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Abstract

The optimal stimulation theory proposes that hyperactive children are Nore
readily underaroused thansnonhyperactive cnildren and should thus derive
greate;&gains from stimulation added to repetitive copying tasks than compari-
sons. To test this hypothesis 16 adolescents, rating high on attention and
behavior problems, were matched on the basis of age and poor handwriting
performance tn 16 controls. Matched pairs were randomly assigned to treatment

» .

order (high stimulation colored letters followed in two weeks by low stimu-
lation black letters or the reversc order) and to level of information
(stimulation added to difficult letter parts or added to random letters),
counterbalanced for treatment order 1nd level of information within each order.

Errors and activity were subjected to a mixed design analysis of
covariance, with IQ the covariate. 1In support of theory and analogous to
stimulant drug effects, the major findings indicaced that hyperactive
adolescents performed better with high stimuiation task‘stimJli than wiih low
relative to the opposite performance pattern of controls. Differential

responding was significant for experimental but not control children.
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Effects of Color Stimulation and Tnformation
ol. the Copying Performance of Attention-Problem Adolescents
Optimal stimulation theory (Zﬁntall, 197%) makes the assumption that there
exists for all organisma a biological need for 1n optimal level of arousal.
Arousal can be defined as a physiological representation of environmental
stimulation that is assessed by such indicators an skin resistance and
cardiovascular response. Because of the difficulties associated with the
assgssment of arousual (for review see Zentall & Zentall, 1983) we have selected
to examine the relation between the stimulus determinants of arousal (e.g.,
color; Berlyne, 1960) and instrumental response. When an optimai level of
arousal is not present, shifts in -ttention and activity can serve as
instrumental responses (e.g., sensation seeking activity) functioning to
optimice stimulation. Hyperactive children are viewed as being more readily
underaroused or less tolerant of situations involving minimal stimulation, thus

explaining their exacerbated symptomology ir overly familiar contexts, that is,

increased activity and attraction to novel stimuli {for reviews see Zentall,
1975, and entall &>Zenta11, 1983) .

Accordiﬁg to an underarousal theory. one would predict that added
stimﬁl?Pion would be most beneficial for hyperactive children during thbse
Lasks/éhat involve considerable repetition and monotony (e.g., shstained
attention tasks). For example, 5 laboratory sustained attention task
(vigilance performance) is hypothesiaed to preé‘pt problems especially for
hyperactive cuildren becausé of its rote, repetigive nature, engendering
reduced arousal levels (Olmedo, Kirv, & Suarez, 1973; Rugel, Cheatam, &
Mitchell, 1978). Consistent with theory, color stimulation added to this task
has been observed to result'tn improved performance for hyperactive children

relative to no stimulation (Barlow, 1977)'and to comparisons (Zentall, 1982).
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In the present investigation we sought. to determine the generality of
these atimulation affertn observed during vif'.ance performance and thus we
selected a naadwriting task. This task was considered analogous to the
vigilance task by its requirement for sustained attention. Whi.~ differences
petween hyperactive and contrel children in the juality or rate of handwriting
have not previously been inveatigated, hyperactive children have beer, assessed
as pecforming worse than controls on a number of fine motor tasks (Douglas,
1974). Furthermore, it has beer personally obserQe& that teachers cften make
written comments on an unscored item of the Rating Scales for Hyperkinesis
({.e., "poor school work," David:, 1971); for example, they circle the specific
learning problem nirregular handwriting" or they write in tho word "messy". It
iﬁ possible that the difficulty hyperactive children experience with ‘boring’
héndwriting tasks is the requirement to sustain attention to repetitive task
stimuii. 1In this nase, messiness could simply be an attempt to hurry and
complete the task. If this line »f rcasoning were correct, novelty added to
handwriting materials could facilitate performance.

