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The sleep onset period is the sleep-wake transition. The mental phenomenon of “hypnagogic
imagery,” which occurs in the sleep onset period, was focused on in this study. Hypnagogic
imagery is defined as the apparent perception of sensory stimuli that are not physically present.
The visual imagery is the most common although any of the sense modalities are experienced. The
purpose of this study is to examine the brain functional state of the sleep onset period with event-
related potentials (ERP) which reflect information processing of external stimuli.

In chapter 1, previous studies concerning with the sleep onset period were reviewed and the
outline of this study was explained. It is difficult to judge whether the sleep onset period is the
state of waking or of sleeping. The standard sleep criteria (Rechtschaffen & Kales, 1968) are
unsuitable for precise judgment of the arousal level during the sleep onset period in which physical
and mental condition changes irregularly in a shot time. Therefore, in this study, a certain
criterion, named the EEG stages (Hori et al., 1994), was used to determine the arousal level during
the sleep onset period. Many previous studies have objectively investigated the information
processing during the sleep onset period with changes of ERP according to the decline in the
arousal level. However, there are two problems in these studies: rough judgment of the arousal
level by the polysomnogram and insufficient description of the change of ERP scalp distribution.
On the other hand, although there are several reports on the relationship between brain functional
activities and mental activities just before waking using spectral analysis of EEG records, these
studies do not show a common view corresponding to the presence of imagery. Far from that, the
presence of imagery itself is uncertain. In order to obtain the evidence of the imagery processing if
indirect, it is useful to examine the influence of hypnagogic imagery on the information processes
of external stimuli with the use of ERP.

In chapter 2, the sleep onset period was divided into the five EEG stages so that the temporal
and the spatial changes of ERP scalp distribution could be examined with the single tone stimulus
reaction paradigm. This enabled to describe the relationship between the brain functional state
and the ERP changes during the sleep onset period in more detail than before. The decrease of
N100 and P300 amplitude suggested that the ability of active attention declined at EEG stage 3
which was characterized by the appearance of ¢ waves train. In contrast to their attenuation,
P200, N300, and P400 appeared at EEG stage 3, N650 at EEG stage 4, responding to stimuli. The
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stage 4 was characterized by the appearance of vertex sharp wave. As EEG stages advanced, P200,
N300, and N550 increased their amplitude around anterior of the scalp. P400 amplitude was the
greatest at EEG stage 4 and dominant on posterior. It was thought that these components
emerged in high amplitude on a release from restraint as arousal level lowered. Besides, it is
known that these amplitudes increase under the same arousal level when stimuli are more salient.
In sum, the appearance of these components shows that the evaluation process of stimulus
prominence is maintained even when the cortical activity level becomes lower.

In chapter 3, the influence of hypnagogic imagery on the information processes of external
tone stimuli was examined. ERPs to single tone stimuli at EEG stage 4 were calculated in
conditions with and without the experience of hypnagogic imagery. N550 is thought as an
endogenous component, whereas the others are regarded as components reflecting automatic
process. Only N5650 amplitude was lower in the with-imagery condition than in the without-
imagery condition although the others did not show the difference between the two conditions. It
showed that experiences of hypnagogic imagery exert some influence on the information
processes of external tone stimuli. That is, the circumstantial evidence of the perceptual
information processing of hypnagogic imagery was obtained. On the other hand, P400 which was
dominant at the posterior area had a tendency to show larger amplitude with imagery than without
imagery. Looking at the change of experience rate of hypnagogic imagery corresponding to the
shift of five EEG stages, EEG stage 3 and 4 showed higher rate than the other stages (Hayashi et
al., 1999; Hori et al., 1994). Comparing it with the characteristics of the ERP distribution change
obtained in chapter 2, P400 increased its amplitude at the posterior area in the stages which
showed the higher experience rate of hypnagogic imagery. Since the posterior area of cortex is
involved in visual information processing, it could be thought that the appearance of the occipital
P400 reflected the posterior area activation concerning with generation of hypnagogic imagery.

