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Abstract-There have been seve ral anecdotal accounts that crani al electrical stimulation 
(CES) enhances attention and the ability to learn new tasks in a normal population, but 
only one published investigation confirms that CES impro ves attention using the Alpha 
Stirn CES (Madden ar.d The cf study to corroborate the 
findin gs of Madden and Kirsch, using more precise measures of attention, such as a 
Continuous Performance Test (CPT) A pretest and posttest CPT given two grou ps 
using the LISS CES device The control group consisted of twent y-one subjects who 
rece ived the placebo treatment. The experimental group of thirt y-one subjects received 
twenty minutes of CES. Four measure s of the CPT show significant gains in attention: 
Number of Hits. P Hit RT lSI Change, p = 0 16, Risk Taking, p =055; and Attentive­
ness, p =.054. Based on subjec ts who demo nstrated improve ment by one standard devia­
tion o n two diffcrcnt measures of the thirty-one percent of the experimental group 
impro ved versus four percent of the co ntrol group. The use of CES as a method of increas­
ing is a promising area that requires further investigation . 

CRANlAL ELECTRICAL STIM UL ATION (CES) involves the application of small amounts of 
pulsed electric current using electrodes applied to the head. CES has been used in Eur ope 
and the United States for treatment of depression, anxi ety, and insomnia for the past 
twent y year s, and there have been sev eral anecd otal accounts of how CES has been used to 
increase attention and concentration in normal subjects. These accounts include truck 
dri vers usin g the de vice to increase con centrati on durin g times of long dri ves and students 
using the de vice to increase attent ion and concentr ation (Hutchinson, 1991). 

History of Electrostimulation 

The application of electric current in the healing arts is not new practice . Long before 
William Gilbert defin ed electricity in 1600, the therap eutic value of naturall y occurring 
electrostimulation was used by the ancient Egyptians and the Greeks. The use of Nile 
catfi sh (Malopteurus electricus) is displayed on wall reliefs of Egyptian tombs datin g back 
thou sand s of year s. Arist otle and Plato reference the black torpedo, an electric ray fish, 
which the phy sici an Scribonius Largus prescribed for relieving head aches and gout in 46 
A.D. A similar application of electric al stimulation for relief of pain in the joints was 
described in 1747 using "an electrifying machine ." The subj ect obser ved that the pain 
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and the United States for treatment of depre ssion, anxiety, and insomnia for the past 
twent y year s, and there have been several anecdotal accounts of how CES has been used to 
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decreased prior to retiring for the night after the first treatment, and by the third day, the 
pain disappeared (Braverman et aI., 1992). 

The therapeutic use of electricity did not gain widespread acceptance due to the diffi­
culty of providing a suitable source of electric current. The technology needed to manufac­
ture CES devices is relatively recent. The earliest account of the use of small amounts of 
low voltage current for therapy appeared in 1953 by the Soviet researcher, Giljarowski, 
who used CES for relieving insomnia and in the process coined the term electrosleep. 
Other terms used to describe the use of low voltage current to the head include 
transcranial electrotherapy (TCET) and cerebral or cranial electrostimulation (CES). 

The first studies in the Soviet Union and Europe were based on Pavlov's theory of 
cerebral protective inhibition. This cortical inhibition (sleep) protects the cortical cells 
from working beyond their capacity. In other words, the Soviet investigators theorized that 
weak impulses of direct current applied transcranially would induce a sleep-like response 
and cause a caiming effect on the central nervous system (Klawanski, 1995). Other studies 
have found that overworking of cortical cells is related to neurosis and various functional 
disorders (Weiss, 1973). Giljarowski proposed that a weak stimulus applied for a period of 
time to the central nervous system allowed the brain cells to rest and allowed for restora­
tion of function. 

Attention to cranial electrotherapy in the West was stimulated by the International 
Symposia for Electrotherapeutic Sleep and Electroanesthesia, held in Graz, Austria, in 
1966 (Wagender, 1969, cited in Klawensky et a!., 1995). The first studies appeared in the 
U.S. in the early 1970s. One cause for the late involvement of U.S. investigators was the 
absence of available equipment, which led to some researchers gaining access to Russian­
made devices, while others constructed their own. By 1975, Brown reported seven differ­
ent CES units being manufactured in the U.S. In terms of published research, the most 
productive years were between 1973 and 1977, when fifty journal articles and reviews 
appeared in print. The application of CES developed from use with those suffering from 
sleep dysfunction to treating anxiety when, in 1977, Ryan and Souheaver reported patients 
also benefited from CES while awake. The positive outcomes were measured as changes 
from pretreatment to post treatment anxiety scores. 

