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hierarchical training mgiel, in which particular reading components are
developed sequentially,

target population. '

Three game-liﬁe
with three.skill components: (1)

perception of multiletter units appearing
within words (the Speed game),

' game) .

performance of a particular component by providing a motivating, game-like
environment in which to pracfice the targeted skill. Fﬁrthermore, the
training ga@es were designed’ to ensure that performance of othe designated
component is mandato:j for successful performance,
-immediate feedback concerning'his speed and accurac
a battery of six criterion tasks was developed.
tasks enabled us to evaluate trainee's improvement on the targeted skills
and the transfer of s&hils‘acquired to the pefformance of other components.

We hypothesized that transfer would follow the lines of functional ‘inter- ,
action among skills,

skill hierarchy.

y of responding.

The results showed that trainees were
performance in the trained skills that equalled or exceeded those of high_
ability readers. There was also strohg éevidence for transfer of acquired
skills to other functionally related reading components. Training on the-
Speed system resulted in improvements in unit detedtion performance for
multiletter units that were included in training.

present within a word. T@g development of this skill hgd a significant
impact on trainees' accuracy of wqrd and pseudowdrd decoding, and on- the
amount of text a subject could encode within a single fixation (the span of
apprehension). Training with the Racer’ system brought improvements in both
the speed and accuracy of subjects' word decoding. Transfer of training in

as well as to efficiently identify words.
' |brought an improvement in subjects' ability
activations of concepts in semantic memory..
were capable of rapidly recognizing and judgj
of masked target words that were related to

Training with the Ski-Jump game
Following training, subjects

context frame, regardless of

‘constrained concept. Ski~Jump training also provided some benefit in the

as effective as the Speed game in developing that skill.
also had some impact on more general criterion measures of
seven trainees shoked improvement in span of apprehension
in accuracy or RT in an inference task,
such increases’ occurred for subjects who did not have the entire series of
training exercises. This suggests that improvements in the level of
automaticity of multiplé:skill'components of reading can reduce the effort
required in reading text for comprehension. An analysis of the patterns of

transfer of skills acquired in training is ‘presented and principles for
loptimizq Far ini i +ed

Ski-Jump training

reading.
and a like number
with no drop in comprehension. No

is an effectiveé way to build reading skills. for this

These computer-administered

in all cases able to reach levels cf

! 2L " similar skill improvemept
were found for ,units that were not specifically trained, suggésting that the
skill developed involves a general ability to encode orthographic informatior

word decoding to a pseudoword pronunciation task indicated thattﬁdbjects had
acquired an ability to phonologically decode orthographic patterns of Englis

to establish and use frame-bdsed

g the semantic appropriateness

development of perceptual encoding skill, although the Ski-Jump game was not

Four of

A

microcomputer training systems were constructed, concerned

(2) efficient phonologicél decoding of ortho-~}
graphic information in words ({the Racer game), and (3) use of context frames

in accessing and integrating meanings of words read in context (the Ski-Jump
Each'%raining system is designed to dgyelop the capacity for au@omat.

’

with the trainee receiving
Finally,

from lower level components to components higher in the]

:

et

whether the target was a low-or a high probability exemplar of the semanticallly

Y L4 .
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ABSTRACT\ a hd

A}

&

The purpose of‘this_rébgarqh was to develop_and evaluate a

set of training systems for developing critical skill components
of reading. ' The critical skills that are the focus of training

- . ] ’ ‘ -
have been shown in prior research to- represent particular sources

") a

of processing difficulty for secondarywschool students who . have

_poor reading ski%ls. Whi%e the initial’motivation for developing

@

componedtfspecific training systems was a desire to investigéte
é&perimentally the iﬁteractions among -componeht ‘processes of
reading, a second and equally import&n; nglpwas to,gegfrmineif"
a hierarchical training model, in which particular réaaing

components are developed sequentially, is an effecti?e way to -
- - f . /

»

" build reading skills for this target pop;}ation. : f‘i

. : . : - s .
Three - game-like microcomputer tra%ping systems were

constructed, concerned with  three skill components: (1)

perception of multiletter units appearing within wofds (the Speed

‘game), (2) efficient phonological decoding of - orthbgraph;¢~

information in ‘words (the Racer game), and (3) use of context

frames in accessing and integrating meanings of words read in
. ,

context (the Ski%ﬁump'game). Each training sysd@ﬁ is flesigned to

develop the «capacity for automatic performance ofsa particular

cgﬁponent_by providing a motivating, game-like environment in
. . . ] : rd

which to practice the targeted skill. Furthegmore, the training

games were designed to erﬁfe that pérformance of the designated

‘ - | I ., l «r\
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component is manaatory for successful performance, *with the -
* ) ' .

trainee receiving immediate feedback concerning his speed and

- N \ . » v *

accuracy of responding. * Finally, a'battery of six critefion\

‘ I
tasks was developed. These computer—admlnlstered tgéks enabléd

3 gy

Y us ;o' evaluate. tralnees' 1mprovemen£\bn the targeted sgﬁils ;\3
the transfer of skill. acquired to the  performance of ﬁother,
' . 4 :
components. We hypothesized that transfer would follow the lines

o .
of fqnctiongi' interaction among skills, from lower level

compohents to components higher in the skill hierarchy.

. .

C e e -
: \ The regu;té showed that trainees were in all cases able to

. reach Tevels of performance in the tralned skills that equalled

d? exceeded those of high ability readers. -There was, also strong
. A )
- - * - . 4 ' \J
evidence for transfer of acquired skills .to other functionally

related reading companenés. ,Training on the Speed system

résulted in imbrovememté' in unit detection perfdtmance for

multiletter units that were included in training. Similar skill

imprbvemenfs were found for units . that were not specifically

d

trained, suggesting that the skill developed involves a general

-

P abiljty to encode orthographic fhformation present. within a word.

The development of' this skill had a signif}cant qmpact on
. ) [
trainees' accuracy of word ‘and pseudoword decoding, and on the

amount of text a subject could encode within a single fixation

(the span of appxehensioni; Tréining wi;@ the Racer system \:'

?

brought improvements in both the speed and accuracy of subjects'.

‘word de€oding.. Transfer of training in word decoding to a

<




) . ' o (
. . @ z%

e , Bolt Beranek awd Newmén Inc.
A ) o ; ? .‘; y ¥

. . - o - .
. P B . * !

V)
v

< - . o . .
: y /% ™

.pseudoword: prgnuncfation _ task indicated that "subjects had
d Lo R 1,
Y . .

acquired an ability to phonologjcally “decode ,'orthographic

patterns of Egilish as we\i as t6 effic1ently identify words.

AY

'Training with he Ski—Jump gamef brought an_ 1mprovement in N

subjects' ability*to- establish and u%e frame-hased activations of

concepts in semantic memory. Follow1ng training, subjects' were
Y A ' T ¢ . :

capa le of rapidly recogn121ng and judging. the . semantic
. \ h ( ‘
appropriateness of masked target words /hat were related to a

context frame, regardless of whether the target was a ow o a
high proba@rlity exemplar of the’ semantically COnstrained»

concept. Ski-Jump training al providéd’ some - benefit in‘fthé'
. 1] ’, .

development of perceptual encoding skill, a hough the Ski—Jump

game was not as effect1ve as the Speed game in déveioping that'
&Sklll. Ski-Jump ¢tr ning also had some rmpact on more general -

criterion m%a::jzz\Bij:adipg. “Four of ~ seven atrainees showed>

‘improvement in span of apprehension and a like numbet in accuracy

or RT in an inference task in which subjects judged the

appropriateness of coigunctions 'descrabing «relations among

sentences\ in a paragraph. Finally, for subjects who completed .

the entire training sequence, theré,  were increases in reading

]

# . . . . .
speed in the inference task, with no drop in comprehension. No

-

such increases occurred for subjects who did not have the entire
] s . P

series of training exertises. This suggests that improvements in
the level of automaticity of multipfe:skill components of reading

e
can reduce the effort required-in/reading text for comprehension.

4
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‘ . ' . \
patterns of” transfer of skllls acqulred in

Y

training in a Sklll h;erarchy are suggested

’

tra1n1ng is presented ‘and pr1nc1p1e$ for optlmlzlng transfer

/
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1. INTRODUCTION | - S S

‘

J ‘ o
3 L ' .
This report covers the- evaluatlon of three m1crocomputer-

based tra1ning€%ystems for 1mpr0v1ng the reading skills of young
adult poor readers. Each system is des1gned to_develop the
//capac1ty for automatic performance of "a - particular . skill
>7 component of readlng., Thé.theoretical ratlonale for‘buildingua
“set of component- speC1f1c tra1nrng systems stem§ from the results
of earlier work in which a componentlal theory of read1ng 'Sklll

was proposed and tested (Frederlksen, 198l).

. . | - ~ e

_,lil 'General Theoretical Framework-A v f? : .

.- @, ~ d J . " .
a cpmponential theory of reading identlfies a set of
’functionally'defined 1nformation processing components which,ﬁ.in
interaction with. one‘anpthér, accompllshed the fiore complex task

a e
of text comprehens1on. In such a theory, readers d1ffer in the

s

' degree to which components have beEome autOmated (cf. Schneider &

— | R :
Shiffrin, 1977; Shiffrin & Schneider, l977). Automatic‘processes .

;

L ‘

make few attentional demands and can operate concurrently w1th

other cpmponents without degrading the1r eff1c1ency of operatlon.

. In contrast, controlled (nonautomatlc) processes make demands on’

Fl

general,” shared processing resources; when they must operate

-~ : o . 9

‘concurrently with other~pchesses, performance is degraded. A.

skilled reader poss sses many h1ghly automated components, Whlle‘

a less”skllled reader has a smaller number ~of 'such components,

1 L]
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C e

andl thoseﬁ may vary c?nsiderably within the population of poorly
skilled, young adult readersé 7 Thus,‘-whilem readers may be ‘
reliably " classified along a single diménsionrof "generé} regdiﬁg
abiiity", the actual sources of low-ability may Qhry consideraﬁly
from reader to reader. |

- In our eallier work, we developed a battery of experimental
tasks ~which provide measuiesi of coméonents criti€31 to the .
readiﬁé-process, Differencg§ in skill level amogg high and low e
ability readers on such paéks were studied and were found to be

"
#

reflected primarily in the speed or efficiency with which the
tasks were perforred, rafher than in accuracy of performance on
the component specific tasks ihvestigated (see Table 1.1 for a
list of the components studied and theirﬁcorrelations with fo&r

criterion measures of reading ability). Three cdmponents were

selected as the ones most suitable for training on the grounds

<that each had a potentially strong impact on the performance of

Bthér, higher-level skill; and each, if performed automatically,t

would reduce the drain on processing resources otherwise required

‘influences the efficiency with which semantic information can be

for text understanding. Two of the skills selected are
instrumental in processes of word analysié. fhese include (1)
perception of mul%iletter'units éppearing’within word§,v and (2)
efficient decoding of ottﬁoéréphig information within words. The

third skill .deals with processes for activation of concepts.in

semantic memory on the basis of context frames. This component

retrieved and integrated in sentence understanding.
‘ " 8 R . ¢

N . . l
) £ . N .
Y

w




" ‘Table 1.1
[
Validity Coefficients™ -
< ‘ ?
|} i i
- Criterion Measure
c ¢ Réading Time Nelson~Denny Nelson-Denny Nelson-Denny
;0mpo n‘en For Context Speed Vocabulary Comprehension
j,' \ ) - 'y
' I. Letter Encoding .17 -.18 =-.31 -'.2\0
- : II. Perceiving Multiletter .20 » -.28 -.30 -.29
‘ .Units ' ' '
L _ ‘ .
III. Decoding .70 -.48 ) ~-.62 -.68
© IV. Word Recognition .50 -.17 -.35 -.51
Efficiency ' ‘
- V. Speed in Applying . .42 -.03 .00 -.21
Context :
VI. Extrapolating a =-.51 _Zﬂ .47 .59
. Discourse Representation
. . VIF. ' Influence of Topicality .23 -.17 -.23 -.34
of Reference : .
\
VIII. Semantic Integration of . .41 ~ -.11 .08 . .02
Antecedents 2 '
) Mult. R .74 A .63 .73 .76 .
F (7, 38) 6.48 3.63 6.08 7.50
Prob. . 000 .000 . 000 .000.
. ~ o
U 1 lﬁ . x ; ] ‘ ‘ “L_‘Ja G
o . o Correlation'iio_f .25 or greater are underscored.

’ . . L3
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A .

. The perceptuél skill is important because it furnishes a
basis for efficient-and,accurate decoaing. Decoding and use of
context, in tuén,‘ while only. moderately'correlated‘@ith each
other, are both strongf& associated with deficits in gené;al
reading ‘'skill. (cf. Perfetti & Lésgold; 1977; Perfetti & Roth,
1981) and were found to have interactions ﬁl& higqsr order
components involved in tracing - referential relations"
‘(Frederjiksen, 1982) .~ -

Te : . ) , \
. : .

3
142 Focus of Training .
v . L]

. Word Analysis skills. On the basis of our prior ‘researcp
(Frederikéen; 1981, 1982), we can offer a prdfile of the word
analysis processing of a highlyaékilled >reader, contfasting it
Qith that .of a less‘skilled reader. The skilled readef haé a
sizeable ‘vocabulary of sight words as well as éffective an
aw&gpatic procedures 'for decodi&g unfamiliar words. Efficient
decoding for such a reader appeais to begin with the automatic
recognition of peréeptual units larger than the_sinéle letter.
These units “form the basis® for subsequent decoding/lexical
‘access. -Decoding is effort;ess and nondisruptive of concurrent
Processes involved in sentence understanding. Pobr readers, on
the ogper hand,' appear‘:o'be }? triple jeopardy.  First, their
sight vocabularies are smallér, necéébitating active decoding on

a larger number of 'occasions. Second, for them .the decoding

process is effortful and disruptive of other concurrent

1 1 i
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l .
pto:es;ing tasks in sentence understanding. Third, their}
decoding effort must begin with individual letters and only the
most common multiletter units% It is reasonable to assume thét_
decoding from' individual letters:requires ﬁore complex rules (éf.
Vemezky, 1970) than does decoding from a properly chosen and
probably ~-rather large "vdéabulary"”of multiﬂetter units.
Phonological decoding from multiletter units involves more

consistent rules for pronunciation, and is therefore more
. o . -

amenable to training for automaticity.

4

With thié profile in-mind, we. sought, throhgh our first
éraining_>szstem,l‘§pggd, to foster the dgvelopment of'g widehapd
speéific unit “"vocabulary", and to build an abiiity'fo distrip&te
perceptual/attentional resources over an entire%visual array'lso
as to rapidly effeét;recognition of embedﬂéd multiletter units.
Both objectives a?dress one of the most well-éstablished sources
of deficit in reading skill and one of the most difficult of
‘those to‘remedy: the poor rea@grfs.tqndency to attend only to the
beginning and perh@ps ending of a word thaf he cannot recognize
on sight and thén employ a guessing strategy for "decod{;gf the
rest (Harris & Sipay, 1975). ‘Standard reading pract{cé has
focused on. the first objective-:the development.of'a specific
vocabulary of spelling péﬁ;éins/phonograms whiqh thenksefvé as a

basis by 'which the learner can distinguish among wo:ds*haéin§ 

’
common beginning and ending letters. Our instructional focus, in

L
-

addition to buiiding a specific unit vocabulary, included an
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effort to modify the poor reader's distribution of attention in- :

word perception.
D,

These'newly acquired perceptual skills, in turp,, estahlish a . [
basis for subsequent training in word .decoding} the skill
‘addressed in Racer, our seoond training system. With an
increased knowledge of letter clusters” and increased ability to
detect them quic&;y‘within words, poor readersfshduldvhave’less ‘ |
diffioulty in developing antomatic adecoding sEill v Racer 1is ;A“
-designedv to provider a practlce envaronment .for developlng ﬁ .E

automaticity in word decod1ng. | : ' 4
— k .8 / ~
Lontext Utilization Skills. On the basis of two experiments v
f0cusS1ng on readers'\ablllty to use semant1c information derived

from context 1n ga1n1ng access to mean1ngs of words, we can offer .

a characterlzatlon of the\nature of expertise in thls gkill area.'
\\\En the flrst‘experlment (Frederlksen, 1981), h1gh and low ab111ty

readers were asked So pronounce target words that were presented

following a sentence frame' wh1ch constrained the mean1ng of an

1n1tially-m1s51ng target 1tem. High and 1low ability readers

alike showed reductions in naming onset latenc1es, the magnitude

of which depended upon " the degree of contextual constraint,

However, these prinrng‘ effects werecin general larger for the )

high ability readers. ‘Even more interestingly,'there were also

clear differences among reader groups in the domains of target

o

~words for which context priming effects were ;manifest. High

<
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Q
ability readers showed equal degrees of priming for high<and.low

probability words, while 1low ability readers' priming was

restricted to the high probability items'only. An explanation

'for this finding is that highly killed readers are able to use

the semantic information in a context frame to activate concépts‘

~

in semantic memory. This activation of concept "nodes" provides

activation for the’ domainp of 1lexical exemplars of\the;primeg

concdpt. 1In other words, it is the semantic 'relatedneSs of '

- . )
target words to a sentence frame that determines the degree of

43
priming, not their frequency.

In a second experiment, we developed a more direct test .of

the proﬁosal that highly skilled readers differ from. less skilled

readers in their Ci§301ty for directly activating seﬁ%n%ic-

/
categorié% associated with items in their internal lexicon

(Frederiksen, Warren, & Weaver, ,1983). In this ,stud?x‘we

measured subjects' acturacy and RT in ~ making semantic

appropriateness judgments for initially-missing target words

appearing after presentation (f a context frame. In this task,

not only did subjects have to“identify the target words, they had

to evaluate and integrate their meanings with the propositions
represented ip the conteﬁt sentences. In addition to varying the
strength of the primiqg contekt sentences as in the previous
e#periment, we introduced target words that were semantically

ambiquous, that .is, that had two distinct meanings (eag.,

"break"), one of which is dominant (e.q., "smash™) and the other.

™

[
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subqrdinate (e.g., "tame"). Context.sentences were constructed

to constrain each of these two possible, readings of the ambiguous
' . ' \

target (see Figuré 1.1). ! .. .
Y .
8 | P

_Bur/ results confi;medi the hypothesized reader skill
differences. &n the absence of strongly csnstraininé contéxt,
all }eéders showed a "priéicy effect": the more dominant‘meanings
of the ambiguous words sgrved as the default meaning assignments
for those .words in modérately constraining contexts. Thﬁs, -
- subjects made significantly more rtomprghension errors when the
subordinate meaning féther thdp —fhe dominant meaning was
reqﬁﬁred, and had longer RTs ,in the subordinate condition ' as

} : X
ces between reader-groups ‘were the

well, The inteﬁé@éing differen

changes 1in th}s baseIine'uprimacy effect when a more strohgly _

constraining contgkt was provﬁded. These resulﬁs are summarized.;;’/;z/
o in Figure 1.2. 'Incthe strongly constrainihg_coﬁtéxts,“higﬁlfy
skilled readers were able tb utilize context to priﬁe spebific
meaning categdries, 'thﬁé‘overriding the primacy effect observed
for ambiguous words in moderately coﬁstraining -contexts. The
highly conétraining context fraﬁés thus allowed the good readers
to gain difect‘access t: the meaning }reéuired, regardless ' of
‘whéthgr it was. dominanf or subordinate. In contrast, for the
less skilled readérs,ﬁbrimacy effects wére -still present hndei. a
éhe-strongly constraining contexts, iﬁaicating that they are less By
able to use semantic information contained in a context frame to

!

activate relevant semantic categories.
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D~Sentence

The delicate machinery in the lunar module had to be carefully mounted
danding wouldn't

so that the impact of th

S-Sentence\

‘After the wild horses have been herded 1nto the corral

~
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¥ pick out 'the one he wants to .
i Q
- ’ - Constrained Word >
- Lexically Ambiguous °* ’ Lexically Unambiguous
. Word - Synonym
\ R 1 . 2
N / _Constrains Dominant | Core P-Meaning P-Synonym
;3‘ { +  Meaning . : . ;
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\ . , : Do
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Figure 1.1.
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Illustratlve materials used in the context prlmlnq experlment
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Primacy effects obtained in the céntext priming experiment
for moderately constraining contexts and highly constraining
contexts. The primacy effect is'the difference in performand
in making semantic acceptibility judgements for sentences
requiring secondary anddominant meanings of ambiguous

target words. -, _ , N
B . 1le : 2‘“ ‘ S
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The experlmentel‘ task that we ' used to stndy priming of.
lexically ambiguous words furnished the “basis for our third
W’jraining system, Ski-Jump. - This system prov1qes a practice
nvironment designed to foster the development of an ability to

the semantic - information conta1ned in a context frame to

omat1c1ty, this capacity to ga1n access to all words w1th1n a-

;,zn that are exemplars of frame-related concepts. \Suchja>

Ys;dd have an impact on higher level processes of text.

f}h

unde @andlng, including the tracing of referential ralatidns'
I +

ﬁa text and the analysis of high order relations among

!
the initial motivation for developing component-
Q instructional ‘systems was a desire to investigaje
Antélly the ‘intéractions among component processes of

C

,onents (Frederlksen, 1982), it is poss1ble that a

3 N
. h1erarch1ﬁa1 training- model in which particular reading
3 q .

~  component gre developed“sequentially may be an fective way to
build re g skills for a populatlon of ' subjects who have

reached th'.ﬁiddle.or; end ~ of hlgh school witHout developing

N,
i

adequate iéding‘ compiehension - ability. - By developing three
microcompute -anmes, focussing on the threc skill areas
" described, ,bsought‘to tesg this instructhnal plan. Qur goal

b
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is to determine if trainees can develop efficiency in performing
| ;

the skills required of them in training, ang reach levels of
perfo%mance that are equivalent to those \of. highly skilled

readers who are not given training. We will also evaauate

¢ ~

\transfer 'of training from lower level skill.components'to higher -

level components. Our hypothesis is that training of lower lével

components should have &n ‘impact oh higher level components, with

- whjch they interact "In particular, perceptual skill training"

.
]

decoding. Development of efficient decoding .and an ability to

u&rﬂcon&ext for priming semantically relevant concepts should

Hoy

haye“ an . impact on reading efficiency and/or accuracy. aAnd,
finally, fraining of the context priming skill should hane an

impact on measures of sentence, or paragraph, understanding.

In. the Methods section of this report, we present an
¢ i
.overview of the deSign characteristics of our training games,

"followedl by- detailed descriptions of each game, as well as

-

specifications' for the battery of ‘criterion tasks used to

evaluate transfer among skill components. We then present the
results of our training studies. Finally, we offer conclusions

based on our analyses of these results.
! .

