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- Final Report ---Phase I

Computer-Aided Instruction in Education Basics for Indian Students

Indian Affiliates Incorporated

e i PROJECT ABSTRACT

i

Indian Affiliates Incorporated is to adapt, develop, and evaluate compuéér-

aided instructional materials in elementary education basics, specifically

word recognition, reading comprehension, and mathematics for Native American,

Native Alaskan, and American Indian students. The bhenefits of computer-aided . .

instruction have been widely noted and well documented in the research litera-

ture——Most—important for-populations-of American-Indian students are the . .
benefits of easy replication (materials that work in one setting can easily

be transported and made to work in another setting), the perceived culture

fairness of materials presented and jﬁdged by a computer, the extensive
windividualization capabilities of computers to tailor materials specifically

.and in detail for indivigual students, thé ability of computer-zided

materials to successfully and suﬁstantially improve student achievsment

independent Ef the abilities and interests of the classroom teachers whose

students are using them, and the capability of compﬁter-aided materials to

produce relatively standardized enhanced levels of student achievement for

geographically dispersed populations of students.

)
This project is to he co&ﬁieted in three phases. Phase I began 1 October 198.
and has lasted for 9 months. This phase was for project design and planning.

Phase Il is designed for development and prelimihary evaluation of the materials

specified in Phase I. During this phase the emphasis will be on dsvaloping

4




these materiéls and validating them with a wide range of Indian students,
grades one through nine. .Phase II is anticipated to begin 1 Julyf1983 and
'is scheduled to take 12 months to complete. Phase III will demonstrate and
evaluate the transportability of materials developed under this project to

the wide variety of settings characteristic of Indian education in the

United States. Phase III is scheduled to begin 1 July 1984 and is expected

£

to take 12 months to complete,

-

This project is intended to provide a major impetus for the adaptation and

_ use of computer-aided materials by Ihdian_children. Materials of this sort

have achieved dramatic success in improving student achievement among other
_populationg. A basic assumption of this projecﬁ is that it is past time
for Indian students to participate in the benefits to be achieved by using

these materials, C .

O
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Final Report - Phase I

o

Computer-pided Instruction in Education Basics for Indian Students -

- Indian Affiliates Incorporated

BACKGROUND

“indian Bducation

Formal' Indian Bducation supplementing age-old, informal tribal practices pre-

S

dates' the american revolution. In 1568 the Jesuits established a school for -

Florida Indians in Havana, and 50 years later the Council of Jamestown, Virginia,

o

voted to provide government-sponsored education for rndian children. 1In the

a4 it

1700's colleges such as Dartmouth and Hamilton arew out of rndian schools.

The federal government has been active in Indian education since 1794 when the
first treaty providing for Indian education was signed. Since that date, the
federal govefnment h.s ﬁad the primaxry responsibility fﬁr edugating American
Indians in the United states. Today the federal government spends over $500
million per year for the education of Indians. About half of these funds go

for educating students ih Bureau of Indian Affairs schools where the average

" Y3aily attendance is about 44,000, The remaining half of these funds goes to
meét the spezial and uniéue needs of Indian students in p&blic and contract

schools. There are nearly 500,000 Indian students in these schools.

Despite the longevity and magnitude of these efforts, there is little reason to
conclude that they have been successful. Absentee rates are high. Diopout rates
in high school are about twice as high for Indian students as they are for the
general population. ‘Those who do graduate from high school score about three

years behind their classmates in academic achievement, and only about 7% of Indian
-]
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high school graduates complete college (Bass and Tenjes, 1970). There
seems little reason to attribute these problems to mental abiiity., -Levensky

-

(1970) fouﬁd that 1,700 Indian children who took a non-verbal té;t of intel-
ligence achieved ;n average IQ of 101.5 which is slightly superior tn the
average of Anglo children. On an earlier étudy completed in 1942, Havighurst
and Hilkevitch (1944) administered a battery of non-verbai intelligence

testé tc a representative sample of Indian pupils from six tribes. Thesg

pupils scored an average ¥Q of 100,2, again slightly above the naticnal

average ¢f Angles.