Currently there are three commercial devices available for clinical application of CES 
(Liss, personal communication, October 1, 1998). In 1976, amendments to federal law 
regarding the U.S. Food and Drug Administration (FDA) brought medical devices that had 
already been marketed under FDA jurisdiction (Code of Federal Regulations, Title 21, 
Chapter 1). In 1989, the FDA amended its device regulations to require all medical devices 
that had not previously gone through a formal premarket approval process to do so. This 
process requires the submission of data adequate to support whatever claims of efficacy 
are to be made for the device and data supporting the safety of the device. More recently, 
the FDA has formally requested CES device manufacturers to comply with the require­
ment (Food and Drug Administration, 1993, as cited in Klawanski et a!., 1995). 

Treatment Effects 

Researchers have reported mixed results in treating a number of conditions including 
anxiety, depression, pain, and insomnia through CES (Rosenthal and Wulfsohn, 1970; 
Feighner et a!., 1973, Frankel et a!., 1973, Passini et al., 1976; Smith and Day, 1977). This 
treatment possibility is important when one bears in mind that some drugs used to treat 
these ailments have undesirable side effects, can become addictive, or both. 
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Several published studies also report the LISS Crani al Stimulator is effective in reliev­
ing head ache pain (Solomon and Guglielmo, 1985; Solomon et al., 1989). Another promis­
ing area of treatment is addiction , where CES has been used in the detoxification of opiate 
dependent patient s. Alling, Johns on , and Ellmoghazy (1990) reported promisin g results 
with CES as a treatment method that may help alleviate drug withdrawal and cravings. 
CES has also been used as a treatment for anxiety experienced by chemically dependent 
per sons (Sc hmitt et al., 1986; Patterson et al., 1994). In two studies of alcoholic inpatients, 
Smith ( 1982) found CES was assoc iated with significant recovery of short-term memory 
loss and a significant impro vement in cog nitive functionin g on the maze and form board 
subtests of the Rev ised Beta Examin ation of I Q. Another promising use of CES is with 
phobi a patients; Smith and Shir omoto ( J992) found CES significantly reduced the inten­
sity of the fear response in phobi c patients. 

There have also been promising results with the use of CES with brain injured patients. 
Smith, Tiberi , and Marshall (1994) examined the effect s of CES on closed head-injured 
patients. CES ameliorated symptoms of tension, anxiety, depression , anger, fatigue, hostil­
ity, inerti a, and confusion. Schmitt, Capo, Frazier, and Boren ( 1984) conducted a double­
blind study on inpatient alcohol and poly-drug abusers with cog nitive brain dysfunction 
and found sig nificant ga ins on three subscales of the Wec hsler Adult Intell igence Scale 
(WAIS) that are clin ical indic ators of organic brain syndrome. Signifi cant gains were also 
made on the Army Beta I.Q . test among CES-treated patients. Wil son and Childs ( 1988) 
conducted a case study of four patients suffering from attention-to-task deficits in which 
CES was used over a three week per iod. The results showed sig nifican t improvement in 
the posttreatment scores. 

There is a growing body of research in the use of the LISS St imulator with Cerebral 
Palsy patients. Studies have shown an inhibition of primiti ve reflexes, increased motor 
learning, increased coo rdination, and increased hand function in children with the ailment 
(Malden and Charash. 1985). Logan ( 1988) also found the LISS Stimulator beneficial in 
reducing spasms in Cerebral Palsy patients. 

The treatment effects of CES in almost all of its applications appear to be cumul ative. 
Treatment for anxiety and depression, for example, requires a min imum of five to seven 
days of at least thirty minutes per day for lighter forms of the disorders and two to three 
weeks of daily 30-40 minute sessions to alleviate the more entrenched forms (Smith , 
1982) . 

