °
* manova e INTERACTION: 1 x 2 °

oaaaaaaaaaaaaaaaeaaaaaaaaéaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaac

(5} * (6) * (1} ° (8 °
* GROUP sitefcp * ~2.25000 ° -1.29000 * -2.70000 * =-2.21000 °
oaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaeaaaaaaaaaaéaaaaaaaaaaéaaaaaaaaaac

1 1 {1} * .033295 * .000043 °* .249584 ° .026831
* 1 2 {2} * .028335 * .000033 °* .223508 * .022734 °
* 1 3 (3} * .021496 °* .841488 °* .001210 * .026831 °*
* 2 1 (4) ° .548881 ° .127630 * .112095 °* .609510 °
¢ 2 2 {5}y ° ° .035109 * .318623 °* .929167 °
* 2 3 (6) °* .035109 ° °  .002270 * .043247 °
* 3 1 {7y * .318623 °* .002270 ° ¢ .277752 °
¢ 3 2 {8} ° .929167 ° .043247 ° .277752 °* *
¢ 3 3 (%) °* .000008 °* .010679 * .000000 °* .000011 °
* 4 1 {10} * .037008 * .000051 * .268127 °* .029911 °
* 4 2 (11) * .893928 * .047892 * .258739 * .964548 °
¢ 4 3 {12} ° .000000 ° .000466 ° .000000 °* .000000 °
* 5 1 {13) ¢ .117096 ° .000344 ° .563751 ° .098114 °
* 5 2 (14} ° .640919 ° .010679 ° .594071 ° .5788l6 °
* 3 ¢ .000026 °* .024034 °* .000000 °* .000036 °

(15}
aéééééééééééééééééééééééééééééééaéééééééééaéééée&ééééaééééééééééééééél




ES8 - Fisher LSD post-hoc tests

POST Interval 6 (Interaction Matrix) - Continued

Gééééééééééaéééééééééaééééééaéééaéééééééééaaéééééééaéééaaééééééaééaaé¢

° css/3: . LSD TEST; variable var.l
° general e Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 °

044824424424448884488424464088884254048884444880848888488004828442884C
9y -~ (o) (11} ° (12} °

* GROUP sitefcp ® -.120000 ° -3.20000 °® =-2.19000 ° .3400001L °
ﬁéaééééééééaéaééaééaaaaééeéééaéééééééééaaaaaaaéeaéééaéaéééééééééaaaaac
1 1 (1} .000000 ° .964548 ° .024034 ° .000000
° 1 2 {2y ° .000000 ° .911526 ° .020319 ° .000000 °
° 1 3 (3) ° .018134 ° .000024 ° .02991l1 ° .000907 °
° 2 1 (4} ° .000077 ° .007860 ° .640919 ° .000001 °
¢ 2 2 (5} ° .000008 ° .037008 * .893928 ° .000000 °
° 2 3 (6) ° .010679 ° .000051 ° .047892 ° .000466 °
° 3 1 {7y * .000000 ° .268127 ° .258739 ° .0Q00000 °
° 3 2 (8) °* .000011 ° .,029911 ° .964548 ° .000000 °
¢ 3 3 {9y ° ® .000000 ° .000013 °* .308047 °
* 4 1 (10} ° .000000 ° ° .026831 ° .000000 °
° 4 2 {11} ° .000013 ° .026831 ° ° .000000 °
* 4 3 (12} * .308047 ° .000000 ° .000000 ° °
¢ 5 1 (13} ° .000000 ° .594070 ° .089605 ° .000000 °
° 5 2 (14) ° .000001 ° .102608 ° .548881 ° .000000 °
° 3 (15} ° .755764 ° 000000 ° .000043 ° .184550 °

daaaaaaaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaéaaaaaaaéaéaaaaaaaaaaaac

i * css/3: °* LSD TEST; variable var.l
* general ° Probabilities for Post-Hoc Tests °
* manova ¢ INTERACTION: 1 x 2 °

04844844488848888888080886480084848808408888888088888884440841
. (13} (14} ° (15} *

* GROUP sitefcp * -2.96000 ° -2.46000 ° -.260000 °

0444444448444884840880848€40480888446440488044880800884844C

1 1 (1} ° .563751 * .093781 ° .000000
. 1 2 (2} ° .519742 ° 081711 ° .000000 °
. 1 3 {3} ° .000171 ° .006113 ° ,038995 °
. 2 1 {4} * .031564 ° .287613 ° .000234 °
. 2 2 {5} ° .117096 ° .640919 ° .000026 °
. 2 3 (6} ° .000344 ° .010679 ° .024034 °
. 3 1 {7} ° .563751 ° .594071 ° .000000 °
. 3 2 (8} ° .0981l4 ° .578816 ° .000036 °
. 3 3 {9} ° .000000 ° .000001 ° .755764 °
. 4 1 {10} ° .594070 ° .102608 ° .000000 °
. 4 2 {11} * .089605 ° .548881 ° .000043 °
. 4 3 {12} ° .000000 * .000000 ° .184550 °
. 5 1 (13) ° ° .268128 ° .000000 °
. 5 2 (14} ° .268128 ° *  .000004 °
. 5 3 * .000000 * .000004 ° .