“"should have an impact- on measures of word and pseudoword




‘. 2. METHODS

a -

‘Q .-
2.1 -Design of Training Systems -

> o

The ‘development., of automatic skill'components'requireé”a
%! “’v' - .
practice env1ronment JAn  which several thousand "trials“ for, -
I . // 1 _i ﬂ..‘ ’ -
1nstances of sknlr performance are e11c1ted. Such a heavy burden s

of pract1ce, in ‘turn, reqU1res that spec1al attentlon be given: to
qualities of the tra1n1ng system ‘that have an.1mpact on the
tra1nee s 1nterest and attltude. These requirements led ' us to' -t
_the spec1flcat10n of a set of criteria that would govern the
essential character'of.the training tasks, and a 1list of game-
'like features that would serve to enhance the overall qua11ty of
the practice «env1ronment. . ‘ A

Iast QLLLQLLQ For training of automatic skill components-
¢o be effect1ve, the performance g%’a deslgnated component must ‘
be manda;g;g for success in the tasx Each of our training tasks‘
is therefore deslgnea\tn focus on developlng a- particular skill - f/ﬂ?i
component. Such a practice environment ensures that the target -
skilt{”ahp not some 'alternative, compensatory skill, will ‘be
reliably executed. In addition, the cr1ter1a for successful-

4
e performance on the tfsk --speed and accuracy-— must be d1rectly

: correlated with performance of the deSLgnated comppnent._

: Successful performance thus involves meetlng 31mu1taneous demands”

of efficiency and accuracy, which are 1ncorporated into the task’f“/fgfg
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as direct and immediaﬁﬁﬁ'forms of feedback. The trainee's = .

immediate goal is to reach -and malntaln the highest rate f speed

that he can manage .that is conS1stent w th / the . qccuracy A\

requirements of thet task “His . longer term goal 1s to 1ncrease

4 . "..;? %>

\

%hat'maxlmum speed w1thout{1ncreas1ng the rate of errors, evem'as B

3

EN

the d1ff1cu1ty of the task is 1ncreased

q i, : '! ] . | . 4 ¢ . o
Game igﬁtnres. To enhance the overall quality ofy the
practice env1ronment and to offset the burden of practlce\imposed B

on the tralnee; we- built some of the clearly compelling features .

of arcade games into our tra}nlng tasks.>4$Some_of the features_
we ’ihcor\porgt”&‘are: . - f K _ R

'®# Goals of the game aée ¥lear1y defined and - are

: represented in visual displays and in scoring rules; L

¢ " The "scoring. rules are cqrefully constructed to reflegt -

the costs and rewards associatéd with various types f

‘ actlons or responses. . . ! -

o Feedback 1s immediate, and speed of'respondiné is as
important as appropriateness. The. consequences of a

- ,successful or unsuccessful action dre vividly conveyed

: through graphic and sound effects.

[ ] The speed of.responding'is also directly felt .in the
pace of events within the‘game. ‘ -

e The level of challenge in the game is adapt1ve,:w1th . ~ -
conditions of practice and goals determlned by | the S
, +~ trainee's curreni level of expertlse.. _ , 1

'/AbQEflenge ,opﬁrates as well ' through the selectlkn of

. . |
|
{

‘

-

° |
ok . - . o .
See Malone (198l1) for a, study of 1ntr1nS1ca11y motlvatlng v =

instructional" environments. He identifies challenge, fartasy,
and curlos1ty as the most important features.

20
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training materials which are ‘ordered in 'difficulty.
Trainees are aware of transitions from easier to more
difficult materials. . -

o An -element of fantasy, such as a racing motif, is
embodied in each game.. S -

o The games involve competition with thé”computer.
o Performance records are maintained and made available to

the trainee.

~The specific means by which these criteria and features wére

realized differed from game to game, as will be apparent in . the
descriptions 6f individual ‘games that follow. -
2.2 Game Descriptions

2.2.1 The Perceptual Units Trainer: Speed

. . , kkk
The first training task, implemented in a microcomputer -

based game called SPEED, is one in which t}ainees are requiréd—to
detect‘a.target multiletter unit when it appears within .stimulus
words presented in rapid succession. On ‘each training rupn, a
studéht is presented a target unit éﬁd.then a series of .stimulus
words in which the unit is.eithe:‘pfesent or absent. His task is

to indicate for each word whether or not the target unit'is

kkdk . . . g . . . ‘
‘The microcomputer employed was an Exidy Sorcerer with 32k .of
RAM, expansion bus, and running the CP/M system. Programs are
coded in CBASIC, with several %-80 machine-language routines for

timing stimuli and responses and for carrying out block transfers:
° within memory. The video monitor used was a Leedex 100..

. "
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present by pressing the appropriate response key. The positions
of target units within words vary. Rapid detection of units thus
requires the trainee to distribute his attention over the entire

visual array.

The general goal of the game is- for the student to

acceierate his rate or speed of unit detections. without
sacrificing accuracy. fhe speedwat’which the stimulus words are
p;ésented begins at an initial speed of,’for exaﬁpl;, 60 words
per minute and, depending upon the trainee's berforménce,

increases in the direction of a goal speed which is set!50 units

above the initial speed (e.g., 110 wpm). Increases i% speed are

contingent upon correct detection of the target multiletter unit.
Thus, consistently correct detections  will . lead:- to a smooth
increase in speed until the,goél is reached. Attainment of the

.

goal speed, however,’ does not demand error-free performance. Q
few errors (which' are registered on a set of error lgghts) are
tolerated, byt at the expense of speed reduction§. Thus,
whenever the trainee makes an error,\\EBe speed is reduced,
permitting him to slow down until he can >reestablish‘ accuracy.
Accurake detection at the downwardly adjusted speed, in turn, has
the effect of agaip increasing the spe;d in the direction of the
goal. ﬁIternation betwgen,erfors and correct detections will

permit no pragress- in spe?d. In order to progress towards the

goal speed, the frequency of errors must be kept low.

~

/ 2 g

€@
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. Y
A second means for controlling subjects' errors in detectiep

-

units seeks to keep runs of errors to a minimum. Each time an
error is madev an error iight (one of five such lights)'is turned
on. A maxlmum of five error lights is permitted at any one time,
and when an error occurs whlle five lights are on, the game ends
with a "crash", The subjects are not limited to five errers
total, however. Each correct response'eauses one erter light to
be extinguished. The number of error lights on at any one time,
therefore, alerts the subjeet to the need to pay attention td

accuracy and tells him how imminent is his potential demise.

3
*

Disp;gx fgxmg;g. Initially, the program identifies the unit
to be trained, its initial speed, and goal speed as shown in
pPanel l of Flgure 2.1. Once the game beglns, the dlsplay is that
of panel 2 and contains the following features:

1. the target_unitfis identified at the top with the,
heading: "Look for: gen;"

2. five error llghts are located directly beloz/ the
identified target unit; :

3. the target words appear in a window 1located in the
~center of the display; and,
-

4. a speedometer is positioned below the display window.
- L

When a\\etudent wins or loses the game, one of two special

displays appears (panels 3 and 4).

Events within a run. The dynamics of the game are.”

represented in Figure 2.2 in which changes in the rate of word

o 23

2
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' - - . LOOK FOR:
UNIT: gen ) : . - o
INITIAL SPEED: 60 permin : | gen
GOAL SPEED: 110 per min . \ ERROR LIGHTS
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Figure 2.1. Display formats irf the game SPEED.
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SET t = 1000, ' .
CORRESPONDING TO

STARTING SPEED OF 60

PRESENT NEXT LIST ITEM
FOR.t msec

WAS THERE
A RESPONSE WHILE
TEM DISPLAYED?

T EXITVITH

| "CRASH" DISPLAY .
‘ %‘J
=132 TURN A TURN ON AN ‘ . . ' R
LIGHT OF F _ERROR LIGHT
- . ,
N
HAS GOAL .
i T JEES & SpEED BEEN Cretiaz ,
REACHED? . ) ]
- . ! | A‘“':
noT - . '
REVISE -1 mewise
SPEEDOMETER SPEEDOMETER
DISPLAY + ‘ DISPLAY + r
2UNITS P 2UNITS ;
L i |
* - .Y E
EXIT WITH “YEA, YOU FINISHEDI™ |-~ . -
* "DISPLAY ' »
. ™~
o Fig/ﬁre 2.2. Flow chart representing the dynamics in

'SPEED..
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presentatiop and in the error lights and speedometer #re related
to the-student'Swresponses on each stimulus word presented'within
a run. The Speed& of item presentatlon is set by varylng the time
each item remains d1sp1aye& A start1ng speed of 60 corresponds
to an initdial display time of t = 1000 mseoc Trainees fust

& . . : . _
respond within that interval or the trial is counted as an error.

(ff the response is correct, two things happen: ﬁirst,’ if there
are any error lights ourrently on, one'is turned off; second,‘theA
time £ used for the next stimuIUS presentation is reduced by 32
msec ‘(corresponding to an increment of 2 speed units on vthe_
speedometer) . If this upwardly adjusted speed matches the set
goal speed, tHe trainee wins the game and is shown the "WIN"
display. In the efent the goal speed has not been reached, the‘

speedometer d1splay is rev1sed and 1f items remain in the 1list,

the next item is presented.

-

When the tra1nee s response to a new item is incorrect (or'_
when he fa1£s to respond in the allotted time), the speedometer
and error lights undergo other adjustments. If five error lights
‘are a1ready on, the trainee "CRASHES" Otherwise, an additional
error light is registered (panel 2, Flgure 2. Lg%and the time for

the next item is’ 1ncreased by 32 msec, wrth the corresponding 2-

N
unit decrement reglstered on ‘the speedometer.
J . ' .
' Whenever the program attempts to present the next 11st 1tem,‘

‘it checks to see if the list has been exhausted. If it has, the

K4

message, "Yea, you finished!"™ appears in the stimulus window.

26
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P Subsequent runs. 1Initial and.goal speeds on the second and .
subsequent runs on a unit are governed by the trainee™s past
levels of»pefﬁormance on that particular unit. At the beginning

of a run,.the program' accesses the final performance level on the -f’
previous run and éets a new initial speed 30 units below that,

For example, if a trainee ieached'a finéllspeed of 110, the new
initial speed would be set at Bb and'the.corre;ppnding goal speed

set at 134. r

Materials. Sixty units were included for training in the

Speed ' system. An .adQ}tional 20 units served as controls.(see

¢ .
Table 2.1).. Selection of these 88 units was based on the results

- of a computer simulation (PARSYL; see Weaver, Frederiksen,

‘ ~

Warren, Giliotte, Freeman and Goodman, 1982 for furthervdetaiis)
which pa;sed words into multiletter perceptual ’units; and then
appliéd a set of . hguristics for Jjoining éhe units into
pronounceable syllables or vocalic units. PARSYL enabled us

-~ through an iterative process to converge on the smallest unit
3 ,vécabulary that would at t@e same. time permit accurate and

o

efficient decoding.

For each of the 80 units selected, we composed an inspection

list of 188 stimulus words, containing the following distribution
r ' of word types: 50 test words that contain the target unit; 25 -
fillers that are highly similar to the test words in terms of .

, ' unit resemblance ("gen" .changed to “gem“; Pger“} "pen®, etc.),

,@ R Y
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‘Table 2.1

: Units Used in the Speed Training System*

1 . un an ly re - \f;
2 ac be . th ab N
3, ism ing cl ure
4 tion ist ence: _ ish
5 ty ter ous ?:md' oo
6 . ble ple ite ai T
7 age ace pre - ful
8 - ate sp con ent
. 9 ‘br ph for nes§f
10 P ash . gen ® pig®
11 P ight ‘min ‘ize
’ 12 coil eck por cal ®
13 ick ord . ast ance b
14 and ile T tr ven .
15 ire ® ex ler im
e e e o e it e e e e el —
16 sh i ob bi il
17 - mis . ake as sion
18 der col sive ale.
‘ 19 less sen sin wh 'f//
.20 " de \ - ver ock ant ‘

*PThese four columns represent the 80 units (60 trained, 20 control)

used in the Speed system. Units were assigned to one of four groups

of 20 units each. The groups were, in general, matched on unit ,
length, positional likelihood, and frequency of occurrence. Five units *°
in each group were designated as control units. ' R

H]

28 34 ‘
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word length, and configuration;- and another 25 fillers that are
. - <A,

dissimilar to, the test words except in word length In addition,
the d1str1butlon of unit, pos1tlons w1th1n the 1nspectlon list for
a given unit was,controlled to reflect positional llkelihoods in
i\ ‘a more extended corpus of words. Words varied in length, from:4

to 18 letters. Table 2.2 contains sample lnspection lists for

the units ¢l and gen. . o - -~

. ' : b -
Sequencing of units. An active training group (ATG) of 6~8
units‘was madntained at any given stage lnh training. The ATG
includéd a _sampling of both eas& land hard units; with units.

classified for each® subject on the basis of a difficulty ranking P
der1ved from their pretests on the unit detection ¥ask. 1In that
task, a unit was presented, ’?oglowed by a ser1es' of stimulus
words, some of which ontained  the target unit. bor each

subject, mean RTs over t ose stlmulus words were ncalculated for

each unit and then ranked in d1ff1culty.

’ The units in .the ATé were presented in a, random round rob1n /( *
fashlon until performance on'a unit reached a cr1terion sSpeed. |
When _the criterlon speéd was reached for any unit, that unit was
deleted from the ATG and replaced with another unit of comerable7

difficulty. As tra1n1ng 'pgogressed, however, sublects ’showed

such marked improvements in the,rates at,yhich.they acquired the

4 . T

- units, regardless of their difficulty leve;]/ that it beécame
unnecessary to téplace a mastered unit, th

one that was

v .
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. .-Test Word

\
Sample Inspectlon LlStS for the Units ¢l and gen

Table 2. 2

Unit: g;

&3

1: claimed
2..clanged
3. .clarion
4. classed
5. clauses
6. cleanly
7. cleanup
8. cloture

9. clamping
- classics
clearest
clemency
climaxes
clinical—
clocklng
closed
closet
clouds
clover
20. clucks

.21, clumsy
- 22, cloak -

23, claws
24 . clasp'..

- 257 elick

26. cIXiff. ]
27 . clamorous
28, clarifies

297 ¢ attered‘

30. cliéntele:
31. clippings
32. acclimate
33. declaring
34, inclusive
35. reclining
36. cyclist

37. ericlave

'38. enclose
' 39. unclean

40. declared
41. exclaims
42. included
43. unclench
44. clarifying
45. classifies
46. clodhopper
47. clad -

48. clef

49. exclusions

50.unclasping

. .
Unit:

Filler,ﬁord.,fﬂ Test Word °

chaired
freeway
chalice
grenade
slavisk™
predate
slaver
diapers
clovenly
fre&hold
slattern
frequent
alembic

Aprejudge;

slipknot
presto
elicit
trepan
eleven
prefix

. slalof.

greed.

Slams

green

- slack
. Wrest

elsewhere

‘presidium

challenge
presudice
sluggishly

- treasurer

foolhardy
frequency
yielding
kindred -
evelong
lamprey
gosling
entirety
mealtime
fortress
choleric

figurehead

-

albumlnous.

dlscretlon
elan *
_urea

amsllarate

dz.screpant -"*36 50 .

. 45,

l.Qgenerality

2. generating

3. generation

4. generators.

5. generosity

6. generously

7. Yfeneric

8. genesis

9. genetic
1o0. genteel
1l. genuine - .
12, detergency -
13. indulgence
14. insurgency
15. negligence
le. - pathogenic
17. geneology
18. genocidal
19. gentility
20. genuinely
21.. generally
22. generals
23. generous
24, genitive
25. genotype
26. collagen
27. divergent
28. negligent
29. resurgent
30. gender
31l. genial
32. gentry ‘N
33. generically
34. géntlemanly
35. eugenié—
36. régency
37. emergent
38. ,ontogeny
39. legendary °
40. pungent
41. exigency
42. endogenous

43. octogenarian
44, heterogeneity permanganate
spherometer .
octosyllabhle

1nteragency

46. generatively

47. regenerate

48. tangential
49, cryogenic
ontogene51s

gen

-

NI
Filler Ward

gynecology .
treasonous
goniometer -
grenadiers
redundance
transplant
gnostic
probity
gnocchi -
squalid .-
germane -
wholesaler

j outrageous

© surpassing
pentethion
orthogonal
resultant -
N?eologize
character
gerundive
invisible
geminate
pellagra
ganister
gnathite
plethora °
"packaging:
~intrigant
obstinacy
geisha
gnawed
ponder
reincarnate
gelatinized
mercury
- lexical
integers -
.micawber
pageantry
longing
quotient
caliginous
hallucinated

manzanella
-loggerhead

inorganic RS
_sympetalous, . -

o
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comparable in difficulty. Instead, a new unit wasysimplf

-

selected randomly from the remaining pool, L

v - H -
Mastery criteria for units’ were developed forv individual

‘subjects, “and were adjusted upwards as a subject s @kill at the

game increased Mastery criteria were set 1nitia11y at the

. )

maximum_speeds a) subject reached in 4-6 runs with the'kgitial set

-

‘of units. They were thené adjusted upwards in- 16-20 wpm
increments when the initial criterion speeds were reached by the

subject in 2-3 runs. Similarly, the starting spee&é for- newlyx.>

introduced units were increased as the_ subject gained inv skill,

Final mastery criteria varied ﬁrom 150 wpm to 2lﬂ'wpm.
2.2.2 The Word Decoding Trainer: Racer o

" This training task requires the »s;bject to rapidly and
accurately pronounce a set qf words as they\appear'one‘gt a time
in the cells of a matrix displayed on the computer monitor; The .
game consists of two parts, Racer and Sound Trap, which in

combination serve to train both speed and accuracy -in decodin

'words. A major difficulty in deSigning a computer-based system

~

for training ‘@ecoding is the  limjted speech .recognitidn
capability of the microcomputer, and onﬁ;consequent‘inability to
judge directly the correctness of the subjects® pronnngiations’of
stimulus words. In our system, we met this difficulty by

. : . . gz
requiring the subject to recognize correct pronunciations «of

stimulus words in a "Sound Trap" test following completion'of the

i

31 . R -
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"Racer ", portlon of the game. During the Race, we use a ‘Cognivox
kkkk . )

speech interface simply” as a voice key to measure speed . of

- '

responding& We can in that way measure the tra1nee q speed of
i i

decodlng and ma1nta1n a proper degree of t1me press_urei cn him,

'In the "Sound Trap that follows, the subject listens‘tJ a series

of wOrd pairS'(delivered in the current implementation\usiﬁé an

é@io ca sette player) and is required to select wh1ch of the two

4
5
(

words of a pair appeared during the‘Race. This procedure has

prqven very effective 1n motivating accuracy in decoding. While

'fewapeoer can_actually recall the words from the Race matrix,

subjectsb can ‘easily recognize the words they have pronounced;

Cornect ch01ces 1n Sound Trap can therefore be reliably made,
, ‘ ,

4prov1ded only that - the display - words in theuRace-have been

|

The goal of Racer is for the trainee to decode a series of

. e i ,
"twerity - wards as quickly and accuratel as he can. The race

involves a competition between a sailboat, representing the

" trainee, ~and a horse, running at a rate based on the trainee's

own earlier performance. The horse sets the current 1level of

-

challenge for the trainee who is/jimpelled by the advancing horse

to pronounce each word rapidly. Whenever word appears, the

N Lo _y S
horse starts to move and continues to movejat a éfﬁgaﬁpace until -

[

ok kk . - o o/

The Cogn1v0x 1s a voice 1nput-output device that plugs into -
the Sorcerer m1crocomputer.

L,
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“ass:

the . trainée pronounces the word - The sailboat moves a flxed

W

ﬁ%

d1stance for each word---"1/28th ‘the dlstance to’ the finish 11n

5
Y

-- but ’ only when the student makes his pronun01atlon. If th

student responds quickly{'he can move his sailboat aheed' of the

®

M»ﬁ

horse and go on to win -the race. Immediately follow1ng the race,

A’ .

‘the cassette machlne automatlcally begins playlng the Sound Trap,.
in wh1ch a subset of the 2p¢ d1splg& words is presented, each%
paired with a similar-sounding foil'1for,example, "catch"” andﬁg
" "cash"). hThe trainee's task here‘is to listen to each ' pair and‘f
judge which of the words appeered in the race matrix. Since he -
does not see'the word-pairsh he must rely'totally on the sound

and on his recognition memory for. the words he decoded during the~‘

v

race,

[ ’ i

v The trainee's superordinate goal is to run -against swifter

horses in, succeeding races. 1In order to earn the right to run

. G .
against faster horses and thus to progress in the game, the

[

trainee must win @he race and make :no more than'ohé-error out of
eight Sound. Trap pairs. ' More. errors will forCe him to run

aga1h§t 1ncreas1ngly slower horses. Thus, speed and acguracy-.:

T
Jolntly determine the tralnee-s progress in the game. |

D;sglag ﬁg;mg;g .The openlng display in Racer (panel l,

Flgure 2.3) 1dent1f1es the current game- number, and the}.number

>

(or speed) of the horse agéinst which the traineegwill

mpete.

Also shown'is the display matrix -containing 28 cells.  Once
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race begins, the display looks as it does in panel 2, Fighre 2.3

showing:

1. the relative positions of the horse and ‘sailboat as -
they progress towards the FINISH line;

2. the number of pronunciations attempted thus far (in
this case, two); and

3. the next word in the series to be pronounced (e ger

visibly).

When the race ends (panél 3, Figure 2.3), the time in seconds for

the horse and sailboat each to «cross the finish line are
R ) J’;% 4 -
displayed.