Effects of CES on the Central Nervous S ystem 

Several researchers have studied the effects of the LISS Cran ial St imulator on neu­
rotransmitter produ ction measured in blood plasma and cerebral spinal fluid . A study by 
Cady et al. (1989) measured blood plasma levels before and after the LISS Cranial Stimu­
lator was used on normal subjects and depressed and chronic pain patients. Findings 
indicated serum levels of serotonin and beta-endorphin rise with CES over a two week 
treatment time. Cady et al. (1989) also measured neurochemicals in ce rebrospinal fluid and 
blood serum in five asy mptomatic subjec ts. Baseline measures where take n, and samples 
were taken ten minutes after twent y minutes of CES . Results showe d beta-endorphin, 
se rotonin, and melatonin increased in both plasma and cerebrospinal fluid after CES . The 
CES- induced plasma increases in melatonin, serotonin, beta-end orphin, and norep ineph­
rine sugges t CES activates a broad hypothalamic response, wh ich may account for its 
benefit in the treatment of depression . 

reducin g spasms in Cerebral Palsy patients. 
The treatment effects of CES in almost all of its applications appear to be cumul ative. 

.. .. _ _ .._. ..J ..J • _ c _ _ , . _ . _ . __ . . .. . . 



46 SOUTHWORTH 

The most recent study that examined the effects of CES on the producti on of neu­
rotran smitters was conducted by Liss and Liss ( 1996), the developers of the LISS Cranial 
Stimulator. The results of the Liss and Liss study indicated a significant incre ase in levels 
of serum concentration of se rotonin and bet a-end orphin s after twenty minutes of 
transcranial stimul ation over those in the placebo group. There were also elevations in the 
levels of GABA and DHEA, with decreased levels of cortisol and trypt ophan. Closson (as 
cited in Liss and Liss, 1996), in a private experiment, drew blood samples peri odically for 
two hours following twenty minutes of CES. Results showed ACTH rose an average of 
75% over baseline within five minute s of stimulation , then gradually decreased to 25% 
over baseline by the end of two hours. Serotonin rose to 50% over baselin e by twenty 
minute s and stayed at that level for the rest of the two-hour period. Beta-end orphin rose 
progressively from its baseline throughout the two-h our period, and cortisol gradually 
decreased 18% ove r the same duration of time. 

Mechanism 

The previous studies confirm CES alters neuroch emical producti on. Alth ough some 
research addresses the mechani sm of how the low level of current emitted with CES alters 
the brain ' s neurochemistry, more research is needed. Liss and Liss ( 1996) began to address 
this important issue. Their research has shown stimulators were developed with the intent 
to match the dynamic electrica l impedance of the body. Oscillographic recordings in 
human subje cts following monopolar stimulation gave evidence of sto red minuscule 
amounts of energy (less than 1 milliampere equivalent direct current in each work phase) 
indicating that internal currents are produced. This work led to an hypoth esis that states the 
mechan ism by which the neurotransmitt er levels change includes an intern al current, 
which is caused by modulated energy of the stimu lator acting on the stimul ated tissue. 

Liss and Liss ( 1996) hypothesized that physiologica lly, while the factors for an action 
may be present , if the triggering energy is insufficient, then no action will occ ur. They 
furtherm ore suggest that, in some cases, introducing the current of the LISS Crani al Stimu­
lator facilitates the physiologic action. The stimulator introduces this energy into the ner­
vous system to demodulate the stimulator energy into the information the organism needs 
to help alter the neurochemical levels of certain substances. 

Liss and Liss (1996) suggested that the release of energy by the modulated carrier 
technique used by the LISS Cranial Stimulator is converted in the body into an intern al 
current by energy stored and facilitated by the bulk capacitance of the head and body. Thi s 
may be the mechanism by which the modulated current alters neurochemical production. 

Exac tly how CES may increase attention is unclear . Theor ies are di scu ssed by 
Hutchis on (1991 ), and neurochemical and electromechanical research suggests CES may 
promote the ability to think and to retain and reca ll new information. 

Norepinephrine is known to increase mental alertness; serotonin is thought to be in­
volved in learning, mood, sleep/arousal, regulati on of pain, and memory . Beta-endorphin s 
also have a strengthening effect on learning. The increase of these neurotransmitters may 
be the cause of the increased learn ing, memory, and attent ion attribut ed to the use of CES. 
In experiments where norepinephrine levels in the brain were reduced, memory and learn­
ing decreased . W hen norepinephrine levels were increased in certain part s of the brain, 
memory and learning were enhanced (Stein and Belluzzi , 1975). 