AAARARAAAARAANRARAASNAARAABAAAAAAAAAAAAAAAAA4458044448444844)




ES8 - Fisher LSD post-hoc tests

POST Interval 7 (Site Matrix)

Gééééééééaéééééaééaéééaéadéaééééééaéaééééééééééééééééééééaéaéc

* css/3: ° LSD TEST; variable Var.l
* general ° Probabilities for Post-Hoc Tests °
* manova ¢ MAIN EFFECT: sitefcp °

Oééaéééaéaaéaaaééaéaaéaééeéaéaéaéaéaaéaaéaééaaéééééaéaéééaéaéc
° 1y (2 ° (3} N

¢ GROUP sitefcp ¢ -2.18600 ° -2.08600 ° -.618000 °
0884844848484444488408488846044408884446484880000448864844448848484440
¢ e 1 {1y ° ° .552536 ° .000000 °
* e 2 2y ° .552536 ° ° .000000 °

* seee {3y ° .000000 ° .000000 ° °
aééééééaééééééééééééaaééaééééaééééééééééééééAAAAAAAAAééééééés\

POST Interval 7 (Interaction Matrix)

baaaaaaaaéaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaaaaaaaaaac

* css/3: ° LSD TEST: variable Vvar.l
* general ° Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 °

oaaaaaaaaaaéaaaaaaaaaaaaaéaaaaaaaaaaoaaaaaaaaaaeaaaaaaaaaaoaaaaaaaaéac
¢ {1y ° 2y - (3 - {4y °

* GROUP sitefcp ° -1.97000 * -2.56000 ° -1.07000 ° -1.53000 °
Qééééééééééééaaéééééééééééééééééééééééééééaéééaééééééaééééééééééaééééc
1 1 {1} ¢ .119201 ° .018471 * .243823
* 1 2 {2y ° .119201 ° ° .000143 ° .007279 °
* 1 3 {3} ° .018471 ° .000143 ° ¢ .223211 °
. 2 1 (4} ° .243823 ° .007279 ° .223211 ° °
* 2 2 {5) * .353211 ° .013996 °* .146007 ° .810902 °
* 2 3 (6) *° .003638 ° .000016 ° .558950 ° .073152 °
* 3 1 {7} ° .831572 ° .177286 ° .0l10519 ° .169027 °
° 3 2 {8} ° .576923 ° .035643 ° .069102 ° .541259 °
* 3 3 (9) ° .000049 ° .000000 ° .065241 ° .002640 °
° 4 1 {10) ° .069102 ° .790364 °* .000054 ° .003360 °
. 4 2 {11} * .769974 °* .203896 ° .008446 ° .146007 °
° 4 3 {12) * .000080 * .000000 ° .086504 ° .003937 °
¢ S 1 {13} ® .048545 ° .670684 ° .000030 ° .002065 °
° 5 2 {14) * .243823 * .690145 °* .000570 * .021154 °
* 5 3 ° .000054 °* .000000 ° .069102 °* .002862 °

(1s)
844444444844888484088488040840488804844844044448448040404848448488448040444a4844)

baaaaaeaaaaaaaaaaaaaaaaaaoaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaéaaaaaaaa¢

* css/3: LSD TEST; variable Var.l
* general ° Probabilities for Post-Hoc Tests °
° manova d INTERACTION: 1 x 2 °

oaaaaaaaaeaaaaaaaaaaaaaaaéaaaaaaaaaaeaaaaaaaaééoaaaaaaaaaaoaaaaaaaaaac

° (sy ° (6 ° (73 ° (8y °
* GROUP sitefcp ° -1.62000 ° -.850000 * -2.05000 ° -1.76000 °
oaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaéaaaaaaaaaaéaaaaaaaaaaeaaaaaaaaaac