Additional r?lated ovidence has demonstrated that added psychotropic
atimulation res.lts in performance gnins for hyperactive children on both
vigilancé tasks (sece Aman, 1980; Barkley, 1977, for reviews) and handwriting
tasks (Lerer, Artner, & Lerer, 1979; Lerer, Lerer, & Artner, 1977; Shain &
Reynard, 1975; Whalen, Henker, & Finck, 1981)..lHowever, both stimulant drugs
and intratask stimulacion have been less consistent jn improving complex task
performance (see Barkley, 1977; Zentall & Zentall, 1983, for reviews). Drug
dependent gains observed during the performance of simple attentional tasks
(e.g., vigilance or handwriting), but less consistently during complex tasks,
ﬂe.g., language or {ntelligence ®ksts), suggests that the d}ué's main effect 1is

on attentional factors. Other investigators have also concluded that the
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ability to attend, rather than motor speed, was influenced UL, the drug (Knights
& Hinton, 1979). Schain nnd Revnoed (1979) noticed that medi.ated hyperactive
ehildren were better able to focus attention and demonstrated improved speech
clarity and\handyriting legibility. Similarly tercr and his colleagues (1977;
1979) found that when hyperactive children wer: given methylphenidate, letter
reversals and inversions were reduced within o Sew o days.

tsychotropic stimul ntn are, however, typically used only wi'h children uvp
to adolescence, at which time excenses in motor aclivity are infr- aeatly
observed. Inastead of motor activity, hyperactive teenagers are characte i -ed
by problems in attention and impul-: control (Hecy, Weiss, Minde, & rohen,

1978). For the purposcs of the preaent study, we wiihed to determiue whether
color stimulation would produce gains for adolescen.~ on an appliez ~tentior
task, comparable to stimulant-produced gains observed t!nr elementary level
children on attentional tasks.

A cecondary purpose ot the investigntion was related to the in.ormation
produced by the added stimulation. Intratask s{imnlation could be added not
only to increase nrousal and improve attentional focus {see Hockey, 1970, tor
review) but could also be added to provide jnformétlnn tq’children whose |
previously inadequate attentiona]'Penponscs-may hav. 2ontributed to poor
initial learning. Thus, in the present investigat‘un stimulation was also
added to provide information by opphnsizing difficult parts of letters in nrder

: “
to increase attention to relevant leter detail
Method
Sub jects

The subjects were 32 boys, ages 1u to } years, selected from a pool of 59

boyg, each of whom had bcen administered a 2) min copying task (Brown, 1977),

and for whom a behavioral rating had been obtained (the Abbreviated Teacher
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Rating Scalej Conneris, 1973, demonstrating good reliatility, concu.rent and
predictive validity, nee 7ontall & Darack, 1979; Zentall, Gohs, & Culatta,
1983), Nf Lthose selected, 16 were active, attention problem boys, setected on
the basia of high scores (9-18 out. of 18 ooints posnible, M = 13.51) on the
first aix items of the Corners scale (i.n., discarding items 7-10 that were
age-inapropriate and retaining itema that primarily described attentional
problems), and on the hanis of poor handwr “ting ("blind" ratings of 6 or below
using the Test of Written Language oriteria, TOWL, Hammill & Larsen. 1978)-2
Raters met TOWL criterion scoring (i.e., within one rating point cu 80% of the
TOWL test samples), ana demonstrated reliable interrater coding on a rerating
of 154 ol the experimental samples. TIWL, ratings demonstratell good
8.orrespondence to individual error analyses (r = .51).

Controls were 16 boys with low Conners scores (0 to 3, M = .9) and matched
to each experimental child on the basis of equivalent handwriting scores and
age. This procedure formed 16 paira of high Conners hyperactive (HA) ctildren
matched to low active (LA) children. Statistical differences between groups in

age (m” = 16.2, M, = 15.6) and TOWL ratings My = 3.8, M, = 3.0) were not

A LA

demonstrated; although J?Tferencen were observed in IQ JMHA = 103.4, ELA =
110.6, F(1, 15) = 8.17, p < .05) and Conners ratings, F(1, 15) = 263.14, p <
.001.

Experimental Area

Pairs were randomly assigned to one of -two swivel-stool desks (2.4 m
apart) facing a blank wall in a 3.0 by 5.5 m room. An observer sat behind the
students at z table at the back of the room.
vDesign

Subjects were tested in pairs in a repeaEed measures crossover des;gn,

such that approximately half of the pairs experienced high stimulation

L] 8 -
3 “"
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handwriting taska for tne 50 min fiest sesston and the low atimulation taaks
two weeks later.  The remaining pairs recetved level of stimulation In the
reverse order. Approximitely halt of the palrs in each treatment order were
randomly asaigned to either added {nformation or > no information across botn

levels of stimulation. This resulted in a mixed design with stimulation and
)8

matched pairs within subject factors and {nformation a between subject factor.