The role of endorphins in learning is described by Routtenberg (197 8). Pleasure path­
ways are closely assoc iated with areas of the brain known to be invo lved in learnin g and 

which is caused by modulated energy of the stimul ator acting on the stimul ated tissue. 
Liss and Liss (1996) hypothesized that physiologica lly, while the factors for an action 
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the formation of memory. Routtenberg speculated that pathways of brain reward may 
function as pathways of consolidation of memory. Perhaps this explains why one feels a 
mild sense of elation when learning something new. A neuroscientist, Pert (as cited in 
Weintraub, 1984), has proposed that endorphins are part of the reward system for learning. 

Another theory, discussed by Madden and Kirsch (1987), is that CES may stimulate the 
reticular formation of the brain stem, which plays a role in sleep and arousal, attention, 
movement, and various vital reflexes. The neurons of the activating portion of the reticular 
formation are excited by sensory stimuli conducted by way of collaterals from the soma­
tosensory, auditory, visual, visceral sensory system. When a novel stimulus is received, 
attention is focused on it while general alertness increases. This behavioral arousal is 
independent of the modality of the stimulation and is accompanied by electro­
encephalographic changes from low-voltage to high-voltage activity over much of the 
cortex (Waxman and deGroot, 1995). Electrostimulation of this region may increase atten­
tion and alertness and help resist mental fatigue . 

Research on the Effects of CES on Attention 

Although the use of CES for anxiety, depression, the treatment of cognitive brain 
dysfunction, and insomnia is well documented (Schmitt et al., 1986; Gibson and O'Hair, 
1987; Wilson and Childs, 1988 ; Cady et al., Shealy ct al., 1989, 1992), there is scant 
research in the area of CES increasing attention span and concentration in normal subjects. 
Madden and Kirsch (1987) addressed the research question : Can CES significantly im­
prove learning and performance of a psychomotor task? The study employed two groups 
controlling for the placebo effect by using a double-blind study. The dependent variable 
used was a computer typing game. Both groups played the computer game without CES 
stimulation to obtain pretest data. A CES device was worn by both groups, and they were 
told they were receiving CES during the second testing, although the unit was only acti­
vated for the experimental group. The object of the game was to destroy alien spaceships, 
which moved toward the center of the screen. Each alien was represented by a specific 
key, which required the subject to press the correct key and the space bar to destroy the 
alien ship and gain a point. Four games were played over a ten-minute period. All points 
were added for each game. A significant difference between group mean test scores was 
found at the .0 I level, indicating CES increased attention and concentration while perform­
ing a psychomotor task. Another noteworthy finding of the Madden and Kirsch (1987) 
study was that longer induction periods for CES were more effective in improving learning 
and performance. This study intended to test the findings of Madden and (1987) 
using a more precise measure of attention, the Conners' Continuous Performance Test. 

Methodology 

Since the LISS Stimulator is considered a medical device by the FDA, the developer of 
the unit recommended this research project be reviewed and endorsed by a physician or 
chiropractor. David E. Sternberg, M.D ., endorsed the investigation after reviewing the 
proposal, consent form, and exclusion criteria. 

The study used an A-B design. The Independent Variable is the Cranial Electrical 
Stimulation . The Dependent Variable is the Continuous Performance Test. There were two 
groups of normal subjects. Both groups performed a pretest (used to obtain baseline data) 
and a posttest. The control group (NSTIM) did not receive CES stimulation; the experi­

told they were receiving cunng the second testing, although the unit was only acti­
vated for the experimental group. The object of the game was to destroy alien spaceships, 
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ment al gro up (STIM) recei ved stimulation. Both groups performed the Continuou s Perfor­
mance Tes t (CPT) twi ce . TIle STIM group was gi ven the pretest, receiv ed tw enty minutes 
of stimu la tio n for the CES, wai ted twenty mi nutes, then performed the second trial of th e 
CPT. The twenty-minute waiting peri od wa s needed because the increas e in producti on of 
the neurotr an smitters tak es at least that len gth of time. T he effect s fro m the CES stim u la­
tion last for four hours (Li ss, personal co mmunica tio n, April 30 , 1997). 

