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Abstract 

This study evaluated the putative association beniveen fluctuations in preschool-aged 

chiidren's motor activity levei (AL) and fluctuations in the mtensity of the earth's 

magnetic field, referred to as geomagnetic pulsations. A sample of 32 prcschoolers wore 

two different types of activity monitors on theirright d û e s  for fïve hours once a week 

for ten weeks, A measure of child's sleep was completed by each child's parent on the 

morning of each activity assessment, Tt was hypothesized that hi&-amplitude pulsations 

in the intensity of the earth's magnetic field would, by disturbing their sleep the night 

before, decrease children's AL. Sleep distuhance and AL measured on geomagneticaliy 

active days were contrasted with the same measures on geomagnetically quiet dap. 

Three different thresholds for definhg geomagnetically active days were evaluated. 

Regardess of threshold wed, sleep disturbance was unrelated to differences ia 

geomagnetic activity. However, when the highest threshoM was used to define a 

geomagneticaiiy active &y and contrasted with the quietest day, AC was significantly 

lower on the geomagneticaiiy active &yy It is conciuded that the evidence provides some 

tentative support for a link between geomagaetic disturbances, which are "rapidly 

varying perturbation to Earth's magnetic field" (National Academïes, 200 1), and activity 

level, but this link does not appear to be mediated by sleep disturbance. 
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Introduction 

On March 13, 1989, in Montreal, Quebec, 6 -on people were without electrïc 

power for 9 hours because a strong magmtk disnabance on the earth disrupted a major 

electric power grid (Rostoker, 1998; Space Enviromnent Center, 1998a). Power grids 

may not be alone in their susceptiibility to such influences- Scientists in the fields of 

biology, psychology, and medicine have postuiated that living ceIls are acutely sensitive 

to the earth's magnetic field, r e f d  to as the geomagnetic field Such a magnetic 

distubance on the earth is h d  not only to electncal transxüssion equipment but also 

to life on the earth (Space Environment Center, 1998a)- Accmding to work by Becker, 

Brown, Marino and others (as caed in Savage, 1994), "delicate magnetic fluctuations 

may affect some basic biological ftnctious sucb as metabolic rates, h i m e  response, 

orientation systems and sleep-and-wake cycles." 

Cases for linking changes in the geomagoetic field to observable changes, 

particuiarly in higher We fonn behavior, can be found in the scientific literanire. 

Persinger (1997) found that intense aggression in chronic h b i c  epileptic male rats was 

most fiequently seen during large and fast fluctuaiions in the geomagnetic field. ûther 

studies have indicated the geomagnetic field disturbances may a e c t  some migratory 

animals' navigational abiiity. The hypothesis is that migratory animals such as pigeons, 

dolphins and whales, have internal biological compasses, which are composed of the 

minera1 magnetite wrapped in bundles of aerve ceils because these mimals' geographic 

orientation is simrificantiy assisted by this compass, when the compass is disabled, the 

animal becomes disoriented (Space Environment Center, 1998a). Pigeon handlers have 

observed and documented that only a srnail percentage of birds retuni home fiom a 

distant release site during disturbances of îhe geomagnetic field, as compared to pigeon 

races when the fluctuations were minimal (Space Environment Center, 1998a). 
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In studies using mice brains, Agadzhanyan and Vlasova (1992) found that 

electromagnetic fields at 5 Hz (wiih magnitude 100 nauoteslas) induce two types of 

response in siwiving slices of mouse cereôelium: inhibition and excitation ofthe impulse 

activity of neurons in the braïn cellular tissue. According to Aleksandrov (1995), a rise in 

the geomagnetic field activity is associatecl with an immediate increase in motor activity 

in fish, which is followed by States of low and extremely low activity. However, it is not 

known if the same pattern of efltects observed in fkh can be found in other species. 

Chibisov, Breus, Levitia, and Dmgova (1995) investigated the effects of two successive 

geomagnetic stems, which are extraordhwy fluctuations in the geomagnetic field 

ùitensity, on the cardiac activity of rabbits, and found that the initial and main phases of 

the geomagnetic stom were accompanied by nsïng and f a h g  contractile forces of the 

heart as the stonn developed Moreover, Chiiisov et al. also found tbat the storm was 

accompanied by degradation and destruction of mitochondria and loss of the circadian 

rhythmicity in the heart rate of rabbits. 

The preceding snidies ail focused on non-humans; however, there are also some 

reports on the effects of the geomagnetic field activity on both human physiology and 

behaviors. According to Pasuçal et al. (1992), some researchers found that "magnetic 

stimulation shortens reaction tirne by inducing earLier initiation of excitability increase." 

Belisheva et al. (1995) stated that sudden and considerable fàll in the level of the 

geomaptic field intensity may cause an unstable state in the human brain. Persinger and 

Richards (1995) argued that both balance (vestiiular *ences) and brain activity in 

humans have ben  linked to the geomagnetic field activity- Breus, Halberg, and 

Cornelissen (1995) saw a c a d  relationship between hctional changes in the 

physiological indices of the cardiovascular and nervous systems, and strong disturbances 

in the geomagnetic field. According to Breus et al., "the magnetic field carried with the 

solar wind" (Lehtoranta, 1997), r e f d  to as the interplanetary magnetic field, possesses 
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rhythms conespouding to the iafradian rhytbmo of biologîcal systcms. Obiones 

Mezzasalma, Del-Seppia and Papi (1998) assessd blood pressure monitoring for 

diagnostic pirrposes over five years, and found signincant, positive correIations between 

geomapctic activity and systolic ( d a m e  and 24-hour) and diastolic (daytime, 

nighttime, and 24-hour) blood pressures. They also found signif'ic8nt.y higher values of 

blood pressure panmeters for ail blood pressure parameters but for systolic night-time 

pressure on the geomagnetidy disnirbed days- In the same vein, Watanabe et al. (1994) 

analyzed blood pressure data obtained fiom a 35-year-old cardiologist with a fhdy  

histov of high blood pressure and stroke, through aromd-the-clock monitoring for three 

years. They found statisticaüy si@cant cobcrence at 27.7 days between systolic and 

diastolic blood pressure and geomagnetic disturbances, which are "rapidly varying 

perturbation to Earth's magnetic field" (National Academies, 200 1). Silva, Moreira, 

Bisho, Paiva, and Clara (2000) stated that higher rates of a r o d  and shorter duration of 

the REM sleep were positively correlated with higher levels of nighttime systolic and 

diastolic blood pressure, and that s l q  efficiency was also negatively correlated with 

mean levels cf nighttime diastoiic blood pressure. T'us, geomagnetic disturbances may 

be associated with elevated blood pressure, which in turn reduce sleep quaiity. Oraevskii 

et al. (1998) found that the reaction of astronauts to disturbances of the geomagnetic field 

involved nonspecific adaptation reaction, such as increase and stabiüzation of heart rate, 

and decrease of the heart rhythm varïability and the power of respiratory waves. Halberg 

et al. (1998) found that the heart rate specbnmi of a 28-year old, who spent a span of 267 

days underground, showed a fluctuation patteni similar to that in the geomagnetic field 

activity- Otsuka et al. (in press) found hart rate variabiiiîy was negatively correlated with 

geomagnetic activity, which may reflect an alteration of artexid pressure due to an 

alteration in geomagnetic activity. According to Burch, Reif, and Yost (19991, 

geomagnetic disturbances are p t i v e l y  correlated with incidents of epileptic seinires, 
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myocardiai Marction, m k e ,  sudden infiint death syndrome, suicide and depression, In 

andyzing data of M y  numbers of myocardiai infarction incidence rates and number of 

deaths of infairdon in 1989 and 1990, abstracted fiom registries of the 14 biggest 

hospitals of St. Petersburg, Vilioresi, Ptiîsyna, Tyasto, and Iucci (1998) also fouad a 

statistically signifïcant increase in myocardial h k c t i o n  rate during large disturbances in 

the geomagnetic field activity- 

Becker (1972) stated that geowgnetic distucbances are significantly and 

positively correlated with behavioral disturbances in the human population. Chi'brikin, 

Samovichev, and Kashinskaia (1995) did a staîistical study on the link between 

geomagnetic field disturbances and the crime rate in Moscow, and found a signincant 

positive correlation between the two, Fluctuations in the geomagnetic field activity have 

been negatively correlated with attempted suicide and self-injury rates (Ganjavi, ScheU, 

Cachon, & Porporino, 1985)- In a related vein, Sandyk, Anninos, and Tsagas (1991) 

suggested that the geomagnetic field activity may be positively correlated with winter 

depression, and that a combination of light and magnetic treatment could be the optimal 

therapy for winter depression, According to Persinger, Richards, and Koren (1994), the 

geomagnetic field activity may have a greater influence on difkse, affective States such 

as the pleasantness-unpleasantness dimension of experiences, than previously suspected. 

Halberg, Cornelissen, Katinas, Hiilman, and Schwartzkopff (200 1) contend that disease 

risk syndromes may not be recognized unless a complex concept of time structure, 

"chronome", that supersedes a misconception that our body is controiled only by 

homeostasisis resolved. According to hem, chronome consists of three components: (1) 

multi-fiequency rhythms (i-e., 24-hour rhythm, 1-week rhythm, 1-year rhythm, etc-); (2) 

trends (i.e., aging, disease, and treatment); and (3) noise (other unresolved but 

measurable variation including 1 1-year sunspot cycles and other geophysical cycles such 

as half-year cycles in the geomagnetic field activity). Those studies use different 
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geomagnetic mdices. Thus, although diffeteat d e s  use difKtfent geomagnetic indices 

and the Luik is not wïdely accepted, this diverse set of hdings suggests a possible iink 

between the geomagnetic field activity and human behavior that merïts fiirther 

investigation- Jn the next section, I wi l l  discuss geomagnetic measure that seem to be 

appropriate in exploxing biologïcal effects of geomagnetic activity- 

What is Appropriate Measure of Geomagnetic Acrivity? 

One of the most common measures of geomagnetic activity is K-index (O through 9), 

which is designed to provide a d g  record of solar activity by m e a s d g  imgular 

geomagnetic activity due to particle radiation from the sun (Jacobs, 1989). According to 

Jacobs, it indicates, at t h - h o u .  intervals (i-e., 00-03,0346, ---, 2 1-24 UT), the 

amplitude of irregular geomagnetk activity in the horizontal component of the 

geomagnetic field, taking daily geomagnetk variation due to solar radiation into account- 

As shown in Figure 1, each K value is assigned to a corresponding amplitude or a vertical 

Figure 1. A tirne-by-amplitude plot showing a typical geomagnetic variation in the 

horizontal component showing the ranges corresponding to the K values assigned to each 

3-hourly interval for that day (fkom Introductiotz fo Geomagnetim (p. 284), by W. D. 

Parkinson, 1983, Edkburgh: Scottish Academic Press Ltd.). The horizontal axis 

represents universal t h e ,  while the vertical axis represents amplitude in nT. 



range of the horizontal gcorqpetic intensity for each 3-hourly iutmal for that day 

(Parkinson, 1983)- Acwrding to Parkinson, each observatory has its own s d e  so that 

every observatory has about the same hquency distn'bution of K-indices- For decades, 

the K index has been used in ~orrela~onai studies of biological activities and their 

possiile link to geomagnetics. 

Lakhovsky (1939) claimed that a living cell is like a wireless apparatus, havuig 

the dual power of transmittùig and receivbg electromagnetic waves- He argued that each 

species has ceils that have a characteristic wavelength deteminecl by the form and 

dimensions of the cells. If what matters with out physiology and behavior is the 

fiequency, as Lakhovsky insiste& rather than the amplitude of ambient electromagnetic 

waves to which we are exposed, it becomes worth looking for the most bio-effitive 

fiequency band of ambient electromagnetic waves. 

in examinùlg the link between the geomagnetic activity and children's activity 

level and behavior, 1 found that chil&en were more irritable following sudden falls in 

electron flux level measured at satellites in geostationary orbits (i-e., GOES-8, GOES-9, 

and GOES- 10). Accordhg to Baker et al. (1998a) geomagnetic pulsations are strongly 

correlated with electron flux enhancements in the magnetosphere, whkh is a mgnetic 

shield surrounding the earth. Hudson, Elkington, and Lyon (1999) analyzed the Ultra-low 

Eequency (ULF) (0.001 - IO Hz) oscillations, which were seen in geomagnetic 

disturbances in January, 1997, and found that the spectral power of the geomagaetic 

pulsations, measured at the ground-based Canadian Amoral Network for the Open 

Program U d e d  Study [CANOPUS] magnetometer chain, was enhauced (50-100 nT) 

several hours before the rise in electron fluxes measured at satellites at geostationary 

orbits. Moreover, Baker et al. (1998a; 1998b) Uif'er that strong geomagaetic disturbances 
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are associated with high-dcnsity population of magnctospheric electmns, which rapidly 

diffuses inward and is fiirdier accelerated by ULF waves (or geomagnetic pulsations). 

According to G. Rostoker of CANOPUS @ersonal c o ~ ~ ~ r n ~ c a î i o n ,  September, 1999), 

the fàll in electron flux level mtamtrcd at the GOES satclikcs is due to the difkion of 

the rnagnetospheric electrons. Thus there is a link between geomagnetic distutbances, 

enhanced geomagnetic pulsations, which are small, sinusoidal pulsations that can o h  

be seen in geomagnetic fluctuations in ULF range (Parkurson, 1983) and the f a  in the 

eiectron flux level measured at sateiiites in geostationary orbits- Electron fluxes in the 

magnetosphere do not reach the SUff8ce of the earth (G. Rostoker, personai 

communication, September? 1999), but enhanced geomgnetic pulsations are observed on 

the ground, 

Boteler et al. (1998) d p d  the spectra of ULF geomagnetic variations recorded 

at the GIedea observatory (latitude 40.36O N; longitude 97-12' W), which is located about 

4 km south of Winnipeg, Manitoba, Canada, and found that the mean spectral power 

decreases with increasing ft.equency. They also found that spectral power (across the 

whole fiequency band) inmases with planetary K index (Kp), which is "a 3-hourly 

planetary geomagnetic index of activity generated in Gottingen, Germany, based on the 

K-index fiom 12 or 13 stations distriiuttd aromd the worki" (Space Environment Center 

(1998b) (see Figure 2)- 
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All Times Glenlea 

Fwre  2. Mean spectra of the X component magnetic fields at Glenlea for different 

levels of magnetic activity, as given by Kp- The mean spectral power (as you move fiom 

lefi to rïght) decreases with increasuig Grequency. As geomagnetic activity, given by 

0.01 

planetary K index (Kp), increases fiom O to 9, the spectral power (across the whole 

fiequency band) increases (fiorn Geomagneiicaily rnduced currents: Geomugnetic 

Hazard Assessmenr Phase II, Final Reprî, I (p. 19), by D. H. Boteter et al., 1998, 

Ottawa: Geological Survey of Canada and Canadian Elecîrical Association). 