Two oreers of booklet forma (A to B cr b to A) were counterbalanced acrois
treatment order and level of information. Booklet A (2497 letters) and booklet
B (2490 letters) each cconsiated of four word lists, twé city and state lists,
and six paragraph stories (Townsend, 1978) of equivalent letters and paragraph
story contents (i.e., animals, farms, pollution). These lists were presented

six 1ines to a page with space for the student to write under each line.

Treatment Conditions

Two levels (high va. low) nf two treatment variables (stimulation and
information) were d:veloped from four treatment booklets in eggh of two
booklet-forma. Low stimilation (1.7) bhooklets, A and B, were black letters on
wvhite paper. Color was added rande1y to 50% of the letters on a*page pro-
ducing the high stimu.ation (HS) condition. Lines of color were alternated
(two colors per page to include red, hiue, green, pink, purple, or o;ange).
Information was added to both stimu1ntjon conditions by increaéing the Qidth of
specific parts of letters in black for the LS condition or in color for the HS
condition. Emphasis wns added to the detailed parts of letters that should be
closed or opened and to emphasize straight-up strokes, crossing E's and dotting
i’s. Information emphasis was added to parts of all 26 letters. This amount
was visually equivalent to the 50% nf whole letters randomly selected per page
and colored in the noninformation co1or'condition, as Jjudged by 13 of 20

independent raters in four replications of a matching-to-sample task.



/. | Color Stimulation
8
Measures
Performance. The Cirst, middle, and last page completed in the 17 page
booklets were reliably acored (Intrarater agrecment, o= .85), using a total
error 3core per page summed acronn Y types of errors.  Frrors included omis-
sion of whole and parts of letters, substitution errors (Hopkins, Schutte, &

Gorton, 1971), spac{ng, arasures (lLerer ot al., 1979), failure to close or open
specific lelters, failure Lo use straipght or rounded strokes, and unrecognlz-
able letters (Newland, 1932). Alno included were varying slant,'capitalization
errors, and writing off the 11nn.3 l.ines of sample "treatment" print wvere
covered with black tape, and pagen were coded and shuffled; thus each hand-
writing sample could be acored blind to group and condition. The number of
pages that a child completed was included s a measure of productivity.

Behavior. Movements included <1iding movements of the buttocks and us
Degree torso movements forwards or backwards (not to include arm or shoulder
movements involved in working). Obunervers alternated their observations
between members of a pair nt 2 min in£nrbnls sigﬁa]cd through earphones.
Interrater agreement was eatablished at .B7 by a sercond observer, also blind'%o
groups and conditions, from a one-waija\rror (110 x 110 cm) on the wall behind
the students and the obl'server.

Results and Discussion

A mixed design analysis of covariance (ANCOVA) was used to evaluate the
between subjects effects of information (emphasis added to dtfficultpletter
parts or added randomly), and of order (color first followed by black-white or
t'ie reverse order), and the repeated factors of (a) stimulation (black-white
vs. colored letters), (b) group (matched pairs of hyperactive, HA, and low

active, LA, adolescents, an. @) time (first, middle, and last page completed).
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The data were anatyzed naing the ANCOVA prnvvdnrv, dque ta the obaerved
differences bhotween groups in IQ.
Ca
Handwriting Performance
Errors. 1Q differcences hetween the HA and LA groupn cont.rihuted enough to

the variatgon in qumber of errors (F(1, 1) = W40, p - .06) to justify using
the covariate yjalysis as mgggnﬂtedlhy Douglan and Peters (1979). If the ‘
atudcents were above average in 1Q, they made aomewhat more err&rs, so thelr
mean was adjusted downward; while the mean for the below-average gtudents was
adjusted upward. This nuggests that the rote nature of the task was somewhat
problematic for the brighter students.

Hyperactive ndolescents did not d4iffer from controls {n the 6umber ;f
nandwriting crrors, FQ, 11) = 1.80, p° .05. Thia finding {s not surprising

-
as pairs were matched on {nitial ratings Af handwriting The task does,
however, appear to be a validltngex nf sustained attention fo; adolescent hoys
since errors increased over time: first page errord, M= 23.1; middle, 5‘2
29.7; and last page eomplebed; M = 33.9, E(2, 24) = 11.20, p ¢ .001.