The display for Sound Trap is shown in Panel 4, Figure 2.3,

and includes:
Ky

1. the'racing times for the just concluded race for both .
. the trainee and horse;

2, a tabulation of the trainee's performance on the word .
pairs tested in Sound Trap, with correct .responses
noted on the tralnee/ﬁ line and incorrect responses
credited on the horse’ s*llne, :

3. a number indicating the speed of the next horse (which
changes if the subject makes more. than ‘one error);

4. the final results representing

combined results_on
Racer and Sound Trap. ;

/
In addition, when the trainee makes|an error on a word pair,
the correct word is displayed in the,are% adjacent to the "next

horse™ number. o

Events within a run. The dynamics of Racer and SouhdUTrap

are depicted in Figures 2.4 and 2. 5, re pectlvely.

v &

ki M S ¥ R it e 6 it bnivae e L8 e SNk LT

e S T




[START RACER o
L RUN
INITIALIZE | , - ;s;u.‘éo N
TIMERTOO | = - 7 7 0 =
| . | DISPLAY - A
. : NEXTWORD . |
AND -
) ' 'RESTART TIMER | , -
A x
INCREMENT stopTHE - | ° |
_TIMER
‘ | | " - ‘ .
WHEN REPLACE DISPLAY | | -
{3 TIMER WORDWITH - | |
INCREASES CLOVERLEAF N
§ BY AT 4
MOVE Y T .
ONE STEP - MOVE SAILBOAT |
FORWARD' 2 STERPS .
SAILBOAT ” - )
. REACHED "HAS®
~ NO FINISH ~” SAILBOAT ™\
LINE REACHED THE .
? YES ‘" FINISH
(LINE _
? .
END
OF ,, -
RACE WAIT UNTIL o)
- - VOCALIZATION
. - | ENDS
- RACE TIMES] - -
- |DISPLAYED

Figure .2.4. Fiow chart representing the dynamics in Raper.’ :
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RESPONSE
INCORRECT
ON DISPLAY: DISPLAY
INCREMENT CORRECT
SUBJECT WORD
SOUND TRAP )
COUNTER

" HAS

- SUBJECT -
HIT SPACE
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YES | ERASE
WORD

STUDENT
WON _
RACE

37

NEXT HORSE &
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b
£y N
' PENALTY =
- P
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REVISE NEXT HORSE » =
HORSE » NEXT HORSE = + PENALTY
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Figure 2.5. Flow chart representing the dynamics in Sound Tr
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In Figure 2.4, the pfogtess of the ‘race between the sailboat
(or trainee) and the horse is shown to be related to the
occurrence of tﬁe trainee's voéai response to each of the 20 .
display words; ~%At the moment the first word is displayed, a
clock having a total of 40 ticks bééihs.tbdéount, and continues
to do so until a vocal response is.registered. The clock then
stops ticking and only resumes when the next stimulus word is '
displayed. “ Each tick 1is equal in milliséconds to the number | |
assigned to the horse. (If, for example, the horse has been
assigned #lﬂaﬂ, the clock ticks every second. And, two times the
‘horse number gives the time allowed per wbrd if theé—subject and,;;
the horse were t; run a tie.f For each tick of the. clock, the
horse advances 1 step. ‘From the starting gate to the finish line

there are 40 steps. When a vocal response is regiétered, the

[ < . ]

display word is replaced with a cloverleaf, and the sailboat is
advanced 2 steps, or 1/20th of thé‘distance. Thﬁs, if the vpcal
L?sponse Fakes less than 2 ticks, the sailboat will gaié\/on the
horse, The computer then waitévfdr the subject's vocal response
to end, and affer an interval thiz*sguld vary -from 208 to 350

msec depending on the subject , the next word is displayed

and the clock restarted. If, on the other hand, the sailboa§ has

s dekkk

The delay interval following vocalization was introduced
in order to ensure that a memory "trace" would be established for
each word pronounced, The interval was initially set at.350
msec, but subjects were allowed to shorten the interval to as low
as 200 msec if they wanted to speed up the pace of the game.

-

-~
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reached the finish line (that is, 20 words have been displayed
and pronunciations attempted) ahead of the horse, then the horse
automatically advances the remaining steps"tb;the.finiéh and the

race ends. The competitors! .-times are then displayed.

N
When a Vocalﬁresponse to the diéplay word is delayed, the o~
clock keeps ticking and the ‘horSé advances steadily until a
-7 response.is made. Althoﬁgh the delay may actuaily be long enough 
to permit the horse to cross the £inish lihg, the game
nonetheless continues) until the /‘Zrﬁiﬁee‘ has attempted -’

lﬂ\pronunciations for'a;l of the 20 stimulus words and has moved his

sailboat across the finieh line.  Racing times -are then
¥ . .

| displayed}

* : !

The Tace results are then transferred fp the Sounddgfaé
? scorgbdard“‘ Figure 2.5 illqstrates the courée'éf events in Sognd
?r;p, focussing on the scoring rules relating accuracy in Sound
Trap to thg' speed of . the horse in the next run g Racei,
Initially, the next horse in the competiéion is equdal to the.
trainee's race time, regardless of whether he crossell the finish
line\first. Thus, having the possibility of racing against
in@reasingly faster horses depends  éntirely on the speed with
which the trainee makes his way through the matrix. Penaltifes.
arising from inaccdrate'performance in Sound Trap, however, can
result in his running against. a horse slower than the one ﬁe
earned the right to run against in the race just completed.

These dynamics arepdescribed next.

39
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Referring again to Figure 2.5, _ Sound Trap begins
automatically with the playback of'the first,of eight cassette-
recorded word pairsa The trainee is.required to select which of
the two words in the pair appeared in thg displapilmatrix by
pressing the’appropriate'response key " If he answers correctly,
he is credited with one point, and the next word pair is played.
If, on the other hand, he answers incorrectly, the horse is
credited one point, and the correct word is displayed on the
screen until - the trainee presses the space bar to continue.f.No
additional penalties,are associated with the first error. On the
second error, the- student loses Sound Trap, and the penalcies'
that are applied guarantee that 'in the next race he wihl run
against a slower horse. These penalties, vary depending on
whethe? or not the trainee finished the race ahead of the horse.‘
1f the' ainee has wonlthe race,qﬁgen the "next horse" number is
first set back to the number of the horse 'he just raced against
+ (it being the slower of'the two times for the race), and then. a
further 25 poin;é/are added to:that number. If the trainee‘has’
lost the race, the "next horse" number is already slouer than the
horse. just raced against, so the 25 point penalty alone 1s added”
to that number. Losing Sound Trap thus ensures that the subject
w1ll run against a glower horse, regardlessrof whether'he has. won
or lost the race. Further 25_point penglties.are added for. each

additional /;ro in Sound Trap. This rather stringent set of

scoring rules evolved in the first several weeks of training with




Y

4 . . . . )
Racer. Prior to their -introduction, it was possible for a

student to lose Sound Trap, yet go on to race ' against a faster

- horse in the next race. "Thus,‘errors in Sound Trap’wefe not
costly enough, resulting in an imbalance favoring speed of

decoding over accuracy.

Sound Trap ends -whenl-responses to all eight of the word
pairs have been made. The trainee may then e;7ct to go on to the

next race,

-

‘

Mﬁt.exnlﬁ an_d sequencing of materials. The general.

pPrinciple governing the : construction of Racer matrices was to
build a sequence of matrices that gradually increase in
difficulty. The difficulty of a matrix was initially manipulated

by varying the Jlength of words it conta1ned where length was

measured by the number. of syllables in a word. A second variable

- we planned to man1pulate was the frequency class of the words. A
Racer dictionary of 16,538 words was prepared, and random‘ access‘
CP/M disk files created for each of the syllable lengths and
frequency classes descr1bed in Table 2.3. A CBASIC program ‘was

developed to, construct the Racer matr1ces. The program reads a

"specification /ﬁ%rmula which indicates the number, of SYIIabIGS“x

and frequency- classes of words to be selected in crea®ing the
N ‘ i'g

Racer matrices. It then creates a sequence of Racer matr1ces as

output, each of wh1ch conta1ns a random selectlon of words from

the dictionary conforming to the spec1f1catlons. Each time a

41

Bolt Beranek and Newman Inc.

i




Table 2.3

Racer Dictionary

-

Number of Frequency SFI Number of
Syllables .Class Range Items
/ )
T High 47.0-50.0 500
2 High 47.9-50.0 500
Y2, Moderate 37.6-40.1 1,000
3 Moderate 33.5%40.4 2,000
4 Moderate 35.1-47.1 1,250
5 Moderate 34.6-50.7 515
2 Low 24.6-30.4 - 1,000
3 Low 31.6-33.5 2,000
4 Low 24.6-35.0 1,250 -
_ il B
5. Low 24.6-34.5 515
- - 24.6-50.0 10,530
- .
i
2
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dictionary word is chosen, a marker is placed on that entry, and

no word is eligible for re-selection'until 5.intervening matrices,
are'built Sets of 15 matrices were created for each prospebtlve
training sesslon, s1nce'1tdnas est1mated that this number of runs
could be completed in a thirty minute ‘ training Msesslon. The
compos1t18h of thee+ Racer matrqces is given in Table 2.4. The
standard matrices developed using the Racer d1ct10nary are thcse
from Al through E3. They contain words drawn from the high and

v

moderate frequencywcategorles. o ) )

Item difficuity within each matrix of the standard series‘

' was systematically‘varied Within each column of a matrlx, 1tem
~difficulty (measured by syllable length) décreased as suhgects
progressed from the top to the bottom row. Likewise, average

‘ length of words within a column decreased from left to right.

across columns.

Two of our subjects had d1ff1culty in developing efg\bnent
decodlng skills when trained using the standard matr1Ces. To
meet this need, a spec1al ser1es of “cons1stent" mdtrices (the zZ-
ser1es) was created. The rationale was that training focussing

. on a‘singie decoding ruie-cr principle would_enable subjects‘ to
practiced.those rules and develop automaticity in applying them.
When these subjects“reached acceptable speeds on"the gonsistent
matrices, they would Ithen be »moved into’the standard/series.-

-

Table 2.5 shows the compositfon of /each of ,the Z-series matrices

RN N ‘ -~
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Table 2.4

\\\\ o ' » " Summary of Rader‘Matripes

~

Name : | Word Types.

z1 syllable, shdirt vowels

syllable,. long vowels

syllable, short, fowels
: =

N
(V)
\
NN

z4 . syllable, "long vowels .N&%;7-
z5 : initial blends, 1 & & syll.,”/short vowels T
76 - i@itial-blequ, 1§ 2 syll., long vowels o : o {
AL .1 syllable, mixed vowels . 7 R
A2 ' '16 one-gkll.,‘4 twg-syll., mixed vowels o > fﬁgﬂ
A3 - - 14 one-syll., 6 two-syll., mixed vowels | ]
A4 All two-syllable, mixed vowels* ¢ | ’?v; 'f1; w
Bl \ A;l two syllables SR o . B
‘B2 l6 two-syllableg,\.4 three-syllables i ,

. B3 5 one-syll., 9 two-syll., 6 three-syll. B A ;d
El . 8 two-syll., 10 thfee—sYll., 2 fourrsyil. N ' -

B2 . 5 two-syll., 12 three-syll., 3 four-syll.. - ‘ i?“
E3 . 3 two-syll., 11 three-syll., 6 four-syll. S

5

o

-

*All ‘of the remainiﬂ? matrix types had mixed vowels.
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Table 2.5 oy b
Sample Z-Series Matrices

-
' ’ o ' \
_ N . @ :

v ) . \ ' initial initial.
syll., , blends & blends & .
oni& . consonant consonant -
: 2 syll., + | digraphs, digraphs, . ¢
' ‘ (includes|short 2 syll., . |1l&2 syll., 1ls2\syll., -
- 1l syll., |digraph vowel in long vowel ( short vowel |long vowel -
| Matrix = - | short vowels, stressed [in stressed |in stressed |in stressed
' Cell - |vowel | markers) |syllable syllable  |syllable  |[syllable
1 selves . . |time- catcher riding Jknock . sleet
2 tap "~ | seem < {penguin going ) wrecker stroke
3 mud " wave . |after, eatiny | shrill N grating
4 fox : may visit wisest blemish write
5 jest tone | rocket hiding stuff stride"
6 kept |paint basket needy chigger - throne
7 list roll emptied maintained shot cream
8 felt bees sanded cables strand bridle
9 Twent both . |wicked giant classic blue 4
10 tell pail backing taping snap statement
11 had lays welfare people chest _ gray
12 bat _ iced pollen payment fluffy shame
13- pens jays canmel | gamely tramp whine
14 rat safe ¢|helping " |safest | strip brine
< »
- 15 rock roped - |saddest behind, ° drag sprain
16 fist face - indoor keepers clan ¢ child
17 . > |held wait wettest legal & chock stolen
18 add lakes inner needed trend ’ tritd
19 pups weed seven miners prim ’ stipend
20 cam old fixer . seated . |sledding flame
\ L]
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used in training, and a sample matrix of each type. Z-series

matrices were not drawn from?the §tandard dictionary, but were
builF from special files containing words exemplifying the
decoding rules. Subjects were not told in _ advaﬁCe~._the
composition of the matriées-they#ﬁere receiving, Sﬁi discovered

for themselves the principr% involved.

-
e

The level of difficulty at which each subject could

comfortably begin_intensivg}practice was established in the firFt
few'ik

on the eééiesﬁ‘mafrix level (the A—levglj.j Subjects for whom the
A-level provéd cha{}enging were COnti,ﬁed on ;haf ‘level, whilé

it were advanced immediatel®

to the B-level. Th reafter, subjects‘generally completed 3@
matrices (608 words):
of matrices, o] typically showed substantial
improveménts in
by the end o

practice dt each, showed-still greater improvements

/ :
decoding. / In those cases where a subject made slow

2.2, Training in Ug: of Context: Ski-Jump

4 +

46

92

raining sesgions by having all subjécts practice initially -

In this task, the trainee'{is required first to read a

sentence which has one of its final words deleted. After reading

<}
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this context senﬁgnce, he is presented a series of target words,~
one at a t1me, and for each word he must Judge whether it  is
semantically approprlate _to the. context Each target word ist
dlsplayed on the screen in several flashes, the duration of each

successive flash 1ncreased by a constant of 18 msec. Each target

word is presented with pre- ~ and pOst-exposure'masks, and is o

followed by an inter-stimulus interval which Iepresents ‘the
amount of time between exposures that a student has to integrate

‘ . , ‘
contextual and perceptual information in making his judgment.

The .goal in this game is to judge the appropriateness of the word « nff

- O

on the earliest flash possible. The earlier the student
responds, the ﬁﬁgher will be his score. 1In order to be able to
identifly the word when it is barely visible, the student must-
make use™of the context that has been provided. Thus, to succeed

at the game the student must le?tn&fb‘integrate rapidly the clues
N . i ’ N
he derives from context with the bits of visual ‘information he

picks up when the target woré is flashed.

»

N A Dbeginner at this.game will typically require many flashes

before He/sees a word and can only improve his perfbrmance when

the context sentence is. highly constraining, providing very 2
o : P

obvious clues about the idéntity of the word. ° After practicing

for a while,‘however,'he‘learns to profit from contextfcluesdthat ’

are less obvious, : - -

AV
' ' ' N _
va/// \\ " Bach run' of the Ski-Jump game involves a team of skiers,

*

——J . Al
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representing the target words ‘for that Sentéﬁ”eﬁ*settihg out on a
slope from which each is to jumb._ Tﬁe.léhgth of a juﬁp;is'
determined by how early the student judge$8 theiaqceptability}of a
target word by p&essing the. approbriate response key. - Barly
recognition leads to'a_lpng jump, later recoghitioa to a shorter

+  jump. The final score for the run is based upon _an average‘ df

£}

the total number df- feet .jumped by .the team of skiers.% In . S

add:l.tlon, there is an incentive for th% player to be accurate “as

well as early in Judg}ng the target word, Each error is costly
in that it counte as a' jump, of zero feet. , .. g ..'-fg
| ] . - A - i

'As in Speed and Racer,,this game also increases in cA@llenge',_ .

as the tralnee progresses in Sklll ~Initially,m the ihtervais -
between -exposures of the target words . are fairly long (2000
sec) . Latfr in training, the durations between exposures are
considerably shorter‘(lﬂ msec). As a result, high scores dome to
degend more and more on the succéssfgl and gpeedy integration of
contextual clues, however obvious or subtle, with .the minimal
visual information derived from very brief exposures of the

s

”Jarget words. .7

3 r » o
Display Formats. aInitially, the program displays a sentengce .

i 3

context in which an ”underscore has been substituted for the ' _‘

deleted target word as shown in Figure 2.6. Once the game ‘.‘v4
beglns, the d1sp1ay is similar to that shown in Figure 2.7 and oo

a

contains the following features:

4

.fJ




*He knew it would be a major
cha%lengé to present his idéas
L Y
to this . .
LY
@bh—q
4
7 “y
Figure 2.6. Sample Sentence Context Used in the Ski-Jump C ——
. ~ System.
<? 3
4
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SLOPE: 250 POINTS: 0 AVERAGE JUMP: 0 FEET -

g JUMPERS: 0 ‘
flg ?
i
Al
i 987654»321.v_.\‘
i . \
GATES \
\ )
\ oo"
H 123456789

Figure 2.7. Display format at the start of a run

in Ski-Jump.
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The current slope (representlng the duration of the.

inter-stimulus interval) is identified in the top left
corner.

The indicators for point count, Jumpers and average
jump are to the right of the slope number (these are
set to zero at the beginning of a run)., _

A number of skiers are aligned in a column down the
left side of the display, each skier standing for a
target word.

A viewing window is represented by two horlzontal lines
p051tloned to the right of  the skiers. During a
"play", the target word appears here.

Nine gates, represented by the numbers 9-1, ' are
arranged along the jumping platform, d1rect1y below the
viewind window.

The 1landing area is below and to the right of the
jumping platform, connected to it by a dotted line
which represents the hill.

Nine bins, positioned directly beneath the landlng area

indicate at what exposure a response was made. The

skiers collect in these bins over the course of a run,
forming a histogram of the subject s performance.

The "hospital"” is located directly to the left of the
bins beneath the jumphng platform.

At the end of each run the student is informed of the outcome

his

2

080

i -

N

performance by one of three displays illustrated in Figure

The final display allows the student to review

of
3

his

performance, as shown in Figure 2.?. It contains the following

features:

3

1.
2.

The sentence context \

All target words aligned in one of two columns:

51 '557




GO ON TO SLOPE XXX

0 or

\ ——

STAY ON SLOPE XXX

or

GO BACK TO SLOPE XXX

Figure 2.8. Three displays illustrating the possible
outcomes of a Ski-Jump run.
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Press space bar to continue....
He_knew it would be a major
challenge to present his ideas

to this

YES: * gathering elbow
>
* club ‘ * doormat
meetgpg . ’ : * mountain
i * group * basketbéll
* audience ) * bookcase

-

Figure 2.9. Final display format in Ski-Jump.
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k\
a) a "yes" column indicating those words which fit the
context, and

b) a "no® column indicating foils. =~ =~ - 2:?,,

3. An asterisk that appears to the left of each correctly
judged word.

Events within a run. The dynamics of .Ski-Jdmp are™
\\Fﬁpiesentedqin Figure 2,18 in which the interplay betweéen a

. Lo . / ,
student's performance ' on each word within a"“run and the scorlng

system which determines the level. of difficulty .‘fdrj the

subsequent run -are illustrated. Within one run of Sk;-Jump, a

student reads a sentence of either high or low constralnt - ine

which one of the final words has been deleted. He is then

presented with a series of targe®-words, one at a time. His task

is to judge as quickly asg%pssible and within the fewest number

of exposures whether the ‘target word is semantically appropriate
to thé@Siior sentence context. , A

N

.

1&1t{ates dlsplay of the sentence context. A second press of the

LY

space bar clears the screen and calls up the Ski-Jump display

ya : <
(seé Figure 2.7). A third press of the space bar releases the

first skier and a target word is presented in a succession of

very brief exposures., Each exposure of the target word is

: ™
pyeceded by a premask of 20 msec and followed by a postmask of 32

msec,

The initial exposure duration of a target word is 18 msec

54
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) The/%rainee begins a run by ressi§§\*3hd,/space 'bar which )
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| ERICze

Aruntoxt provided by Eic: i

2.10.

2

e,

STUDENT FRESSES | o
1 seacessar ,

. - .55

der o n s

[ SENTENCE
APPEARS -,
'STUDENT PRESSES
SPACE BAR
SKIIUMP DISPLAY
APPEARS -
SKIER MOVES TO %
NEXT GATE *
AR
T aan
PREMASK disﬁ.u -
. . 20MSECS
TARGET WORD DISPLAY »
18 MSEC » EXPOSURE NUMBER
POSTMASK DISPLAY «
32MSECS
 INTER - STIMULUS
INTERVAL * SLOPE »
-
5 . WAS .
SKIER MOVES TO THERE A .
JUMPING PLATFORM RESPONSE .
1.GATE = GATE®1
2.EXPOSURE NUMBER
INCREMENTED
. | dr
ANSWER =
ERAOR
C e \ p'Y
1. SKIER JUMPS INTO BIN
1S NUMBER WHICH =,
TAPGET YES GATE NUMBER OF RESPONSE
RELEVANT TO 2. DISTANCE = GATEX 10 o
CONTEXT p 3. POINT TOTAL = POINT
TOTAL + DISTANCE
-NO i l ) ¥ B -
- SwiER count
ro INCREMENTEO BY 1
1. SKIER TUMBLES INTO
HOSPITAL WITH BROKEN BACK -
2. DISTANCE = 0 ) Is AVERAGE Jump commreq B -
. * GET NEXT
~ WOROD
fsronse ES SKIER TURNS INTO
com;ecr SNOWFLAKE :
NO
- »
- . | ernoR=€RAOR +1
CALCULATE SLOPE SKIERBECOMES A
FOR NEXT RLN SNOWFLAKE ANO
BASED ON CURRENT FALLS INTO A HOSPITAL
SLOPE AND AVERAGE L)
AFORMANCE; : :
SLOPE + o
OUTCOME OF TRIAL
S S -
1. GO ON TO SLOPE X on 6 1
. OR -
4 STAY ON SLOPE X b SPACE aag TO CONTINUE
oa . . | —rern & .
3 GO aAcK ToSLoskx [ | < "EVTO ExiT -~
LEE A - - ‘
;‘ low chart representing the dynamics in Ski=-Jumps

: i
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and on .each successive exposure, the duration‘is incremented Qy
18 psec. (Specifically, the exposure duration for Exposure #1 =
18 ﬁ;ec, Exposure #2 = 36 mseq} Exposure #3 = 54 mseg, etc.).
Thué, the target words begOme clearer and clearer to perceive
with each sucgessiQe exposure. A word is'flashed until the

student responds by prgﬁsing a designated key or until a maximum
- \

' A
of nine exposures have been displayed®
. G

‘The duration of the inter-stimudus interval (ISI) ﬁhich

separates the postmask of one exposure from the premask of the

next determines the l;Xel of difficulty within a run, and is
given by the slope. The slope (ISI) is fixed for a given run.
For example, if the slope is currently set at 250, then for every

word in the run, the trainee has 250 msec in which to indicate

' »
his judgment of the contextual appropriateness of that target

word before the 'néxt stimulus exposure occurs. For each word,

the number o6f exposures required before the subject responds is

recorded. (No response oOr an erroneous response count as 10
N ~

"exposures".) The mean number of exposures required 1is

calculéted and used to determine the slope on the next run., If

the mean number of exposures ig\less than or equal to 4, the

slope is reduced; if it 1is greater than 6, the slope is

‘increased, and if it is between 4-and 6 or is equal to 6, the

'slope remains the same on the next run. The subjects overall

(
goal is to reach the fastest slope possible (a slope of 7) by

inc@éasing his speed of responding, and thereby decreasing the

-
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\ » . ' ' . . v
average number of exposures of the stimulus word he requires to

L4

»

maNe a correct judgment of semantic appropriateness.