1 l t c I 1 V I *  I I I 

b.OClO1 0.0010 0.0 1 O0 
Frequency (Hz) 
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According to Ptitsyna, Villofesi, Dorm811, Iucci, and Tyasto (1998), there is a 

broad consensus in the in temat id  scientific community that exposure to low- 

&equency, low-intensity electromagnetic fields can produce biologid effects despite the 

fact that the energy involved is quite srnall. Studies of some parameters of the blood 

system of rats exposed to magnetic fields in the ikequency band of 0.01 to 100 Hz (with 

magnitudes 5,50, and 5000 nT) revealed that magnetic fields at the fiequencies 0.02,O.S- 

0.6,5-6, and 8-1 1 Hz were the most bicdEective, suggesting that ULF magnetic fields, 

including those of geomagnetic pulsations, are more bio-effective than "the power lïne" 

ELF (10 - 300 Hz) magnetic field (Otsuka et al-, in press; Ptitsyna et al,, 1998). Ptitsyna 

et al. also suggested that ULF magnetic fields may produce effects on nervous system 

and might be associated with cardiovascular disease and that living systems includuig 

humans, may have a special sensitivity to geomaguetic fields because the 

magnetoreception of neural structures should be evolutionarily sdjusted to these fields- 

According to Ptitsyna et al., studies found the relation between ULF magnetic field 

fluctuations produced by electrified d w a y s  and cardiovascular morbidity among 

railway workers, especidy among engine drivers, suggesting that elevated 

cardiovascuIar disease risk could be associated with an elevated occupational exposure to 

ULF magnetic fields. Moreover, ûtsuka et aL (in press) recently examined hem rate 

variability of 19 clinicaliy healthy 2 1- to 54-year-olds in Norway and compareci group- 

averaged coherence between heart rate variability and the spectral power of geomagnetic 

pulsations with periods ranging fiom 10 minutes to 5 hours, under three different 

sunshine conditions (i.e., 1ightAight (Ln-l), darWdark (D/D), and darwlight (DIL)). They 
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fomd statistidy sigdïcant diffctc~lce in cohefcnce among the three srmshine 

conditions, the association k i n g  weaker during L/L or D/D and stronger during D/L, 

suggesting the presence of a light-dependent magnetoreception rnechanism in humans 

involving geomagnetic pulsatious. 

The reasons that Pc 5 is p r e f d  in the present study as a geomagnetïc measure 

to other geomagnetic indices such as K index and geomagnetic hourly range (HRx) are 

that: (1) recent hdings suggest possible associations of geomagnetic pulsations with 

heart rate variabiiity and heart diseases; (2) Pc 5 is in the ULF range with its spectral 

power relatively higher than tbat of o t k  geomagnetic pulsations in higher fiequency 

bands; (3) the average spectral power of Pc 5 pulsations (5-50 nT) is large enough to 

stimulate neural depolarization in long-term coupling (S. Starbuck, personal 

comrnuuication, September 17,1999); (4) the spectral power in Pc 5 mge was 

moderately, positiveiy correlated with I d  Ottawa K index; and (5) compared with the 

K index, which is based on 3-houriy data, Pc 5 can provide finer information on 

geomagnetic activity when shorter intemals are used for a spectral analysis. Thus, iastead 

of the K-index, 1 used geomagnetic pulsations as a measure of geomagnetic activity. In 

the next section, I will discuss Pc 5 in more detail. 

What is Pc 5? 

Geomagnetic pulsations are smd, sinusoidai pulsations that can often be seen in 

geomagnetic fluctuations, and are classilied according to their contuiuity and period 

(Parkinson, 1983) (see Figure 3). According to Parkinson, there are two types of 
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THE HLLTURAL FfELO iN TH€ LOWER FREQUENCXS 

1 I I 8 

T 0.Si5 W- - 
loi- - 
IEJ - - 

T 4 5 0 - 6 0 0  S K .  - 
d 

r 4s-OQ$mc - 

Figure 3, Nomenclature for the Naturd Field Fluctuations (fiom Iitroduçtion to 

Geornagneric Fields (p. 158), by W. II. Campbell, 1997, New York, NY: Cambridge 

University E%ess)- 

geomagnetic pulsations: one that continues with either steady or regulariy fluctuating 

amplitude, known as 'Tc" (pulsation continuous), and the other that resembles a damped 

oscillation, each group containhg between 5 and 20 pulsation cycles, known as 'Ti'' 

(pulsation imegular). The period, amplitude, and fiequency o f  occurrence of geomagnetic 

pulsations depend on surispot number, geomagnetic latitude, degree of magnetic 

disturbance, tirne of &y, and season of the year (Greenstadt, McPhmon, Takabashi, & 

Southwood, 1979). Geomagnetic pulsations c m  be explained in terms of hydromagnetic 

oscillations in the magnetosphere redting îkom energy input of the solar wind (Mer& 

1993; Parkinson, 1983)- According to Menk, this can be f.urther explained by the 

possïbilities that: (1) energetic sols wind particles penetrate the magnetosphere fkom the 
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solar wind; (2) geomagnetk pulsations at the interfàce are gencrated h m  the viscous 

interaction between the streamhg solar wind and plasma in the outennost boundmy Iayer 

of the magnetosphere; and (3) the pulsations are generatd at an imier layer of 

magnetosphere. 

Of the geomagnetic pulsations, Pc 5's are generated by torsional oscillations of 

geomagnetic field lines excited by solar wind action at the magnetosphere (Parkinson, 

1983). Pc 5's are broadly distxibuted in latitude, and they rapidiy decrease in amplitude 

with distance form the amoral zone and increase near equator (Jacobs, 1970)- Pangia, 

Lin, and Barfield (1990) suggested that the onset of sirong geomagnetic disturbances is 

probably correlated with the occurrence of storm-tirne Pc 5 waves. Figure 4 shows 

Figure 4. Several bursts of Pc 5 Pulsations recorded at Macquarie Island observatoxy. 

The upper trace is H-component and the lower D-component (eom Introduction to 

Geomagnetism (p. 299), by W. D. Parkinson, 1983, Edinburgh: Scornkh Academic Press 

Ltd,). 

several bursts of Pc 5 pulsations fkom 1630 to 2200 UT recorded at Macquarie Island 

observatory (latitude 54-30" N; longitude 158.57" E;) (Parkinson, 1983). Figure 5 shows 
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Figure 5. Geomagnetic Signals in Northward Component Observed at the Onagawa 

observatory on July 15,2000- The horizontal axïs stands for universal t h e  (UT). The 

vertical axis stands for the amplitude (nT) of geo~nagnetic signds (ffom 'Welcome to 

Takeshi Sakanoi Archive Files !," by Sakanoi, T., 200 1, @WAW document]. 

http://pparc.geophys.tohokua~~jp/-tssksnoi/files.html). 

a time-by-amplitude plot of geomagnetic signais in northward (X) component observed at 

the Onagawa observatory (latitude 38.26" N; longitude 14 1.29" E) on July 15,2000 when 

a sudden euhancement in its amplitude was observed at the onset of an extreme 

geomagnetic storm at around 14:20UT, Figure 6 shows a the-by-spectral-power plot of 

- Onagora Ccomcgnetic Ootc / Pc5 m e r  X ctnnp 0.0016-0.O(Mô(Ht)/ reor= O mon- 7 d W -  15 
9 20 
F 15 - V - ta 
: 5 

Figure 6. Geomagnetic Signals in Northward Component Observed at the Onagawa 

observatory on July 15,2000. The horizontal axis stands for universai time 0. The 

vertical au's stands for spectrai power (n~') of the Pc 5 pulsations (fiom 'Welcome to 

Takeshi Sakanoi Archive Files !," by Sakanoi, T-, 2001, [WMW document]. 

Pc 5 pulsations in northward OC) component obsexved at the same observatory on the 

same day. The spectral power of Pc 5 pulsations also dramatically increased at the 
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geomagnetic storm onset. What this means is that Pc 5 puissrions are closcly related to 

solar activity and geomagnetïc disturbances. Thus. Pc 5 pulsations shodd provide a good 

index for variation in geomapetic activity- 

Before the possible link between activity lcvel and geomagnetic pulsations is 

discussed in more detail, a better understandhg of the geomagnetk field is needed- The 

geomagnetic field is a product ofh th  an intemdy gcneratd magnetic field - referred to 

as the main field - and an extemally generated magnetic field. Each will be considered in 

tuni. 

The Main Field: Intemd Source of Geomagnetif Field 

AU magnetic objects produce a surrounding magnetic field, which is composed of 

invisible lines of force. These force Lines extend between the poles of the object, and 

exert influences on the charged particles in the vicïnïty (Marshall Space FEght Center 

WSFC], 19%). According to MSFC, it is now commonly known that due to its 

composition and intenial processes, the planet earth is a large magnetized object, 

surrounded by an enormous magnetic field- 

The awareness of the geomgnetic field probably began with Cbinese scientists 

who, in about AD. 83, were the k t  (on record) to notice its directional promes 

(Takeuchi, Uyeda, & Kamunori, 1967). According to Takeuchi et al., the eady Chincse 

discovered that when a spoon made f?om lodestone is spun on a higidy polished surface, 

it always cornes to rest pointing in the same direction. However, the idea that the whole 

earth is one huge magnet was WEely not recognized until William Gilbert who, in the 16th 

century, explored and charted the surface field of spherïcal mapetite (lodestone) using 

tiny magnets properties a d  d e d  earlier, sketchy findings on the directional pro@es 

of a geomagnetic field (Takeuchi et al., 1967). 

Modem geophysicd research indicates that the geomagnetic fieid is the product 

of the interplay of magnetic fields generated by sources within the earth, and outside its 

atmosphere. More than 90% of the field - the main field - is generated as a result of 

constant magnetohydro-dynamic processes in the e&s core (McLean, 1998). Chmges 

in this field are n o d y  gradua1 and the typical fiequencies an less t h  one cycle per 
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year (Parkinson, 1983). According to Parkinson, it was found that -ation in the main 

field dso has a prominent peak ac 58 y«us and possible peaks at 450,600,1800,8000 

and 10,000 years. The present maùl field can be iïkeaed to those in the field around a bar 

magnet whose axis is tiIted by about 1 1-5 degree with respect to the earth's r o t a t i d  

axis (Jacobs, 1989). The geomagnetic field consists of  three orthogonal, magnetic vector 

components -northward component 0, eastward component (Y), and downward 

component (Z) (see Figure 7). The geornagnetic field can also be expresseci as a resultant 

Figure 7. Components of Geomagnetk measurements for a sample Northern Hemisphece 

total magnetic field vector F inclined Uito the earth (fiom Introduction to Geonqipetic 

Fiel& (p. 4), by W. H- Campbeli, 1997, New York: Cambridge University Press). 

of three orthogonal magnetic vector components -the horizontal component (H), 

dechation (D), and downward component (2) (Campbell, 1997). The other source of the 

geomagnetic field is e x t e d ,  and is mainly ùifluenced by particle radiation bombding 

the earth fiom the sun in the form of solar wind 

S o h  Wind: The Extemal Source of Geomagnetic Field Activiiy 
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Llke the earth, the sun also has a magmic field This field has arcas where the 

magnetic field intensity is higher, and these points of concentration arc identified as 

siinspots, because they appear as dark areas on the sun's surfàce (Hawkes, 1%2)- 

Associated with these sunspots are solar flarcs, which are our solar system's largest 

explosive events - equivalent to approximately 40 billion Hiroshima-size atomic bombs 

(Hathaway, 1998a; Space Environment Center, 1998a)- Solar flares occur ne= suuspots, 

heating material to maay millions of degrees in a matter of just a fèw minutes, in the 

process, massive amounts of energy are released, pnncipaily in the fonn of 

electromagnetic waves ranging fkom Gamma rays, X-rays, visible light and inciuding 

kilometer-long radio waves, energcîic particles (protons and electrons), and mass flows 

(Hathaway, 1998a). Solar flares can last f?om minutes to hours (Space Environment 

Center, 1998a). The con~uous,  hifi-speed outfiow of ionized particles kom the soIar 

corona (coutinuous chain of so l s  flares) is also d e d  "solar wind" (Hathaway, 1998b; 

Jacobs, 1989), and its speed varies fiom about 300 kmk (Hathaway, 1998b; Jacobs, 

1989) to 1000 km/s (Rankin, 1998). Since the solar wind's dynamic pressure fiw exceeds 

the sunys magnetic field pressure, some of the solar magnetic field, which is "fiozen" in 

solar wind, is carried away fiom the sua, with the consequence that the earth is exposed 

to both the solar particles of density of 4 c c  and an intetplaaetary magnetic field of -5- 

10 nT (nanoteslas) (Rostoker, 1998). The solar wind stretches the earth's static dipole 

magnetic field into a cornet-shaped magnetic cavïty (likened to a windsock) called the 

magnetosphere. The geomagnetic field is shocked and compressed on the dayside, which 

is exposed to sol= wiud, and stretched out on the nightside past the moon's orbit 

(Raddu, 1998) (see Figure 8). The boundary on the dayside is at a distance of four to five 
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Figure 8. Tbree dimensional view of magnetosphere showing the vm-ous energetic 

particle regimes (nom "Nowcasting of Space Weather Using the CANOPUS 

Magnetometer Array," by G. Rostoker, 1998, Physics in Canada, 54(5), p. 278). 