Samp les Em pl oyed 

Two gro ups (2 1 N STIM and 3 1 ST IM ) we re se lec ted from recruitment efforts co n­
du cted a t a Kan sas Cit y Public Sch ool , a so ftware co mpa ny, and a c hu rch. Th e subjec ts, 
male s an d fe males ran ging in ages from eightee n to six ty, were recru ited as vo luntee rs and 
rand oml y ass igne d to the two groups. All of the subjec ts we re from a nonpsych iatric 
popul ati on an d we re sc ree ned fo r general ph ysical health , cerebral pal sy, epilepsy , multipl e 
sc leros is , att ention -deficit hyperactivit y di sorder, inpatient hi story of dru g or a lcohol 
ab use, depression , and anx iety 

Instruments Used 

Severa l ins tru me nts we re used in the study . T he Con ners' Con tinuous Performance Test 
(CPT) was used to measure attention. The LI SS Body Stimulator was the CES device . 
Two dev ices we re implem ented ; one device was sho rt-c ircui ted and used fo r the control 
group . The Beck Depression Inventory-Il (BDI-II) an d the Be ck An xiety Inventory (BA I) 
we re used to exclude subjec ts w ith mi ld and mo re severe sym ptoms of depress ion an d 
an xiety (Beck et aI. , 1993, 1996). 

Co nne rs' Continuous Perf orman ce Test. Resp ondents we re required to pr ess the 
spacebar of the co mputer keyboard wh en an y lett er oth er than X appeared . T he test is 
presented in a game-like fo rmat and starts w ith ins truc tions . Th e lett ers di spl ayed are abou t 
one inch in size and boldfaced . Th ere are six blocks with three subblocks ea ch of twenty 
tria ls . Fo r each block, the subb loc ks have d iffe rent interst imulus intervals (IS Is): one , two , 
or four seconds. Total adm in istra tion time fo r the St andard test is fourteen minutes 
(Conne rs, 1995). 

L1SS Body Stimulator. Th e CES devi ce used was the LIS S Bod y Stimulator Bipolar 
Model No. SBL- 502- B . T wo unit s were employed . O ne unit was sho rt-c ircu ited for use 
with the control group. The unit specifi cation info rm ation gives the fo llow ing description 
of the waveform ana lys is : 

M odulat ed wavefor m .. . ena bles the mi crocurrent ge nera ted by the LISS Bod y 
Stimu lato r to ut ilize the bod y 's own e lectrica l cha rac teristics . Th e carrier waveform 
of 15,000h z and the firs t modulated wa veform of 15hz and the second modu lated 
wa veform o f 500 hz are tran smitted simulta ne ous ly. Each positive burst of ene rgy is 
foll o wed by a co mpa rable negati ve burst of energy equa l and oppos ite polarit y to the 
initi al burst . (Medi Co nsulta nts, Inc., no date) 

The unit is 4. 5 inc hes lon g, 2 .66 inch es w ide , and 1.0 inch high. It ha s two cables and 
two electrodes. Round spo nges are made wet and placed over the el ectrodes when applied 
for use . The wa ter in the spo nge ac ts as an electrical co nduc to r. A Ve lcro™ band is used 
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around the he ad to hold the e lec trodes in place . The unit turns itself off after twenty 
minutes of stimulation. Contraindications listed on the unit specification sheet are demand­
typ e card iac pace makers and using the stimulato r over the carotid sinus and laryngeal and 
ph aryngeal mu scl es or both. The safety of using electrical stimulators during pregnancy 
has not be en established . 

Procedures Follo wed 

Testing was pe rformed in va rious locations, suc h as office sett ings, the home, and a 
cl assroom . Approximately one third of the subjects were tested in one location under 
identical co nd itio ns at a local public sc hoo l. In some ca ses noises, vo ices, or both were 
aud ible to the subjects. When this occurred, the researcher attempted to keep the co nd i­
tion s the same for the pret est and the posttest. The majority of the subj ects were test ed in a 
quiet room w ith minimal interference from outsi de no ise s . Th e procedures for thi s study 
we re as foll ow s: 

1. Subjec ts read a brie f ex planation of the study and s igned a conse nt form. 
2. Each subject completed a questionnaire and the Beck Dep ressi on Inventory and Beck 

Anxiet y In vento ry . The questionnaire an d in ventories wer e scored and used to 
qu alify the subject for participation in the stu dy . 

3. A coin was tossed to determine to which g roup each subject was assigned . 
4 . Each subjec t was g ive n test instructi ons and performed the CPT pract ice test. 
5.	 Th e e lec trodes of the CES device were placed just be low the temples, and the 

subjects were told they might or might not initially feel a tingling sen sat ion. Subjects 
in the ex pe rime nta l group had the unit se t just below the leve l at which they mi ght be 
expec ted to feel the tingling sen sation. Co ntrol g roup subjects recei ved the placebo 
unit , which em itted no ele ctrical stimulatio n. Both units appeared identical to the 
subjec ts. W he n the units we re pos itively engaged, the "o n" light was ac tiva ted and 
the g ree n lights fla shed. Th e stimulation was given for twenty minutes . 