When a student responds to a target word, one of four things
c%n happen depending upon whether the target is a contextually .
relevant word or a foil, and on whether “he response is accurate

or inaccurate, , PN ‘ &

anﬁgxxggi;z‘xglgzégg words. {When a trainee's response to a "
contextually @elevant word is cc gct, the skiér (representdng a
target‘ibwor_d,)~ moves down the hill and into the~3in whose number
'corresponds to the gate at which the student responded. The

. <

distance earned equals theYgate number multiplied by 10, and thig

value is added to the point count, which is the cumulative sum of

PR

all the distance counts in the run. For example, a corfect
response at Gate 8 to the first térget word earns a distance ' of
80 feet and a correct response at‘Gate 7 to the subsequent word
earns a distance of 70 feet. Together, these jumps add.150 to a
trainee's point togg}. Thus, the distance score informs the
student about his performance on an individual wo;d within a run
and the point score records his cumulative performance in a run.
A second indicator of a trainee's ongoing performance is his
averade jump score. The average jump is cdlculated by divié;hg
the.totél number of points earned by the number of words to which
a student has responded. It is recomputed with each‘new response

and is used tqQ inform the trainee what the final outcomg\zﬂﬂa run

57 —
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- : . .
is 'likeiy to be. 'For'instahce, the average jump of two correct
responses at Gate 8 and twb correct responses at Gate 7‘ is 75
feet since (2(80)+2(70))/4=75. = a~—" ”

'c«j/

dn the other hand,ﬂ if a trainee's response to a relevant
word is inég;;gg; or if he fails to respond within the allotted
time (ISI) following the 9th flash, the skier plunges into the
hospital with é broken back and-the trainee is penalized for higf/m\
error. In . tpisﬁ case, "the df{Z:zce jumped equals zero %Eét.

" Thus, the average jump is'“recqlculated with an unchanged

. : . / -
numerator and a larger denominator y%glding a lower average jump.

‘(Referring to our sample run: (2(80)+2(70)+8)/(4+1)=60 feet.) 7
; \
e Eoils. When ~the  trainee responds corredtly to a

chntextually irrelevant werd, the skier turns into a snowflake
and disappears. No points are earded for a correct.respoﬁbe to a
foil;' and no changes .are made in the various score counts.
Conversely, a trainee is'penalized for an ‘inaccurate response to
a foii. In this case, the skipr is transformed into a snowfiake
but now the snowflake f&lls into the hospital and is scored as an
error. ‘Thg error ig recorded as a résponse, and‘the average ijp
score is,‘ recomputed with a larger divisor (e.é.,

G2(80)+26#h)+ﬂ)/(5+l)=5ﬂ-feet). < | \ ,//A

After each response to a target word, the trainee may call
up the next word or he may choose to review the sentence.- context. °

However, the sentence context is automatically redisplayed on the

58 . N s
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When all the target words have been 9isplayed, the run is
over and the student is informed of the outcome of  his
performince by the average jump score he has earned. An average
jump greater than or equal to 68 feet earns a more difficult
slope, a score from 40 feet to 60 feet maintains the present
lgzgl of difficuity, and a score of less thén 40 feet indiéates
that tﬁe next run will be less challenging. If our sample run
had ended after the firs: four words, thej trainee would have

C
earned an average jump of 75 feet, enabling -him to move on to a

more challenging slope. t the end of each rupn, the trainee has

the option of examining a display containing a review of his -

prior performance, of cont{inuing on to the next run}~ or of

stopping play.:‘

‘L Sﬂ6§£gu§n£. Iuns. The level of challenge for a subsequent
run of Ski-Jump is governed by a trainee's previous performance
and is determined by the curgent slope and the avefage juhp score
egrned (or, gquivalently: the average number o§ éxposu?;s) in the
run. The calculafion of a new slope occurs whenever theAaverage
jump score is outside of the 40 to 60 foot réange, as described—

above .- The pew or revised slope to be used on the next run is,

.
given by:

New Slope = 0ld Slope X Average Exposure Number
a R 5

\

kel

The oid slope is multiplied by a ratio of the average exposure

] Te
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- number divided by 5. For example, if the subject requlred an

average of 3. 16 exposures on a run (correspondlng to an average
kkkhkkk
jump of 68.3 feet) and the current slope was 250, his new

slope would be 250x(3.16/5)=158. 1If, on the other hand, his

average exposure number had been 7.8 (corresponding to an average

jump“ of 22 feet), then hisvnew slope would be 25@x(i7§/5)5390;
The use of a ratio rather than a difgerencg in c;mparing the
subject'§ average exposure number with the middle valpe on the
Ski-Jump scale (5) ensures that thejrevised slope will represent
a .proportionate change from the current slope (within a range
from .2 to 2, depending on a subject's performance). This

~

reflects the faqt that large absolute chahges'in slope early in

on task difficulty than will the same changes late in training

training (when the slopes are large) will have a()sma{;fr impact

when the slopes are already small. Proportionate reductions (or
- increases) in slope using factors such as .8 (representing a 20%
[+ -~

-

reduction) or 1.2 (representing a 20% increment) are more likely
to have a co;p;rable impact on task'difficulty at different
stages in training.

Materials and sequencing of materials. The materials were

drawn from a corpus of constraining context sentenbes'and words

developed in an earlier study (Frederiksen, 1978). The context

average jump ‘'is related to the average exposure
he equation: ’ -

Average Jump 100-10X Average Exposure Number. N »

- . _
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sentences for Ski-Jump training cansisted of @ low constraining

\

sefitences and an equal numba:'of moderate-to-high c&nstraining

-

sentences; The degree of cénétraint was scaled using a group of
15 high school subjects who were\giVen the context sentencés and
asked "to fill in the miésing wofd". For each ~sentence, the
numb&f of different words that were~§roduced by our sub;ects was
calculateq. -The number of word types produced for high
constraining sentences ranged from lJto-l4;w0rd§,-with a mean of
6.6, while that for.low.constraining'sentencés ranged frém 7 to

23 words, with a.mean of 13,2 wor@;,

~

For each of the context seﬁtencesf a set of éemantically

appropriate target words was collected. The target words varied
~

in their probability of occurrence for a given contekt, where
. [

probability was defined as the frequency with which they were
generated by the same group of 15 high school subjects used in
scaling the context sentences. The number of target words for

each senteﬁce»wiQ\p0ur corpus varied from 6 t? 8, with 4 to 6

semantically appro'tiatet’ and the }emainder © inappropriate

("foils™). For each context sentence, the appropriate words were

presented in  the order .low - probability preceding high

probability. Foilslwerg randomlf"igtermfxed. 'Taﬁle 2.6 contains

«

a sample of the materials used in Ski-Jump trainihg.

For training purposes, the sentences were gzodped‘by degree

of constraint into a number of separate files, each of which

61
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Table 2.6 °~

Sample Materials Used in Ski-Jump System

A

High Constraining Context:*

A

_He later confessed that he had not, after all,. , '
“‘ .

enjoyed the ) o
Appropriate Target Words " Inappropriate Target %Ordsl
° v T e
tour - coiffeur
exhibit o “heron
coricert - .
play ‘ , . : i
show ,

movie . . .

Low Constraining Context:
4

The teacher labored ﬁhrough the nlght but by dawn every

last exam had been 5 . .
Appropriate Target Words. Inappropriate Térget'Wbrds
. ‘9 . &

finished ' ’ bethrothed

graded ‘ boiled

marked .

checked

corrected

m

Note. Approprlate target words are listed in the order low to
high probablllty. , .

-
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contained from 8 to 22 sentences, an avéFage of 15 sentences per
file. The presentation order of sentences within a file was
randomized for each subject. Trainees were generally able to

- complete one such file per session. Subjects began training with

the highly constraining context sentences. When they achieved

mastery criteria for these sentences, they were moved .to the more
subtle, low constraining sentences. The mastery criterié
required Subjects to reach the fastest slope possible in the game
(Slope 7) while at the same time responding accurately within the

. first 3 target word exposures, and to maintain that level of

performance over one session of 15 sentences. Training was

terminated when subjects met the same criteria for the less

‘constraining sentences.

2.3 Criterion Measures

A‘series of criterion tasks was adminiSteréﬁ to our trainees
before and after fraining on each system. ﬁeasures derived from
these tasks-allowed us to evaluate’the performance gains on the
particular target skills we were tréining and the transfer of
those gains to othgr mbre representative zéading tasks. Four lof

the criterion tasks were designed to evaluate component skills

targeted by particular training games. These are the unit

detection fask (Speed), the pseudoword and ﬁgxd pronunciation

tasks (Racer), and the context priming task (Ski-Jump). Two more

representative reading tasks include the gspan of apprehension’

63
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task and the inference task. A measure of reading rate was also
deriVedrfrom performance on the inference task. Finally, the
Nelson-Denny Reading Test was readministered to several of our
wsubjectsvat the end of théi; participation in the instructiohnal

experiment,

1. Unit detection task. The first criterion task provides

a measure directly related to the objective of Speed :raining. A
target unit is first presented, followed by an inspection list of

32 words, Zﬂ‘bf which contain the targe£\unit_and the remaining

/12| of which are distractors, divided equally into a’similar set
(cg;taining sets of letters similar td the target unit) and a-

dissimilar set (containing no similér letter .groups). The

distribution of unit positions within the inspection 1list is

controlled to reflect positional likelihoods in a more extended

corpus of words, Wwith the‘;xéeption that no units appear at thé

ends of words. Words vary ih length ranging from 6 to‘9 letters.

At a viewing distance of 22 inches, each letter space represents

18 minutes of visual angle. Each target unit is presented on the

Leedex 100 Video Monitor for 158 msec, and is followed by a

visual mask of equal duration. ¢Subjects respond to each stimulus

29rd by pressing one of twbbresponse keys, indicating.whether the

target unit was present or absent. Reaction  times fgr unit

detections ~are measured by the Sorcerer microcomputer using a Z-

P

4
80 machine language timing loop to an accuracy of 6 msec,

!

Cbrre%?ness of the subject's response is also iecorded.
\‘ _\

. \\,\ ) | _

2 : 64 )
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The test covered a total of 932 units, 16 of whicn were from
the set trained in the Speed system and 16 of which were control
units not included in the Speed game. Units were restricted in

- length to 2 and 3 letters. Since in this task ind}vidual RTs
were measured for each. detection trial,' it was possible to
analyze mgan RT as a function of unit length, unit position

within a word,r and unit set (trained vs. control units).

2. Pseudoword pronunciatiop task. The second criterion
task is a pseudoWoré pronunciation task (Frederiksen, 1978) -in
which subjects pronounce RsendoYord items that were derived from
actual English words by changing a single vowel or vowel digraph
(e.g., BRENCH, derived from BRANCH). The set of pseudowords
includes 19 orthographic forms, and these include variation;. in
length (4, 5, or 6 letteré), number of syllablgs (1 or 2), and

. )
type of, vowel (simple vowel, vowel digraph, silent -e marker).

For each form, 16 pseudowords‘beginning with each of 8 phonem
were constructed fromyeither a high or low frequeniz base word.
There are a total of 19 x 8 x 2?3ﬂ4'stimu$us items. These items
were divided qinto four sets of 76 items, which were matched on n
initial phoneme. type and frequency, résulting in four equivalent

forms -of the. pseudoword pronunciation task.
b4

Stimuli are, presented on the screen of the video monitor,
- : o)
‘and subtend visual angles ranging from 1 14' (4-letter ifefs) to

o] , » , , .
1 50' (6-letter items) at a viewing distance of 22", which is the

. e
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- approximate distance for our subjects, Stimuli are presented for

a duration of 200 msec. Subject's vocal reaction times are
measured from the onset of the stimglus to< the onset of
vocaiization, using a.Cognivox speech interface connected to the
Sorcerer microcomputer. Reaction times are measu;ed by» the

microcomputer wusing‘ a machine language timing loop; individual

RTs are timed to an'accuracy of 6 msec. The q?ccuracy of each

response 1is also rated by the experimenter. Results are
Summarized using two statistics: mean RT for correct
pronunciations and percentage of correct responses.

/
3. HWord pronunciatjon task. The third criterion task is

similar to the pseudoword task, except for the substitution of

‘words for pseudowords. The word bst1tuted.were matched to the

pseudowords they replaced in orthographic form, initial phoneme,
and fﬁtquency class.' However, they were not the base words from

which the set of pseudowords was derived.

”

4. Span of apprehension task. Our third criterion task.

.
permits us to measure the spén of apprehension--the width of the

e%@ective visual field--for a targetlghéase presented alone or as

e

the.completion of a context phrase. As shown in Fiqure 2.11, our

subjects view a series of displays on the screen of. the Leedex

Monitor, each of which is made up of 3 frames. Frame 1 contains

a context paragraph.. Subjects'read the paragraph at their own

rate. When they reach the end, they fixate a spot appearing in

o6 o




Figure 2.11.

Frame 1

They notice that the heat changes from
hour to hour. So the day is carefully
planned.” They know it is hottest -
during the afternoon. So they do not
work then. 1Instead, they rest. They
may take a nap. As

7L

Frame 2

Frame 3

a rule they do their jobs later.

-

The sequence of displays used in the context
condition. Frame 1 contains the contggt and is
subject terminated. Frame 2, presente for 200
msec, contains the fixation p01nt. Frame 3

contains the test phtase, and is. also presented
for 200 msec.

oty o e« . e———— o

e
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the final line of the display and pfess a response kéy. Frame 2

'iS'then presented for 288 msec followed by the test phrase in

frame 3, also for 280 msec. The subject's‘task is to re;%rtas
many words or word fraéments as he can see in_th; test line. The
subject's response is typed by the experimenter, and 'transferred
into a Egrcerér CP/M disk file. The response measure is thg

distance in letter spaces from the left-most to the right-most

correct letter of the phrase. The subject's vocal onset RT is

also measured and recorded.

In each session, éﬁbjects are presented a totalrpf* 40 test -
phrases for which a context passage is presented prior'to the
test exposure, and jﬂ test phrases in which the prio; cohtext
passage is omitted. Alternativg}y, blocks of 8 context and 8 noa
contexg trials are presented. . Tﬂe ‘pPassages used in the
experimental task are taken from the Degrees of Réading Power

Test (State of New York, Board of Regents, 1976, Forms X and Y).

The test passages cover five levels of

t readability, chosen

<

tq represent approximately equal ste on the Bormuth scale. For:
each readability level, there are two sets of -eight consecutive
test passages that together make up a.mini-essay on some topic of
general intereét. One of these mini-essays is-éssigned to the

context condition, and Ehe.other to the no-context condition.

~

Our meass}e of the subject's abiTMty to encode words within
e N :

@ single fixation 1is the mean visual span for test phrases

68 ¢
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pPresented without accompanying context. 0ur measure of the
subject's ability to utilize context is the JVisual span when a

prior context is prov1ded

L4

w D an;gx; bpriming task. The.context-prim;ng:task is
derived from the Ski-Jump ‘training task, by setting the}

parameters of the instructional system to certain fixed values.
As in the Ski-Jump system a context sentence is first p}esented.
When the subject presses a response key, the Ski-Jump display is
drawn on the screen and the successive exposures of the first
target word begin. Each exposure of the target is preceded and
followed by a masking étimulus, presented for 20 msec and 32 msec
respectively. The initial exposure is 18 msec (1 "paint" of the
CRT), and is~ inqremented by that amount on éachlgucceeding
exposure. The Subject's task is to jgage whether the‘target word
is semantically appropriate to the context in which it occurs,
and respond by pressing the appropriate kKey on the keyboard.

Following a trial, the subject is given the option of viewing

again the context sentehce, or proceeding to the next test word.

The materials wére~ drawn from a corpus 2;f words and’
constraining sentences  developed in an earlier study
(Frederiksen, 1978). For each sehtehce, a set'of words was
collected, all of which fit the semantic domain created by

context. The number of test words varied from 6‘to 8 with 4

semanticalﬁy -‘appropriatgﬂ and the remainder. inappr

69 | - ' ;1'
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("foils"™).  The appropriate target werds varied .in their
probabilify of occurrence in‘the context, where probability Qas
defined as the frequency with which they were generated by a set
of 15 high school subjects whofwerelgiven the context sentence

and asked to "fill in the missing word". The appropriate words

were presented in the order low frequency preceding high

frequency. Foils were randomly intermixed.

! Tﬁp versions of the context priming task were cieated, each

containing 12 low constraining sentences and a similar number of

moderate-to-high constraining sentence§. The degree of -

4

constraiht of a context sentence was scaled 'using the same .group
of 15Ahigh school shbjects used in scaling responsevprobabilitf.
For each sentence, the number of words (types) faliing within the
semantic domain was calculated (i.g.; the humber of 'different
words that were semantically consistent with the céntext). High
. constraining contexts within our corpus ranged from 1 to 14 words

&
.with a mean of 6.6 words, while low constraining contexts ranged

from 7 to 23 words, with a mean of 13.2 words. 1In the criterion,

task, the high and low constraining sentences were afternated.

{; VDependgnt variables .derived from the context-priming task
inclqu; the mean RT for foils, the mean RT for high probability
tarqeg'wo;ds (occu:ting last in the set of Eést words for a gith
sgntengé), and mean RT fof low prob;bility targets occurring as

RO

.the first test ,item (the ore immeqiately following the context

’
IS L]

, \\\.. —
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]

sentence)! RT included time from the onset of the first- xposure
: Akkkhkk : t NG ﬁ’\

of the st;mu;us until the subject 8 response. In
addition, the mean - percent of correct Judgments Ti\ semantic
acceptability was recorded for each class of stimili. These

o Loa
dependent variables were measured for both high and low

constraining contexts.

-~

6. Inference task. A.test of inferenti®) comprehension was
constructed from materials used in an earlier experiment
(Frederikseh, Weaver and Wwarren, 1981;~_1g§3). The general
purposeb of the task was to test §ubjects' ability to infer high
order relations among sentences that are not explicitly marked in

a text, and wo demonstrate their understanding of such a relation
- <

by selecting from a test pair of conjunctions the one -

representing the relation. Their correctness in judging the
Y
appropriate conjunction and their RT in making their judgment

constitute the two piincipal dependent variables in the analysis.
] ! ,

« The experimental task is illustrated in Figure 2.12. The
subject is presented a sé%ies of three-sentence. passages, one
.sentence at a time. kThé first two sentenées contain propositions
that‘ together 1lead to or imply the propésition contained in a

third sentence. The third sentence begins with a blank spaﬁf
° ‘ ) /

t
kkkkkkk

RTs were actually measured from the onset of the premask
which occurred a fixed 29 msec ‘prior to the stimulus.

| | o
71 | \
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IToxt Provided by ERI .

ISubject presses space bar to see first sonténc{]

e

1. A flourishipg cash crop of shellfiﬁh.hsed to be

a major source of revenue for states of the
eastern seabhoard. ‘ '

)]
7

ISubject presses space bar to see second sentencé]

Iad

2. {n recent years, industrial wastes and oil spidMls
" have change® the environmental conditions along
the coast so that shellfish no longer thrive.

\ : i

) P
" s , !
E;mject presses space bar to see third sentence with missing conjunctions

*

3. . the marketing of shellfish is no -
longer so lucrative. ‘

i

R

2 conjunctions. The subject
ed 1 or 2 as quickly as

-~

Subject presses space bar to see choice of

shculd be prepared to answer with keys maré
possible. :

4. 1. As a result

. 2. Despite this

—A

After the.subject answers, the incorrect answer will be erased, leaving;

only the correct answer on the display for 1/2 second. Then the fifth
isplay will follow. : :

5. ksmajor-sougce of revenue
stated used to be:

N 1. oil 2. .shellfish * 3. gourism

for eastern seaboard

Shbject gives his answer by Pressing the keys marked 1, 2, or 3. If he
1s correcf, the next story will be presented.

For- an incorrect answer,
the corrett answer is displayed on’' the screen, and the, subjeét is directed

to press the space“bar to go on to the next story.

There are 20)\stories per éroup. ’ '78

O rigure 2.12. The sequence of displays used in the inference task.

e
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sentence to complete the passage. The

Bolt Beranek and NewmanFIné.
that is a placef holder for a conjunséive phrase (e.g., "as a
fe;plt") explicitly marking the relations involved. . ~ After
reaaing the -tﬁird sentence, a fourth display is presented
contéining two alterhative ~conjunctions, one represénting the
relation and the other totélly in5ppropriaﬁs in the‘paragféph
context. The subject must pfess a response Kkey indicating the
correct conjunction. Following this response, the incorrect
conjuﬂction is erased legyihg the coireéﬁ item oh display.
Finafly, a fifth display is presgntéd, containing a multiple-
éhoice comprehénsion question. After-the §ubject _responds, the

)

correct answer is indicated. _ ///

The passages included 4 practice ifems followed by the test
passages. There were three versioﬁs of the inference task, each
containing' a seﬁérate sét of 20 test items drawn'from thé
original corpus of 64 passages and matched on difficulty ;evel.
The difficulty was measdred by presenting the first tfo sentehces
of the passages to a group of high school subjects along w;th the’
te an appr?pziate third

ercentage of completions

conjunctive phrase and asking them to wi

that were semantically appropriate,/’ our measure of ﬁassage
difficulty, was balanced across test /forms. Finally, to obtain a

measure of reading speed, the average reading time per word for

the third sentence of each passage was obtained. AN

o ‘ ' : T
.

—~ s
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2.4 Subjects and Experimental Design

14

In all, ten subjects were trained on one or more of our

instructional systems. Ffvétfsubjects (JS, MG, KG, OD, TS)

:,received‘training on Speed. Of these, the fi:st four moved on to

kkkkdkkkd

the Racer System and were compared -in their acquisition-

of decoding skills with two- subjects (SZ, RF) who did not have

prioi Speed training. 'The,samé four subjects who weére trained
using Speed and Racer then received t;aining with the Sk i-Jump
system. A compa:isén group of three additional sﬁbjects (EK, LN,
AC) received trainingq%on Ski-Jump'alone} All of‘the subjecfs
attended a public high school in Cambridge, Massachusetts. They
were seigqted on the basis of percentile scores on the Nelson-
Denny Reading Test Total Score (a composite of. vocabulary and

comprehension subscores). | " Their total scores and percentiles

were: JS (32, 10%), MG (39, 29%), KG (30, 14%), OD (36, 26%3), TS

(28, 9%), Sz (18, 4%), RF (28, 17%), EK (28, 14%), LN (40,30%)"

and AC (41,32%). The ranges of total scores and percentiles were

18-40 and 4%-32%, respectively. The percentile range for

‘subjects in the Speed evaluation study was 9%-29%; for the Racer

evaluation, the range was 10%-29% for the group - having previous
Speed training and 4%-17% for the comparison group of subjects

having no previous training; for the Ski-Jump evaluation, the

-

khkkkkkkk

The fifth subject TS was unable to-continue with the
sequence of instructional games. ’

74
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.

range was. 14%$-32% for; the comparison group having no pré&ious

’

-

Speed and Racer- training.

—

Criterion measures were administered béfore and after each
training _system, Thevcontext priming task was ﬁsed only)in the
evaluation o& the Ski-Jump system, And, the three subjects
;ested in the Spring of 1981 (see be}low) did not reéeive the word

pronunciation and inference tasks at that time. .