A three-way Ltimulation by order by information interaction was signifi-
cant, F(1, 12) = 5.40, p < .05. Th}s lpteraction is most easily interpreted as
a change in performance from the first to the second session, because any
stimulation by order tnteractton“ n this design is equivélent to a session
effect. The data from this {nteraction have been rearranged Ana plotted in
Figure 1 to demonstrate this effect. The {nteraction results from the fact
that only one of thre groups (no info-color éirsts failed’td'demonstrate a

significant increase in errors from the first.to the second session, as

determined by Tukey s test: no info-color first, dirf = 3.3, N.S.5 no

info-black first, diff = 4.0: info-black first, aiff = 4.3; info-color first,

4iff = 11.0, all ps < .05

11
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Inascrt. rapure YV about. here
A aimilar nension cffect wan alno produced by a significant two-way {ntearaction
vetween stimulation and order, FCYy, 1) WpLth, p < 001, Main offecta of
stimulation (F(1, 17) = 2.05) and order (F(1, 11) = h.i5) as well as a
stimulotion by tnformation irﬁ.t-l'.nvl fon (FC1, 11) - 1WS) may have contributed
to the threc-way Interaction desceibed above, hut none of these t(f@nda was
statistlically significant.

The main finding of theoretical intercat in this analynsis was that the
error rate for the hyperactive and 'ow active groups was differentially
affected by color stimulation and time on task, an indicated by a significant
group by stimulation by time interaction, F(2, 2U) = 3.63, p < .05 (see Figure

2).

- A - - = 0 W O W = 0wy =

Post hna copparisons indicated that HA adolescents made more errors on the

&

first page with black letters (b) than with color-added (c) letters

-

!
(mb = 27.u‘, Mc = 20.4%, diff = 7.0, p ¢ .01). Simjlar differences were
observed in mid performance for IIA adolescents (ﬁb = 33.1, M, = 25.9, &

aire = 7.1, p < .01); but by the last page, the novelty effects of color
stimulation had washed out (ﬂb = 3%.6, M, = 34.1, dAiff = .6, p > .05). No

di?fercnées in error rate for coq;ro13 attributable to color stimulation were

. . , . L 4
observed at a.y of the three time periods (all ps > .05). .
- N . ’
The order that stimulation was presented affected HA adolescents .
) . . . . : - ) ’ L
differently from LA adolescentas, E({,~11) = 5.42, p¢ .05. The group of HA
- .- : . -

-

‘ ‘ ‘ T e " 12 . A . ! o
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adeles ents that hud color first session and black second (c-b) made more
errors M r 36.9) than the HA group that had black letters first and color
z::eond (blé) (M = 21.3) relative to the performance pattern of ‘the controls
Eﬁc-b = 28.3&K¥b_c - 27.9). Post hoc analyses found no significant differences
among any of these means (all ps > .05). The difference in errors pooled
across information conditions between the HA students who réégived black first
énd color second and those that received color first and black‘second was the
largest of th: mean differences (diff = 15.6). Although this difference was
not significant, it may indicate a carryover effect for the HA children that

did not occur for the control children.

Productivi;l. The number of pages that each child completed was analyzed
using a four-way mixed design ANCOVA with information and order the between
subject factors and with group (matched\pairs of HA ér LA children) and
stimulation (color vs. black letters) the within-subject factors. This
‘analysis also demonstrated }R;effect of the covarinte, F(1, 11) = 6.69,

>

p < -05.

The main finding in this analysis was a stimulation by order interaction,
F(1, 12) = 15.54, p < .01. As previously indicated, a stimulation by order
interaction can be intefpreted in this deéign as a session main <ffect. An
increase in productivity was observed from the first to the second session for
all students, which is similar to the increase in tne number of errors observed
from the first to second session. Overall, productivity was a relatively in-
sensitive measure, probably because of ceiling effecté (1.e., several children
completed all of the pages wjth as'mdch as 5 min nemaining).