Tnere is, of course, a great geal of evidence that the school achievement of
children depends largely Qﬁ their experiencz in their family and local community.
If parents do noé read o; read very little, dc not speak English, do not use
- complex sentences or expréss themselves in sophisticated ways, their children
are likely to be slow in learning to read English language materials and, will
in turn experience the.sften noted problems of pocor readers in all school sub-
Jects. Adams, Higley, and Campbell (1977) show that the first semester college
grade placement average for ;ndiaé students raised on a reservation is almost
axactly half that of students who have gpent Seven to nin; years on placement
in é tow: with a volunteer foster family. 2additionally: McDonalé (1978) reported
some recent efforts by the Naticnal Institute of Health to idgntify minority
scientists in the biochemical fields, These efforts turned up_less then_ten
Ph.s. scientists who were alsc enrclled tribxl members. 'Hbﬁonaid also. reports

that the last count of members of the american Indian Association of Physicians

- totaled enly 22 medical doctors.

More than anything else, these dismal statistics may be due to communication gro-

blems. For Instance, Rosier and Holm (1980) reported that a sample of approximately

7
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5,000 Navajo students was about .7 of a éraée level equivalent behind
nafional norms in second grade on the paragraph Me;ning subtest oﬁfthe
stanford Achievement Tgst and that this difference increased to a grade
level equivalent of about 2.4 behind national norms by the sixth grad;. in
anx event, it seems hard to deny that in sghool achievement,’lndién children,
on the average, are disadvantaged, Their parents are typically poor, often
illitérate, and inexperienced in the ways of modern technical culture, It
should be emphasized that many Indian children are advantaged in other ways;

their tribal cultures are rich and in harmony with the natural universe,

they enjoy a satisfying'beremonial life, and their family ties often give

Ind%an children a firm sense of security. However, these very advantages
may contribute to the sociceconomic conditions that lead Indian children to

do poorly in school from the start,

In light of these observations it is interesting to note that public education
in general has nhot fared‘well during the last 15 years, .Despite an increase
in real 1978 dollars from $114 billion expended on public education in the’
1969-1970 schoecl year to $141 billion expended in the 1978-1979 school year,
an increaée of 24%, and despite an increase in the percentage of Gross
National Product devoted to education from 3.4% in 1950 to 7,2% in 1978
(De%rman and Plisko, 1980}, there has been a decrease in measured national
skills., 1In the last ten yéars, college entry Scholastic Aptitude Test scores .
ha;e declined about 7% in mathematical achievement and 11% in verbal achieve-
ment ("College Bound Seniors." 1979). This decline is uniform across the
country; it.is unrelated t6 economic, race, or geographic background, The

lack of return may indicate, as Heuston (1980) has argued, that traditional

instruction has matured to a peint of diminishing returns., One promising way to




increase the productivity of current education and training institutiohs

may be to develop new technological tools and incorporate them in these
institutions: Thét the productivity'of these institutions must be‘increased
seems self-evident. In an era of increasing technological qomplexity;’

the proportion of individuals with high proficiency in basic gkills needs

to rise, not fall nor even reﬁain level. There is substantial need for
governmeﬂt: industry, and educﬁtional planners to seek new techological

solutions for the demands and concomitant problems posed by current and pro- |

jected education reguirements.

Computers in Schools

The microcomputer, in conjunction with the videodisc in certain applications,
appears to offer just such a solution. This device can change the educational

delivery system dramatically by harﬂessing the rapidly increasing power of

microelectronics to aid teachers in individualizing and improving instfuction..
Much as the limits of the communication delivery system usihg the Pony ExXpress
were transcended by changing the delivery system through harnessing the power
of electricity'in the Eelegraph; so the microcomputer can harness the power of
electricity to do exponentially more work for the student and the teacher.

The micgscémputer accommlishes this by making students active and productiﬁe

learners who receive individualized instruction with consistencyr patience,

and privacy.