(] .. -

The bulk of training was' conducted over a seven monthl//)
period, beginhing in February of 1982. However, three of the ’
subfécts in the Speed evaluation received training wi;h that’
system in the prior winter and spring. Two of these subjects (JS
and MG) paré;cipated in the evaluation of the Racer and 5Ski—Jump
systems. They were given éwo sessions of Speed "refresher"
Eraining prior to participation in éhe Racer evaluation, and were
readministered the battery of criterion measures .at .that time.
(The unit detectioh task was omitted since the subjects showed no

drop in Speed performancé from the end of their training in the

previous spring to the following winter.

75
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3. RESULTS OF TRAINING

3.1 Overview of Methods of Analysis

Results of tra1n1ng were assessed by examlnlng individual

~—

performance records for each game, and by analyzlng the ' effdcts

of tra1n1ng on a series of transfer tasks adm1n1stered before and

after each game. These transfer tasks included four tasks

specifically related to compoaeﬁts undergoing training (the

Perceptual Unit - Detection ; task, the Pseudoword and Word

PronunC1atLon tasks, and 'the Contextual Priming task), and three

tasks representing more general reading performance criteria (the
- _

Span of Apprehension and Inference tasks, and a measure of
L4 .

Reading Speed derived from the.InferenCe’task). '

~

Separdte analyses of variance were carried out for

- evaluating each of the training systems:” Speed; Racer, and Ski-

Jump. For the Racer and Ski-Jump systems,‘subjects were divided,

5

. . . » .
into two groups, those who had prior training (wifh the Speed, or

Sg&ed and Racer systems) and those who did not.  (For the Speed
evaluation, no subjects rece¥ved prior training.) These group

analyses of variance, while based upon small samples of subjects,

‘nonetheless allow us to test ~for the generality of training

effects in a subject population. Effects of training are
evaluated in these. analyses agalnst 1nd1v1dua1 differences in the

effects of training -- the fialnlng by subject interactions.

3

'
12 b N
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The second focus in our analyses is on individual subjects,
In this "case" approach, we sought to ytest the generality of
training effects: forw a given subject over a population of test
materials. For this purpose we ¢arried out analyses of variancé
for individual subjects, usiqg item variances within}cells'of the

design to estimate error variance.

In reporting our results, we will first ‘present records of
performance obtained during training for individual subjects. .
Second, we will present analyses for each of the transfer tasks. » \
For each task, we will firstf present the group analysié’ﬂof

- variance, When there are individual differences in results ff
training (and the group results Aaré. not representative of
individuals), the results of analyses for individual”subjects

» N

will also be ptesehted}

3.2 Speed Training

CoTplete records of performance during training for each of

the five subjects trained using the Speed System are giveh in
- . [

Figures 3.1 through 3.5. .Each figure presents records of

performance for every unit trainedfiin the order in which the

A

units were iptroduced. Three"ind%ggs of performance are plétted
¥ i . . “ » < . .
o - for each unit:_ the number of runs is plotted on the left (where

a run Stahés for an indiv;dual Speed game in which‘as mgny as 100

target‘wo;ds mayobeaerOSedain th%‘window), anq\the minimum and

N ’ .. . W
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14

maximum speeds attained over those runs are protted on the right, ¢

=

“than they did initially.

expressed in words per minute. These ‘three-measures should not

b

2 :
be viewed asjindependent. As training progressed, the maximum

(criterion) speed required before ‘a unii..was considered

"mastered” was increased. Thus, mastery of a unit in 2 or 3 runs
. / _ 4

late in training represents a more‘demznding'accomplishment than

it does xearlier in training. Our subjects in general required

fewer training runs to complete a unit at the end of training

. By the end of training, subjects JS and

Ts, fo /7xample, required only 2 training runs (the minimum) to

master the units. The other subjects ended their ctraining

requiring 3-4 runs to complete a unit. : . vn_‘

. . “ B
’ . . . ’
2
-

As A training progressed, there were pronoupced increases in

the levels of performance reached on jinitial runs (the minimum

For example, sSubject JS

!

speed) when a unit was~newly introduced.

A

pre ’000 ly )’ but 1]ad‘b 4

(Figure 3.1) typically had minimum speeds of 100 wpm for units

presented early 1n ®raining (e g., "por"
minimum speeds as high as l3l wpm at the end of training. This

of training to as yet untrained units was most dramatic’

LI

transfer

the .

A

for subjects 'JS, MG, OD and KG. This. strongly suggests that

skill developed in mastering the Speed game is not restricted to
-

transfers

skill'developed thus must N

those units that have been presented in training, ‘but

to untrained units as. well.

b 4

“The

involve more general perceptual and attentional sﬁills
!

facilitate the rapid detection of previously :g!rained targets. .
. . . ' . &‘-‘ .

that can

*

A
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4 a

-

. Finali?, there were ‘large 1ncreases in the speeds atta1ned
as tra1n1ng progressed Mastery criteria were set 1nd1v1dually
and the._maxlmum speeds attained by subjects reflectedvthese
individual criteria} Subjects JS and TS reached speeds of 148
wpm, -while subjects OD and KG reached speeds of 178 wpm and one
subject, MG, reached speeds of 210 wpm'and greater. It should: be
p01nted out that a agarch rate of 200 wpm represents - a ‘mean
detectlon latency of/ 300 msec, a time which includes the motor
response time as Qeli as detectrgh time. asubh a‘.speed is near
the 1limit of human’ capability- for a task in which individual
moto% responses are required to every'stimulus item in a series.
\ q ; )
o

"

Unit detection tﬁﬁk.h‘ Improvements in the targeted unit

‘detection skill were evalumted using a task in which subjects'

%

.mean RT far detecting multi-l2tter units was ascertained,q under
0 -

N

cqnditidns in which ' the stimulus words (which either contained

the un1ts, contained similar units that differed by one letter,
N e ‘
from the target words, or were dissimilar f01ls) were followed by -

a masking st1mulus. In the criterion fask, gpllke the Speed

[4

" task, the subject completed a response to each  word ‘before the

7

next item was presented. 1Individual detection RTs were obtained

-for each unit and test word. vThe initial .analysis included

Y

training (pretest posttest) and test word- type (targets, similar

fqils, and dissimilar f011s) as factors. *hesults are presented

L4

5 N

.
. \
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in Fiqure 3.6 for mean response latencies. Significant decreasesg-

in RT occurred for all stimulus typés (F‘ =19.64, p <.01).
, . 1,4

There was also a significant interaction of word type and

training, with F - =4.37, p<.85. The mean RT for correct target
, . 2,8 - _
detections decreased from 34# msec before training. to 250 msec

following ‘training. In the analysis of accuracy of fesponses,

there was a significant effect of word type (F =44.6, p<.001)
. 2 8 N
and a significant interaction of word tyﬁe .and training

~

(F =6.04, p<.025). Accuracy was highest for words containing

the target unit and for dfésimilar foils, and did not change for

either of these word types as 'a result of traiﬁing; (For

targets, itv was 92; 7ﬁ both the pretest and posttest, while for
e

B et § i ‘
# - foils it was 92% in ¢t "pretest and 91% in the posttest.)

Accuiracy for similar foils--words containing a seduence of

Y

letters similar to ‘the target unit--was lower than that For the
- othe word tybés in the pretest (77%), and showed a drdp in the
posttest (to 63%). ‘This suggests that subjects were “loweriné

their unit detection oriterion as @ result of'SPEed training. .

A=3
Lt \

S ’ AL .
Two additional analyses were carri%d/dht for trials in which

\ the test words -actually contained the target units. The First
’ s . ’
analysis focused .,on units that appeared in the initial poFition *
within test-words. Fgctors:that varied in the.analysis included

+

(1) effects of training (pretest, posttest), (2) unit set

) A

» (tfained ‘ﬁnit§ vs. untrained control units),'and (3) unit length

'(2 or 3 letters). Unft length can also be thoughf of as é "stand/

»

0 ' * ’ V‘
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P
o7 - - ' : s
in" for wunit frequency; the mean Mayzner and Tresselt (1965) _ }

frequency of 2 letter units was 392, and that of 3-letter  units
o . {
was 57. The mean RT for each of’ these cond1tions is shown in

Figure 3.7. (The proportion of ‘céorrect detections varied 1little
from condition to conditibn, ranging from 87% to 94%.) There was

a significant main effect of training on RT for both the trained

2

and untrained units (F | =14.2, P <.02). ,Fhe:e was also a
' 1,4 r
significant; interaction between unit length and unit set

(F =31, 4, P <.005), reflecting a difference® in d1ff1culty of 2-
1,4
and 3- letter units in the trained and untrained. sets, These

r

pretest differences primarily reflect sampling vadriation in unit
difficulties for those units assigned to the various é%nditions.
-However, whatever the source of these initial d1fferences in unit .-
d1ff1cult1es, it is clear that fOllOWlng training the unit 1ength

and set effects are greatly reduced. (In the analys1s,‘the un1t

‘length by unit set by training interaction was significant, with

F =9.1, p <.04.)
1,4

]

‘The second analysis we carried out focused én the effects of

1

of a target un1t within a test word. 1In th1s case, un1t
len;;L wa fixed at two lztters. The effects of umjt set, unit.
pos1t10n, and training on mean‘detectlon RTs are shown in Figure ~
3.8. The mean percents of correct unit detections are plotted‘in K

Ly

’ Figu}e 3.9. There waz a significant main effect of training on

unit detection RTs (F  =31.4, p<.0#05), a significant effect of
1,4 |
unit position within the test word (F =17.3,%p <.001), and a
' . ” ‘ 88 .

. ) . . ‘\'
o . ‘ o L A I 93
. : ‘
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significant ‘interactioq between these factors (F =6.97,
, ‘ A 2,8 :
p=.018). Posig}on effécts were larger before training than after ~

. trainihg. Moreover, the,effects of tréining transferred to the

[

untrained units; there was no significant main effect of unit set

-

(trained/untrained vuﬂits) in the analysis, nbr were there any

sighificant interactions iﬁvolving this factor. The proportioch
< - L

A3

of correct "detectiqns (Figure 3.9) varied as a function of unit

position (ﬁ =6.33,° p=.0623), and there was & significant
2’4 L4 v - -t
interaction of position.and unit set (F =19.8, p¥X.@80l). (This
' v 2,8
interaction reflects the difference in performance for units . in

* ‘ . ‘ z ) .
positions 4 or more letters from the beginwigg of a test word for
, .
units in the trained and untrained sets.) However, there were no
csignificant . effects of .training in, the analysis. Note, finally,

Kl that posttraining RTs, which rangéd.frbm 233 msec ih position 1 y

to 272 msec in. position 4+, are near -the. limits of human

capacity, as they include the motor as well ail the detection ’

component. ° These performance levels were attained for untrained
: »

, (controk) units as well asl~for unjt§ that were used. in the

)

training system. ‘Our gonclusion is, that the skill acquired in

the Speed game is a general ability to encode efficiently and
accurately. the orthographic information present within a word,
N ' Results “of the analyses of variance carried out for
. SN

» .
individual subjects were consistent with those for the group.

For every subject there were significant effects of training on -

RT‘for detecting units when they occurred within words. And,
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plots of the results for individuals closely parallel mean RTs

shown in Fiqgures 3.7 and 3.8. ) , o ;
4 ' -,

*

E Reference group experiment.. 'Four. groups of subiegts

.representing varying levels of general reading ability were

tes}ed using the unit dftection tésk._ The Ne;50nfu Dénny
percentiles for the fourggroups are: Jl)\}—lZ%,*(Z) 22-59%, (3)
64-79%, and (4) 94-99%. The task employed was similar to tﬁt::"?,one
used in éur evaluation ;of Spéed training éxcept for three

features: words were not/restricted to 6-9 lettefs, but covéred a

wiéer range from 4 td&és many as 12 letters; four letter target
units were inci&ded; an§‘units were allowed . to appear in the
final éésition.w;thin ﬁarget words. Mean ieactibn.times for the
four groﬁps have been‘jcalculated for each of the conditions

represented in Figure 3.7 and 3.8, and ‘allow us to compare

~. - . . .
perférmance of our present subjects Xbefore ~and after training

‘with that of the foui reference groups. Before Speed training,

our subjects had a mean RT of 365 msec for 3-letter and 305 msec.

-

for 2-letter units appearing\invthe initial positions uof words.

The corresponding mean RTs for our reference groups for 3-letter
units were: (1) 362 msec, (2) 322 msec, (3) 362 msec, andv(4) 287

msec, while for12-letter units they were: (1) 312 msec, (2), 309

msec, (3f 281 msec, and (4) 274 msec. Thus, our subjects pre-

test RTs for units in the initial position %esembled those of

subjects in'groups 1 and 2. The same was true for 2-letter unitss
. L

appearing in.umidWOrd positions. The mean RTs foi the four

Cw

N

93
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ireference groups were: (1) 427 msec,~(2) 4ﬂﬂ msec, (3) 391 msec,

and (4) 383 msec. The mean RT of our tralnees in the pretest was -

400 msec (for the 2-3 and 4+i5051t10ns comb1ned),fa value 51h11ar

to that for the second‘reference group.-
0 :
N \ |
Bhe mean RTs of our trainees following Speed training

represent a dramatlc 1mprovement over the performance of even the
fourth reference group . subjects wh0'were at or aboVe the 94th
percentile’ in general reading ab111ty. ) Our{ tra1nees mean
posttest RTs for 3-letter and 2-letter units in fnitial positions
'were 234 msec and 219 msec, respectlvely, compareq w1th yalues of .
287 msec and 274 msec for the highest reference group. L1kew1se,g
our trainees mean RT for 2-letter units -in m1dwond p051t10n (2-3
and 4+'position within target words) was 267,'msec, wh1ch is
considerably lower than the 383 msec reqﬁired by our highest
ability reference group. Our, conclusion is that trarning of 1oy55
ability readers on thev perceptual component.skill can produce
garps in performance that surpass the differenceprn skill. between

the[highest and lowest reading abilitx\groups tes%ed.

) - : o : )
Pseudoword and'word pronunciation tasks. There was evidence |,
of transfer of training effects: to the 'ﬁerformance of the
pseudoword and word decoding tasks. .  Mean pseudoword
pronunciation latencies are given in Figure 3.iﬂ.and mean percent'

‘correct pronunci%tions are plotted in Figure 3.11. While the

" > :
mean . pronunciation 1latencies decreased as a result of training,

‘ 94 " 2,
4 P | 93
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- the effect was not statigtically reliable. There w@re, however,

bsignfficant effects: of tra&nind‘ on subjects' acqpracy of
3

pronunciation. Increases in accuracy amounting to 14% and 20%

were found for one and two - syllable wotds derived from 1low

freqﬁency words.  For pseudowords derived from high frequency
: A _ N
words,'there was am increase in accuracy of 14% for one syllable

items, but only a 2% increese for two syllahle ifems, which were

-

\inftiallyneasier for our subjects to pronounce. The analysis of

¥

variance tresulted in a significant frequency by treining

. interaction (F %15.1p p=.02), __a. marglnally significant main
' 1,4. ) ]
effect of training ‘.=5.76, p=.07), and a marginal triple

i}
1nteract10n of training, - frequency,  and syllable length

(F =6 . 7" P" '5) 0
1,4 1 ° . .

3

' There were individual differences in the effects of training

) \
on pseudoword ‘pronunC1at10n. Two of five subjects

v _showed 51gn1f1cant reductjons in RT (F =47 .4, ‘P 001 and
' ‘ ~ 1,138 )
F =56.7, p< ﬂﬂl, respectively), accompanled b§ 1ncreases in
1,139

\€r malntenance of hlgh accuracy (808 to 95% for the first .
subject, and 89% to 91% for the second). Two other subjects (JS_
; . . -

and MG) showed jincreases 'in latency (F . -4 55, p-.ﬂ3 andi

‘ o . ’296 '
F . =17.4, p<.00l), accompanied by ingéégggg in accuracy. For
1,296 . ; : .

example, initially the first of these subjects, JS, could’

cgrrectly prcnounce onnly 13% sof our 1list of 4-6- letter
pseudowords; he was essentially guessing on the basis of one or

two initial letters that he could perceive within the brief (200
» v :
. 97

? 102
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ﬁsec) stimulus eiéosure employeé iﬁk¢he task Foﬂlow1ng Speed
tra1n1ng, hf; accuracy 1mproved to 41%. Wh11e still hav1ng great

d1fflcu1ty»w1th decoding’Thxs RT wa§ as long as 1. 1/2 seconds),’

- he , was \now’ able to base his heﬁforta on aceurately encoded 4
orthographic infOrmatiod.' The second subﬁect,'"MG,_'initially

- " pronounced *62%:fof the psehdowords eorreetly' with.an'average.

latency of 807 msec. -Following training, 'he .was correct on  78%
. . ‘ 0

‘of the items, . with- an average latency of 1922 msec.. The final
subject, TS, showed no change in latency or accuracy on the

- 3 - - v
pseudoword pronunciation task.

- The two Speed subjects (OD and KG) who weré tra1ned 1n the~

'w1nter ‘of 1982 were. also administered a word pronun01at10n task -

i

before and after rhelr trarplng. Beth ;f,tﬂese subjeéthshgwed
\ - Signifrsant reductions in vocalization on§et iatehcy,b with
F =29.3, p<.00] for subject OD and F =112.8, p<.@6l for
1,144 ‘ o 1,139 _
subject KG. Both subjects showed increases in accuracy as well,
‘the first from 85%§to 96% and the second frem 9% to 98%: Thus;' )
training in'the perceptual skill has an influence on berformance
.of the higher level word/éeeudoword decoding task. This "forward
transfer" of skill is presumably due to the effect of training on
the availability of <orthographic enits upon which decoding is

* based. !
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Span of apprgﬁgnsign task. There was evidence of transfer of
acéuired.skill in perceptual encoding to a measure of span of
apprehension, but only ' for some subjects, Increases in mean
visual'spanﬁfor the five trdinees are :shown in‘Figure 3.12, The
effects of training were marginallyAsignificant, with F =4,99,"
p=.ﬂ9. Increases,in visuai span were accompanied by a reduction
in mean response latency (shown in Figure 3.13), but again these
effects of training for the group as a whole were not S1gn1f1cant

(F =3.47, p=.14). Out of the five subjects, four showed
1,4 AN )

significant ' improvement in either response latency or visual
[ - .

: . w
spap. Subject KG showed an intrease in span_in ‘the. no context

S ‘ -
condition from 12.9 to 15.7 letter spaces (t =2.62, p<.01l). _She
78 '

" showed no chande in performance in the context condition, but her

span of 14.2 letter spaces prior to training (and 14.4 following
training) was near asymptote for- that task She showed ‘no

significant chanﬁes in response latency as a result of training,
¥
Subject JS showed very small measured spans in both the context

(5.6) and- no context (7.9) conditions prior to training, but

showed a significant increase to 9.7 letter spaces for the

‘

context condition (for»'the no context condition, his span_

‘ . SN ¢
remained the same'at 8.1 letter spaces). Both the main effect of

"- training and the - context by .  training interaction were

‘significant, with F _ =9.75, p<.@l and F = =8.92, p<.ol,

. 1,152 ‘ 1,152
respectively. JS also showed a Significant redbction in response

latencf, from annaverage of 2530 msec prior to training to 1446

\

99
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msec followjng training, with F =11.22, p<.Bl. Two of the
S . 1,136
remaining three subjects showed significant * reductlons' in*,

response latency. Subject TS showed no change in visual span (an
uaverage. of' 16.6 prior to and 10.9 letter spaces fcllow;ng

training), But shoued,a significant reduction' in* 1atency from

1824 msec to 1006 msec, with F =17.6, p<.06l. Subject MG also

showed no significant changé'lgg‘ span (14 9 prlor to and 15.9

letter spaces fol%owing training), but showed a s1gn1f1cant '

reduction in latency, from 964 msec to 772 msec, with

F =4.05, p<.B5. His pretest span was near the ceiling for - |
1,156 X C 2
this task, however, so there was little room for him to improve.
- T

'Inﬁﬁxgngg'&aah. Only the two subjects trained in the winter
of 1982 recelved pre- and posttests on the inference task. Of

these subjects, one (KG) showed a s;dnlflcant 1mp\\vement' in

accuracy /in judgtpg appropriateness of connectives, yith;40%
correct prior to training- and 5% following tra1n1ng (t=1. 89,

p<.85). Nelther subject showed any - s1gn1f1cant change in readlng

f I A -
rate.
. ¢

~ ' . ! ) ) ./\
| ' Summary. Training on the Speed system resulted in
. an . : .
significant improvément for all subjects on criterion tasks

o, .
designed * to assess 'the effécts of instruction on the perceptual’

—

skills targeted for development, The ‘ihprouements in unit
. ' .

detection performance extended to test units that were matched

-

with those used in traxnxng but were not actuali

i A

used in . the

i e e S =j--

-
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' Speed system. The' perceptnal skill developed appears thérefore
to be more general ‘than a set of specific unit detectors, and

) o C .
involves a r&eneral improvement in the ability to “encode.

orthographic information within a word. 1In *additionq there is:

evidence for a causal link between .& perceptual’ Sklll and Sklll

‘/-
e

in decod1ng (cf. Ffbderlksen, 1981), .The development of 1the

" perceptual skﬁll had a significant impact - on accuracy of

decoding; although this _impfovement,~was aooompanied by an’

N

1ncrease -in RT for some subjects. ‘The Speed system thus serves

to develop an ability to: encode effectively the orthographic
. » 3 N \ - N > N .

information necessary for accurate decoding, ,gn ‘important
/jngréquisite for, later txaining aimed at automating word

decoding.. EGidenoe fpr transfer of Speed training effects to a
more general érlterlon measure, the span- of apprehen51o§,
supported a teﬁtatléz -conclusion that the acqu1red perceptual
encoding ab111é§ can have” an impact on “the amount of 1nfornatlon
encoded w1th1n a. f1xatlon or on. the time needed to procegg such
1nformatlon, even without subs?E??ﬁ%‘tralnlng to allow practxce

in the .application of the perceptual Sklll in the performance of

actual geadlng tasks. , o s .
-
3.3 Racer Training ' . : -,
b Complete records of training on the ﬁacer system. are

~presented for each/ subject .in  Figures 3.14‘thrqugh‘3.l9. 6f_

A

these %ubjects, the first four receives prior trafning using the

Speed game, and the last two (SZ and RF) had no prior training.™
- 103 _ . %
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: The top curve gives the mean RT and SD for
. completing a matrix, and the bottom curve gives
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, Two depéndénts are plotted for. each matrix set in the

4

_ ~ kkkkkhkhh - «’ .
training sequence: the mean RT for completing matrices
of a single type within a given sess1on, and the mean ‘percent - .

correct in Sound Trap, averaged for the same sets of matrices.

Standard dev1at€ons for both measures are also given.’ Th? matrix
- / -

sets. are listed on the abscissa, in the order in which they were

-

presented. For each matrix set, the number of training trials is
indicated-in parentheses, along with their composition.

7 ‘ .