In chapter 4, on the assumption that the appearance of P400 is related to the brain functional
state underlying imagery generation, the origin of P400 was examined by LORETA (Low resolution
brain electromagnetic tomography). The result of the analysis suggested that the generator of the
occipital P400 was located at the occipital visual cortex and the temporal association cortex which
have important roles to perceive visual imagery. Because the occipital dominant P400 appeared at
the EEG stages where the experience rate of visual imagery were higher, it was suggested that
there was the activation of the region related to visual imagery generation as the background of
hypnagogic imagery emergence. In addition, the existence of the central dominant P400 which
made a complex with N300 was revealed. N300 reflects the cerebral system activity concerning
with the preparation of K-complex which is related to the mechanism to determine whether sleep
is interrupted or maintained. Cingulate gyrus, medial frontal gyrus, and superior frontal gyrus were
identified as the origin of the central P400. These regions are involved in concentration and shift of
attention. Therefore, it can be thought that the central P400, as with N300, reflects the activity of
the environment monitoring system in NREM sleep. As mentioned above, inconsistency in the
previous studies about P400 properties was able to be rationalized. That is to say, P400 was not
delayed P300 rather the occipital P400 changed place with P300 at EEG stage 3 where the
function of attention in arousal state decreased. Besides, the central P400, which amplitude
corresponded to N300, appeared at EEG stage 4.

As is discussed in chapter 3 and 4, the activation of the region which related to visual imagery
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processing underlay experiences of hypnagogic imagery. In chapter 5, based on this result, a
process model of the hypnagogic imagery generation was hypothesized. In order to frame the
model, the hypotheses of dream process in REM sleep, an activation-synthesis hypothesis (Hobson
& McCarley, 1977) and a sensory image - free association hypothesis (Okuma, 1992), were
referred to. The content of the model is as follows: as a factor of emergence of hypnagogic
imagery, there is the activation of the region which is involved in visual imagery processing. And

then, input from some phasic activities draws sources of hypnagogic imagery from memory.

Key wards: hypnagogic imagery, sleep onset period, event-related potentials, brain functional

state
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Aiming to stimulate and encourage the business companies to voluntarily devote themselves
in protecting the environment, this doctoral thesis explores and provides academic guidance for
impartially implementing feasible and meaningful corporate environmental performance (CEP)
evaluation and empirically examines the effects of corporate environmental management (CEM)
on economic performance in Japan and clarifies the mechanism of the effects.

Chapter 1 describes the evolution of environmental issues, the importance of CEM to the
sustainable development of the world, the historical development of the CEM in the United States
and Europe, and the current situation of the CEM in Japan. Subsequently, the above-mentioned
overall objective of this thesis is identified.

To make clear the state of art and identify the limitations existing in the pervious studies, in
Chapter 2, [ make an extensive review on the previous studies regarding CEM. The review
reveals: 1) theoretically and context based environmental performance measurement (EPM)
models should be developed, validated and compared with the existing models to clarify the
foundation of EPM and the evaluation criteria should be standardized to make CEP evaluation
comparable across the companies from different sectors; 2) it is necessary to examine the effects
of CEM/CEP on economic performance in different context and clarify the mechanism that CEM
invokes to affect economic performance.

In Chapter 3, I evaluate the environmental performance of a business office by applying the
method of life cycle analysis and examine whether the feedback together with introductory
prompts can lead to behavioural changes. The evaluation on the environmental performance in
using copy paper indicates that the evaluated office has made some efforts in using the single-
sided paper (SSP) but great improvement room has left for using the recycled paper and disposing
the recyclable paper as resource waste. Setting up the SSP-boxes, as one of prompts, has led to
the actions of always setting up the SSP-boxes and using SSP, and the immediate feedback
together with introductory prompts has led to the behavioural changes in saving electricity.

In order to impartially evaluate the environmental performance of a group companies and
provide the stakeholders with meaningful guidelines and a uniform basis for comparison, Chapter
4 develops a theoretically based, standardized and aggregated EPM model and propose to use the

environmental intensity change index (EICI) as a basic evaluation criterion of environmental
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operational performance. Based on the survey data collected from 58 companies operating in the
electrical machinery and instrument manufacturing sector, I empirically test the comparability of
the EICI across the companies from different sub-sectors and the construct reliability of the EPM
model. The results confirm that the EICI and the evaluation based on it are comparable across the
companies from different sub-sectors, even though the sub-sectors are different in
resources/energy consumption. This implies that the EICI is prior to the criteria used by the
previous studies in eliminating the influence of process type. The reliability of the management
performance indicators and operational performance indicators constructed in the EPM model is
also proved. Furthermore, it is found that CEP consists of environmental management
performance and environmental operational performance.