bY
Correlational analyses sﬁégested that hardwriting productivity was

positively related to IQ (r(32) = .-7, B ¢ .01); that is, children with higher
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1Q goores completed more pARCS. Additiorally A 1ow moderate negative corre-

jation (r(32) = -.38, p < .05) betwecn written productivity and activity

de.onstrated that children who exhibited more gross body-movement compl: d

1ess work on the handwriting tasks requiring fine motor skills. Thus these two

types of motor behavior were scmewhat incompatible. Increases in gross motor
activity and productivity were not, however, related to quality of the work
completed as indicated by the lack of a significant agsociation on this task

petween error3 and activity (r(32) = -.03) and between errors and productivity,

5(32) = .27,

Activity. A relation between IQ and torso activity was not demonstrated
(5?32) = -.20, p > .05), thus the covariate was dropped from this analysis.
Activity was analyzed using a five-way mixed ANOVA (Info x Order X Group X
Stimulation Xx Time). Thé\stimulation by information interaction was signifi-
cant, 5(1, 12) = 11.03, p < ;01. For both groups the effects of added color

stimulation on activity depended on whether information was added. Follow-up

analyses suggested that color-added information resulted tg‘significantly less
movement (ﬂc = 3.4) thah when information was aédcd in black (ﬂb = 5.1, diff =
1.7, p € .01). Mean activity difterences in the noninformation condition were
not demonstrated (ﬂc = 4.2, My = 3.9, p > .05). The increase in torso
movements for all students observed in the black information condition relative
to color can be attributed to the fact that emphasis added in black to black
letters may have actually changed the relevant features of some of the letters.
(see Figare 3). Whereas emphasis added in.color highlighted the relevant
features. Thus, the children i; the black emphasized condition were reported

L]

by observers to lean back, speculatively in order to examine the letters from a

4ifferent vantage point.

14
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Inseri Figure 3 about herc

Although there were no overall group differences in the amount of this
type of activity, a group by information interaction suggested that the level
of information affected HA adolescents differently from controls, £(1, 12) =
6.25, p ¢ .05. Follow-up mean comparisons indicated no significant activity
differences between the HA adolescents (M = 4.6) and the LA adolescents (M =
3.9) in the high information condition. However, in the low information
condition pooled across color and black conditions, there was significgntly
less activity for the HA adolescents than for the LA adolescentsA(M = 3.2,

=HA
M = 5.0, diff = 1.8, p « .05). It may be that in respdngfng to the physical,

—LA
noninformational aspects of stimuli, HA children inhibit ac€}(@ty relative to
controls.

Differences between groups were also infiuenced by the order in which they
rcceived color and black letters, as indicated by a significant group by order
interaction, F(1, 12) = 5.07, p < .05. Post hoc anélyses suggested that this
effect was produced by the excessgive activity 6f the LA adolescents across the
color-first black-second éondition. The LA adolescents were significantly more
active in this condition than the HA adolescents (MLA = 5.5, My, = 3.8,
diff = 1.7, p < .05).

Conclusions

Added intratask color stimulation has been found to iﬁprove the perfor=-
mance of hyperactive children but not controls dqring laboratory sustained
attention tasks, similar to the effects observed for hyperactive children from

stimulant drugs. The present study tested the generality of these findings 'to

~a copying task and to attention problem adolescents. The advantéges of using

. 15
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eolor stimulation over psychotropid® ~rinulants included ‘he possibility of (a)

1ncluding a normal control groub, ) determining an educational trea' -ent for
older students, (c) adding information to stimulation, and {d) using a

noninvasive treatment. Stimulation could be added not only to temporarily

{ncrease arousal and thus focus attention but also could be added to increase

attentional scanning of relevant task CueS.

Group differences in errors, productivity, and activity were not found.
These findings were attributed to the baseline performance matching procedure
used in the present study and to the fact that attention problem adolescents
are not characterized by activity excesses. Additionally it may have been that
testing adolescents in pairs provided social stimulation, competition, or
increased motivation that modulated overall differences. Even though 5roups
were equated on a number of performance variables, differential group
performance responses to added éolor stimulation were dbgerved.

The main findings of this investigation that support theoretical
predictions were that color-added stimulation reduced errors for
attention-problem adolescents but nad 1ittle effect on the perfor&ance of
handwriting-matched controls. Thesne findings are consistent with those
examining color effects on jaboratory types of sustained attention taskse
Evidence that the copying task in the prcsent study was assessing sustained
attention was indicated by an overall increase in errors over time 4nd session.
This is similar to performance on sustained attention tasks (Douglas, 19743
Zentall, 1982) and different from tasks asses3ing 1earning (1.e«) in which
deceases in errors occur over time, see for egampln, Zentall, Zentall, & Boqth,

1978). The order that students experienced their colored tasks (first or

‘second) was also A moderating variable. The attention-problem children made

more errors and the controls were more active when the first task was colored

- 16 .