- 

times the earth's radius - 20000-25000 km above the earth's surface; on the uightside of 

the earth, the magnetosphere is stretched to a greater distance, at least eom 10 to 20 earth 

radii (Kaufhan & Keller, 198 1). Accordmg to R a n h  (1998), the outer boundary of the 

magnetosphere, for the most part, prevents bot.  the interptanetary magnetic field, and 

solar wind fiom entexhg the magnetosphere, and this protects biological systems fiom 

the h d  effects of ioninng radiation and high energy particles. When the solar wind 

reaches our planet, most of the solar wind particles arc deflected by the magnetic shield 

around the earth (McLean, 1998)- However, during periods when the geomagnetic field 

activity is high, sorne solar wiid pdcles are guided through the geomagnetic shield by 
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geomagnetic field lines. These cxternai source particles can MUSC relativcly big and fàst 

fluctuations (geomagnetïc distiabmces) or, sometimes, extraor- fl-ons 

(geomagnetic storms) in the geo-etic field inteasity. The amount of solar wkd 

particles guided into the geomagnetic field depends on the orientation of the 

interplanetary magnetic field. Rostoker (1998) expfained the mechanism of the 

interaction of the interplanetary magnetic field and the geomagnetic shield (see Figure 9)- 

Figure 9. Flow pattern of magnetic h x  tubes which mage with the solar wind magnetic 

field on the dayside magnetopause, and are transported over the poles into the fee of the 

earth (fiom 'Wowcasting of Space Weather Using the CANOPUS Magnetometer Amy," 

by G. Rostoker, 1998, Physics in Canada, -(Y), p. 279). 

It has long been known that the entry of energy fkom the solar wind into the 

magnetosphere is modulated by the interplanetary magnetic field (IMF). In 

particular, when the IMF has a component paraliel to the fiontside terrestrial 

magnetic field very little energy enters the magnetosphere no matter how large the 

solar wind kinetic energy becomes or how large is the magnitude of the iMF. 

However, ifthe iMF has a component antiparaüel to the fiontside terrestrial 



Geomagnctik Rilsstiom and Activity 21 

magnetic field, cnergy can enter the magnetosphcre in amounts proportional to the 

rate at which magnetic flux is brought up to the fiont of the magnetosphere ..,. The 

physical process througb which the entry of solar wind enerw into the 

magnetospbere takes place is calleci mgnetic field h e  merging- This leads to a 

flow pattern shown in Figure 9, in which it can be seen that: (1) the solar magnetic 

field merges with the terres- magnetic field on the dayside magnetopause; (2) 

the field lines are swept back into the lee of the earth to form the magnetotail; (3) 

the field lines reconnect across the neutral sheet in the midplane of the magnetomil 

and are transport4 through the action of magnetic tension back ùito the near-earth 

dipole field configuration. (Rostoker, 1998, p- 279) 

As shown in Figure 10, magnetic field line recoanection occurs when oppositely directed 

magnetic lines are brought together (Parkinson, 1983). According to Haaland et al. 

Figure 10. Magnetic merghg of lines of force. The configuration on the le& can change 

to that on the right, and vice versa (fiom Introduction to Geomagnetism (p. 258), by W. 

D. Parkinson, 1983, Edinburgh: Scottish Academic Press Ltd-). 

(1 999), the magnetic field line reconnection leads to backward pressure and redirection of 

ionized particles in the tail of the magntosphere, causing enhanced gtomagnetic 

pulsations at the ionosphere, which is a layer of "Earth's upper amiosphtre that is 

partially ionized by solar x-rays and ultraviolet radiation and energetic particles from 

space" (National Acadtmies, 200 1)- 
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Solar wind creates magnetic fields changing the main field by as much as 9% 

(Hawkes, 1962, McLean, 1998; Space Environment Center, 1998a). The aurora gIows of 

molecules and atoms in the upper atmosphere that coilide with the solar wind particles 

are a visual manifiestation of geomagnetic disturbances due to the solar wind (Space 

Environment Center, 1998a)- In the next section, L wiil discuss the intcasity of the 

geomagnetic field. 

Intensity of Geomagnetzc Field 

The intensity of the magnetic field at the earth's d c e  is approximately 32000 

nT (320 milligauss) at the equator, and 62000 nT (620 milligauss) at the North Pole 

(Space Environment Center, 1998b). The geomagnetic field is comparable to the peak 

magnetic fields between the wice and rads of an electric railroad during bursts of 

acceleration, As shown m Table 1, the geomagnetic field întensity is negligiible compared 

Table 1 

Typicul Magnetic Fields&m Vurious Sources 

Source Maximum Typical 
---- 
During MRI 2,000,000,000 

At the surface of the earth {in the United States) 70000 45000 

Between wire and rails of rn electric railroad 65000 3500 to 12500 

Alongside a transformer substation 1500 to 2500 

Under urban power distniuticm lines 2000 LOO to 300 

Under pole-to-home Iines 400 100 

In household winng 500 to 1000 50 to 100 

Note. Table adapted from Tlectromagnetic Fields and Power Lines," by W. B. Bennett, 

1995, Scien tiJic Ameriçan-Science & Medicine, 2(4), p- 7 1. 

to some man-made fields that are used for medical purposes, For example, magnetic 
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resonance imagïng (MRI) creatcs a magnetic field about 50,000 timcs as large as the 

geomagnetic field (Bennett, 1995). Even though w t  are not ccmstantly exposed to such 

exîremely strong man-made electmmagnetic fields, we are continuously irnmersed in the 

geomagnetic field even d d g  our sleep, Geomagnctic activity can be measured in 

various way, and in the next section, 1 will discuss wbat îhe most appropriate mesure of 

geomagnetic activity would be. 

Efects of Solar ActÏvity on Human Behavior 

The sun has an overwhelming influence on us. The total output of the sun for one 

second could provide the U S  with enough energy for the next 9 million years (Space 

Environment Center, 1998a). Thus, ionizing radiation, such as solar disturbances and 

galactic cosmic radiation, might be a great danger and hindrance for humans living and 

working in space (Schimmerling, 1995). 

There is some evidence of a link between solar activity and human behavior- 

Solar activity has au 1 1-year cycle (solar cycle or sunspot cycle). It takes about 4.6 years 

for the radiowaves emitted fkom the sun, which is a measure of solar activity, to reach 

their maximum amplitude, and about 6.7 years for them to r e m  to their minimum 

amplitude (Hawkes, 1962). According to Persinger (1997), about 70 years ago A L- 

Chizevskii had found that most wars and human group connicts o c c d  slightly &er 

the maximum of solar cycle. Putilov (1992) looked at 17,600 historical events (13,000 

historical events between 196 1 and 1976; 4,600 historical events ktween 1956 and 

1977), and found that the fieqilency and p o l e  of the events (e-g., intmpolitical events, 

revolutions, counter-revolutions, uprisings, internecint wars, disorders, clashes, aud 

r a d i d  reforms) were highest in the year of the solar maximum and the year following. 

This may be related to the fact that the intensity and number of geomagnetic storms 
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usually corne to the peak about one year a&r the year of the solar maximum (CampbeU, 

1997)- 

From the perspective of a psychological impact of this cycle, Raps, Stoupel, and 

Shimshoni (1992) found a simiificant positive comiation (r = -20) between monthly 

numbers of k t  admissions for a single psychiatrie unit and solar activity level in the 

corresponding month, over the perïod 1977 to 1987. Accordhg to Halberg et al. (1991, 

November), Breus and her colieagues found a si@cant and positive correlation 

between solar flux and monthly and dsily means of sudden death in Moscow (r = -38, p c 

-05). Becker (1990) did a statistical study of putative relationships between solar activity 

and violent crime. He focused on monthly variation over an 1 1-year solar cycle, and 

yearly variation over a 30-year @od cncompassing three solar cycles. Becker reported 

that sunspot numbers wae sigdïcantly comlated with violent crime at the yearly level. 

Aggressive and violent behaviors are relatively rare and do not lend themselves to 

prospective study. The present study will focus on the fluctuations in a class of ongoing 

behavior that might relate to variation in solar and geomagnetic activity- 

Activiiy Level and Geomagnetic Pulsations 

During my work as a bus driver for Shirahata Preschool in Yokohama, Japau., a 

particular incident piqued my interest regarding the importance of the effect of sols  and 

geomagnetic activity on children's motor activity, One day in May, 1995, most of the 

childm on the bus became remarkably irritable. Later 1 found that it was the very day the 

geomagnetic activity in Japan increased noticeably because of a sudden and struog solar 

flux. Of course, this could have been a coincidence; therefore 1 conducted an informal 

study of the preschool children on the bus by rating their generai activity level and by 

comparing this activity with solar and geomagnetic activity levels. Through the informal 
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study, 1 found that the cbildren were irritable and inactive predominautly drrring the days 

when geoniagnetic activity was high, although my observation could have been bïased 

toward my expectation. This led to the basic hypothesis of this thesis that children may be 

susceptible to the innuence of geomagndc activity- 

Much of the formal -ch Iinlring geomagnetic fluctuations to huma. behavïor 

has been done reûrospectively. A more cwvincing demonstration would involve a study 

in which a specific measure of geomagnetic fluctuations is predicted in relation to 

specific behavioral measures, s p e c S d y  motor activity level (AL) in chilben. The 

choice of AL as a measure of behavior in this context is not based on any previous 

research. However, as a measure of human behavior, AL has the advantage of king 

continuously variable over t h e *  Thus, it is possible to see ifongoing variation in 

geomagnetic levels have a nomchance relation with ongoing variation m AL. 

Activity level is a core dimension of individual differences in hfh t  and chld 

temperament (Eaton & Enns, 1986). It is related to age and gender diffefences, and is 

influenced by both gmetic and environmental factors (McKeen, 1988). Activity level has 

been dehed in various ways. According to Eaton (1994), activity level is the 

individual's customary Ievel of energy expenditure through movement. Rothbart (1986) 

dehed activity level as "the leveI of cbildren's gross motor activity, including movement 

of arms and legs, squinning and loçomotor activity", Buss and Plomin (1975) considered 

motor activity level as an important component of an individual's behavioral style or 

temperameut, According to Thayer (1989), gross motor activity is associated with 

physiologicztl arousal- Thayer also fouad that the high a r o d  state was associated with 

heightened energy and optirnism, and that low mousal state was associated with reduced 

energy, less optimism and increased tension. Thus, motor activity level and mood would 
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reflect individual's physiological musai level, FoUowhg Thayer's liae of argument, 1 

suspect that a r o d  level is related to the sleep-wake cycle and that a geomagnetic- 

behavior link is related to sleep regulation, 

Possible Mechanim for Geomagnetic-Bebior Link 

Although the possible dynamics of geomagnetic activity affeçting human 

behavior is stiU unknown, some researchers suspect melatonin, a hormone produced 

mainly during nighttime darlaiess by the pineai gland, may play a key role. Melatonin is 

said to help regulate circdan rhythm, to slow the growth of some cancer cells (cg., 

breast cancer cens), and to innuence mood and behavior (National Institute of 

Environmental Heaith Sciences and U. S. Dcpartmcnt of Ebergy, 1995). Pineal and 

plasma melatonin levels, which are usually highest at night and extremely low durhg the 

&yy are modified by environmental light (Betnis & Ehore, 1991). According to Betm 

and Eimore, the reduced amount of daylight during wlliter in higher latitudes leads to a 

circadian rhythm pattern of melatoirin secretion thaî is longer in duration compareci with 

melatonin secretion in the summer. According to Lavie, Haimov, and Shochat (1997), 

melatonin is involved in sleep regdation by shutting off the wakefklness system. 

Dolberg, Hirschma~, and Gninhaus (1998) suggested that melatonin has a role in sleep 

disturbances that are related to major depressive disorders, Some studies on animals have 

suggested that melatonin might play an Unportant role in modulation of motor activity 

level (Hatta, Wolterink, & Van Ree, 1995)- 

The role of melatonin may be pivotal because, according to Cornelissen et al, 

(1999), the pineal gland may receive and mediate the effêcts of an electromagnetic field. 

Moreover, Rapport et al. (1998) found: (1) suppression in melatonin secretion; and (2) 

increased secretion of cortisone, a stress hormone, both in healthy humans and in patients 



with cardiovascdar diseases as well as in astronauts worlring in the spact in the SOWZ 

space craft and MIR station, during gcomagnetic storxns. Using portable heart rate 

monitors, Breus et al. (1998) investigated the effécts of two successive geomagnetic 

storms on two cosmonauts in the MIR station and found a nonspecinc adapttive stress 

reaction in the cardiac açtivity of the astronauts- Kay (1994) has dso suggested that 

disturbances in the geomgnetic field could suppress the nighttime pak in serum 

melatonin concentration in humans. Partonen (1998) hypohesized a group of 

photoreceptors that modulate the rtsponse of the photoreceptive system to light, and tbe 

pineal response to a magnetic stimulus, in @ents with winter seasonal affective 

disorder. If their arguments are right, geomagnetic disturbances during the night may 

have some influence on the sleep-wake cycle, physiological arousai, and motor activity 

level in humans. However, thm are inconsistemies among publishd hditigs relating 

the effects of the electromagnetic field to nighttime melatonin secretion in animnls 

(Stevens & Davis, 19%), so Kay's argument is still very controversial- 

Another possible component of the m e c ~ s m  of the effects of geomagnetic 

activity on human behavior is the long-term depression (LTD) of interceUular excitatory 

postsynaptic potentials caused by ULF geomagnetic pulsations. According to Breus et al. 

( 1995), ULF eleciromagnttic fields of the same order of amplitude as that of geomagnetic 

pulsations have a profound infiuence both on biological systems and at the cehlar level. 

According to George (1998), electricai stimulation at low fiequacies in the single Hz 

range results in long-term associative depression (LTD) of transmission in synapses in 

the hippocampus and motor cortex, whde hi&-frequency electrical stimulation of 

neurons c m  result in long-tenn increases in the efficiency oftransmission in their 

synapses on other neurons (cailed long-term potentiation - LTP). George also suggests 
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that mood change can also be caused by electnimagnetic stimulation at low fkquencies 

and amplitudes- Although this fhduig is open to discussion, L suspect th& exposure to 

geomagnetic pulsations could lead to neuronal long-tenn depression and decreased motor 

activity level. S, Starbuck of the University of Minnesota BIOsphere and the COSmos 

C)3IOCOS] team (personal communication, Septcmber 17,1999) discussed the putative 

effects of geomagnetic pulsations on mood and sleep as follows: 

First, the energy levels of two types of magnetic pulsations (Pc 5 and Pi 2) are high 

enough (1050 nT) to stimulate neural depolanzrttion in long-tenu coupLing. This 

process is likely known to you as LTP (iong-tenn potentiation). Having some 

electronics and physics background, 1 created two types of artificial geomagnetic 

pulsation generators. The Grst was a hydromagnetic wave generator built with a 

large amount of mercwy metal and p o w d  electromagnets, which produced 

ULFR at amplitudes comparable with the n o d  background level of geomagnetic 

pulsations. There were two basic effects of exposing myselfto the radiation fkom 

this device, the h t  was headaches that wouid last for severai days and the second 

was a slight b d g  sound that seerned to be coming fiom my forehead. Mostly, 

this just made me irritable and 1 looked for another way of controlhg the power 

level, frequency and polarity of the produced rdiatioa 1 eventually created a hi& 

power electronic ULFR machine, that could produce amplitudes about six times 

higher than background levels. The effects of m y  fïrst exposure to this were quite 

different, even pleasant- At a week at the lowest power settings (approximating 

normal exposure) my sleep time was dramatically reduced to only a few hours per 

night (1 typically need 8 hours of sleep) and 1 had none of the hangover effect that 

nonnally cornes with losing sleep. 1 was also highIy motivated, although tbis could 
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be partly chie to the p h b o  effect in that 1 cxpectd to bc motivated At higher 

power levels, 1 tested my readon time, and it h d  decreased considerably ----- and 1 

began to see colorfiil phosphenes, It a h  created a euphoric feeling that lested for 

hours afterwards- When 1 changed the polarity, in the next set of tests, 1 began to 

feel a similar buzzing sound that had come fiom being exposed to the previous 

ULFR generator. 1 soon developed a headache that took me three days to get nd  of, 

Considering the fhct that 1 could very weîi be endangering my We with tbis 

machine, 1 dismantled it and decidd to work d e a d  on the more practicai and 

safer epidemiological approach to discovexy. 