In chapter 5, to fill up the gap that so far, the effects of CEM/CEP on economic performance
have not been empirically examined in the context of Japan, I make an empirical examination on
the effects of CEM on economic performance by using the archive data of Japanese manufacturing
companies. Based on a sample of 1538 company-year observations from the period of 2000 to
2002, and using the ordered probit regression taking sample selection bias into account, I found a
positive relationship between the proactiveness of CEM (in terms of Nikkei’s environmental
management score) and economic performance (in terms of R&I’s senior long-term credit rating)
existing in the current context of Japan; this is consistent with most of the previous studies
conducted in the United States and Europe. However, the results did not support the moderating
effect of company size on this relationship; this is contrary to the theoretical proposition but a
favorable implication for the smaller companies since it may be plausible for them to reduce the
risk of being small by implementing environmental management.

Chapter 6 presents the empirical results of a further and deeper analysis on how the best
CEM practices affect corporate competitive advantages. It distinguishes between process-focused
pollution prevention practice (PROCESS PRACTICE) and product-focused pollution prevention
practice (PRODUCT PRACTICE) and examines if they affect different competitive advantages
through different paths. Results obtained with the survey data collected from 256 manufacturing
companies publicly traded in the first section of Tokyo Stock Exchange and by using the structural
equation modelling suggest that PROCESS PRACTICE affect cost advantage through enhancing
the development of organizational capability for continuous process innovation, whereas
PRODUCT PRACTICE affect market advantage through enhancing the development of
organizational capabilities for continuous product innovation and higher-order learning. These
results provide empirical evidence for the theoretical argument that different CEM practices have
effects on different competitive advantages through different paths.

In chapter 7, I conclude this thesis by summarizing the main findings and identifying the
theoretical and practical implications. The limitations of this study and the directions of future
studies are also discussed. Even though, there are certain important limitations, this thesis is a
constructive move to provide theoretical guidance for evaluating CEP and examining the “win-win”

hypothesis.

Key words: Corporate environmental management, Corporate environmental performance
evaluation, Environmental performance measurement model, Environmental intensity

change index, Effects of corporate environmental management on economic performance
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The mechanism of dreaming was investigated through brain potentials related to rapid eye
movements during rapid eye movement (REM) sleep.

Chapter 1 introduces the relationship between dreaming and rapid eye movements during
REM sleep. It is well known that the experience of dreaming is more frequent, more vivid, and
clearer during REM sleep than during non-REM sleep (Dement & Kleitman, 1957). A number of
studies have investigated the relationship between dreaming and rapid eye movements (e.g.
Dement & Kleitman, 1957; Hobson & McCarley, 1977) and have proposed several hypotheses. The
‘scanning hypothesis’ suggests that rapid eye movements are indicative of the dreamer voluntary
watching images during dreaming (Dement & Kleitman, 1957), whereas the ‘activation-synthesis
hypothesis,” and the ‘sensory image-free association hypothesis,” both suggest that rapid eye
movements occur spontaneously without voluntary control and generate a dream image via the
activation of relevant cortical areas (Hobson & McCarley, 1977; Okuma, 1992).

Rapid eye movements during REM sleep are analogous in shape to saccades, which are fast
ocular movements between visual fixations that occur during wakefulness (e.g. Dement &
Kleitman, 1957). The investigations of brain activity associated with rapid eye movements may
possible reveal how dreams occur during REM sleep. Therefore, we compared cerebral cortex
activities during REM sleep and wakefulness by using event-related potentials associated with eye
movements. The presaccadic negativity (PSN) and the postsaccadic potenstial (lambda response)
were examined. It was assumed that the PSN reflects activity associated with voluntary readiness
before eye movements (Moster & Goldberg, 1990) and that the lambda response reflects visual
information processing following saccades that occur during wakefulness (Scott & Bickford, 1967).

In Chapter 2, studies investigating whether the PSN occurs before during REM sleep are
described. PSN reflects the activity associated with voluntary readiness of eye movements. Results
of these investigations showed no PSN during REM sleep, indicating that rapid eye movements
during REM sleep occurs spontaneously without voluntary control or attention, suggesting that
rapid eye movements generated during REM sleep are different from saccades that occur during
wakefulness.