7

Color Stimulation

15
apd the seoond war Hlack theon in the rolor-necond order.  The better response
{n the color secoi.i or .oromiy Lo At e hutable to the fact vhiat the color

stimulation offset the decline in tasl and context novelty that naturally
occurs in a second session. Why one group initially responded with increased
activity and the othe' with increasnd errors is not readily interpretable
unless the type of activity assessed in this study and demonstrated by controls
was not disruptive (i.e., was an attempt to more carefully inspect the letters
by leaning back) -

Effects of added information on performance were not demonstrated, due
perhaps to the fact that (a) this was already an overlearned skill for this age
group or (b) the students were not verbally cued that the parts of the letters
that were emphasized were important for legibility. Information effects were
observed on activity scores. A1l of the children were more active when the
emphasis was black ratheyrthan colored, and the attention-problem adolescents
were less active than céntrols in the absence of any letter emphasis. Thus it
is possible that the activity observed was in response to task-difficulty,
occurring (a) for both groups when Lhe black detailed parts may have altered
the overall letter shape, and (b) for the attention-problem children relative
to controls with any detailed emphasis on parts of letters. |

In summary, these data do not support the use of stimulation'to emphasize
relevant detail in rote copying tasks. The use of color to emphasize relevanﬁ
cues may be useful with_tasks th#t involve new learning rather than sustained
attention. The data .o, however, provide support for the use of intratask
stimulation to reduce errors for hyperactive but not control adoleécénts. This
treatment is especially useful during the performance of attentional tasks and
tasks that are not se}ecttvely more difficult for this group (1.e:, when group#

are matched on baseline measures).

17
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Footnotes

For the 60 adolescent boys the fonners mean score was 4.9, SD = 5.9, and
the high Conners group wauo | S above this mean.
A raw score of 6 was equivalent to a scaled score of 9 out of 20 for
students 14 to 14.5 years of age.
Cop.ies ot each type of error can be obtained from the first author and
include the ten most common cursive writing errors @ade by students
(Newlend, 1932)
Means or the nonrepeated factors ana group factor were adjusted by the

covariate.

19

v




Color Sutimuidviva

18
References
aman, ™. G- (1980). Psychotropie Irugs and learning problems -- A selective
peviow. Journ 1 of Learning Disanilitics, A3 BEEEE

Barkley, A. (1777). A review of stimulant drug rescarch with hyperactive

childreu. Journal of Child Esychology and Psychiatry, 18, 137-165.

parlow, A. (1977). A neuropsychclogical study of a svmptom of minimal brain

dysfunction: Distractibility under levels of low and high stimulation.
Unpublished doctoral dissertation, Ontario Institute for Studies in
Education.

Berlyne, D. E. (1960). Conflict, arousal and curiosity. New York:

McGraw-Hill.

Brown, F. (1977). The Hobbyist. in J. B. Hogins (Ed.), Literature: A collec-

tion of mythology and folklore, short-stories, Qoetryl and drama (2nd gdﬁ)u
Chicago: Science Resemrch Associates.

Conners, C. K. (1973). Rating scales for use in drug studies with children.
Psychopharmacology. Bulletin, (Special T=cue: Pharmacotherapy of childrén),
24-84.

Davids, A. (1971). An objective instrument for assessiﬁg hyperkinesis in

children. Journal of Learning Disabilities, 4, 35-37. - .

Douglas, V. (1974). Sustained attention and impulse control: Implications for

the handicapped child. -In J. A. Swets & L. L. Elliot (Eds.), Psychology of

the handicapped child. Washington: U.S. Covernment Printing-Office.
pouglas, V. I., & Peters, K. G. (1979). Toward a clearer definition of the

attentional deficit of hyperactive children. In G. A. Hale and H. Lewis

(Eds.), Attention and the development of cognitive skills. New York:

Plenum Press. }




19

& Larsen, S (1678). Test of written Langiage fustin, Texas:

“1111 D"
Pro-5d.
Lo St o peioe o iona) ArYeotivity,

HockeY h.oTLde Doy, WpTewtn o

Quarterly Journal of E;pgyimqugj_?sxchologl, 22, «3-36.