Starbuck's hding might suggest the existence of effects of magnetic pulsations on mood 

and sleep. However, his finding has not been peer-reviewed, and there are inconsistencies 

among published fiindings of the effects of electromagnetic field at ULF on mood- 

Starbuck's experience is suggestive, not d e ~ t i v e .  Thus, existing literature suggests a 

link between geomagnetic pulsations and human physiology and behavior, which leads to 

the present focus on naturai variation in geomagnetic pulsations and its possiMe effects. 

For various practical reasons, 1 addressed tbis general hypothesis by focusing specifically 

on children and their level of motor activity. 

Why Preschool-aged Children were Chosen As Participants? 

In the study, preschool-aged children were chosen as participants because they 

were generdy active, and because preschools (or day care centers) aiiowed activity 

recording in relatively unstructurecl settings, which would contrïïute to a high level of 

AL variability, making it easicr to see if there arc AL differences related te variation in 

geomagnetic activity. In the next section, 1 am going to discuss when children would be 

most afEected by geomagnetic fluctuations. 
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m e n  Would Geomagnetr'c Fluctuations Affect Children Most? 

There seem to bc two important factors that might &ct children's motor activity 

level. One factor is d i d  variatio~~ According to ShafK et aL (L996), most melatonin is 

secreted during the ni& fkom I l  p.m- to 3 am., with a peak at 2 a.= Sadeh (1997) 

examined sleep-w&e patterns of 20 hedthy inf'ants, and found that a delayed peak of 

urinary melatonin was associateci with more fhpen ted  sleep during the night. 

Moreover, Burch et al- (1999) found that the mean ovemïght urinary excretion of a 

melatonin metabolite, 6-hydroxymelatonui sulfate, was lowcr on geomagneticaiiy active 

days. Therefore, if geomagnetic pulsations suppress the d o n  of melatonin, nightthe 

geomagnetic pulsations would most suppress the melatonin secretion, The suppressed 

endogenous melatonin level might cawe a phase-shift or disturbance in the children's 

sleep-wake cycle, and subsequently reduce the next &y's children's motor activity level- 

Therefore, L think that geomagnetic pulsations during the night, especidy between 11 

p-m. and 3 am, would affect children's AC the next day. The other factor of possible 

importance is the season of year. Figure I 1 illustrates the seasonal distribution of 

geomagnetic disturbances where the M y  plane- Ap index, a 3-ho~trly planetary index 

of geomagnetic activity, is greater than a value of 25 (a disturbance which might occur on 

average 5 times per month) (Thompson, 1995b). As shown in Figure 1 1, geomagnetic 

disturbances occur most fkequently near the vernal and aunimnal equhox (MarcVApril; 



Geomagndc EMdons and Activïty 3 1 

Figure II. The Seasonal Distribution of Geomaguetic Disturbances (firom 'The Seasonal 

Distribution of Geomagnetic Disturbances," by Thompson, R., 1995a, 

document]. http://www,ips.oz.a~ackground~richard~~e8~0n~distn'b~ h d ) .  

September/October), and occut- least near the summer and uinter solstice (June/July; 

DecernbedJanuary) (Thompson, 1995b). Bergiannaki, Paparrigopoulos, and Stefds 

(1 996) found that the Iowest values of nighttime urïnary melatonin excretion were 

observed in A p d  and August-October when the fluctuations in the geomagnetic field was 

hi&. Kay (1994) found that geomagnetic disturbances are associated with subsequent 

increase in the incidence of psychotic depressive illness in males, although neither 

length-of-day effects nor other climate effects were controiled in his study- He argued 

that the onset of depressive illness, admission to hospital, prescriptions of antidepressant 

medication, and incidence of suicide have a bimodal a ~ u a l  dîstriiution, which may be 

associated with the eQuinoctiai increase in geomagnetic storms, by a c ~ g  as a precipitant 
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in susceptible individuais thorough desynchronisation of pineai cirC8di8LL rhythms or via 

an effect on serotonin and adrenergic systems leading to depresseci m d  and secoadary 

disruption of pineal melatonin synthcsis, He also suggested that geomagnetic storms in 

spring may enhance the suppressing effect of Incrtasing daylight on melatonin systhesis, 

leadiug to a phase advance in the cïrcadian rhythm, whilc the eff i t  of geomagnetic 

s t o m  in autumn would tend to be @dy compensatcd for by the pineal response to 

decreasing lïght intensity- 

Thus, data collection in spring and autumn was pref-6 However, due to 

practicai restrictions, the data collection for the current study was doue in summer (Le- 

£tom May 3 0 ~  to August 2&, ZOO 1) during which tbere were some geomagnetically 

active days. In the next section, 1 wili discuss the hypotheses of the study. 

Hypotheses 

I believe that preschoul children's motor activity level is ~ u e n c e d  by nighttirne 

pulsations in geomagnetic field intensity. The nighttime peak in their senmi melatonin 

secretion might be suppressed by the ultra-low fiequency geomagnetic pulsations- 

Consequently, their overail activity level on the following day would decrease because of 

the sleep disturbance (or phase-shift in sleep cycle) the night before. In other words, it is 

hypothesized that chddren's motor activity level after enhmced nighttime geomagnetic 

pulsations is significantly Iower than on days of normal geomagnetîc pulsations. More 

specifically, enhanced geomagnetic pulsations would most effectively affect sleep and 

consequently children's uext-day AL, by effecting their nighttime melatonin secretion. 

Because it was not practicdy possible to measure nighttime melatonin, 1 coliected parent 

reports of their child's sleep disturbance instead- An implication of the preceding 

hypothesis is that chilâren's sleep behavior would be more disturbed on nights with 

enhanced geomagnetic pulsations. 
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In short, 1 believe that preschool childrea's motor activity level and sleep shouid 

be inauenced by the suppression of nocturnal melatonin secretion due to pulsations in 

geomagnetic field intensity, betwem 11 p.= and 7 am. Children's sleep behavior should 

be more disturbed and subsequent motor activity level shodd be lower on days of 

enhanced geomagnetic pulsations than on days of n o d  geomagnetic pulsations. 

Method 

A sample of 32 preschoolers wore two different types of activïty monitors on their 

ri& ankles for five hours once a week for ten weeks- A measure of chilci's sleep was 

completed by each child's parent cm the morning of each activity assesment 

Geomagnetic data for the study measurement days were obtained, and the spectral 

d y s i s  was performed on them to d e h e  a pcriod of geomagnetic pulsations. Sleep 

disturbance and AL measured foilowing nighttime geomagnetic pulsaîiofls were 

contrasted with the same measures following a non-pulsation night. 

Recruitmenr 

Five &y care centers in Winnipeg were sent a letter that included a general 

description of this study, the nature of participant involvement, and a request for 

participation (Appendix A). Approrcimately one week &er the letter had bem mailed, the 

day care center directors were contacted by telephone by the investigator, who answered 

aay questions regarding the study and asceitained their willingness to participate (see 

Appendix B for the telephone protocol). Four of the five directors agreed to cooperate 

with the study. 

After getting permission fiom the directors of the center, the parents of attending 

chiidren were sent a letter that included a general description of this study, the nature of 

the child's invo1vement, a request for (Appcndix C), and a consent form 

(Appendix D), If the parents were willing to participate in the study, they were asked to: 
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complete and retum the consent foxm to the center, for forwarding to the investigator and 

to assess their chilà's sleep with a sleep disturbance scale in the mornings of the ckys of 

behavioral measurement 

Partrrtrcipants 

Initially, 36 chïldren (35 parents) fkom five day care centers in Winnipeg agreed 

tu participate in the study- Ofthose children, three withdrew from the study- Two of them 

were fiom the same day care center. Consequently 33 children (32 parents) ftom four day 

care centers in Winnipeg participated in the study (see Table 2) between May 29 and 

August 3,2000. These thirty-three children (55% female) between îhe ages of 3 and 5 

years compnsed the sample- Theù mean age, which was calcdated fiom the first &y of 

observation, was 4.5 years. Their average height and weight were 105 cm and 18.1 kg 

respectively (see Tabie 2)- 

Table 2 

Descraptive Staristics for P a r ~ i c i ~ z s  &y Center und Overd 

Day care Age in years Height in cm Weight in kg 

D 8 4.9 0.6 103 5 17.0 1.3 50 

Overall 33 4.5 0.8 105 6 18.1 2.6 55 

"Number of children who participated 

Because there is no sleep scale that measmes the quality of preschool-aged 

children's sleep based on theù sleep behaviors obsemd during the previous night, the 
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Child Sleep Disturbance Scale (CSDS) was developed for the study (see Table 3). The 

scale consists of ten items which are based on items fiom Children's Sleep Behavior 

Table 3 

Chiid Skep Disttrrbance Scale 

Item 

1. Did he/she wake up during kt night? 

2. If su, approxirnately how many hours in total? 

3. Did your child cornplain about dïfEculties going to sleep? 

4, Did he/she get up to go to the bathroom dirring last night? 

5. Did you hear your child t a k g  M his/her sleep last night? 

6.  Was he/she restiess during sleep last night? 

7. Did he/she wake up during last night? 

8. If so, how many thes?  

9- At what time did he/she go to bed? 

10. At what time did he/she get up? 

( Yes / No) 

hrs 

(Yes /No)  

(Yes/No) 

( Y e d N o )  

( Yes/No) 

(Yes /No)  

h e s  

Scale (Fisher, Paulet, & McGuite, 1989), which are ananged in a five-choice Likert-scale 

format. Aithough the items in Children's Sleep Behavior Scale ask about child's sleep 

behavior over the past six months, eight out of ten items in the CSDS ask about hidher 

sieep behavior during the previous night. Because some parents did not answer Items 1, 

2, or 8, these three items were excluded eom the score calculation. Hence, each weekly 

CSDS score was calculateci as a deviation fkom the grand mean of the number of items 

answered "Yes" for Item 3,4, 5'6, and 7 for aU weeks for that child- This procedure 



removed child-to-child ciiffierences while leaving week-to-week vaxïability- The mean 

CSDS score was -0.07 (SD = 0.64). Cronbach's alpha for the five items was -55, which 

represents marginal level o f  intemai consistency for the five items- Thus, the sleep 

disturbance scale is probably not reliable- 

Motor Aciiviîy Level Measurement 

Two types of instnunents were used to measure AL in the sample of children, an 

electronic accelerometer and a mechanical motion recorder. 

A ccelerorneter 

Computer Science and Applications (CSA) Mode1 7 164 monitors (accelerometer) 

were used to get continuous data on chiidren's motor activity level. They measure the 

acceleration, fiequency, intensity, and duration of movements of the instrument in real 

t h e ,  and store the continuous real-time record Average acceIeration is calculated for a 

specifïed epoch, which was set at one second, for the present study. The instrument 

measures 5.1 x 4.1 x 1.5 cm, aud weighs 42.6 g (Computer Science and Applications Inc, 

[CSA], 1998). It can be wom at the waist, on the wrist, or around the ankle (Janz, 1994). 

The accelerometer sensor consists of a piezoceramic cantïlever beam and 1 -5-g seismic 

mass (CSA, 1998; Tryon & Williams, 1996), and generates a charge that is proportional 

to the strain acting on the 1-5-g mass attached to the fiee end of the cantilevered beam 

(Tryon & Williams, 1996). The charge produced is filtered by an andog bandpass filter 

and digitized at 10 times per second (CSA, 1998), and the digital \due is summed over a 

user-defined epoch (CSA, 1998). AU programming operations, such as setting the initial 

epoch, intervals, instructing the monitor to tum on and off at a specific date and tirne, and 

downloading coilected data, were done with a personai cornputer. 

Accelerometer Vaïidity 
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To evaluate the validity of CS A accelerometer, Jmz  (1994) did a snidy using 

thirty-one 7- to 1 Syear-old children obscrved in their homes- She had thtm wear a CSA 

accelerometer and a heart rate telcmeay monitor for a total of 36 hours, 12 hours a day, 

and found that the mean movement counts correlated with the average heart rate, r = -57. 

For vigorous physical activity, the correlation coefficient between the mean aumber of 

minutes spent at high level of movement correlated -69 with heart rate (Janz, 1994)- 

To assess the validity of CSA accelerometer, Melanson and Freedson (1995) 

compared CSA accelerometer data with data colïected using a different type of 

accelerometer in a laboratory setting. They had 28 young adults (mean age of 2 1 years) 

perform slow walking, fht waiking, and jogging on a trendmifl at three différent 

gradients (O%, 3% and 6%); energy expenditure (kcaÿminj was used as the criterion 

rneasure (Melanson & Freedson, 1995). The results showed that both accelerometers 

dismhinated changes in speed, but aot changes in grade, and that both movement counts 

data collected by two types of accelerometers had simiificant, positive correlation with 

energy expenditure (r = -66 - -82), heart rate (r = -66 - .80), treaàmiil speed (r = -82 - .92), 

and with each other (r = -77 - -82) (Melanson & Freedson, 1995). 