6 . The posttest was pe rformed about 20-60 minutes afte r stimulation. Thi s vari ance in 
postt est time occurre d due to the availability of the subjects and the limit of only one 
CPT. This variance was not considered detrimental to results because the effect s of 
CES are rep ort ed to last from two to four hours . 

Data Analysis 

Statist ica l methods employed were split plot ANOV AS for each measure of the CPT, 
with one between factor, the grou p recei ving stimulation and the control g roup , and one 
within fac to r, the pretest s and posttests . Diffe rences in the pretest and posttest r-scor es 
were calcul ated for each subject. Subjec ts with a differen ce of at least one standard devia­
tion on tw o me asures of the CPT we re co ns ide red as havin g significan tly improved atte n­
tion . Thi s c ri te rion was se lec ted bas ed on Conners ' s sta teme nt regard ing the number of 
measures from the C PT used to determine if a problem in attent ion exi sts (Conners, 1995). 
The NSTIM a nd the STIM g roups were co mposed using the tota l number of subjec ts in 
each g roup wh o sho wed the level of clinical improvement. 

subjec ts. W he n the units were positi vel y engaged, the "o n" light was ac tiva ted and 
the g ree n lights fla shed. Th e stimulation was given for twenty minutes. 
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Results 

Significant results were found on four of the thriteen me asures of the Conn ers's Con­
tinu ou s Performance Test indi cating improvement s in spee d, ac curacy, and improved accu­
racy over time in the STLM group. T he four measures were Number of Hit s, Hit RT lSI 
Change, Risk Taking, and Attenti ven ess. F and p scores are listed bel ow for each measure: 

I. Number of Hit s F =7.05, p =.01 0 
2. Hit RT lSI Change F= 6.13, p = .016 
3. Risk T aking F =3.84, P = .055 
4. Attentiveness F =3.86, p = .054 

The four me asures list ed ab ove reveal ed the NSTIM group ex perience d a decline in 
attention in the postt est, whe reas the ST IM group increased abil ity to attend. Th e decline 
of att ention in the control gro up may be exp lained by negati ve pr actice effec ts as descri bed 
by Conner s (1995 ). Conners su gge sts suc h negati ve practi ce effects on the CPT ma y be 
due to the demands on one 's abil ity to attend to a boring tas k . 

Proportions were ca lcula ted based on the criteria of subj ec ts wh o de monstrated im­
provement by one sta ndard deviati on on two different measures of the CPT. On e o f 
twenty-on e in the NSTIM group and ten of thirty-one in the ST IM group met the criter ia. 

Discussion 

Th e results of this study indi cate that CES significantly improves att enti on and conce n­
tration in a normal adult population. The find ings of this study confirm those found by 
Madden and Kirsch ( 1987) and also provide additional data on the effec ts of CES on 
attention. 

Th ere were four main differen ces be twee n thi s study and th ose don e by Madden and 
Kirsch ( J987): (a) the durat ion of tim e CES was adm ini stered to the subjec ts; (b) the 
condit ions und er whi ch the posttest was con duct ed; (c) the dependent var iable; and (d) the 
LISS Bod y St imulator was used in th is study as co mpared to the A lpha Sti rn used in the 
Madden and Kirsch study. 

The fir st two changes were based on a person al communicati on with the developer of 
the LISS Body Stimulator (Li ss, person al communication, April 30, 1997) and the findin gs 
of Closson (as cit ed in Liss an d Li ss, 1996). The CES wa s administered for twent y minutes 
in thi s study ver sus ten minutes in the Madden and Kir sch study. Closson di scovered the 
peak changes in neurochemical s a ffected by the LISS Body Stimul ator occurred after 
twenty minutes of stimulatio n, and the increased levels were sus taine d for two hours. 