Hopkins, B- L., Schutte, R. .y & Garton, K. L. (1971). The effects of access

to a playroom on the rate and qualiry of printing and writing of first and

gecond grade students. Journal of Applied Behavior Analysis, 4, 77-87.

Hoy, E., Weiss, G.» Minde, K., & Cohen, N. (1978). The hyperactive child at

adolescence: Cognitive, emotional, and social functioning. Journal of

Abnormal Child Fsychology s 6, 311-320h.

Knights, R. M. & Hinton, G. G. (1968). The effects of methylphenidate

(Ritalin) on the motor skills and behavior of children with learning

problems. Journal of Nervous Mental Disorders, 148, 643-653.
Lerer, R. J., Artner, J., & Lerer. M. P. (1979). Handwriting\deficits in

children with minimal brain dysfnetion: gffects of methylphenidate and

placebn. Journal of Learning Di5 sabilities, 12, 450-U455.

Lerer, R. J., lerer, M. P., & Artner, J. (1977). The effects of
methylphenidate on the handwriting of children with minimal brain
dysfunction. Journal of pediatrics, 91, 128-136.

Newland, E. (1932). An analytic qtudy of .the development of jl1legibtilities in

handwriting from the lower grades to adulthood. Journal of Educational
. B
Research, 26, 249-258.

Olmedo, Ce Lsy Xirk, R. E., & Suarez, . M. (1973). Effects of environmental

variation on arousal during virgilance performance. Perceptual and Motor

skills, 36, 1251-1257.

s

IR




¢ Color Stimulation

20

n

Rugel, R. P., Cheatam, Body movement and

D., & Mitchell, A. (1978).

abled and normal children. Journal of Abnormal

inattention in learning dis

Chitd Poyeholofy: L,orre-37T.
Schain, R. Je & Reynard, C. L. (yiey . Obnervalions on the effects of @
ylphonidate) in children with hyperactive

central ctimulant drug (meth

Pediatrics, 22 709-T16.

behavior.
(1978). Looking Ahend Imaginary line handwriting. Austin,

Townsend; R. M.

Texas: Steck-Vaughn Co-
)Whalen, c. K., Henker, B., & Finck, D. (1981). Medication effects in the

of Abnormal child

.

turalistic indicatorse. Journal

classroom: Three na

Psycehlogy, 9 419-433. ' ‘
s of

Optimal stimulation as theoretical basi

Journal of Orthopsychiatry, Eﬁ,-5“9-563-

Effects on vigilance and

Zentall, S. S. (1975) .

hyperactivity. American

Zentall, S. S. (1982). Intratask stimulation:
tive

activity of hyperactive and nonhyperac

concegt‘perfofmance and

children. Manuscript submitted for publication.
7entall, S. Sy & Barack, R. S. (1979). Rating scales for hyperactivity:
d decisions to 1abel for the Conners

ancurrent validity, reliability, an

and Davids abbreviated scales. Journal of Abnormal Child Psychology, Ty

1,79'1900 ‘ 7'

D. E., & Culatta, B. (1983). Language and activity of

Zentall, S. S, Gohs,
achoolers in a 1istening task. Exceptional '

hyperactive'and comparison pre

Children, 50, 255-266.
optimal stimulation: A model of

& Zentall, T. R. (1983).

Zentall, S. S,
e in normal and'deviant children.

dered activity and performanc

\\Psychological Bulletin, 9l, unG6-h71.
7entall, T. Rey & Rooth, M. E. (1978). Within-task stimu-

disor

Zentall, Se S.»

Effects on activity and spelling ve and

performance in nyperacti

lation:
:L]_._, 223-230 .

1 of Fducational Research,

normal children. The Journa

At e e .
Sl e Ll

PR C N




ERICS

5
{0
| #
B-a NI
0k
|

/L
-
:

! . INF
0-8 NOINF
N
— 9
C-B ARDER

24



Figure 2

- ERRORS

3
¥
30
&8

% |
X ¢

20

18

16

HYPERACT IVE

CONTROLS -







Figure 3

W Zf% /’4?m /W
rair. o Lormen Hoshuo 2o focome.

27