Accelerometer Reliability 

To rneasure the within-device reliability of the CSA accelerometer, Tryon and 

Williams (1996) used a pendulum test- In the test on a CSA accelerometer, they 

perfonned three pendulum tests with fi* 10-second epochs for each. They then 

compared the results of the thne tests by calculating the meaa for the three sets of the 

accelerometer movement comt Merence between tests; they found that the mean 

ciifference in movement counts was very smail, only 6-4 (SD = 6.1) over 150 different 

counts. To evaluate the within-device reliability more precisely, they also used a spinner, 



Geomagnctic Pulsations and Actirity 38 

which gave them bettcr ccmtrol of decay rate thau wiîh a pendulm From the results of 

five repeated spinner tests, they found that the within-device reiiabiiïty was high under 

eequencies between 0.25 and 2.50 Hi, M = 1 -025, SD = O.ûû7. To evaIuate the between- 

device reliability, they submïtted 40 CSA accelerometers to the spinner test, one by one, 

and found that the between-dece retiability among the devices was excellent. under the 

fiequencies between near-zero and 5 Hi, with its maximal sensitivity at 0-75 Hz 

Actometer 

The actometer, an older îype of motion recorder, was used in the present study- 

The instrument was commercialiy available fiom Aian \Kas, 282 Watertown Road, 

Middlebury, CT, 06762, USA It is a modlfied wornan's wrïst watch with a watchcase 

diameter of 25 mm and a weight of 10 g excluding the wrïst band (Eaion, McKeen, & 

Saudino, 1996). In these modified watches the apparemt passage of watch hands is 

proportional to the number of times the recorder is tilted or oscillated The actometer is 

not responsive to intensity of movement, instead, it provides a Grequency mesure of ann 

or leg movement (Eaton et al., 19%). 

Eaton et al- ( 1996) have validated the actometer readings against a mechanid 

criterion. A chernical shaker was used to expose 19 actometers simdtaneously to 

diffkring amowits of oscillatory movement The results revealed that the actometers did 

indeed differentiate among the different movement conditions (Eaton et al., 1996). 

Eaton et al- (1996) estimated the reliability of the actorneters fiom the chemicai 

shaker data, by caiculating an intraclass correlation coefficient, which estimated the 

degree of concordance among the readings of the 19 actometers. The results revealed a 

coefficient of -98 for the shaker bath study, sharing a very high level of agreement among 

the instniments in assessing a common movement aiterion (Eaton et al., 1996). 
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Procedim 

S~udy Design: A Schedde of Dqy Care Center Visit 

Once a week, on the same &y of the week for ten consecutive weeks, 1 visited 

each of four &y care centers in Winnipeg, Manitoba, Canada (see Table 4). A centet was 

Table 4 

Schedde of Day Care Center Vislf 

Day of Week Tuesday Wednesday ThufSday Friday 

Day Cam Centex A B C D 

visited on the same day of the week. This procedural step was taken to avoid possible 

&y-of- week effects. 

Absences and Mlssing Data 

Missing data was not uncornmon because children could be absent on one or more 

of the ten assessrnent days for each center. Averaging the number of the attendance 

across ail ten weeks provided a mean attendance rate of 72.8%. As shown in Table 5,  
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Table 5 
Attendance by Participant and WeeA 

Week Day Present 
1 2 3 4 5 6 7 8 9 1 0  Out of 10 

Total n 25 31 29 27 28 20 11 21 22 16 230 
% Children 76 94 88 82 85 91 33 64 67 48 - 
Present 
Note. Number " 1" in a ceii stands for a participation of the child on the week, whereas 
nurnber "O" stands for an absence of the child on the week. aChild who withdrew h m  the 
study. 
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chiIdrenfs weekly attendance fates for the fkst six wtcks wcre higher (76% - 94%) than 

those for the last four wecks (33% - 67%)- This rnight be because the iast five weeks 

were during sumuer hoIidays whcn some of the childimi's fimilies were out of town, 

Sleep Disitirbance Mèasurement with Child SIeep Disiurhnce Scale 

Approximately one week before the nist visit to the day care centers, the Cbild 

Sieep Disturbance Scale (CSDS) was distriiuted to the parents of aii the participants 

through their day care center- Then every ni& before the &y of visit, the parent got a 

call fiom either the invcstigator or a day care center staffrnember. The parent was asked 

to cornpiete the CSDS on the moniing of the &y of the visit and remindeci to send the 

form with the child to the &y care center. On the mornuig (10:OO am.) of the day of 

visit, the investigator collected the completed CSDS- Ifthe CSDS did not reach the day 

care center, either the investigator or a day care staffmember called the chilâ's parent 

later the day of visit and asked the same s d e  item questions about the chîld's sleep 

during the previous night. 

Sleep Disturbance Scale Completion Rate 

Averaging the number of the submissions across ai l  ten weeks provided a mean 

completion rate of 7 19%- As shown in Table 6, weekly submission rates of completed 
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Table 6 
Subrnission of the SIeep Disturbance W e  (CSDS) by Parents and Week 

n of CSDS 
Child 
ID 

Week Submitted 
1 2 3 4 5 6 7 8 9 1 0  Out o f  10 

Total n 22 30 27 27 24 21 14 22 22 14 223 
% Children 71 97 87 87 77 68 45 71 71 45 - 
Present 
Note. Number " 1" in a ceii stands for the submission of the CSDS for the nigbt before an 
observation, whereas "O" a missing CSDS for that observation, 
'Child who withdrew fiorn the study. 
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CSDS by the parents for the îjrst six weeks were higher (68% - 97%) than those for the 

last four weeks (45% - 71%). 

Activity Meusurement wïth Two Instnrments 

On the morning of each visit, 1 strapped a packet containhg a counterbalanced 

pair of instruments (an actometer strapped on an accelerometer or vice versa) to each 

participating chîld's ankle by meam of an elastic baud Teachers were gïven instrument- 

care instruction sheets regarding the care and use of the two instruments (Appendix E) 

and record sheets for the logging of any time that the actometers were off (Appendix F). 

Fifieen accelerometers and twenty-one actometers were used in the present study, The 

discrepaucy in the number of the two insîruments is simply due to the attempt to obtain 

the results from as mmy instruments as possible, and more actometers thaa 

accelerometers were available for use. Teachers were encouraged to maintain normal 

daily routines f i e r  I left the d a y  care center in the morning. Later that &y, I returned to 

remove the instruments and took the necessary readings. 1 then completed the 

Instnunents Record Sheet (Appendix G) for each child, 

Accekrometers were randomly selected fÎom a total of 15 f i er  beiug scattered 

and shufned on a table. Likewise actometers were randomly selected eom a pool of 2 1 

&er being gently shaken and shufned in a plastic cup. The selected accelerometers and 

actometers were then scattered on a table, on which thgr were shuffled, paire4 and taped 

each other, with an actometer on top of an accelerometer. One of the reasons that 

randomization, instead of counterbalancing, was used in the selection of the instnimmts 

was that the there was difference in the nwnber of the two instruments. Another reason 

was that it was hard to design a counterbalancing plan because the number of participants 

was unknown at the begïnning of the study. The 15 acceleromcters were prognunmed, in 

advance, to record acceieration fiom 1O:OO am. to 3:00 p.m. On the moming (10:OO am.) 

of d e  day of Msit, d e r  demoustrating the accelerometers and actometers to the teachers, 



Geomagaetic Pulsations and Acîivity 44 

1 recorded the start time of each actometer on the Iiistrument Record Sheet Then the 

measurement bundle was fit snugly around each participant's right anklc with an elastic 

band. In the afternoon (3:OO p.m-), approximately five hours later, the instruments were 

removed, and the W readings were recorded by the ïnvestigator- On subscquent visits, 

each child wore the instruments around the samt ankie- 

Aithough the two instniments were to remah on the child for five hours, teachers 

could remove them at anytime ifnecessary, Thou& the instructions, the teachers were 

encouraged to maintain daily routines with their students during the 5-bour data 

collection period. 

Score CaZcuZutions and Data Reduction for Geomagnetic Data 

Geomagnetic Pulsations (Pc 5x). According to Rostoker, Samson, Olson, and 

Southwood (1979), recovery fkom active geomagnetic substonn is coupled with the 

appearance of low fiequency Pc Ys, and the omet of the substorm leads to a suppression 

of it. Noting the lirrk between geomagnetic activity and pulsations, in the present study, 1 

used geomagnetic pulsations as a geomagnetic measure. In an informal study, 1 compared 

geomagnetic pulsation data obtained at Parkfield station (Mtude 35.889" N; longitude 

120.42' W) with my diary data and found that my neighbors were more irritable when the 

spectral amplitude of geomagnetic pulsations in lower fiequency range of 0.00 17 to 

0-0033 Hz in the Pc 5 band was high. Thus, 1 used geomagnetic pulsations in that 

fiequency range, which were defined as Pc 5x pulsations. They are part of the period 

range of Pc 5 pulsations. According to Kaufinan and Keller (1981), the area of excitation 

of Pc 5 is such that the spectral amplitude of the pulsations decreases by an order of 

magnitude over a distance of 30" in longitude and 5" in latitude fiom the Pc 5 center (the 

area with maximum amplitude for the pulsations), Such a relatively large area would 

include the Iocations of Winnipeg and Pinawa, Manitoba, Canada. Thus, I used five- 

second-sampled geomagnetic data recorded at a ground station of the Canadian Amoral 
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Network for the Open Program Unifled Study [CANOPUS J in Pinawa at latitude 50.20" 

N and longitude %.Mo W because its geographicai location is within a distance of 0-7" in 

longitude and 1-1" in latitude fiom Winnipeg- The data were obtained fkom CANOPUS of 

the Canadian Space Agency, Edmonton and accessed using FTP transfer fiom the UMX 

server of CANOPUS. 

If our brains were sensitive to three directional changes (changes in each of the 

three orthogonal geomripnetic components - northward, eastward, and downward), 

rather than to the total magnetic field iateasity, we would have to expect changes in the 

level of geomagnetic influences depending on our position relative to the field (i.e., 

standing verticaUv; lying horhntally). Moreover, in a location in the high-latitude 

northem hemisphere, such as Winnipeg, Canada, the orientation of the total magnetic 

field is almost vertically downward, whereas in a city in the hi&-latitude southern 

hemisphere, such as Macquarie Island, Australia, the orientation is almost vertically 

upward due to the earth's cha ra~~s t i c s  as a hugc magne Ifom brah  were sensitive to 

three directional changes rather than to changes in the total magnetic field, a person who 

travels &om Winnipeg to Macquant Island or vice versa by plane wodd have hard time 

getting adjusted to a geomagnetic field in the opposite direction- That seemed to be 

unmasonable. Thus, in the cment study I used the total magnetic field (F), which is given 

as 

F = SQRT V ~ + Y ~ + Z ~ )  (1-1) 

The power spectra of the total magnetic field of the geomagnetic data was 

determined with power spectral 811111ysis. To increase the accuracy of spectral estimates, 

the results for each interval were then "smootheà". In the next two sections, I wiU discuss 

spectral analysis and smoothing and how they were applied to the analysis of the Pc Sx 

pulsations for the study. 
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i.ntroduction tu Spectral A11~i'ysis- By means of power spectral analysis (or Fourier 

analysis), any periocüc waveform cau be decomposcd into a Senes of suie (or cosine) 

waves whose fiequencics are integer multiples o f  the basic repetition fiequency UT, 

known as the fiindamental fhquency (Kearey & Brooks, 1993). A wavefonn c m  be 

expressed in two different domains: (1) the tune domain, in which wave amplitude is 

expressed as a finidon of  tirne; (2) and the frequency domain, in whîch the wave 

amplitude is expressed as a fiandion of ftequency (see Figure 12)- 

t 4  - 
time 

Figure 12. A Fourier transfonu pair for transient waveforms approximating seismic 

puises (figure adapted from An Introduction to Geophysical Exploration @. 13), by P. 

Kearey, & M. Brooks, 1993, &forci: Blackwell Scientific Publications). The figure on 

the left represents shows a wavefonn expressed in the time domain, while the figure on 

the right shows the same waveform expressed in the Grequency domain. 

Accordhg to, 1. J- Ferguson of University o f  Manitoba @ersonai communication, 

July 22,200 l), in the case of a periodic signal, the longer the time senes analyzed, the 

higher the value of the power spectraï dcnsity estimate. For a sinusoicial signal with 

amplitude A and an integrai number cycles present in the t h e  series of length L, the 

power spectral estimate S is given by: 

where the dimensions of the power spectrum are ~ T ~ . s  or n~~ /Hk-  
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Periodopam Method: A Merhod Usedfor Culdatingpower Spectra- Tbere are 

two basic methods for c a i d t i n g  power spectra, the periodogram method and the 

autocovariance hction meîhd. The fust one involves estimating the spectnmi by 

calcuiating the Fourier Transfonn of  the thne series and smoothing the spectral estimates, 

while the second one Uivolves determination of the autocovariance hc t i on  and 

calculation of the power spectnim fiom this quantity using a FourÏer Transfonn (Bendat 

& Piersol, 1971). In the present stuc&, the perïodogram method was used because it 

utilizes the Fast Fourier Transform algorithm, and is the more efficient algorithm on 

modem cornputers ( 1 . 4  Fergusoo, personal communication, Jdy 22,200 1). 

The periodogram shows the power spectrum, an es t ima of the power spectrum, 

involves calculating the power at each fkquency from the corresponding Fourier 

Transfonn value. The variance of the estimates is large, but the accuracy of the estimates 

may be increased by smoofhing This procedure involves averaghg independent 

estîmates obtained fkom different segments of the time series or fkom a narrow band of 

fiequemies (Ferguson, 1988). According to Ferguson, there is a tradeoff between the 

density of spectral estimates (i.e,, resolution) and the accuracy of each estimate. 

Application of the Theory tu the Spectmi Anaiysis of Pc Sx. The power spectra of 

the total magnetic field were detennined using a power spectral program developed by 1. 