‘The crushing workload of the teacher who is trying to maﬁége the individual pro-

gress of 30 or more students can be dramatically improved through the support of
this new delivery system. It is notﬁble that the current revolution in microcim-
puters has shown no signs of abating., The cost effectiveness (i.e. cost in re-
lation to the :apacity and speed} of c&mputers has doubled every two years for

the last decade, resulting in a 32-fold increase over 2 ten year period. This

9




trend is expected to continue throughout the 1980's. The degreasing cost of
mierpprocessor chipgr and of large scale integrated circui!gg, is alsc notable.
The cost effectiveness of chips doubles'every 14 months, The cost-of a hewly
anncunced chip is geﬁerally about $50 and it usually drops to $5 iﬁ two to three
years before the chip becomes obsolete and is replaced by a more advanced chip.
The cost of personal computers presently in the 3500 to $600 range Qill pot drop
in relation to the declining cost of microprocéésor chips, due lgfgely to the
cost of mérketing and housing equipment. However., the power and capacity of

personal computers will increase at the rates noted earlier without a concomi=

tant increase in cost (Jones, Holton, and Stratton, 1982).

Schools are beginning to notice this revolution. In 1970 only about 15% of
school districts used computers for instructional use, py 1990 about 70% of
schools districtsvwere using computers for instructional use;_and by 1985 it
is estimated that about 90% of all school districts will be usiné computers for
inst?uctional use (Blaschake, 1981). -

b ot

Moreover, it is notable ghat in some curriculum areas, computers used for

instruction have proven to be extremely effective. Orlansky and String (1980)
reported that their survey of 40 training and edication applications of
coﬁputers found that in almost every case the use of computers resulted‘iq
eqital or greaéer educational achievement combined with a median student time
savings of 33% and a time savings for some courses as high as 80%. In
evaluation stﬁﬁies where time to-teach has been held constant and the variable
of interest was educaéidnal achievement, some studies have shown that the use
of computers produced improvements of three and in one case‘five times the
educational achievement that could be expected from the use of traditional

classroom technologies (e.g, Fletcher and Supﬁes; 1975). In a review ot 51

10




studies of computer-aided instruction in secondary schools, Kulik; Bangert.

-

and Williams (1983) found that the computer-aided instruction raised students'

scores by about .32 standard deviations on f£inal examinations. In any case,
there are some drvamatic changes occuring in the technolbgies used to educate

chilu.a, and it is past time £ur Indian education to-join in these tech-

::: A " Q

nological improvements. e '

P

A review of the literature re?eéled or.ly one study that had been completed -

in evaluating the-use of computers with Indian students. This was a stud?
z s - °

completed by Suppes, Fletchér, and Zanotti reported”in 1975, This study

was limited to improvementgdin_égiihmetic_comyntatidn,~but.thé results in

-

this domain were quite favcrable, The authors extrapolated from their 60

s

day_evéluation_fhaﬁ one could expect the average Indian student to gain about
1.5 in grade placement in arithmetic computation over a full 180-day school

year based on daily computer sessions of only 10 minutes. No studies have

been found reporting the use of technology in language related subject areas
for American Indian students. These curriculum areas are most imporént, and

. ' >
given the successful results achieved with other populations of both advantaged

and disadvantaged students some effort should be made to see if eguivalent

successes can be achieved within American Indian populations.

-

OBJECTIVES

{

The siﬁgle objective of the work reported here is to improve Indian education

| I
+

in eleméntary school reading and arithmetic through the development, adathE .

tion, implementation, and evaluation of a significant and proven capability,
: N\ > ‘
namely computsr-aided instruction. This capability has the following character-
* ~ L)

istics:
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¥ Tt works. _There is -now-a~hi ry of 15 years of evaluation studies

_///// showing that used properly coﬁbuter-aided instruction can significantly 7

and substantially improve instructicnal achievement. -
* It is eésily replicated. The compu%er-aided materials achieve their

benefits relatively independent of the .,abilities and enthusiasm of

* -

classroom teachers whose students use them.