Chapter 3 describes studies on visual information processing after rapid eye movements

during REM sleep. We investigated the lambda response, which reflects visual information
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processing after saccades during wakefulness. Results indicated that the lambda-like response
(P1r, P2r) over the parieto-occipital site, also occurred in synchrony with the offset of REM during
sleep. The sources of the electric current of the lambda-like response were estimated to be in the
occipital visual cortices [P1r: a higher order visual area (precuneus; BA 7, 31), P2r: the primary
and secondary visual cortices (BA 17, 18)]. A study of wakefulness has suggested that the
activation of the higher levels of the visual processing hierarchy is related to visual imagery
(Roland & Gulyas, 1995). Taken together, these findings suggest that visual imagery related to
dreaming may be generated after REM during sleep.

Chapter 4 describes investigations of brain activities related to the onset of rapid eye
movements. Mean brain potentials that were synchronized to the onset of rapid eye movements
were analyed. Results of these studies indicated that a positive potential (P200r) with the maximal
amplitude over the central region occurred about 200 ms after rapid eye movements. It was
estimated that the sources of the electric current of P200r were in the cingulate gyrus related to
emotional imagery (Rainville et al., 1997) and attention (Grosbras et al., 2005), and in the
premotor region related to motor imagery (Grosbras et al., 2005). These findings suggest that the
emotional and motor imagery of dreams may be generated in synchrony with the onset of rapid
eye movements during REM sleep.

Chapter 5 describes investigations on the relationship between dreaming and brain potentials
related to rapid eye movements (P200r, lambda-like response). Results of these studies indicated
that the density of rapid eye movements were higher when dreaming than not, and that they
correlated positively with the impression of dreaming (p<.01). The amplitude of P200r correlated
positively with the activity and bizarreness of the dream (p<.05). These findings suggest that rapid
eye movements make dreaming more frequent and impressive. Moreover, the brain activities
reflected by P200r make dreaming more active and bizarre.

Chapter 6 summarizes the findings of this series of studies and suggests some conclusions
regarding the mechanism of dreaming during REM sleep. Rapid eye movenets are initiated during
REM sleep by a different mechanism from that of saccades during wakefulness. Moreover, it is
concluded that REM makes dreams more vivid. This finding lends support to the ‘activation-
synthesis hypothesis’ and to the ‘sensory image-free association hypothesis’. Although rapid eye
movements are initiated during sleep without any voluntary control, they elicited certain
emotional and motor imagery that were then integrated with the visual imagery that occurred at
the termination of rapid eye movements. This may result in more vivid and clear dreams during
REM sleep.

In the future, we intend to investigate the cognitive properties of dreaming by focusing on the
role of cerebral cortical activities to answer the following questions: What is dreaming? What is the

consciousness of dreaming?

Key words: dreaming, REM sleep, rapid eye movements, saccades, event-related potential,
imagery, topography
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We measured event-related potentials (ERPs) in order to determine how the monitoring
system during rapid eye movement (REM) sleep checks the surrounding auditory environment.
During sleep, our awareness of the surroundings is lower than when awake. However, even when
asleep, a certain level of interaction takes place with the environment as evidenced by the fact that
we awake in response to nocturnal danger, or in response to birds singing in the morning. Thus,
perception of slight changes in the environment when sleeping and taking an action against danger
for the purpose of protecting the organism, or not taking an action in order to protect the sleep,
appears to be a basic human ability.

Chapter 1. Auditory monitoring system during sleep

In this chapter, previous studies on auditory monitoring during sleep are reviewed and the
hypothesis, as well as the purpose of current study is presented. The auditory monitoring system
during sleep is regarded as “a systems for observing the surroundings during sleep in order to
maintain sleep functions effectively.” Observations of P300 (Cote & Campbell, 1999a) and
Mismatch Negativity (Loewy et al., 1996), both of which are considered ERP that represent
wakefulness, have been reported during REM sleep in response to external auditory stimuli.
Williams (1967) has shown that a remarkable improvement in correct behavioral response was
observed for REM sleep, but not for other stages of sleep. However, the high level of
responsiveness during REM sleep does not nec