The second change in methodology was co nduc ting the posttest after a mi nimum wait­
ing period of twenty minutes, unlike the Madden and Kirsch (1987) posttest , whi ch was 
conducted while the ten -minute stimulation was ad minis te red. The improved atte ntio n 
scores on the CPT after the twenty-minute waiting peri od indicated that the effec ts of the 
LISS Bod y Stimulator on att ention go beyond the time of direct stimulation. Exactl y how 
long the effects on attention would last is not known; however, it ma y be sim ilar to the 
time the neurochemicals sustai n their al tered producti on . It is not eworthy that durin g thi s 
study, posttest results of both groups we re performed anywhere from minutes after 
stimulation. 

atte ntion. 
Th ere were four main differen ces betw een thi s study and th ose don e by Madden and 
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The third main difference between the two studies was the dependent variable: the 
versus a computer game . The CPT was chosen because it is specifically designed to 
measure several indicators of attention (Conners, 1995), providing more measures and 
precision than computer game scores . 

The fourth difference between the two studies was the CES unit that was used. The 
Madden and Kirsch (1987) study used the Alpha Stirn, whereas this study used the LISS 
Body Stimulator. 

When comparing the Madden and Kirsch (1987) findings to those of this study, two 
findings were similar: (a) improved accuracy and (b) the control group experienced a 
fatigue factor, whereas the experimental group maintained alertness. The Madden and 
Kirsch computer game performance scores increased in the STIM group over time and 
gradually declined in the NSTIM group. These findings are similar to the increase in the 
Number of Hits (p = .010) found here . The Madden and Kirsch study also demonstrated an 
unexpected decline in performance of NSTIM subjects from Game 2 to Game 4. Similar 
findings were found here, with a decline of mean scores in the control group in four 
attention measures (Number of Hits, Attentiveness, Risk Taking and, Hit RT lSI). 

Results suggest an overall increased alertness and improved cognitive acuity of the 
subjects in the experimental group. For example, Hit RT lSI Change demonstrated faster 
reaction times in the experimental group as the time between targets increased, whereas the 
control group's response time became slower. This may be due to maintained alertness by 
the experimental group, whereas the control group became more fatigued. Subjects re­
sponded more frequently in the STIM group (Risk Taking, B) and demonstrated an in­
creased perceptual sensitivity, which is a measure of the ability to discriminate targets 
from nontargets (Attentiveness, D). This may occur by CES raising cortical tone and 
keeping the brain alert so it is able to discern more quickly between targets and nontargets. 

The findings of both this study and that of Madden and Kirsch (1987) suggest CES may 
have useful nonclinical applications in the fields of education , business, and industry. 
Improved attention may result in an increase in speed and accuracy while performing a 
task. Another important finding of both studies is the extended length of time an individual 
can perform a task with sustained accuracy and speed. 

The application of enhancing attention with CES shows promise in a number of areas. 
For example, word processing and other computer-related tasks might be taught and 
learned in a more timely manner with an increase in accuracy . Students may find the 
device helpful when studying for exams, writing papers, or memorizing information. In the 
business setting, word processor operators using CES may increase their accuracy and 
speed in routine tasks . Computer programmers may find using CES while writing and 
debugging programs increases their accuracy and ability to attend for longer periods of 
time . 

Further research on the effects of CES on attention would also be useful in a clinical 
population comprised of subjects suffering from attention deficits due to attention deficit 
disorder, brain injury, Alzheimer's disease, dementia, and cerebral vascular accident. Pre­
vious studies have proved CES effective in ameliorating symptoms of tension, pain, anxi­
ety, depression, and confusion of head-injured patients (Smith et aI., 1994). 

Summary 

To summarize, this study found results similar to those of the Madden and Kirsch 
(1987) study, demonstrating a significant improvement in accuracy and alertness. It has 
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Improved attention may result in an increase in speed and accuracy while performing a 
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also added to the exi stin g bod y of knowledge on how CES affects attention: (a) the effec ts 
of CES on attention are susta ined past the time of stimulation; (b) increased perceptual 
sens itiv ity to targets ; and (c ) fas ter react ion times as the time bet ween target s increased . 
Further research is needed to determine why certain mea sures of the CPT found significant 
results when others did not. Addition al stud ies are recommended to evalua te the effec t of 
CES on auditory attention and cumulative effec ts. 

Alth ough this investigation was ce nte red around a normal adult populati on , it may serve 
as a basi s for furth er re search usin g CES with pati ents suffering from medi cal conditions 
that adverse ly affec t their ability to atte nd and sus ta in attention. 

Note 

Originally submitted as a clinical dissertation accepted by the faculty of Forest Institute of Professional 
Psychology, Springfield, MO, Novem ber, 1997. 
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