Some general features of these training records are worth

©

emphas1zlng.. For all subjects over the course of training, there
was a gradnal reductlon in ‘mean RT ‘for reading the words in a
matrix;”éespite the increase in difficulty of words within
successive matrices. Some subjects appeared ¢ to reach thE i

Ve N £y
asymptotic 1level of -performance earliier than did others.

Subjects KG and RF (Figures 3.14 and 3.19) apﬁear to havegreached

P

their fastest séeeds after 7 matrix sets were completed. More

'vtyplcal were subjects OD and MG (Figures 3.16 and 3.17) , who were

-stlll showing 1mprovement at the end of the training sequence.

The performance gainslof our subjects were all substantial,
although. -there are individual differences in decooing ability,
that are reflqcted in their records of performance. Four of -/he;
' . YV .

& &k k% K Kk kk

The RT for a matrix is the sum of vocalization gnset
latencies for the twenty words in a matrlx.
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subjects (Fiqures 3.14, 3.16, 3.1?-and 3.18) had no difficuyty in
progressing -through the standard serieg of matrices. The first
three of these subjects showed ' no substaqtial reversals in
. pertggmaqce, and ended training with mean RTs for matrices
composed largelf of g-ﬁ and 4-syllable words that were
substantially .lower than their initial RTs for matrices of
primarily.one-syllable words. Subject KG, for example, required
an average of 8.8 sec on the first matr1x set, and only 2.6 sec
on the f1na1 set., Subject SZ (Flg;re 3. 18) showed some reversals
in performance, but also successfully mastered the stapdard'
series of ,matrices. His final mean RT was 4.2 sec, compared with
an‘ﬁritial RT of 11.5 sec. Two of the subjects, JS (Figure 3.15)
and RF (Figure 3Ef9), had‘mere difficulty with the Racer task.
Each began trafhing with the standard series of matricesz but was
moved inko a special serdes of matrices (the. Z-series) when
improvement ‘in perforﬂance on the standard (A)-series was too
‘.slow. Subject JS, for’erample, after hawlng completed a total of
140 trials with A-series ma}rlces, was still tak1ng nearly 15
seconds on the average to complete a matrlx. The Z-series
matrices were initially designed to herp him " past this hurdle.
These matrices were bsalt around' simple, consistent phonic
principles (e.g., all 1long vowels,lr%r all short vowels, or
consonant blends). t2IS showed rapid 'progress. when he began
working with Epe consistent matrices of ~ the Z-series, and his

performance on the A-series matrices showed marked improvement
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whed that series was reintroduced. This strategy of building
" .

z

skill through the introduction of consistent matrices was applied
., to another subject, RF (Figure 3.19), as we11.4'Subje2t RF also

showgd immediate gains in performance when the Z-series matrices

were introduced, aropping from a mean of 9.5 sec for matrix set(\
A3, to 4.8 sec on the initial z-series matrices. He reache a
level'of 3 sec at the end of the Z-series, and continued to

perform at that-level after advancing“to the Standard B-series.

f Finally, .a comment must be made concerning the levels of

, performance reached at the‘end of training. Mean RTs _iﬁ fhe
neighborhood g} 3-4 géconds for a matrix of 28 words imély mean _ .
onsettlatencies for ingiviébal words of ~ 150-286 msec. -Our
subjécts were 'ngf% recognizing: words in this absurdly shbr;
interéal; ratherjﬁhey were using a strategy they devgloped’ for
keeping ahead ;f the computer "horse", while still pronouncing
the words fql%y and correctiy. Some subjects appeafgq/ to begin
with a pronunciation -of wthe "initial" consonant or vowel, and
draw out that pronunciation while decoding the rest of the word.
Another‘ technique. was to prefaée their vocalization with some -

, extraneoqs'sbund ("ah") that'would trip the voice interface and
stop the computer hqrse. These strategies ébuld onlf work to a
point, for if there was an¥ break in the vocalization, the
computer would proceed with the next item, and the subject would /
qukickly éfaill behind. :Subjects thus 1learned t:hat Qmooth and

correct vocalizations were required if they were to pass Sound

~
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Trap. Our subjects were generally able to maintain high accurac§

in Sound Trap (e g., 808% - 90% correct), even at their fing l

rates of spézd. ' : ffv
. j

’ jed . . 7

Iransfer of Training

Pseudoword.-and word pronunciation r..as.k_s The effectiven'é‘ss

of Racer in training efficient decoding was evaluated by testing

sUbJects' speed -and accuracy in pronounc1ng test listay of

pseudowords and words, before and” after training.

bseudoword wvocalization Jlatencies obtamed before and |

, e
training are shown in Figgre_3.2a for the groups of subjecﬁs who

»‘}‘

did or did not receive prior Speed training. The accuracy of
pronunciation is shown 'in Figure 3.21. There were Significant

reﬂuctions in RT follow1ng training, with F  =8. 99, p<, q4 for
1,4
the main effect of training. There was also a Significant

interaction between: syllable length and training, with F E
1,4
ion the

19.7,

p<.ﬂ3. Priofﬁ“to training, . %wo—syllable words took,

‘average,_ 245 msec longer to decode than one-syllablF words.

Following training, there .were no differences in /flatency
associated with »variations in syllable length. Subjecﬁs in the
group ‘given prior Speed training had shorter prongnCiation
latencies in the pretest (798 msec) than d8id those w1thfno prior
training (987 msec). - The two subjects in the latter griup also

showed larger effects of Racer training in the p eudoword

pronunciation task. However, the number of subjects 1n.the group

s
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Figure 3.20. Effects of Racer training on mean pseudoword
‘ ‘ vacalization onset latencies for correct
e \\ ) pronunciations. Subjects in the prior training
s s = -
. group completed training on Speed before
beginning Racer training.
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was small and the group by training interaction Wéa, only
marginally significant.(F =5.68, p=.877).
. 1,4 .

- v

The decreases in pronﬁnciation RT as a result of ﬁﬁ?ininé

were not the result of subjects' acceptance of more prdnunégation
errors. In Figute ' 3.2 the mean percent of ‘gorréct
pronunciations for the two/a?;ups combined is shown. (There were-

no group differences in pronunciation accuracy.) ~Training-

-
3

actﬁally led to a 15% increase in..accuracy} howeveg;»these
effects of training on abcuraéy were not stqtiéﬁically
significant. In the anélysis'of each subjéct;s responseg, four
,of the six showed subﬁpantial improvément in accuracy, and two
subjects, whose accuracies were above 90%, showed no.furthe}'
improvement. The final accuracy levels ranged from 69% for

subject JS to 98% for subject OD. .

Results for the ngxdmgggnungia;ign task were similgr, and

L v . .
are shown in Figures 3.22 and 3.23. Following training, an

average latency of 515 msec was Obiained, and the difference in
latencies for one- “and two-syllable words was reduced from 194

msec before training to 66 msec followiné training. The main
j. ) N . .

effect of traihing on mean RT was siagificant, with F =19.87,
1,4
p=.03. Again, su:}egts given prior Speed training had shorter

RTs in the pretest than ‘did subjects with no_prior training, and
their RT was less influenced by the syllable length of the takéet

word. Following training, there were no difféﬁences in

-

~

x
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performance for these two groups. However, neither the group by

training“(F =3.93, p=.12) nor the group by syllable \1ength

1,4 . _
(F =4.14, p=.l1l) interaction was significant. There were also
1’4 '
increases in accuracy which are shown in Figuré\ 3,23. The

effects of training on accuracy were not significant, however
(F =3.89, p=.12). 1In the analysis for individual subjects,
fivé of the six subjects showed significant ré?uctions in mean RT
fpr pronouncing words, and all subjects,whq\were not at asymptote
prior to training showed increases in accuracy as a result of
training. The pre- and post-training accuracy percentages for
each subject were: 42-72 (Js), 78-89 (MG), 98-98 (KG), 96-94
(OD) , 80-88 (Sz) and 76-94 (RF). Our conclusion is that Racer
training not only enabled our subjects to ,develop highly

automatic procedures for- decoding words, it enabled them to

dévelop'greater accuracy in their decoding as well.

Unit detection task. We also evaluated the effects of Racer
training on development of the perceptual skill addfessed in the
Speed game. tae found that Racer tfaining, hich did not , provide
any explicit feedback concerning the perceptual skill, was not
effective in developing this subskill, even though it is
,iyplicitly involved in word decoding. The pertinent results are
showh in Figure 3.24. Mean unit detection latencies didv not
change as a result of Raqér training. However, there were
significant effects attributable to item »type (target, ’simila;

l’ and dissimilar foils) and to group (prior Speed training or no

,, ‘ ‘ - 119
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v Fiéure 3.24. Effects of Racer training on mean RT for unit
; ", . detections. Mean RTs are for correct responses.
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’

prior training), with F =13.1, p=.003 and F =10.6, p=.03,
' 2’8 1’4 .
respectively. Our conclusion is that effective training systems

must provide feedback that is explicitly éorrelatedeith the

skilled performancg that is to be acquired.

© - N

Span of aapxehenaign. Transfer of Racer training to the
N visual span task occurred for some but not all subjects. For
example, of the six subjects, three showed significant increases
in measureé‘ of yisual span-the average length in letter spéces"
of text they could report when reading-a briefly expgsed phrase.

The pre- and posttest spﬁns for these shbjects_were: 15.86 - 17.2

(KG; F =7.7, p<.8l), 11.7 - 14.2 (Sz; F =8.8, p<.805),
1,156 1,156
\ and 8.9 - 11.2 (0oD; F =14.6, p<.@80l). But two subjects
1,156
showed decreases in visual span: 8.9 - 5.7 (Js; F =23.5,
1,152

. p<.8#l) and 15.9 - 13.8 (MG; F =8.3, p<.085). The three
‘ 1,156 A

subjects showing increases in span were also those who achieved

the highest levels of efficiency in decoding words at the end of

theit Racer training.

While there were individual differences in the effects of
training on the measure ‘of span, in ggheralqsubjects showed a

reduction in RT for réporting words and phrasés in the span task.

The mean RTs are shown in Figure 3.25,- The main .effect of

training approached significance, with F =6.46, p=.06. Results
_— 1,4
%i ) of analyses for individual subjects showed significant training

' effects on ‘latencies for four subjects, and nonsignificant

¥ ' — N . . . «
. | - , v p
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reductions in latency-for the remaining two subjects. Two of the

subjects -(JS and MG) who showed significant decreases in RT of
442 msec (JS) and 203 msec (MG) also showed decreases in visual

span following  training, suggesting a trade-off.of speed for

. accuracy.

Inference tagk. There‘were no general effects'’ of Racer

training on speed or accuracy of performance on the inference
N 1
task; nor were there any significant changes in reading rate. In

the individual analyses, there were no significant changes in the

number of connectives correctly identified or in reading rate.
& ' )

However, ,three subjects showeg significant reductions in'RTdfor

(]

judging appropriateness of connectives. Pre— and posttest RTs

for these subjects were: 2586, 442071 msec (IS, t =21§;;a‘q, p<.05) ,

17
2366 - 1644 msec, (Sz2, t= =7. Zé, p<.P01) and 5136 -gk§§15 msec
29
(OD; t =3.25; p<.@05).
26
- Summary. The effectiveness of the Racer system for

improving subjects® efficiency in decoding words was clearly
demonstrated for every subject in our sample. While training

focneed on improving speed of responging with controls for

* accuracy, there were dains of about 15% in ”accuracy of
pronuncjation, with final acchracy levels in pﬁonouncing words

averaging .84%. ‘Transfer of word decoding skill to a pseudoword_

pronunciation task indicated that subjects had acquired an

‘ability to phonologically decode orthographic patterns of English.

N
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as ﬁell as to efficiently identify words. There was no evidence
of transfer of training to a perceptual subskill involved in
decoéing as  indexed by the unit detection task. T?ansfer of
trainingfto general méasures‘of reading,skill, namely'the visual
spap and inferential processing tasks, was not a general finding
altﬁough instances of transfer were found  for individual

subﬁects,

4
§

3;4§ Ski-Jump Training

[

- Individual trainiq% records for Ski-Jump training are.
presented in Figutes 3.26 throuéh 3.39 (a more detailed adcount
of training is given by Gillotte, 1983). Thé'first four éubjects‘
(J8s, KG;- Mé; OD) received prior training using the Speed and
Racer systems while the final three subjects (EK, LN, AC) did
not.  The even-humbered figures (3.26, 3.28,%..,3.38) present
mean RT for each training session for responses that were
correct, Recall that the RT includes the total time.from the
initial flaéh.of the target word (presented with pre-and post- -
exposure masks) until the subject'Féépohds.- Successive flé§hes

of the masked stimulus occur during that interval, with flash

durat;fns starting at 18 msec (1 "paint” of the screen) and

incremented by that amount on each succeeding flash. Stimulus
\ NT -

onset , asynchronies were initially 2800 msec., and were decreased
during the course of training on a schedule determined for each

subject on the basis of his or her performance. Subjects began

124
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o SKIJUMP TRAINING
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Figure 3.26. Ski-Jump tralnlng records for subject Js. Plotted are the mean RTs ]
for each training sess1on for (a) high probability tarqet words prééented
as the last or next-to-last test item, (b) low probablllty target words
presented as the first test item, and (c) foils or words which are - o
unrelated to the context. Session 1l-R employed high constralnlng contexts,
and the remalnlng sessions, low constraining contexts.‘ _
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Figure. 3.28.
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Ski-Jump training records for subject KG. Plotted are the mean RTs for each

tralnlng session for (a) high probability target words presented as "the last

or next-to-last item, (b) low’ probability target ds presented .as the first
test item, and (c) foils or words which are unrelaged to the context,

Sessions 1-7 employed’ high constralnlng contexts, a
low constralnlng contexts.

¢

the.remalnlng se551ons,‘

1se




8¢T

PERCENT CORREPT, 50, 1

Figure 3.29.

- low probability targets, and foils. Séssions 1-7 employed-high_constraining : 7’:-;

R | SKIJUMP TRAINI <o
T 6 ~_8_..3..8. -8 6 ©o
100, T )f/ﬁ 8 @<§/q\ °
g.1 © ° . | >
80, T '
70, T
é@ T 3 )

v

4et“- /- A\\ — v
3.7 A~a 4
20,7 -
10. 1 |
0+ ————+— e R

0. 1. 2, 3, 4. 5, 6. 7, 8 ¢
) | 'SESSION
—&— HIGH PROBABILITY

--0-— LOW PROBABILITY
—A— FOIL |

Ski-Jump training fec’ords for subject Iéf; Plotted is the mean enb of . ,“\7?
correct semantic appropriateness judgments for high probability targets, - s

contexts, and the remaining sessions,Qiow‘constraining\contexts.




6¢l

Figure 3. 30.
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Ski-Jump training records for subject MG. Plotted is éhe_mégﬁ‘percent of

correct semantic appropriateness judgments for high probability targets, low . a
probability targets and foils. Sessions 1-6 employed high constraining’ _ 1410 v
contexts, and the remaining sessions, low constraining contexts.
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Figure 3.36. Ski-Jump training records for subject LN. Plotted are the mean RTs for each
training session for (a) high probability target words presented as the last
or next-to-last test item, (b) low probability target words presented as the
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. P low constraining contexts. : , : "
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training with context sentences that were classified as highly

constréining fbr the semantic domain of the target (words.
Approximately half way through tiaining, they were switched to
more difficult, less constraining sentences. Thé three dependénp
vafiables plotted are mean RTS for~ foils, mean RTs for high

‘probability target words (which occurred last in the set of test

+
5 |
|

words for a given sedtegce), and, most important, mean RTs for
iow‘probability targeté ccﬁrring as the first test item (the one’
immediately_ following the presentation'of the context sentence).
Finally, the odd-numb®red figures (3.27, 3.29,...3.39) present,
for each subject, the mean percent of correct‘judgments of -
semantic acceptability for the high and 1low probability targets
and foils in each traibing session. &
4 ‘
Some general features of these training records are W
noteworthy. At the beginning of training, subjects were much
faster in judging high probability target words than they were -
» low probability targets presented immediately after the context
- sentence. Performance for these low probability targets is close
to that for foils -- words unrelated to the context and, by
definition, incapable of cobtextual priming. Performance on the
high probabiiity targets, - which were presented at the end of a
series of target items, :eflects the degree of priming poassible
for a subject after‘viewingbnot only the context sentence, but

also a series of exemplars of the constrained semantic domain.

Successful training should result in improvement in performance
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on the immediately-presented, low ©probability targets to the
point that RT for those items will approach the RT for the high
orobability targets. The perfosmance of our subjects in the
final session of practlce conforms to this pattern. At the end
of training, RTs for high and low probability targets are nearly

the same, and are subs;antially faster than those for £56ils. The

~mean RT (averaged aeross ‘seven-stbjects) at the end ~of ~~training

was 430 msec for high probability targets, 572 msec for low

probability targets, and 1083 msec for foils,

\

. In addition, the training records show an initial 1large
decrease in mean RT for foils as well as targets, foilowed by a
period of more gradual but steady improvement in performance in
wh%gh RT for low probability targets continues to decline whrle
that for foils reaches a plateau. 'The final 1eve1s of
performance attained by our sub]ects represent extremely fast
reaction times,'particG}ariy’slnce the task involves a visually
masked stimulus as well as'a judgment of(semantic appropriateness

which itself involves recognition of the target word.

While all subjects maintained high levels of accuracy for
target words, there was greater'variability in their accuracy in
rejecting foils. Two subjects, OD (Figure 3.33) and AC (Figure
3.39) appear to have accepted a h%gh number of errors in order to
further reduce RTs in the last’ 5-6 training sessions. The other
subjects maintained consistent 1levels of accuracy'over those
training sessions, . :
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Context priming task. Skill imprbvementS'resultiﬁg from
training with the Ski-Jump game were assessed using a context-
priming task similar in form to the Ski-Jump t:aining task.

Subjécts read a context sentence and were then presented target

words in a series of rexposures beginning at 18 msec and

‘incremented by 18 msec on each «subSequent exposure, Each
exposure was preceded and followed by a masking stimulus. The
subjecqs§ tasﬁ was to judge whether or not the target WOtd fit
the preceding sentence context. The subjects in the analysis of
variance included four whd)?ad prior training,on Speed and Racer,
and three w;th no prior training. The  results are shown in
Figure 3.490. Subjects in béth groups shQﬁed large decreases in
RT, reaching postéest levels of 6@0-900'msec.v The main effect of

2

training was significant with F =22.3, p=.005. The improvement
in performance inéluded low proéégility target woids as well as
high probability words, hFinally, there was a significant 3-way
interaction of group, training, and context (F =7.60, p=.04).
Subjects who had not received prior traininglii perceptual and
word decoding skills showed a higher initial mean RT on the - Ski-
Jump<ﬁcriterion task, and a larger benefit of training, reaching
final levels of performance similar to those “of the previousfi
trained subjects. Each of the context sentences employed}in the
criterion task invd;ygd a unique semantic domain, és had the

materials used in the Ski-Jump training task itself. Thus, skill

141
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improvement cannot be attributed to knowledge of the semantic

domains of the sentences.‘themselves,( Rather, it can Dbe
attributed to the "development of ‘a general facility for
establishing and using frame-based activations of concepts in
semantic memory. Training effects may also be attributable to
improvements in ability to judge the semantic'appropriateneSS’"of'
targets, but our results argue against this as the primary source
of the effects. While the semantic decisions themselves were
designed to be easy in that fine distinctions in meaning were‘pqt'
required, the most difficult judgments of semantic acceptability
remained those for foils. Inéeed,‘the effects of training on RT

for foils were smaller than those for targets and were more

restricted to the early training sessions.

=

Reference group experiment.  The magnitude o&:he skill
improvements on the Ski-Jump criterion .task can be demonstrated
bx comparing the final perfofmance levels of our trainees with
levels achieved by foufureference groups of untrained subjects
who differed greaély in their reading abilities. Gillotte (1983)
compared the performance of four groups of feadgrs representing
the following percentile fanges on the Nelson Denny Reading Test:

(1) 2-17, (2) 22-42, (3) 71-80, and (4) 90-99. The -results are

shown in Figure 3.41. There was a significant interaction of

readers' ability 1level and 'target probability (F =4,49,
'. 3,11 "
p=.0827), and a significant main effect of target probability
. (F =13.9, p=.003). Cbmparing our trainees with these
1,11 ‘ .
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reference groups, we see that their initial mean RTs were similar
to those for group 2, and their final levels of performance

exceeded those of the highest ability readers.

Unit detection task. The effect of Ski-Jump training on the
developmqpt of perceptual subskills of reading was evaluated
using the unit detection task. Mean unit detection latencfes are
shown in.Figure 3.42. Again, there weie two groups of subjects:

those who had prior training with Speed and Racer, and those héd

no prior training. There was a significant difference in mean RT }

for the two groups (F =14.6, p=.0l). Subjects who had
1,5 ;
completed their Speed traiﬁing several months before continued to

perform at asymptotic levels on the unit detection task with a

mean RT of 218.msec. The..€orresponding mean. RT for subjecfs who
had not been previously trainéd was 486 msec. While the main
effect of Ski-Jump training on unit detection was 'not
significant, there was a significant interaction between subject

group and Ski-Jump training (F '=12.2, p=.017). While there was
1,5 . -

a 105 mgec decrease in mean RT for targets for the group having

no prior training, there was no change in performarice for the
trained group which was already performihg a?-an asymptotic
level. Analyses of‘ performance for individual subjects were
consistent with the group results f@ported above. There were
significant training effects for all three subjects who had not
received priér Speed and Racer trafning. Their pre- and posttest

RTs on correct trials for words that contained the target®unit

~
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were 381-347 msec (EK; F =5.4, p<.085), 458-312 msec (LN;
1,123
F =122.3, p<.001), and 627-485 msec (AC; F =32.0,
1,219 1,240
p<.0881). The first two of these subjects, EK and LN, also showed

significant improvement in percent of correct responses; their

pre- and posttest scores were 86% to 92% (EK; F =7.8, p<.8l),
1,213
and 91%-97% (LN; F =20.9, p<.080l). The third subject, AC,
1,219 .
showed no change in accuracy, -scoring 87% in the pretest and 88%

in the posttest. Of the four previously trained subjects, thre
‘ showed changes in latency for detecting targets of less than/10

msec, and the fourth showed a small (39 msec) increase/ in

( )

detection latency.

-

A comparison of the uhit detection and Ski-Jump tasks offgrs
an explanation for the effects of Ski-Jump training on the
development of perceptual skill. Both tasks employs masked
stimulu words as stimuli and gequire 'rapid encoding of

S

orthogr ic information for successful task performance.