J. Ferguson of the University of Manitoba- The power spectral program was based on a 

relative simple Fast Fourier Transfonn algorithm that required the number of points to be 

an even power of 2. To obtain the spectral estimates, the time series &ta were divided 

hto  3-hourly intervals, and the power spectrum for each interval was calculateci using 

srnoothing. The smootbing involved averaghg of r ed t s  fkom multiple sets of segments 

with each interval, 

For easier cornparison with Ottawa K index, each &y of five-second-sampled 

Pinawa data was divided into eight three-hourly segments. In dividing the original time 

series data into windows (or intemals), window size was determineci so that the number 

of data points for each window is an even power of 2 and is the closest to 2 160 data 
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points (i-e., three hours or 180 minutes)- Accordingly, data points of 2048 (i-e., 170.67 

minutes x 12 = 2048.04), the lûth power of  2, were chosen for a window size- 

To mcrease the accuraçy of each spectral estimatee, while minimizing decrmse in 

resolution, subsegments length of 64 data points (Le., 5.33 minutes) was chosen such that 

there was a total of 16 segments for each window for the FFT adysis  in the current 

study (i-e., 2048/64 = 16). The size of error in the spectral andysis is proportional to 

l/square root of the number of segments in each window- Thus, the use of 16 segments 

resulted in a factor of 4 reduction in the uncertainty ofthe spectral estunates (Le., 

l/SQRT (16) = 1/4) (?- -J. Ferguson, personal communication, July 22,200 1)- 

The preiodograms were next plotted to deteRnlLle whether the enhanced s i d s  

were associated with Pc 5x pulsa!ions. For example, F i g m  13 shows a periodogram for a 

Figure 13. Periodogram of Pinawa Pc 5x pulsations recorded between 2:07 CDT and 

8:3 1 CDT on May 30*, 2000. The amplinide of Pinawa Pc 5x is in n ~ ~ ~ z  

period with enhanced Pc 5x pulsations recorded at the Pinawa observatory between 2:07 

CDT and 8:3 1 CDT on May 30 ", 2000. If pulsations were seen in the periodograms, 

the-by- amplitude plots of the signals were then created and checked by visual 



examination to qualifj. and classify the geomagnetic pulsations based on the duration and 

strength. Figure 14 shows a time-by-amplitude plot of five-second samplcd raw 

Figure 14. Time-by-amplitude plot of Pinawa Pc 5x pulsations recorded between 2:07 

CDT and 8:31 C M  on May 30 *, 2000. The amplitude of Piriawa Pc 5x is in ~T'/HZ. 

geornagnetic data for 2:07 to 8:3 1 CDT on May 30 5 2000. ifthe duration of  the elevaîed 

geomagnetic pulsations (Pc 5x) was more than 4 hours. the pulsabon &ta were M e r  

considered for matchuig with AL data, 

Overall Geornagnetic Activiîy Ihroughout the Sîu& 

Figure 15 shows overail geomagnetic activity, as given by local Ottawa K values 



Gcomagnetic Pulsations and Activity 50 

(a) Ottawa K Values 

(b) Pinawa Pc 5x 

Figure 15. Ottawa K values (a) and spectral power of Pinawa Pc 5x (b) throughout the 

study (May 29 " to August 3", 2000). The amplitude of Pinawa Pc 5x is in n~~/H.z .  

and Pinawa Pc 5% throughout the study. There was an extreme geornagnetic storm (see 

Appendix K for the definition) on M y  16,2000 @ay 48), and both Ottawa K and Pinawa 
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Pc 5x peaked on the day, but there was no study mcasuremcat on either JuIy 16 or 17, 

2000 (Day 50). There were also five days with moderate geomagnetic storms (Le., daily 

maximum Ottawa K = 6), 14 days with minor geomgnetic storms (i-e., daîly maximum 

Ottawa K = 5),24 geomagneticaily active days (Le., daily maximum Ottawa K = 4), and 

22 geomagnetically quiet days (i-e., daily maximum Ottawa K = 2 or 3) during the study. 

According to Boteler et aL (1998), the spectral power (across hpency  band) of 

geomagnetic pulsations increases with the level of Kp. There was a weak, positive 

correlation (P = -32, p c .O 1) betwecn the daily sum of Ottawa K values and daily sum of 

log-transfomed spectral power of Pinawa Pc 5x puhtiom throughout the current study- 

The results is in agreement with the results fiom an informal s t u â y  in which 1 found 

statidcaüy simiificant, positive correfation between daiîy sum of Ottawa K values and 

the daily sum of spectral power of h w a  Pc 5x puisations (r = -56, p < -00 1 ) .  

ClassrJ?cation of Day 

According to Ptitsyna et al. (1998), health effects of magnetic field exposure 

rnight be proportional to the tirne spent above a threshold- For the current snidy, 

geomagnetic pulsations were classified into two levels, enhanced geomagnetic pulsations 

and background level geomagnetic pulsations. To enable cornparison with motor activïty 

level data, the classification was done on a &y by day basis. 

We do not know whether there is a threshold for the possible effects of Pc 5x 

pulsations on human behavior. Kit exists, however, there would be a dinaence in the 

results of a comparative analysis in which àays of enhanced Pc 5x pulsations are 

compared with those of no& Pc 5x pulsations using a different cut-off point each thee 

To select statistical levels, I used the observed probability distriiution fünction of 

geomagnetic stonns, which will be discussed in the next section, 

Occurrence Rates of Geomagnetic Stonns. According to a space weather 

disturbance scak (see Appendix H) developed by National Oceanic and Atmosphenc 
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Administration POAA] (2001). the average &-cies of geornagnetic s t o m  (i-e-, 

extreme, severe, strong, moderate, or minor geomagnetic storms) are 4,60, 130,360, and 

900 days per 1 1-year d a r  cycle respectively. In 0th- words, geomagnetic storms are 

observed for 1454 days out of 4015 &ys on average, and the occurrence rate is about 36 

percent (the perceatile). According to the scale, extreme, severe, or strong 

geomapetic stoms are obsemed for 194 days out of 40 15 days, and the average 

occurrence rate is about five percerit (the 95" per~e~ltile) (NOAA, 2001). 

Distribution of the Ampli& of Pinawa Pc 5x Pulsations and Three Cut-ofl 

Points. The dishniution of the amplitude of spectral power estmates corresponding to Pc 

5x pulsations recorded at the Pinawa observatory between May 3 and September 28, 

2000 was extremely, positively skewed (skewness = 16,663). Its meau and standard 

deviation were 2.56 X 104 n~l/Hz and 2.40 X los nT2/Hz respectively. 

Based on the average occurrence rate of overail or geomagnetic storms (64%) and 

that of extreme, severe, and strong geomagnetic storms (95%) reported by NOAA, 1 set 

two tentative cut-offpoints between enhanced geomagnetic pulsations and nonnal 

geomagnetic pulsations at the 64 and 95" percedies of the distnbuton at which the 

amplitude of Pc 5x was mathematically equivalent to about 0.9 nT and 82  nT 

respectively. 1 arbitrarily set another tentative cutaff point at the 90" percede of the 

distribution at which the amplitude of Pc 5x was mathematically equivalent to about 3.6 

UT to detennine whether there is any difference in thë resuits of the analysis of the main 

hypothesis depending on the three cut-off points. By using each of the three cutaff 

points, the behavioral measurement periods were classified into two groups: days of 

enhanced geomagnetic pulsations (Hi*), and days of normal geomagnetic pulsations 

(Nomal). High days were defined as days with elevated geomagnetic pulsations (Pc SX) 

with a total d-on of more îhan 4 hours during the 8 hours between 11:OO p-m- CDT 
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(4:OO UT) the night befare and 7:00 am. CDT (12:00 UT). The rest of the Q y s  were 

classified as Normal days. 

When the Cut-offPoint was Set a! the 9 9  Percentile. When the cut-off point was 

set at the 95" percede  (8.2 nT) of the disaibution of the amplaude of Pc 5~ there was 

one High day with the h c o n  of the PcSx pulsations more than four hours) - May 30*, 

2000, which was then yoked to a Normal day with lowest K values for the same day c m  

center - July 4&, 2000. (sa Figure 16) for day carc centcr A 

Figure 16. Pinawa PE 5x for May 29 th to August 3 q  2000. The bold lines represent 

changes in Pc 5x during study measurement of the participants. The amplitude of Pinawa 

Pc Sx is in n ~ ~ / H z .  
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When the Cut-oflPooinr was Set ut the 9dk PercentiIe- Whcn the cut-off point was 

lowend to the 90" pcrccntile (3.6 nT) ofthe disbiiution of the amplitude of Pc 5x, there 

were two High days, May 3 0 ~  andhne 27h, 2000, which were thm yoked to two Normal 

days fiom the same day care cent-. The two Normal days were those with the shortest 

period of enhanced geomagnctic pulsations and the lowest K values for the same &y care 

center - Juiy 4" and July 255 2000 for &y care center A 

m e n  the Cut-offPoint war Set oi the 66BL PercentiIe. When the =ut-off point was 

fiirther lowrred to the 64a percentile (0.9 nT) of the âîstriibution of the amplitude of Pc 

5% there were fm High dam May 30 *, J i w  6 ", Jtme 27 ", and July 1 l*, 2000, which 

were then yoked to four Normal days h m  the same preschool, The four Normal days 

were those with the shortest p e o d  of enhanced geomagnetic pulsations and the lowest K 

values for the same day carr cent= - June 13*, July 4", July 18*, and July 25: 2000 

for day care center A- 

Score Calculations and Data Reductzon for Activity Data 

Accelerometers- Each child's motor activity level was calculated as the m d a n  of 

one-minute averages of one-second sampled accelerometer &ta for each &y of 

observation, 10r00-15:OO Central Daylight Time (CDT) &ter excludiag data for pends  

in which the instruments were off. Because the one-second sampled CSA scores showed 

strongly and positively skewed distribution, which remained d e r  log-transformation of 

the data, the median, instead of the mean, of the one-second sampled data was used as a 

summary measure for the right ankle- The accelerometer was initialized to record the 

average acceleration on the ankle for every one-second epoch. One CSA score for a 

participant, who withdrew fiom the study afker the fkst week of the measurement, was 

excluded fiom the aualysis- Of a total of 15 CSA accelerometers, three of them were later 

excluded f?om the analysis due to their extremely low sensitivity to acceleration. Since 

there was greater-than-expected inter-instrument variability in the accelerometers, 

activity data fiom actometers were used for the test of the main hypothesis. 
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Actometers. Eaîon et ai. (1996) estimatted that an actometer registers 1 activity 

unit (AU) for every five changes in direction- Using this information, one can estimate 

the number of a m  movements ikom the number of elapsed actometer seconds by 

multiplying the seconds by 3, This product is divided by the number of hours the 

actometer has been worn to obtain a measure oftotal movements per hour. For example, 

a participant whose actometer showed an elapsed t h e  of 16 min (%O sec) over 6.0 

recording hours would generate a total movements per h o u  estimate of 200 (200 = 5 * 
960 / 6) .  In the present study, the actometer movement counts were calculated in the 

same way for the behavioral measurement period, 10 :00-15:OO CDT for each day of 

observation &er subiracting time that the instruments were off, Ofa total of 21 

actometers, one actometer was excludeci because it broke during the study- 

Overall Acrivify Level. Because it was found that the sensitivity ofthe CSA 

accelerometers to acceleration varies fÎom one accelerometer to another, each child's 

overail AL was based on the actometer measure- Each child's activity score for each day 

was expressed as the deviabon fiom his/her grand mean over ali days of assessment- The 

expression of individual scores as deviatiom around the mean score for the child removes 

overaii child-to-child ciifferences fiom consideration- That these individual differences 

were substantial was revealed in a variance components analysis- The variance 

components of the actometer movement counts per hour and the accelerometer 

movement scores were analyzed by using the VARCOMP procedure of SAS (SAS 

Institute, 1988). The results of the analysis revealed that more than halfof the overd 

variance of actometer movement counts/hr score (60.2Yo) and accelerorneter score (57%) 

was systematically related to petson-to-person differences. The week-to-week differences 

were much smaller than the person-teperson Merences for both actometer movement 

counts/hr score (7.7%) and accelerometer score (3.1%). The use of residual scores 

removes the substantial child-to-child differences f?om the analysis and allows for more 

focused attention on day-to-day differences. 
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Results 

Accelerometer Score Results 

As noted ezuiïer, the distriiution of the CSA scores for 1-minute average of ail the 

1-second epochs across dl the children was extremely, positively skewed. This might be 

because the 1-second epoch chosen for the CSA activity measurement was so short that 

many of the 1-second epochs had scores of zero. Typical activities during the behavioral 

measurement at a &y care center were indoor fiee play, outdoor fiee play, lunch, nap, 

staff directed activity (art, science, etc.), snack, gym, quiet activities, and a field trip. The 

other possible reason would be that the children spent more time on sedentary activities 

than on physical activities. Accordingly, the median, instead of the mean, of one-minute 

averages of one-second sampled CSA score was calcdated for each cMd's AL for each 

&y. The CSA median for the fiùl sample was also clearly skewed (skewness = 1.3) but 

not as much as the mean CSA score was ( s e  Figure 17)- The mean and standard 

i Median CSA Score 

Figure 17. Distriiution of the Median CSA Scores for Each Chiid for Each Week. 

deviation of the median CSA for the fiill sample were I 1.4 mits and 1 1.0 units 

respectively. 



Acrorneter Score Results 

In the present sîuày, the hourly mean and staudard deviation of actomcter 

movement counts averaged for each child were 864.6 units and 355.2 respectively. 

The distriiution of the actometer score was positively skewed (skewness = 0.9). 

Convergence of Accelerometers cmd Actometers 

It was hypothesized that the two typcs of motion recorders, accelerometer and 

actonieter, would be correlated- To see the correlation between accelerometer data aad 

actometer data, McKeen (1998) did two studies. In her fïrst study, she had 2 1 students 

(10 males and 11 fernales) in an introductory psychology course Wear the two 

instruments on their wrists for 24 hours. She then correlated each participant's d d y  

accelerometer data with its M y  actometer data, and found that the cosrelation between 

the daily accelerometer counts and the daily actometer counts was si@cant, r = -52, p c 

-05. In her second study, in wbich 80 students ( 38-39 males and 40-45 femaies) wore the 

instruments on their wn*sts for 24 hours, the correlation between the two movement 

counts was hi* (r = -70, p c -000 1 )  than that in the fïrst study, suggeshng an effect 

fiom a bigger sample size. These results of her studies aiso suggest that there are 

additional or complementary aspects of movement measured by the two inss~ments that 

are not redundant, One measures average acceleration, and the other provides an estimate 

of movement fkequençy. 