1 1 (1) ° .353211 ° .003638 ° .831572 * .576923
° 1 2 (2) ° .013996 * .000016 ° .177286 °* .035643 °
* 1 3 (3) ° .146007 ° .558950 ° .010S19 °* .069102 °
* 2 1 (4) ° .810902 ° .073152 ° .169027 ° .541259 °
* 2 2 (s} ° ¢ .042971 * .254624 °* .709817 °
¢ 2 3 {6} * .042971 ° * .001901 ° .017246 °
¢ 3 1 {7}y * .254624 ° .001901 ° ¢ .441414 °
* 3 2 (8) ° .709817 ° .017246 * .441414 ° °
* 3 3 {9) * .001249 * .203896 °* .000022 ° .000363 °
* 4 1 (10} * .006752 ° .000006 ° .107352 ° .018471 °
¢ 4 2 (11} °© .223211 ° .001479 ° .936424 * .395805 °
¢ 4 3 (12} ° .001901 ° .254624 * .000036 ° .000570 °
* ] 1 (13} ° .004258 °* .000003 * .077399 ° .012146 °
* S 2 (14) ° .037955 ° .000073 * .339694 ° .086504 °
° ] 3 * .001360 * .213393 * ,000024 °* .000398 °

(15}
A455448404440444408024448084845484448884844004280448488484440444488448448)




ES8 - Fisher LSD post-hoc tests

POST Interval 7 (Interaction Matrix) - Continued

5ééééééééééééééééééééaééééééééaéaéééééééaééééaéééééaééééééééééaaéééaét

° css/3: ° LSD TEST; variable var.l
* general ° Probabllities for Post-Hoc Tests °
° manova ° INTERACTION: 1 x 2 .

08888444282244844884488886448488344402202404424404888848884804488448805C

: %y ° (10y ° (11} ° (123 -
° GROUP sitefcp ° -.370000 * -2.66000 ° -2.08000 ° -.420000 °
ﬁééééééééééaaaééééaééaééééééaéééééééééaaéaéaaaéééaaéaaaaéééééaéééééééc

1 1 (1} ° .000049 ° .069102 ° .769974 ° .000080
N 1 2 {2} ° .000000 ° .790364 ° .203896 °* .000000 °
° 1 3 {3} ° .065241 ° .000054 ° .008446 ° .086504 °
° 2 1 (4) ° .002640°° .003360 ° .146007 ° .003937 °
° 2 2 (5} ° .001249 ° .006752 ° .223211 ° .001901 °
* 2 3 (6} ° .203896 ° .000006 ° .001479 ° .254624 °
° 3 1 {7y °* .000022 ° .107352 ° .936424 ° .000036 °
° 3 2 {8}y ° .000363 ° .018471 ° .395805 ° .000570 °
° 3 3 {9y ° ° .000000 ° .000016 ° .894242 °
° 4 1 (10) ° .000000 ° ° .125504 ° .000000 °
* 4 2 (11} ° .0000l6 ° .125504 ° * .000027 °
° 4 3 (12) ° .894242 ° .000000 ° .000027 ° °
° S 1 {13} ° .000000 ° .873257 ° .091376 * .000000 °
* 5 2 {14} ¢ .000000 ° .506749 ° .381269 ° .00000l °
* 5 3 (1s)} ° .978788 ° .000000 ° .000018 ° .?lS?QZ.'
844444444804444840004484444048448884444004844444448484444444404444844844)

daaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac

® ¢ss/3: ° LSD TEST; variable var.l
¢ general * Probabilities for Post-Hoc Tests °
* manova ° INTERACTION: 1 x 2 M

oaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaoaaaaaaaaaaoaaaaaaaaaaoaai
: (13) ° (14} -° (15} °

* GROUP sitefcp ® -2.72000 ° ~-2.41000 ° -.380000 °
Oaééééééééaééééaééééééééééééééééééééééééééééééééééééééééééc
1 1 (1) .048545 ° ,243823 ° .000054
° 1 2 {2} ° .670684 ° .690145 ° .000000 °
° 1 3 {3} ° .000030 * .000570 ° .069102 °
¢ 2 1 (4} ° .002065 * .021154 ° .002862 °
¢ 2 2 {5} ° .004258 ° ,037955 ° .001360 °
¢ 2 3 (6} ° .000003 ° .000073 ° .213393 °*
* 3 1 {7} ° .077399 ° .339694 ° .000024 °
° 3 2 (8} ° .012146 ° .086504 ° .000398 °
° 3 3 {(9) ° .000000 ° .000000 ° .978788 °
* 4 1 (10} ° .873257 ° .506749 ° .000000 °
¢ 4 2 (1) °© .091376 * .381269 ° .000018 °
* 4 3 {12} ° .000000 * .000001 ° .,915302 °
° 5 1 {133} ° °  .410676 * .000000 °*
° 5 2 {14) ° .410676 ° ° .0Qoo001 °
° 5 3 (15} * .000000 ° .000001 ° ‘

Aééééﬁééééééééﬁééééé,‘:Aéé.’abéﬁéﬁééééééééééﬁﬁéééééa.’:ééééééﬁéﬁ\