However, while the Ski-Jump game provided some opportunity to .-

develop thé’perceptuai skill, it was not as_,gffective a training
environment as the Speed game. It may be, however, that prior
training on Spéed need not be as ‘thorough or prolonged if
trainigg on Ski-Jump is to follow. Subjects who have developed
automatic peréeptuél skills but who have nbt yet »reacheq An
asymptotic‘\level,of performance would be éxpectéd to continue to

develop the perceptua1~suﬁskill while perfotming the Skifﬁhmp

task.
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Pseudoword and word pronunciation tasks. Effects of Ski-

Jump training on the pseudoword pronunciatiog/;ask are shown in

Figure 3.43. Theré were no improvements in decoding skill for

trainees who had no prior training in decoding and who presumably

had not developed automatic decoding skills. ngditionally, these

subjects had longer RTs for two-syllable pseudowords than for

one-syllable items. 1In contrast, trainees who had received prior
N
training using the Racer system continued to show small

improvements in speed of pseudoword deéoding, and showed no

performance differences for one- and two-syllable items before or-

after training. However, the anaiysis of variance produced no

significant main effect 6% training, and only a marginal

interaction between group, syll e length, and training, ﬁf&h
Br

F =3,57, p=.12. The analyses variance carried out for
1,5
individuals produced results that were consistent with the group

R
_results. For the group that had no prior training, two subjects

showed no change in pseudoword RT and the third showed a small
increase in RT. For subjects in the group . that receiveé prior
training on Speed énd’Racgr: one subject (JS) showed a general
reduction in pseudqword RTs,Lwith pre- gnd posttest RTs of 1057
msec and 828 msec (F =17.8, . {.EES); one (OD) showed

) , 1,144
reductions in RT for pseudowords derived from high frequency

words (from 404 msec to 258 msec) and for 2-syllable pseudowords

derived from low frequency words (from 354 to 257 msec) but not

foi the one-syllable items derived from low frequency words (for

148 .168, ' <

~




PSEUDOWORD CRITERIOE§¥h5KxSKIJumP
1100 T |
1050
1000 T
950 T S
_ 900 T . - .
| QJ/ , 850 T A - o
MEAN RT(MSEC) 800 T - ,,,—«—"”””’/”” ¢
750 T g |
700 ‘
650 T g
600 T
; 550 T
500 T
450 = =
PRETEST POSTTEST

—O— { SYLLABLE - PRIOR TRAINING
—A— 2 SYLLABLES - PRIOR TRAINING
— @& — 1 SYLLABLE - NO PRIOR TRAINING
— A — 2 SYLLABLES - NO PRIOR TRAINING
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had completed Speed and Racer prior to undertaking Ski-Jump.

163




Bolt Beranek and Newman Inc.

9

the frequency by training by syllable interaction, F =5.23,
p<.85). The other two subjects showed no reductions 1% éé? one,
MG, showed a significant increase in mean RT from 534 to 68;>msec
(F =17.1, p<.@8@5). Our tentative conclusion is that although
anl’égzomated subskill such as decoding may continue to be
exercised in the performance of a higher level training task such
as Ski-Jump and therefore be further improved, such a training
environment is far from an optimal or reliable in developing such
subcomponents: direct and immediate feedback gg;;gla;g_ w1th
subskill performance is required for efficient training of

decoding skills. (l

Effects of Ski-Jump training on accuracy of pseudoword

decoding resulted in a marginally significant 7% improvement in
-~ ,

accuracy (F =4.28, p=.89), andan interaction of frequency and

~ 1,5 .

syllable length (F =5.94, p=.06). Two-syligg}e pseudowords
1,5

derived from high frequency words were slightly easier to decode
than were the other items. There were no other significant

effects of group, nor were there sij icant interactions of

group or training with the other /factors. Performance was

5

uniformly accurate with an average of 89%.

. There were no significant effects of training on accuracy or
speed in the word pronunciation task. In this task, the mean
pretest RT for previously untrained subjects was 675«msec, while

it was 492 msec for the previously g%ained group. The posttest

150
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latencies for the two groups - were 628 msec and 527 msec

. v -
respectively. The only effect to even approach significance in

the analyses of mean RTs was the interaction of group, syllable

Tw,

ne-syllable w ds' for
kkkkkhkkkdk :

length, and training (F =3.41, p=.14).
1,4
produced a greater mean RT (+71 msec) than

two of the previously untrained subject
reverse was the case for the previously traihgd subjects (-51
msec). There Qere no significantAeffects of Ski-Jump training on
mean RT or on theAmagnitude of the syllable effects in the word
pronunciation task. In the analyses of word pronunciation

latencies for individuals, there were significant reductions in

latency following Ski-Jump training for two subjects, one

previously untrained, LN 1556-47ﬂ msec, F =11.45, p<.pol),
1,144 &

and one previously trained, JS (1657-820 msec, F =8.68,

: 1,144

p<.0865).

Span of apprehension. Training on the Ski-Jump system led
to a marginally significant improvement in wvisual span from a
mean of 11.5 letter spaces in the pretest to 12.8 letter spaces
. in the posttest (F =3.71, p=.11). In the analyses, of mean span

1,5
for individuals, four subjects showed significant or marginally

k]

able _words

significant improvements following Ski-Jump training: AC (10.6- .

14.25 letter spaces, F =32.6; p<.ﬂﬂ1§, JS (5.6-8.0 letter
. 1,150 )

kkkkkkhkkkk

Posttest data for the third untrained subject!/were-
lost due to equipment faijlure.
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spaces, F  =12.9, p<.805), MG (13.7-16.4 letter spaces,
1,150 :
1,156
F =2.86, p<.19). The other subjects showed no sigﬁificant
1,156

changes in visual span; their pre- and posttest measures were
7.9-8.4 (EK), 11.2-11.2 (OD) and 17.2-15.7 (KG). Subjects KG and
LN were near the ceiling on the span measure, even on the

pretest.

in the analysis of respohse latencies, there were no
signifiéént reductions in mean RT in either the group analysis or
the individual analyses.  Thus, effects of Ski-Jump training,
when they occurred, were on the amount of information encoded
within a‘ fixation rather than on tﬁgjlatency in reporting that
information. This is in contrast to the effects of the Racer
training on this measure. Racer effects were felt more generally

‘ '

on speed of responding, and less generally on width of.the visual

span.

Inference task. The inference task y?%%ded three criterion
measures of reading skill. The first two -measures of
comprehension were concerned with the ability of a subject to
infer a high order relation among sentences that was not
ex%}icitly marked and to select a conjunction that appropriately
r%presented that relation. The first measure was thé percent’ of

correct selections of an appropriate conjunction and the second

*
was the mean RT for making these selections. The mean percent of
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" ,

correct judgments and mean RTs are given in Figures 3%E¥&Q?d

3.45, far the two subject groups. Referring to Figure 3.44,

N

there was a significant main effect of training on(Ski-Jump

(F  =7.81, p=.04) and a significant interaction of grBup and
1,5 - q
training (F =9,67, p=.03). The group that received prior
1’5 R 1 : .

training using Speed and Racer had a higher initial accuracy

level, and showed no change in accuracvaith practice aon Ski-

Jump, In contrast, the group not previously trained had a lower

. injtial lev%l of accura¢y, and showed a 23% improvement following

7

a4

Ski-Jump training. The results of analyses for individual
subjects were consistent with this group result. The previously
untrained subjects showed pre- and posttest scores of 50-60% (EK;

N2
Z=.64, p=.26), 55-90% (LN; z=2.69, p=.003), and 60-85% (AC;

-2=1.84, p=.03). None of the previously trained subjects showed

either significant improvéments‘ or declines in accuracy of
judging appropriate conjunctions. Mean RTs for the two groups of
subjecés on this tas& are shown in Figu;e 3.45. While there
appears to be a substantial difference in means for the two
groups, the effect of prior training is not significant
(F =3.81, p=.1l1l). There were small deéreases ih mean RT for
bo%ﬂsgroups. In the analyses carried out fp; individuals, two
subjécts showed significant reductions in mean RT following Ski-
Jump ' training; subject EK improved from/ 6.37 to 4.35 sec
(t38=3.28, p=.001) and subject MG improved fidm 2.40 to 2.00 sec
'

(t =1.67, p=.05). - '
38 ~
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in the inference task obtained by subjects before and after training

on Ski-Jump. SUbJeCtS in the prior training group had completed
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Figure 3.45. Mean RT in judging appropriateness o conjunctive expression
' in the inference task obtained by sybjects befaore and after
training on Ski-Jump. Subjects in./the prior training group

d had completed Speed and Racer priof to undertaking Ski-Jump.
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.

When improvements in performance on the inference task
occurred, they were not accompanied by increases in RT for making
judgments. - o | ]

4

Our final.criterion measure was the time required to read

.. the final sentence in the inferehce task. This measure, in msec

per word,'giVes a general iﬁdication of a subject's reading speed
(which is actually the inverse of rate) under conditions where
there is a demaﬁding comprehension requirement. The results aré‘
shown invFigure 3.46. There was a significant main effect of
Ski-Jump training (F =7.26, p=.84) and a significant grdup by*
training interaction.(%’51=7.34, pP=.04) . Subjects receiving only
Ski-Jump training showéc’i5 no change in reéding speed, while
subjects who were given the entire sequence of training on Speed,

Racer, and Ski-Jump showed an 84% reduction in reading time per

- word, xhese same subjects had shown no reduction in reading

speed following Racer trainiﬂd. Training in the Ski-Jump task
following traihing in decoding - appears to have encouraged
consolidation of decoding aﬁd combrehensioq‘ékills, as manifested
in " increases in reading speed without loss of comprehension in

the inference task.

. Summary. The Ski-Jump game requird%\ subjects to combine
perceptual and word recognition skills, and to simultaneously
make uSe_of the semantic context provided by a sentence frame to

faéilitate 'lexiCal identification and semantic interpretation of

156
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Tigure 3.46. Mean reading time in msec per word for the third sentence used in
“ o the inference task, for subjects before and after Ski-Jump training.
E ' © The third sentefice contains propositions that are logically,
P : temporally or cadusally related to proposition in the first two
sentences. Subjects .in the prior training group had completed
Speed and Racer prior to undertaking Ski-Jump. ‘
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a target word. Masking of the taxget-word forcay the subject to

rely on semantic context. As the ﬁubject prcgresses in training, Py

the constraining power of this - context is’ reBEE§a7~=gnd, the

subject . must learn to employ more general constraints that focus
on semanfic classes of words rather than individual lexical,
categories. Our evaluatiqn of skill acquisition following lﬂ;ld
.practice sessions using Ski-Jump indicates that all subjeéts
improved in Dtheir ability to . establish and use frame-based
activation'of concepts in semantic memory. Ski-Jump trainingb
also provided . some opportunity to gevelqp perceptual en?oding»
skili, althoagh it was not as effective a training edvironmept as
the Spéed~game for developing that skill. ~The effects of Ski-
Jump training ion decoding skill were restricted t9 subjects who
had already had the bpportunit§ to puild efficient word decoding
skills using the Raqef system. Ski-Jump training also haid some = -
impact on our more general criterionsmeasures of reading skill.
Four of our seven °“subjects showed -improvement in span of
apprehenéion, and four showed improvement in acduracy, or RT on T
the inference tésk " Since the specific. skllls required for
1nf§ir1ng hlgh order relations among sentences were nhot addiessed

by the training systems, we 1nterpret such gains as evidence of
forward transfer of lower-level contextual priming skills to
higher order analytic processes. For 'example; priming of
concepts in sgmantic memory might facilitags' th? tracing of

collocative references and the reinstatement of propositions that ’

158
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are linked through such referential relations. These processes
could contribute, in turn, to the _establishment of high[ order

relations amomg propositions. Finally, subjects who completed

the xentire Speed-Racer-Ski 'Jump traihing sequence showed
. significant increases in reading rate, from an average of 168 wpm
to 199 wpm with no drop in comprehension (65-66% aecuracy), as
measured by the inférence task. This suggests that imprqvememrs

in the 1level of automaticity of multiple skill components can

reduce the effort required in reading text for comprehension.

3.5 Cumulative Summary of Performance for Sub]ects who Completed
the Training Sequence. J

Cumulative summaries bf pretest amd posttest performance on
each of the criterion measures are given in Tables 3.1;3;4 for
- each of the subjects who completed. the entire training sequeneeiﬁ
Subject Js (Table 3.1) showed an improvement in speed and
accuracy of urit -deteetion' following Speed training, and
maintained high levels of performance throughout the remainder of
the sEudy. He showed transfer of speed tiaining in his
“bseudoword pronunciation. accuracy, ‘gﬁr this ‘éain waéL not
‘maiﬁtainee following the 6 month interval between the Speed and

]

Racer training experiments. . | Racer training resuiteda in a
039. >

substantlal improvement in accuracf of decoding pseudowords (from-

16% 69%) “but w1th no reduction-in pronunciation latency.

“Subsequent txaihimg\ on ' Ski-Jump resulted in' a substantial
o 8 '

Q . a . Py
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Table 3.1
Cumulative Summary of Performance: Subject JS
- . . ™~
Criterion . Speed Racer Ski-Jump
Measure Pretest Posttest/Pretest ‘Posttest/Pretest Posttest
"Unit Detection .
" RT 323 msec. 288 mgec. 246 msec. 253 msec.

ACC 77% 85% ?e 84% 85%
Pseudoword Pron. ' o

RT 1300 msec. 1467/1522 msec. 1639 msec. 1126 msec.

ACC 13% 41/16§ 69% 73%

Word Pronunciation _ ,

RT . - . 1119 msec. * 1057 .msec. 820 msec.

Acc ’ -- 42% 72% 79%
Context Priming * : ; ‘ '

HCC - N 2770 msec. 1000 msec.

.LCC - - 2267 msec. 1150 msec.

All - -- 2445 mgec. 848 msec.
Span of Apprehension -

No Text 7.9 letters 8.1 letters 5.5 letters 7.7 letters

Text 5.6 letters * 9.7 letters '5.8 letters 8.3 letters |
3
Inference ,

AcCC - 35% / 50% 45%

RT - 2586 msec. 2071 msec. - 2501 msec.
Reading Rate - 227 wpm 214 wpm 588 wpm
Nelson-Denny

Total 32 -- - 3 35 .

Percentile 109 - - 11

/-
“ -
¢, . g
- . % .
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' : _ ‘Table 3.2

‘ N, "
' Cumula®™ve Summary of Performance: Subject MG
Criterion Speed ) Racer Ski-Jump
Measure Pretest Posttest/Pretegt Posttest/Pretgst Pbsttest
[ Unit Detection . ’
: RT 288 msec. 194 msec. ¢ 235 msec. 224 msec.
ACC 91% 80% 91% « 90%
t Pseudoword Pron. ) . . i
RT 807 msec. 1022/773 msec. 533 msec. 689 msec.
’ ACC ‘ 62% 78%/66% 75% 95%
| Word Pronunciation &> .
; . RT - - 697 msec. 428 msec. 465 msec.
[ ACC . - 78% 89% © 98%
_ Context Priming ) i - . _ :
. HCC - - ‘ 543 msec. 382 msec.
t LCC - - 1060 msec. 727 msec.
All - == 847 msec. 54% msec.
- Span of Apprehension ) . v’\\b
| No Text 14.2 letters 15.1 letters 14.2 letters ©15.7 letters
Text 15.7 letters 16.7 letters 13.3 letters 16.8 leiters
l Inference . o -
R Yoo -- 80% 85% 75%
RT : - 1961 msec.. 2404 msec. 2005 msec.
{ ‘Reading Rate - 101 wpm 91 wpm 106 wpm
B Nelson—Denny/ '
} . Total 39 h—-- - 61
Percentile - 29% Q- - 54%

o




Table 3.3

Cumulative Summary'of Performance: Subject KG

Span of Apprehension .

17.2 letters :

Cfitgrion .'Speed Racgr ) Ski-Jump ¢
Measure Pretest Posttest/Pretestl Posttest/Pretest Posttest
. K ’
Unit Detection ‘ ‘ :
RT 362 msec. 194 msec. _ 217 msec. 256 msec.
ACC 90% - 74% ' 84% 90%
, . _ - )
. Pseudoword Pron. . : .
" RT 1402 msec. 500 msec. 477 msec. 450 msec.
Acc 89% 91% 94% 94
Word Pronunciation ,
RT 736 msgc. %03 msec. 314 msec. 348 msec.
ACC 90% - 98% 98% 98%
. . .
Context Priming 1y . , : '
" HCC. - - 1920 msec. 1091 msec.
ce * - - 636 m: 873 msec. .
All -— -~ N 1251 msec. 794 msec.
& . ,

" No Text 12.9 letters 15.7 letters 16.2 letters
- Text 14.2 letters 14.4 letters 17.2 .letters .15.2 letters
Inference ' . ) o
ACC ~ 40% + 65 55% . 65%
RT 2572 msec. 3075 mRec.. 3555 msec. 3412 msec.
. ' 3 v
Reading Rate 132 wpm 147 wpm _ 116 wpm 588 wpm
Nelson-Denny
Total 30 - - < 22
Percentile 14% - - 6% s
»
Iy
%,
’ ’ .;
. >
hE2
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Table 3.4

Cumulative Summary of Performance: Subject ODp

Criterion 7 Speed Race; Ski-Jump
Measure Pretest Posttest/Pretest Posttest/Pretest Pretest
- )

Unit Detection )

RT : 315 msec. 182 msec.’ 174 msec. 171 msec.

. Acc “91% 85% . 83% 78% !

Pseudoword Pron.

RT 595 msec. 398 msegqg. 355 msec. 289 msec.
ACC zt:f 80% 95% 98% 99%

Wordlﬁronunciation
RT 589 msec. 306 msec. 341 'msec. 312 msec.
ACC" 85% 96% 94% 98%

" Context Priming _ : .
HEC - - 3278 msec. ‘1524 msec.
LcC . L <18 - - 1917 msec. 718 msec.
All . - - 2597 msec. 1121 msec.
, )

‘Span of Apprehension E
No Text 8.8 letters 9.5 letters 10’4 letters 11.3"lefters

® Text 9.5 letters 8.3 letters 1250 letters 11.1 lé&tters

Inference ¢ ) o
Acc 70% . 65% 75% 75%»

RT 6132 msec. 5136 msec. 3315 msec. 11 msec.
. o .
Reading Rate 89 wpm 79 wpm 78 wpm 137 wpm
o 4 -

Nelson-Denny : ) °
Total . 36 - - -
Percentile 26% - \ - -

q
» G
~

B - . '

o ,‘ N
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s
!

decrease in decoding latency with yet another small increase in
accuracy (to 73%). JS's éccurac§ in word pronunciation increased
from 32% to 72% following vR;cér training and . his latencf in
prpnunciation showed a decrease as a resﬁlt of’Ski:Jump training.
Ski;Jumpr training &dlso resulted in a substantial reduction in
latency in . the <context priming task’ on the priticai (low
probability) target words. This reduction occﬁ;red for both high
and low constraining contexts. On the span of ‘apprehension task
there was an overall increase in span fdr the -.context condition
but the gain was modest in size. Subjéct Js showed no chgnges in
’accuracy or latency in the inference task, and no change in

Nelson-d;nny test scores (total of comprehension and vo&abulary).

Finally, though he showed an increase :in eading rate, it

occurred for ' a task in which his fed compreheamsion
(performance in judding appropriate connectjives in the inference.
task) was low. In summary, this subjéct has shown substantial
improvement in the perceptu%;, dgcoding; word recognition, and
cofitext utilization components of reading; however these gains

have not been reflected in\his comprehension and vocabudary test

scores.,

U -

Subject MG (Table 3.2) shbwed a reduction in RT for unit
etection follpwing Speed training, accompanied by an increase in

ccuracy and latency for pseudoword decoding. ' Racer training -
: (=N

resulted © in further improvement in accuracy and a dramatic

Y

‘ % ] _
reduction in latency for decoding words and pseudowords; however,

¢ x v 9
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these improvements were accompanied by an increase in unit

detection latency. Following training with Ski-Jump, word and

pseudoword decoding latencies remained 1low and accuracy of

decoding increased to 95%-98%. Ski-Jump traininggglsé brought a

substantial ~reducthi*g)n in RT" for recognizing and judging the
J :

semantic acceptabilityvof target words in the context task and an

increase jin visual span. No substantial changes in performance
on the inference tag%“;Zre shown, although this subject showed a
marked improvement in Nelson-Denny total score, from 39 to 61.

His final/;core corresponds to_the554th percentile.

Subject KG, althbugh falling within the 14th percen%ile‘on’

‘the Nelson-Denny test, showed high levels of accuracy in degoding

‘words and pseudowords aslweil as a wide span of , apprehension in
ihitial pretests. However, her initial"level of comprehension on
the inference task yfs low. Speed ‘tgaiﬂing resulted in a

substantial redﬁction in unit dgtection iagedcies, in part duento

r\\kﬁ\an_acceptance of mO{f errors (her accuracf'dropped from 90% to
B ;
74%) .,

showed a small increase in RT (66 msec) but a return to the

initial high level of :
. resulted in.a dramatic reduction in latency for  decoding poth
= words and -pseudowords,; accompanied by, inp;éages in accuraéy;
Racer trainiﬁgvresulted in a-further degréase in ;latencyzhwhich

was ,maintéined fbllqwing Ski-Jump training. Her final leyels of
g

}
performance in the decoding tasks were extreme high. Speed
165 R X . ..
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Her subsegquent 'performance in the unit deﬁection task

accuracy (9¢%). For KG, Speed trainihg
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training also resulted in an improvement‘ in her span of

t

apprehension under the no context condition, and in an inrease in
accuracy_from 40% to 65% on the difficult inference test. These

. ’ 3 '
performance levels were again achieved at the end of training.

Ski-Jump training primarily affected her performance on the
context priming task and her reading rate, which increased

dramatically. Howevefxithere was a small decline in her score on

the Nelson-Denny test. - BN

L3

Our last subject, OD (Table-3;f), initigfly showed a high
level of accuracy in décoding (80-85%), but had a narrow span of .
apprehension and a slow 'reading rate in the inference( task.

‘Tra1n1ng with the Speed system brought a substant1a1 improvement
2]

in RT in unit detectlon- this level of performance was ma1nta1ned

-

“over the 6 month,span of the study. Speed training also resulted
in ~at decrease in pseudoword. and word decodlng latencies,

accompanied by substantial 1mpr0vements 1n accuracy. Decoding .

0

accuracy continued at these high levels (94-98%) following Racer

training, and following Racer .and Ski-Jump practice there were

o

additional .reductions in RT for’deeoding pseudowords. ‘ Skl-Jump
. B <

1.’tra1n1ng also brought about a dramatlc impr6vementp1n t1me for
atecogn1z1ng and 1ntegrating target words in the context task ‘and/
.an  increase in reading rate. There were reductions in time for
makrng semantlc dec1slons 'about‘ theA appropriateness of

‘connectives in the 1nference taSk fol%£w1ng tra1n1ng on each of °

the games. : However, - the proportion of correctly judged
4 connectives did not change substantially. . o .

. . o 166 - B '
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* 4. DISCUSSION ' , -

4.1 Nature of the Skills Acquired

7

The design of our training study and, in particular, the use

— —oef-abattery of criterion tasks enabléd us to determine with some

specificity the nature of the skills acquired in'eaéhstraining

»

system. , ' h
. .