To test the assumption that the accelerometer and actometer measures are strongly 

and positively related, the concordance of these two scores was then assessed with a 

correlation after performing tests of n o d t y  on the distri'butioas of both variables and 

removing outliers by using the UNIVARIATE procedure of SAS (SAS Institutc, 1988). 
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As mentioned above, the distriiuîiolls for the CSA accelerometer score and the actometer 

score were both skewd (skewness = 1.1 and 0 9  uni& resptctivcly). As shown in Figure 

18, a strong, positive correlation was seen between the actometer data (movements per 

hou) and CSA accelerometer data (the median of one-minute average of one-second 

sampled acceleratïon data) for each child for each week (r = -70, p c.000 1)'. 

F@re 18. Actometer And CSA Movement Counts for Each Child for Each Week (N= 

To obtain a summary score for each child, the two types of data were then 

averaged a m s  al1 the weeks attended There was a statisticaliy significant positive 

' ~ h e  two types of data wete then log-transformai to die base 10 and &en were conelated each other 
because the distributions of both CSA acceleromeîer data and actOLneter data were positively skewed 
(skewness = 1.35 and 0-70 unit, respective&). nie correlation bctween the two types of log-transformeci 
data also showed a correlation (r = -69, p ==.0001) similar to thai obtained witb uniransformed data 



correlation between the summny scores for accelerometers and actorneters (r = -89, p < 

-0001) (see Figure 19)- 

Figure 19. Actometer and CSA Movement Counts for Each Child (N= 32). 

One outlier was exciuded fiom the d y s i s  because the outlier probability was over -05. 

Gender DzFerences in AL 

There was a statisticaily signifïcant gender difference in median acceleratioa ( t  = 

2.23, p < .03), whereas there was no statisticaiiy si@cant clifference in the fiequency of 

movement (t = 1.57, p < -13) (see Figure 20). The gender pattern was s d a r ,  however, 

and suggests that the movements of boys could be sharper and quicker than those of girls. 

The size of the gender difference in standard deviation units was -73 for the CSA 

accelerometers and -54 for the actometers. 
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Figure 20. Gender Differences in the Median CS A SCORS and Actometer Scores. 

-- - 

Why Actometers, Not CU Acceferometers? 

Caliiration of 15 CSA accelerometers showed larger-than-expected differences in 

the sensitivity to acceleration among thcm Although it would have been interestkg to 

use the one-second sampled data o t h d ,  [ decided to use activity data îrom 

actometers, which were better cali i ted and had less inter-instrument variability than 

those from CSA acceIerometers- 

Seep Disturbance and Activity Level M e a n d  by Actometers 

There was no statisticaliy signincant correlation between the weekly CSDS score 

and the overail AL for each child for each week- 

Pc 5x Pulsations and Sleep Disturbance 

For the analysis of Pc 5x pulsations and parent-reporteci skep disturbmce, only 

the data ftom day care center A were used because the day care center did not have a 

field trip throughout îhe shidy measurement days maintallied generally the same daily 

activities. 
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When the 9 9  Percentile (8.2 n Q  was Used as a Cuf-offPoint. Wh= the 95" 

Percentile (8.2 UT) of the distriiution of Pinawa Pc 5x pulsations for a span of the current 

study was used as a cut-off point, îhere were fôur participants whose sleep behavior was 

reported by their parents both on a High and a Normal &y at day case center A (see 

Table 7). 

Table 7 

Nimber of Children Mose SIeep was Reported on both Hzgh and Nomal Days at Day 

Pc 5x Total n of n of ChiidrenC High Day(s) Normal Day(s) 
Cut-off Pouit" childrenb 
95& %le 4 4 May 30,2000 July 4,2000 
90'" %ile 11 4 May 30,2000 July 4,2000 

7 Jme 27,2000 Jdy 25,2000 
5 May 30,2000 July 4,2000 

64th %de 27 5 June 6,2000 June 13,2000 
7 June 27,2000 Juiy 25,2000 
10 July I l ,  2000 Juiy 18,2000 

Note. Dfhe cut-off point in the distci'bution of the amplitude of Pc 5x between High and 
Normal days. b~otal  numbet- of children whose sleep khavior was reported by their 
parents on botb High and Nomal days for each cut-off point. 'Numbers of childm 
whose sleep behavior was reported b; theu parents on 60th High and Normal days. 

For these two contrasting days, the mean CSDS scores for the two groups were 

compared by using a paired t-test- The resuits of the paircd t-test on the mean sleep 

disturbance scores fiom the four children were non-signiiïcant (t = -0.47, p < -66). 

When the 90a Percentiie (3.6 nl) wus Used as a Cut-offPoint. When the 90" 

percentile (3.6 nT) was used as a cut-off point, thtre were eleven participants whose sleep 

behavior was reported by theu parents both on a High &y and a Normal day. For these 

two contrasting days, the mean sleep disturbance socres for the two groups were 

compared by using a paired t-test. The results were non-sinnificant (t = 8-88, p -= -39). 
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When the 6bk Perrentile (0.9 nïJ was Used us o CutaffPoint. When the 64& 

percentile (0.9 nT) was used as a cut-offpoint, there were 27 whose sleep 

behavior was reported by their parents both on a High day and a Nonnal &y. To compare 

the High and Normal days, a paired t-test was appiied to the sltep disturbance for the two 

groups. The results were again non-sinnif?cant (r = 0.2, p C -85). Thus, for aii 

comparisons, there was no evidence that sleep distiirbance was variai with geomagnetic 

disturbances, 

Pc 5x and Activity Level Measured by Actometers 

Table 8 displays the number of chiidren at &y care center "A" who provided an 

Table 8 

Nurnber of Children Who Wore an Actometer on both High and N o d  Doys at Dqy 

Care Center A 

Pc 5x Total n of n of CbildrenC High Day(s) Nomal Day(s) 
Cut-off Pointa childreb 
95m %de 8 8 May 30,2000 July 4,2000 
9 0 ~  %de 18 8 May 30,2000 July 4,2000 

1 O June 27,2000 hly 25,2000 
8 May 30,2000 July 4,2000 

64& %de 37 12 June 6,2000 June 13,2000 
10 June 27,2000 Jdy  25,2000 
7 July 1 1,2000 ~ulk 18; 2000 

Note. The cut-off point in the disûiiution ofthe amplitude of Pc 5x betweni Hi& and 
Normal days. bTotal number of  children who wore an actometer on both High and 
Normal days for each cut-off point. 'Nwnbers of children who wore an actometer on both 
High and Normal days. 

- - 

activity measure on a high and normai day. For each of the cut-off points, a paired t-test 

was appiied. When the 95" percentile was useci, there was statisticdy sigdicant 

difference between the high and normal day, with overall daily mean actometer leg 

movements per hour on the day king slightiy lower than that on the Normai &y ( r  
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= -2.75, p < -02)- The means and standard deviations for the High and Normal days were 

-99.2 1 and 20 1-48 mits (High days) and 207.78 mïts and 243.8 1 units (Normal 

days) respectively. The overaii effect si=, d (Cohen, 1969) for differences in activity 

level was -1.15, which suggests that children's o v d  AL on days with enhanced 

geomagnetic pulsations was teduced during and immediately &cf a Hi& pdsations day- 

When the 90* percentile (3.6 nT) was used as a cut-off point, there was a non-signincant, 

though with borderhe signifïcance, result (t = - 1.8 1, p < -08). The means were in the 

expected direction, and were 12.66 unïts and 254.92 unïts (High &ys) and 154.44 units 

and 224.38 units (Normal days) respectively, and the mean effect size was -1.15 

When the 64& perccntile (0.9 nT) was used as a cut-off point, the results ofthe paired t- 

test on actometer movement counts per hour h m  the 37 children showed no signifiicant 

difference between type of day (t = -0.64, p < -52). The means and standard deviations 

for the High and Normal days were 4-04 and 1.3 1 wts (Hi& &YS) and -0.12 units 

and 2 -66 imits (Normal ciays) respectively. 

Discussion 

This study evaluated the possïbility that fluctuations in preschool-aged children's 

motor activity level are associated with variations in geomagnetic pulsations. This 

association was thought to be mediated by sleep disturbance. More specif?caliy, it was 

hypothesized that ùigh-amplitude pulsations in the intensity of the earth's magnetic field 

would, by disturbing their sleep the night before, decrease children's activity level. SIeep 

disturbance and activity level measured on days of enhanced geomagnetic pulsations 

were contrasted with the same measures on days of normal geomagnetic pulsations in a 

sample of 32 preschoolers. Three Merent thresholds for definhg days of enhanced 

geomagnetic pulsations were evaluated, Before discussuig the study's results for this 



main hypothesis, 1 will a d b s s  two subsidiary issues, îhe ccmvergcace of different 

activity measures and the presenct of gender différences. The convergence of actometer 

and accelerometer rneasurts was aiso perfomd 

Activiîy Data fiom Accometers and Accelerometers 

As hypothesized, a strong, positive correlation was found between the summary 

scores for the two types of motion recorders, accelerometer and actometer. The 

correlation between these two measures indicates that the r e d t s  are not 1Mited to one 

type of activity moaitor- However, because t h e  was greater-than-expected inter- 

instrument varÏability for the accelerometers, activity data fkom the actometers were used 

to address the hypotheses of the sîudy, 

Gender Diflerences in Activity Level 

To address the unresolved question of gender differences in activity level, Eaton 

and Enns (1986) did meta-dysis on results fiom 90 citations encompassing 127 

independent gender difference contrasts, and found that males are generally more active 

thaa fernales. in the current study, statistically simiificaat gender differences were seen in 

median acceleration, which indicated that boys' median acceleration was larger than that 

of girls. On the other hand, gender ciifferences in the ârequency of movement were non- 

significant although its effect size for thïs measure (d = -54) was very close to those 

found by Eaton and Enns- Thus, the present data are consistent with a large body of 

evidence regarding the existence of gender difkences in motor activity level in childre~~ 

Tests of the Main Hypoîhesis 

To test the main hypothesis that hi@-amplitude pulsations in the intensity of the 

geomagnetic field demase children's motor activity level, by disturôing their sleep the 

night before, 1 asked the foliowing three questions: (1) 1s children's overall activity level 
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associated with parent-reportcd sfeep the night before?; (2) 1s children's sleep more 

disturbed during nighttïme of enhanced geomagnetic pulsations?; and (3) 1s 

cMdrenls overall activity level lower following nighttime perïods of enhanced 

geomagnetic pulsations? In the next three sections, 1 will discuss the three questions in 

more detail, 

Acfivity Level and Sleep- Before correlating activity data with sleep disturbance 

data obtained with sleep disturbance scales, the intemal consistency for five items, which 

were selected fkom items in the sleep disturbance scales, was examine& Cronbach's alpha 

for the five items was -55, suggesting a marginal Ievel of intexnal consistency for the 

items, Thus, the sleep disturbance scales are probably not reliable, suggesting that 

chtldrenls sleep was not rated açcurately. For this reason, absence of a correlation 

between children's activity Ievel and parent-reported sleep disturbance may be 

attributable to the use of the underdeveloped sieep distuhance scaies. An answer to the 

question about sleep disturbance and activity level will require a better measure of sleep. 

Geomagnetic Pulsations and Sleep. To address the question of tht putative effect 

of geomagnetic pulsations on children's sleep, 1 compared the mean score ofparent- 

reported children's sleep disturbance data for a night of enhanced and normal 

geomagnetic pulsations in Pc 5x range (i-e., 0,0017 - 0.0033 Hz). A paired t-test was 

applied to the sleep disturbance for a night of enhanccd Pc 5x pulsations and that of 

normal Pc 5x pulsations using three cutsff points. For ail comparisons, there was no 

evidence that sleep disturbance was varied with the spectral power of Pc 5x pulsations- 

As with the issue of sleep and activity level, the absence of an effect may be: due to an 

unreliable sleep measure- 
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Geomagnetic Pulsations and Activity Level. Although hctionai relationships 

between magnetic field exposim and health effects are not known, some research 

suggests that the health effects might be proportionai to the t h e  spent above a threshold 

(Phtsyna et al., 1998). The same suggestion can be applied to the putative effects of Pc 5x 

pulsations on activity level, When the highest threshoid (8-2 nT) was used to define 

enhanced Pc 5x pulsations, activity level was simiificantly lower cm the &y of enhanced 

geomagnetic pulsations although the results are based on one day only with a smail 

sampie size, When the lower two thresholds (3-6 nT and 0.9 UT) were used to define the 

pulsations, no significant difference was found in actinty level. T'us, although the 

results in the c u r e n t  study are mixed, they suggest a threshold effect for Pc 5x pulsations 

on children's activity level. The duration of exposure to Pc 5x pulsations above the 

threshold may also be the critical issue, The value of the present Çidïngs requires 

interpretation in the context of the strengths and weaknesses of the present study. 

The Strengths of the Current Stucfy 

Behavioral Measurement Settings- According to Eaton and Enns (1986), larger 

magnitudes in gender diffe~ences in activity level were found when behavior was 

measured with automatic recording devices in fhdiar, non-stressfid, unrestricted 

surrouadings in the presence of peers. These conditions apply to the circumstances ofthe 

present study, so there is a reason to believe that satistàctory activity measurement was 

used. Moreover, another strength of the curent study would be that the resuIts are based 

on large samples of activity Ievei obtained fiom a total of 38 days of study measurement- 

Choice of Pc 5 .  Pulsations as a Geomagnetic Measure. Much of the fomd 

research linking geomagnetic fluctuations to human behavior has been done 

retrospectively, using K index as a geomagnetic measure. For a more conviacing 
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dernonsiration, the current study uscd more specinc measures of geomagnetic 

fluctuations (i-e., spectral power of Pc Sx pulsations) to predict children's motor activity 

level, which has the advantage of being continuous~y variable over tirne. 

Weaknesses ofthe Currenr Siudy und Some Possible Soiutions to T k m  

How io lncrease the Srmipie Size. in the current study, the number of participants 

was small (N= 33), which Iunited statistical power. Mort children necd to be measured 

over more days; more acceierometers would be needed to increase the maximum number 

of children who can be measured on the same day and the design of a future study should 

emphasize data collection over more days. Days with enhanced Pc Sx pulsations above 

the highest tbreshold are relatîvely in£requent, so it would be important to max.Ünk the 

number of days of assessrnent to capture the high threshold days. Several steps çouid be 

taken to edarge the sample of children and days. For example, w w  that the convergence 

of the two instruments has been estabfished, only one of them should be needed. In the 

present study, activity data fiom the acceierometcr were not used for the tests of main 

hypotheses because of the greater-tban-expected inter-instrument variability. To increase 

the sample size in the fùture snidies, however, it woidd be better to use only 

accelerorneters after thorough factory caiiition. Because a packet of two différent types 

of activity monitors looks somewhat bdky on a preschool-aged child's d e ,  and that 

would have made some directors of day care centers feel reluctant to give permission for 

participant recruitment. It wouid also be possible to recruit more chiidren if each of them 

gets paid or rewarded for their participation. More investigators would be usefiil so that 

activity measurement coufd occur simdtaneously at more tham one day care center. 

FinaUy, data collection should be scheduled between March and June to avoid a summer 

holiday season and to increase the chance of sampling hi& threshold days. 
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How to increase the chance of DuingActNity Measurement on Doys ofEnhanced 

Geomagnetic Pulsations- There was only m e  day with enhanced Pc 5x pulsations during 

the study measurement To increase the chance of doing activity measurement on days of 

enhanced Pc 5x pulsations, it would be better for us to do the activity measurement when 

extreme, severe, or strong geomagnetic storms are prediçted by the space weather 

forecast issued fkom the NOAA Space Environment Center- The space weather w h g s  

are usually released two to three days in advance of the onset ofgeomagnetic stonns. 

Thus, it is possLbIe to visit day care centers and put the activity monitors on chil6cien's Ieg 

a day before the onset of the expected geomagnetic storms. In that way, the total number 

of visits to day care centers can be reduced fiom ten weeks to, say, six weeks, That would 

make participant recruitment easier, too. 

Wiut woufd be Better Meusurement of SIeep Disturbance? The use of the sleep 

disturbance scafes in the current study was not reiiable, probably because parents did not 

have enough opportunity to directly observe their children's sleep behavior. Research has 

found that sleep duration can be measured with an accelerometer For example, Reid and 

Dawson (1999) found a high correlation between EEG and sleep duration recorded by an 

accelerometer, in the current study, behavioral measurement was limited to five hours 

(between 10:OO am, and 3:00 p-m-) per week at the day care center only. The use of 24- 

hour activity measurement with accelerometers could provide objective data of child's 

sleep and of daytime activity. That will also help the investigator(s) obtain more detailed 

information of the chiid's nap and sleep fkom the teacher and the parent- 

How to Get More Detailed Information on Dai& Activity. In the present study, the 

Activity Recording Sheet was not used so that the teachers would not be discouraged 

fiom participating by the work invoived. Iastead, 1 colkted monthly schedules fkom 
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each day care center, and kept track of t k  outdoor activity such as field trips. Thus, 

little information on actual day cate activitîes was available- In the fùture studies, a timc- 

structured diary of &y care activities could be developed and fXed out by the 

investigator(s) based on the idonnation obtained in a bnef intemiew with teachers and 

&y care sta& on each study measunment day- 

How to ControC Other Weather VanMes that might Agect ChiIdren's Behavior, 

Provided that Pc Sx pulsatiom have biologkal effects, there are many problems to be 

solved In particdar, the d y t i c  sepadon of geomagnetic variation fkom other 

variables, such as air temperature, humidity, air pressure, sunshine hours, solar flux, 

cosmic ray intensities, and solar radio bursts, will be very difEcuit unless the effects are 

tested under controlled experimental settings. Thus, more experimental work is needed to 

isolate geomagnetic effects. 

How ro Determine the Thesho& There is no study that clearly establishes a 

given threshold for ULF waves and an affect on human behavior, physiology, or 

psychology. In the present study, 1 expiored three thresholds for the spectral power of Pc 

5x pulsations. The thresholds calculated were based on the distriiution of spectral power 

of geomagnetic pulsations recorded at the Pinawa Observatory between May 29 and 

August 3,2000. More geomagnetic pulsations &ta would be needed to get more accurate 

estimates of the three thresholds. Even so, many uncertainties remain. We do not know 

how long it takes for Pc 5x pulsations to a.Eect sleep and it wodd be bard to detefmine 

the niinimiini required duration of exposure to Pc 5x pulsations. It would also be 

necessaq to see whether long-the exposure to Pc 5x pulsations reduces nighttime 

secretion of metatonin, thus dîsturbing sleep in both humans and a n b a l s .  Perhaps the 

best approach for now would be to do some intensive slecp study in whkh participants 
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will be exposed to Pc Sx pulsations for s e v d  hom while their behavid,  

physiological, and psychological endpoints are continuously monitored or intermittently 

rated under controlied settings- 

How to Find Dqy Care Centers wirh a Desirable Dai& Schedule- Of the four &y 

care centers 1 visited in the current study, two ofien went out for field trips, whiie the 

other two had their chil&en play in the back yard on fine days, Thus, some activity data 

do not seem to represent the chiidren's typical activity level. In fbture studies, the role of 

activity constraints, such as field trips, needs more attention, 

Review of Possible Mechanisms 

In hindsight, it is clear that the study codd have been better done. Nevertheless, 

some hdings are suggestive, so a discussion of the possible mechanisms that mediate 

geomagnetic pulsations and activity level is in order. There are two possible mechanisms 

that could explain the possible link between geomagnetic disturbances and human 

physiology and behavior- 

Long Tenn Potetttiation and Long Tenn Depressiort. Startbuck (personal 

conununication, September 17,1999) hypothesized tbat the average spectral power of Pc 

5 (5-50 nT) is large enough to depolarïze the neuronal membranes in long term 

potentiation. On the other han& Chen et al. (19%) examined the induction of synaptic 

efficacy kt surgically resected human temporal cortex and found that long term 

depression was elicited by prolonged low Eiequency stimulation (1 Hz, 15 min), while 

long term potentiation was elicited by high fiequeacy stimulation (100 or 40 Hz). 

Likewise, George (1998) found that electrical stimulation at Iow hquencies in the single 

Hz range results in long-term associative depression (LTD) of transmission in synapses in 

the hippocampus and motor cortex. Otani and Cornior (19%) fomd that 0.033 Hz 
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stimulation stabilizes long term depression i n d d  by 2 Hz stimulation to the synaptic 

pathway of adult rat hippocampus. Thus, Starbuck's hypothsis does not fit =cent 

Endïngs on long term potentiatîon and long tcmi depression- Although Pc Sx pulsations 

may elicit long term depression and reduce activity level, it is conttroversial and open to 

discussion. 

Nighrrime Melatonin Secretion and Geomagnetic Disarrbances. Kay (1994) has 

suggested that disturbances in the geomgnetic field couid suppress the nighttime peak in 

s e m  melatonin concentration in humans. If bis argument is rïght, geomagnetic 

disturbances during the night may have some üduence on the sleep-wake cycle and 

motor activity level in humans, However, there are inconsistencies among published 

hdings relating the effects of the electromapetic field to nighttime melatonin secretion 

in animais (Stevens & Davis, 1996)' so Kay's argument is stiU very controversial. 

Conclusion 

The results of the present study does not directly ad&ess the question of 

rnechanism, but it reveals a possible association between geomagnetic pulsations and 

activity leveI. With better meamirement and sarnpling, fùture study couid better test my 

conviction that geomagnetic pulsations influence sleep and activity level. 
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Appndin A - Parîicipant Recmiiment Leîter for Directors 

Mar& 1,2000 

director- 

day care address- 

day care postal- 

Dear Director director-: 

Mr. Gen Mïts~take, a graduate student in developmentd psychology, and 1 are 

conducting a research project on the stability of chilben's level of motor activity over 

time. We are also interested in whether or not fluctuations in activity are related to 

features of the weatber. This research requires the participation of children aged four to 

six, and we are -ting to request your center's cooperation. We wodd be most 

appreciative if you would distn'bute to the parents a consent fonn and a letter that 

descnks the study, We have appended a summary of the project and a copy of the parent 

letter. 

M .  Mitsutake will c d  you in the near b e  to see if your center might participate- In 

the meantirne, either Mr. Mtsutake or 1 can be reached at 474-6955, and we wodd be 

happy to answer any questions you might have. Eit would be helpfiil, either or both of us 

would be willing to attend a meeting concerning this request, 

Warren 0, Eaton, Ph-D. 

Professor 



director- 

phone- 

Appendix B - Telephone Protocol for Directar 

Hel10 ... Gen Mitsutake U of M. Calhg about research project? 

letter sent .. received? This research is for my master's thesis in developrnental 

psychology . 
What it would involve for you? 

Distribute letters to the parents 

Ronde a s m d  place in your center where I could set up a srnall child's table, a 

few materials and a recorder- 

Descnie study: 

There would be 10 visits (2 visits in 1 day): 

First day: 

Put the watches on he children's ankle in the morning ( 

Remove the watches in the aftemoon (3 am) 

Cyciic visits (once a week) 

As well, 1 would @ady visit the center before any tesbing beguis to make myselfbo- 

to the children so they would not be nervous with me. 

Thank you very much for your time. 

Do you have any questions? 

How many 4,5, & 6-year-olds do you have? and How many lettas would you need? 

Directions: 1s your center easy to h d  (e-g. is it in a school or other non-obvious 

location?). 

I f  you need to contact me, my phone nwnber at laboratory: 474-6955 or home: 261-5 186. 

There is an answering machine at both numbers if you wish to leave a message. 
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Appendix C - P artrëipant Recmitment Letter for Parents 

March 1,2000 

Dear Parent: 

We are conducting research on children's motor activity levels over a period of 5 

weeks. Your child's &y care center has kindly agreed to cooperate, and 1 am writing to 

request your @ssion to allow your daughter or son to participate. 

I f  you agree that your child can participaie, please complete the enclosed form 

and retum it to the day care center. Each participating child would wear two dïf%efent 

types of small motion recorders that measure movement for total of 25 hours (once a 

week for 5 heurs)- We have successf'uly used the two motion recorders on many adults 

and children before without problems, 

if you are willing to have your child @cipate, please complete the attached 

fomi and r e m  it to the center as soon as possible- AIi obtained information will be used 

ody for research purposes and WU remain confidentid. As weil, one group data will be 

used in any pubLications resdting fiom this data. A summry of the resdts of the st- 

will be sent to the center. 

Lfyou have any questions or want more details, please feel Ike to caU me or m y  graduate 

student, Gen Mitsutake, at 474-6955, 

Warren 0- Eaton, Ph-D. 

Professor 

Gen Mitsutake, B-A 

Graduate Student 
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Appendïx D - Consent Fonn 

Dear ParentdGuardians: Plcase cornpicte the follonibg and return it to the ccntcr. 

Child's name: 

(first name) (S-e) 

- 1 do consent to let my chdd participate in Dr, Eaton's study. 

- 1 do not consent to let m y  child participate in Dr, Eaton's study- 

Parent or guardian signature: Date: 
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A. Please leave the recorder on the children as much as possible- Although we want the 

children to Wear the instrument as long as possîble, it may be neces- to remove it, The 

recorders aren't waterproofj so be sure to remove them iîthey are apt to be immersed, It 

is also very important for us to icnow of times when a recorder is off the child's ankies, 

So if you h d  it necessary to remove the recorder: 

1) On the attached sheet note the t h e  of day (not the tome on the recorder itself) 

when the recorder is removed and reattached 

2) Be sure to re-attach the recorder on the leg fiom which it was removed 

3) Be sure the recorder is suugly fasteneci ou the outside of the adde just above the 

ankle bone, 

B, The recorders aren't fkgile so you can treat the children as you n o d y  do- 

If you are uncertain about what to do, please c d :  

Gen Mitsutake 

26 1-5 186 

or 

leave a message at: 

474-6955 
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Appendk F - hstruments Rernovol Sheet for Teachers) 

Ceoter ID 

Instruments Removal Shtet 

Actual Time of Day 

~ s t r u m e n t s  
Removd 
(hh:mm) 

Date 

Actual Time of Day 

Rtwon of Removd 
Re-8t~rchcd 
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Appendü G - Instnmtent Record Sheet 

Instrument Record Sheet 

ChildJs Naie: 
Centre I W :  

Actud 
Initid 
Reading 
Tirne 

a 

O a 

Act0 
Reading Removd 

Recorders 

Acto Finai 
Reading 
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Appenduc H - NOAA S p c e  Weather Scaie: Geomagnenc S t o m  

Category 
Ened Physidb Frequency 

Scale Descriptor Measure 

G5 Extreme Power systems: grid systems can collapse and Kp=9 about 1 dav 

Severe 

Strong 

Moderate 

Minor 

operiaionsr exttksive surf- aarghg-, problems 
with orientation, uplinWdownlink and tracking 
satellites- Other systems: pipeline currents reach 
hundreds of amps, HF (lügh fiequency) radio 
propw-on impossible in many areas for one to 
two days, satellite navigation degraded for days, 
low-fkquency radio navigation out for hours, 
and the aurora seen as low as the equator, 
Power systems: possible voltage stability K p 4 ,  about I I  days 
problems, portions of grïds collapse and mcluding /2 years 
protective devices trip- Spacecraft ornons: a 9- 
experience &hce charging and tracking 
problems, orientation problems need c o d o n s .  
Other systms: induced pipeline currents afFect 
preventive measures, HF radio propagation 
sporaâk, satellite navigation degraded for hours, 
low-fiequency radio navigation dismpted, and 
the aurora seen as low as the tropics. 
Power systems: voltage corrections required, Kp=7 about 12 days 
false alarms triggered on protection devices, and /Y- 
high "gas-in-oïl" transformer readings likely, 
Spacecraft operations: surface charging on 
satellite components, increased drag on satellite, 
and onenîation problems need corrections. Other 
systems: intermittent satellite navigaîion and 
low-frequency radio navigation problems, HF 
radio intermittent, and the aurora seen as low as 
mid-latitudes. 
Power systems: high-latitude power systems Kp=6 about 33 days 
affecte& Spacecraft operations: corrective /Y= 
actions requireù by ground control; changes in 
drag affect orbit predictions. Other systems: HF 
radio propagation fades at higher latitudes, and 
the aurora seen as low as 50 degrees. 

Power systems: weak power w-d fluctuations, Kp=S about 82 days 
Spacecratl operations: minor impact on sateHite /Y= 
operations. m e r  systems: the aurora seen at 
high latitudes (60 degrees); migratory a ~ m a l s  
begin to be affecteci- 

Note. Table adapted fkom "Categories"," by National Oceanic and Atmospheric Agency, 
200 1 NOAA Space Weather Scuie. documént] - 
http://WWW.Sp~~eWeathe~.nOaSr-80V/StOrie solarscales.html 
'Some or ail of these effccts are possibie. % p values (may change to use other measures. 
such as DST, as bais) detennined evny 3 hours. 'numbcr ofstorm events when Kp level 
was met (number of storm days)- 
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