A Y

. , The Speed game was designed so that successful ‘performance
* necessitated the ‘development of perceptual skills. ' These could
. ¢ Y , .

- beof sevéral types:

&

1. "Unit’ detectors. Specific unit detectors may be
-~ -developed for each multiletter unit trained. . These
L . det@ctors are postulated to have properties similar to
‘ cognitive demons in the Pandemonium System (Selfridge, .
° , 1959) which act as mini-productions, performing their
* "functiqn whenever defining input states are encountered
. : (esg., visual features). According to this view,
improvements in performance should be specific to the
units trained, but not be 1limited to the detection
task. ) ’ -
2. ' ¢ application of prior ( .
Trainees may be learning to apply strategically their
prior knowledge of unit positY¥onal likelihoods to focus-
their attention on', specific portions of the target
words in the detection.task. Sueh a strategic skill
will suffice for those conditions in which a unit, =

; \ trained or untrained, appears reliably in the beginning
, or ‘emd of - a wordgbut will not allow for successful
e -performance far units whose positions are
. o unpredictable. This strategy should result in

.'successful perfofmance on a unit detection .task, but
- shou}d not transfer to tasks in which units are not

//;\ .  specified in advance. _
» 3. Shifts in criterion for detection. Trainees , may
develop . more lenient .decision criteria for detecting

2
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target: units. A shift in decision criteria can restilt
in performance improvements in detecting® units that
have not previously been trained as well as for trained
units, but the improvements should be reflected in
decreased RT accompanied by increases in the number of
false unit detectlons, that is, in the number of
errors. Shifts in detect®n criteria may benefit the
performance of tasks other than detection tasks if, in
general, the criteria of unit detéctors: have been
modifieds as a result of training. For subjects who
start out with high lev®ls of accuracy, this criterion
shift might result in an improvement in effic1ency of
unit - recognition, at the .expense: of only . small
increases in rates of false detections.. -

4. BAllodatiop~ of attention. T ees may be learning to
allocate attentional resources to improve effidiency of

- perceptual encoding, and to distribute their attention
across letter positions w1thgn a target word so as to
more rapidly detect units in the more difficult medial
p051t10ns. Both would serve to improve the quantity
and quality of perceptual 1nfq§mat10n that is encoded
under perceptually demanding conditions. Such a skill
would not be limited/ to the set of units that- have been
,trained, or to the defection task. ThUSf it could
contribute to 'succ?ssful performance in any task
requiring rapid encoding of orthographlc information in

% visual array. .

-

The results fop our training task and, more particularly; the

resuits for - our transfer tasks help us to decide among these
alternatives. ‘ =4

« If it were thé(iase that students w;re developing only unit
detectors, we would expect their performance on tiaingd units in
_ the detectlon tabk to be superior to that for uhtrained units.
However, oufj results clearly show comparable improvements 1n
'performancguﬁbr the trained and untrained units. Since the gains
on the trainéd and untraiqed units are of similar magnitude (132
and 91 msggﬁ respectively), wevconcludé that an explanation based

. : .

solely‘on.Ehe development of unit detectors is unsatisfactory.

’ 168 ’ : . q
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The second éossibility is ‘that subjects are learning a

-

strategy for applying their knowledge of orfhographic groupings.
Thisb leads to the predic;ion that succéssful performance on the
unit detection task will be limited to units occurring in
predictable, positipns,A t However, the’results rule agéinst this
possibility. Performance gains as a result of'training were as
’ | largg. fok the difficult units appearing in medial positions
within worqs_as'they wére for more regular units -appearing in
initial positions. The average RT gain for traiﬁed two-letter
units in medial positions was 133 .msec and for units ;% initial
positions it was i31 msec. Thus, performance'gains-for difficult

units in less predictable positions were equal td‘thﬁsegfér easy ¢
units- in predictable positions. 1In adﬁi;ion, if studenés have
aééuired a strategy based on applying orthographic knowledge,
then their performance gains as a result of training should be
limited to detection tasks, in which a targetﬁunit is specified
for each trial. However, th%fe was é%idence of transfer to
cr;terion tasks involving ﬁseudoyord decodiné and word
;ecogﬁition'énd to the span of apprehension task, “in which four
of the five subjéct; ’éhowed gains in either the amount of
- . .

information eported or RT. 1In none of these transfergtasks were

target arehﬁgraphic units pre-specified.
\ 5N Y

-

There was evidence that subjects were developing more

~

lenient detection crikeria for units. 1In general, while there '

were no significant changes in frequency of correct detections of
169 - |
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targets following ‘practice, there was a significant’drOp\in
accuracy for §imilg1 foils, indicating a more 1lenient criterion

for detecting units. The lowering of criterion was not so large

as to increase error rates for dissimilar foils.

)

4 Finally, the results suggest that skill acquired in training
with the Speed.sysfem is based:upon a change in the students’
allocation of attention.’ gi: demonstrated ability of trainees to.
rapidly detect units when they are embedded within target words,
with_ﬁ mean RT (266 msec) “approaching that for units appearing at
the’ beginning of words (238 msec), provides direct evidence of ia
change ‘in the distribution of attention. Results were even more ®
dramatic for one subject, JS, who was unable to detect units i
medial éositions of words prior to training. In the pretest, hiz‘
performance was essentially at the cLance level (59%’cq§réct).
‘Training brought an improvement in his ability to detect uniis
embedded »within an“airay, to an accuracy level of Bﬂ%.’ ginaliy,
the similarity in the unit detection performance for trained -and
untrained units, along with the generalization of training
effects to criterion tasks that do not explicitly involve unit
detection, support the view that;t;;.attentional skills acéuired
.are more ‘general than”'g the development of a specific unit

vocabulary sand are applicable in tasks other than ghe detection

o

task. 7

The Racer game requires subjécts to respond orally with the '

£
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t pronunciations of stimulus words. However, there i
confirmation of the <correctness of either

ciation or the lexical identification of the stimulus.

Inc.

S no
the
The

intent was to build a practice environment in which the focus was

on .ef
Trap e
decodi

strate

ficient phonological decoding of stimuli} with the S
nsuring that a reasonable effort would be made at cor

ng. Errors were also minimized by adopting a trai

gy of having the subject work from easy or consistent

ound
rect
ni

sets

of words~k§o more difficult, mixed matrices' of words. While the

focus was on establishing effjcient decod1ng skills, there are a

number
Speed

traini

1.

-

of skill components of reading, as in the case "of

the

system, that coul]d be developed as  a result of Racerl

ng:

"Pure” _gggé}ng ‘Subjects may develop automated

procedures for _.applying rules for translating
orthographlc information into a phonological or
art1cu1atory representation for the stimulus. If such
a skill is developed, performance gains due to Racer
training should be apparent for a pseudoword
pronunciation task as well as for a word pronunciation
task, despite the fact that Racer training was
restricted to words. Moreover, the ga1ns shown in

pseudoword pronunciation should be similar in magnltude“

to those for words, and should be -reflected in
reductions in the length and syllable effects
associated with words and pseudowords.

S

Rapid word recognition and "decbding. by analogy".
Subjects may have acquired an- ablllgy to rapidly

identify words on the basis of their visual . and

orthographic features, and to efficiently retrieve the
phonologlcal and articulatory information available‘ for
the word in memory. If a stimulus word is unfamiliar,
activation of familiar words that are orthographically
and phonologically similar to the stimulus will
facilrgate the retrieval of phonological and

171 : .
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articulatory information relevant to the pronunc1at10n
of the unfamiliar stimulus (cf. Glushko, 1988). This
information in turn could provide a basis for building
a phonological representation for the unfam111ar’
stimulus, through -a process of "debugging® or modlfylng
the pronunciation of the analogous words If it is
skill in word recognition that is developed in Racer
training, then the gains in. performance for words //*
should be greater than those for pseudowdrds, as the .
training task employs only real words as stimuli, and
words are all drawn from a vocabulary of moderate to - -
high frequency items that are not 1likely to be
unfamiliar to subjects. Rapid activation of Word units .

on the basis of visual information should also lead to -
more efficient encoding of orthographic information in

a word (Rumelhart and McClelland, 1981), and should
thus lead to improvement in performance on the unit
detection task and on the span of apprehension- task.

3. Pronunciation strategies. .Subjects may, as a resylt of

Racer training, develop strategies for initiating their

: vocalization prior to completion of decoding processes,
. Such a strategy is 1limited to some extent by

- phonotactic co-occurrence rules. Development of an
early pronunciation strategy would 1lead to greater-
effects of Racer traln}ng on RTs for longer stimulu

items than for shorter (1-syllable) - items.

Furthermore, there would be no effect 6f training on
accuracy of decodlng. And, a pronunciation strategy,

while leading to' gains in speed on §he Racer task,

should not lead to improvement on the criterion word

and pseudoword pronunciation tasks, since in those

tasks RTs were measured for one item at a time under
~-neA-speeded conditions~ and ‘the accuracy of
pronunciation ' was monitored by an exper jmenter.
Finally, there should be no general transfer of
training to tasks in which .vocal responses are not

required. . ’ ~ -

“/ T~ " . r\..‘
- . . / .
The results of our training experiment allow us to assess

which of these skills are developed as a result of practice using

"the Racer system. There is strong evidence for the development
. - ¥ -
,of "pure" decoding skills, _The reductions in latency fpf/

‘ pronouncing pseudowords were as great as or greater than those
‘ - - - .

-
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for words. There were increases in accuracy of pronunciation for

both words énd pseudbwords. And, the effects of syllaé}e length
on performance{in the pronunciaEioq tasks were smaller after
training. None of ‘these results are compatible with tﬁe view
that the . skills acquired are solely those of rapid word
recognition. jPezformancg improvements for words were not greater
than those for pseudowdrds: there was little transfer to the unit
identifiéation task, and there was no increase in span of
appiehension following Racer training, although RTs in thié task_
were reduced, Finally, while it is clear that the development of.
an early panunc%ation strategy was employed'in the Racet task
and that.it gnabled subjects to reach effremely high- speeds
during training, the transfer of skills aqﬁuired in Racer
training to the criterion measures ‘pf decpding for. words and
pseudowords suggests that more genetal dgcoding abilifies were
geveloped as well. ‘\

The Ski-Jump game requires subjects ‘to utiﬁize pbth th;
constraining semantic information contained in a’context and Ehe

perceptual information contained in the masked stimulus words to °

L4 ~

make 1lexical identifications, It also requires subjects to

evaluate the meaning of 1lexical items  in terms of their
&

appropriateness in a given context. The training task may thus

«

serve to fostéf the acquisition of more-than one skill dompqnent:'

1. Pure perception. Subjects may develop an ability to
encode orthographic units with minimal visual evidence,
using the. sequential redundancies of letter groups in
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words to achieve higher accuracy and efficiency of
encoding under perceptually demanding conditions. If

this ski}l is the one developed, subjects should show
Jimprovement in accuracy and 1latency on the unit
detection t%sk-as a result of ,Ski-Jump training.

¢ s
’ 2. Efficient -word 'xégggnitign./ Subje®ds may develop
efficient and accurate skills for recognizing words on
the basis of their visual features. Such a skill
should be manifested in an . improvement in word
recognition efficiency, and in an increase in span of
e apprehension as a result of Ski-Jump training. Skill
improvements - on -the context priming task should be " , »
similar for high and -low probability words and for
foils (unrelated words). ' ) '

. s, : o

3. FErame-based activation of concepts. Subjects may,

: acquire an ability to make use of the semantic
information provided by a sentence framg to activate
relevant rconcept nodes in- semantic memory and the
lexical - items attached to those nodes.’' Subjects may.
also develop an ability to utilize such ‘activations to
facilitate 1lexical identification of target words. If S
such skills are acquired in Ski~Jump training, subjects
should show greater improvement for relevant target
words than for foils. If the contextual priming
process involves a truly "parallel" activation of .the
multiple 1lexical categories associated with a context-
relevant concept, then the final level: of performance
for 1low probability stimulus words should equal that
for high probability items. Skill in using sentence
frames to activate concepts in . semantic memory
constitutes a necessary, but not sufficient condition
for .improvement on tasks involving' the tracing of
referential relations. Since. tracing of referential
relations may in turn 1lead to reinstatement of

v . propositions containing the referred - items, an .

improvement in ability to analyze- relations among

propositions might also result. o »

4. Analysis of sentence frames (comprehension.) Lastly,
subjects given Ski-Jump training may develop an ability
to -analyze the propositions contained within a context
frame, and exploit the propositional relations within
the frame to develop a set of semantic constraints that

. can be utilized in making 1lexical identifications. i

7 : While 'no specifi¢ instruction in sentence comprehension - R

. is offered in the Ski-Jump game, the game provides a SN
situation' in which improvement in such skills would LR
facilitate game performance. Such skills, if they are
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. developed, should lead to improved accuracy in Judglng
b appropriate connectives in the inference task.

The resﬂlts of our tra1n1ng experEQEQQS again allow us- to

3

determine the skill - components, that\ are show1ng the most

deve%gpment as a result of practice. The‘nost‘striking result of

Ski-Jump tra1n1ng was the 1mprovement in performance 'on‘ the

context pr1m1ng task‘ that occurred' fqa\qgoth high and low
/probablllty targets. "In addition, a clear feature of the
tralnrng records .obtained during Ski-Jump practice was the
difference in effects of practiceson target words and unrelated
‘words. Improvements were far more modest in the latter category

than in tfle former ohe. Taken together, these results support

the interpretation that subﬁects have developed an ablllty to

employ the semantic inﬁprmatlon conta1ned within sentence frames

to activate frame-related concepts .in memory, and to use such
activations as an aide in recognizing and interpreting stimulus

words -that are presented under visually degraded conditions.
k ’ .

- [}

We also found improvement in performancé on the unit

detection task for trainees who had not reached asymptotic levels

of performance on the task prior to Skl—Jump trainlng. This

result\ is cons1stent with the poss1b111ty that perceptual gnd/or
word recognition skills are developed. However, ' the lack of
_impronement for those subjects on the word pronunciation and the

pseudoword decoding tasks‘ suggests that of these it is the

perceptual compdnent that is the one actually developed.
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Finally, ’there Was some evidence )oﬁ .improvement on the
inference task as a result of sSki-Jump training. * This is
consistent with the.interpret&tion that subjects are improv;ng in
their ability to analyze sentence frames similar to those used in

g/ o the Ski—iump task. HqQwever, the modest pérfbrmance gains on the ,
inference task are alsa cdﬁs;stent with.the development of , skill
* in frdme-based activation of ‘conerts, and as there ;s.otber
| -independe?t ev?denég;forléhe deleopment of such a skill, it is
j more parsimonious to attribute improvement on the inference task

. ~

to the context utilization component. -

0 4.2 Principles for Optimizing Transfer d} Training;in a Skill

Hierarchy ' i '

The patterns of tran;fer of skills acquired in the Spéed,
Racer, and “Ski-Jump éystems observed foEﬂgroups of trainées who
differed inh' their prior training historieé lead . to sbme\
conclusions regarding optimal training énvironments a&d?bptimal.
sequencihg >of training exerc?ses, ihcluding Ehe. performange
criteria that should be used in determininghmastery at each Stage .

of training. ’ ) /

e .
Optimal <training environments. Our group of trainees

consisted of students who have not acquired ade§uate reading
\

skills over approximately ten years of schooling in which they. N

received conventional reading in§truction. For such subjects,
. : ¢ . e .
our initial question concerned the feasibility of constructing-

3
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training environments in which indiviaualtskill caﬁponents of
reading could be de&eloéed with a modest expenditure of time,
typically amoqnting“ to 2 hours a week for a period df 4 to 6
weeks on a single training systeéem. Dramatic improvementé in the
targétéd skills Were reflected not ohly in‘performance.on the
tréining games themselves, ‘but in tests for transfer of training
as well. , With carefully designed tréihing”énvironmegts it was
possible for our subjects to reagh performance }evels that equal
or exceéd those of high ability readetsowho have not had the
benefits 6f training.

Two characteriétiéskof our games accou;t,‘in large part, for
;he;r effeétiven;ss in‘train{hg SKilleé performance: thé focus on
.‘developing particulér° skill cohponents; and the elivery of
feedback that is both immediate and directly coiteiaZed with the
ski;led performance. In addition, the game-like character of the
training systems motivated subjects to engage in 'practice ghaé
would otherwise be dull and routine. ‘
S, o ' :
Strong support for the impor;ance of providing immediate .
feedback épecifically correlated with the skilled performénce is
found in the fact’ that improvemehts‘ in skills specifically
targeted by a ;trainihq/'game were far more dramatic ’ than
improvements in ”th;sg that were not so targeted. Fogﬁex;mple,
Ski-Jump training was much\ less effective in Weveloping the

perceptual skills measqisd in the unit detection"task than the

i

o
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Speed system; Ski-Jump bas, also 1less gfféctive in developing
. . . & . o . -
efficient decoding skills than the Racer system. In fact, only

those subjects who had received prior- training in dec%ding showed

any improvement in 'decoding skill as a result of SkiFjump

/ ?

training. - °© ’ X °, ' . ot
N . { . . . ]

Transfer of training: Higher to lower order Components. A
low level component, when trained to automatic but not asymptotic
leGels, will be reliably exeéuted in tﬁe perfo;manceqof training
tasks focused on high317 1gve1 cqmponéntsﬂ wﬁénéver the higﬁer
level component ié funct,ionaily lfﬁké to "the lo;:er level

component; Ip such a s?tuafion,,fhrther improvement on the 1low
level component can take ﬁlace while training focused on the’
highelvlevél compbngnt proceeds. And, the deégnds 6n' the 1lower
skill made by the-,tr;ining task will not interfere with
acquisition of the targetet higher level Zkfil.’ Evidenc for the
deyelgpment of a lower levei component in the context of aining
'a ﬁigher level componen€ was found in our evaluation Sf th éki-
gump game. We found_ réductions in' pseudoword éronun¢iation
1at§hcies for a humber of our subjects who ' had received § prior
Racer training. These subjects apparently’ empfoyed theix
‘automatic Qecoding ski11s while performin the Ski-Jump task
(which was a silent reading task), and the exercise of thase

“

decoding skills in ' the new context allowed them to improve
. < ]
‘ g
further in their decodipg abilities.
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We dig not flnd 51m11ar instances of sk111 1mprovement in
the unmit detectlon task for subgects who had received prror Speed
training as they completed training on the Racer and Sk1+Jump
games., "  We believe that these subjects had a1ready reached what
are essentially asymptotlc 1evels of perform;nce b on the
perceptual. sk111 follow1ng Speed training, 1eav1ng }ittle room
for improvement in that skill in the1r subsequent Racer and Sk1-

" Jump’ training.. However, ' we may onjecture gthat' had these
subjects terminated their Spee@ training before t reaching

'asymptotic' levels of performance, further ‘improvements in the

perceptual skill would have occurred ;durino their sﬁbﬁgquentt

training activities. . : ‘ -

.
Transfer of training: b?"“
'Tralnlng of low level components to automa ic 1evels w111 have an

-

1mpact on the performance of higher 1level skills that are
functionally related to the trained componeqt. These skill
interactions follow the hypothesized patterns of " skill
rnteraction developed in our earlier analysis of cowariances
among skill measures (Frederiksen, 1982). For example, ’Speed
training had anr influence on accuracy and, for some subjects,

speed of decoding. Racer training had an influence on pseudoword

as well as word pronunciation efficiency, and on latencies in the

span of apprehension task. The nature of the ' transfer effects

appear to depend upon the processind "bottleneck”™ for the

’

< .
individual subject. For example, subjects who were initially.

179 - | N
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extrémely inaccurate in detecting _units embedded within words

also had high error rates in.pronouncing pseudowords. For these
C, .

subjects, training of the perceptual encoding skill 1led to

0

. b L. . . ; .
increased accuracy in decoding pseudowords, but with increases in
) .

pronunciation latencies. It was only with subsequent trainifg

using the Racer program that these latencies were reduced. Other

subjects, who were initially accurate in encoding orthographic

information,’ showed decreases in 1latencies for pronouncing

\

pseudowords following training™ in decoding. Thus, the former

subjébts werevfimited in their decoding ?ccuracy by the‘amguntwpf
oitﬂbgtap@ic Enfsrmatioh Ehey could encode, while the 1latter
group was constrained by the~” rate af which such information
became availablé. "For both groups, however', there was evidence

of skill transfer.
\

»

~

»* Iransfer of \training -to performance of composité tasks.

Training for automaticity of components can eliminate resource
bottlenecks " in éhe performancg of compdsité tasks that involve
those components. The degree of improvement .n composite 'task

performance will depend upon the number of subskills that age

] - M . ‘ ‘\ ’
performed automatically. Our clearest evidence of the cumylative

effects of subskill training onwperformance of a composite task
{

was seen in our measure of reading rate. Subjects having only

Speed and Racer training, or who were -trainedv;with'/Ski;gump

“

. . . : Y .
alone, showed no increases- in reading rate. Improvement in-

.

reading.rate occurred only forvsggjects who compléted the entire

v

\
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*training sequence. This cumulative effect of training could be
‘due to the development of ,the' three indiVidual skills, or to the\
integration of~- those skills as the lower level components are

‘- performed during the training of higher level components.

>}' . . kel .
Esteblishment of skill hierérchies The 'order in which

training on the three systems was conducted was not arbitrary.
g

our dec1sions concerning sequenc1ng of the ‘training -exercises

were baseéd upon an analysis of interactions among skill

components and the esteblisnment of a skill hierarchy. Skill

L

components i1low in the hiera chy are thése 'that’furnish the
conditions for improveu efficiejcy\ggd/or accuracy of performance

- of higher level skills." Thus perceéptual encoding pregedes
decoding as a focus of training, and development'of automatic

' decoding prtégéesegiiinyng in the use’of context. . We believe
that further extrapolationé’of this hierarchical analys1s can be

madé within . the domain of skills involved in comprehending
discourse; ~Lower level skilis are trainable components that have

an influence on theféfficient and,eccurate performanceqofihigher
level.processes in discourse understanding. These functional
interactions are likely to take tneuform of necessary conditions
fof«hi@her order processes, and to involve siills that contribute

‘. to the‘establishment of those conditidns. For example, following
Kintsch ané Van Dijk (1978), we postulate that reinstatement of

antecedent propositions into working memory ’‘is a necessary

condition for the analysis of relations among proposifions that

181
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. do ﬁqt oédur together within a text. One means for reinstating

P %,

*

‘training'sysbem.

propos1t10ns is the _tracing of refef%ntial re;atlons--argument

o

repet1t10ns, lex1cal references, or other forms of anaphora (cf.

Hal%}day & H;§an, 197§). One skill qompongnt that may Fontribute
toyefficient and accurate reference tracing is the“htilization of
frame-based semantic information to prime concepts in semantic.
memory. ‘Traiqing focused on reférence tracing thus copstitutes-a

prime candidate for thgafuture extension of the reading skilis

I
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