-

* It is perceived to be-culture-fair. In computer~aided inst:udfion,
materials are chosen, presented,. and judgéd by computg;;ﬁithout the

-~
socio-psychologicail implications of classroom interactions.
- - ~
* It individualizes instruction. The portions ©f curriculum materials
_ : 7 .
that are amenable to computer presentatibn can be tailored expliciply

and in detail to the needs"of iqgi%iéual students.
- % Tt standardlzes instruction;f/;;e portions of curriculum materlals
that are amenable to gpmputer presentation can help produce relativelv
standardized levels of student achievement for widely. geographically
dispersed studentg.
* It'%;:;elat%vely Private. Students progress at a rate that is dgterminéd

gnd, if Jesirable, known only by them. Older studen;s who must begin

with relatively easy materials escape the embarrassment of classroom .

i

visibility and, equally significant for American Indian education, students . -

_yho are progressing relatively rapidly can do so without any public notice

I3

and, in-fact, without knowing it themselves if this appears desirable.

1]

The cost of the ¢omputer hardware for this project is about 52,500 per ;tudent- |
station. This is less than the cost of a well equipped persoﬂal'computer

Howaver, the student stations used ﬁere are farhEBEerowerful than a personal

I

computer. They use a processor that runs about foﬁrhézﬂés fastér; they access

-

-~
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*

about four times more direct access memory: they access more than twenty

\times the on-line disc storage of a personal computer; they have the full
graphics capability of a personal computer; and they provide a lagée voca=
bulary of randomly accessible audic (the student stations can "speak" to

the students in any language) which is only available as a rarely provided

and very expensive add-on to personﬁl computers. Amortizing the cost of these
‘student stations over five years and assuming that each student station can
service about 15 students a day, yields a per student per year cost of less

than $35, This cost is based on the current state-c:z-the-art in computing

a

* today. IE is reasonable to expect substantial decreases in this cost over the
next three to five YEArs,
Wbrk’undei this;project is scheduled to progress in three phases. Phase I
began 1 October 1982 and lasted for 9 months. This phaéé was for project
_desigp*aﬁq plahning._ The p;qﬁucts from Phase 1 are:

* éurﬁey of English as a second ignguagalfgriﬁmerican Indian students,

* Su£;ey df mathematics concepts for american Indian.students. T

* gpecifications for computer-aided reading materials for American

Indian studentsf
* Specifications for computer-aided mathematics materials for American

Indian students.

* Report on a conference in which the work of the project‘was reviewed

by a panel of experts in Indian education.

The surveyé for English (Fletcher, 1983a) and mathematics (Fletcher. 1983b)
were completed in March, 1983, The specifications for reading and mathematics
are presented in the Curriculum Recommendations sécticn of this Final Report.

The activities and recommendations of the conference were swrmarized bY Fletcher

[
b ]

and Sawyee (1983), ki
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rPhase II concerns development and preliminary evaluation of the materials

specified in Phase I. During this phase the emphasis will be on developing '

these materials and on using them with a widé_Egﬁée of Indian .students, grades

one through nine, in operational school settings.

The principal broducts from Phase II will be:
* new computer-aided reaaing materials adipted and designed for
American Indian studéntsy
* new computer-aided arithmetic materials adapted and de;igned-for
" American Indian students;
* preliminary evaluation of those materials with American Indian students

in grades one through nine,

Phase 11 is scheduled to begin 1 July 1983 and is expected to take 12 months

to complete.

Phase III will demonstrate and evaluate the transportability of materials

developed under this project to the wide variety of settings characteristic

of Indian education in the United Statss.

The principal products from Phase IXI will be:
* full scale evaluation of aii relevant computer~aided materials in the
- following settings:
- an on-reservation school under Indian control
- a near;reservation school with a substantial Indian studeut
populdtion

~ & boarding school for Indianlstudents

@} * gystematic guidelines and procedures for implementation of computer-

aided instructional materials in the three settings listed above.

BY

P - -
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Phase III is-scheduled to begin 1 July 1984 and is expected to take 12 months

to complete. . -

DESCRIPTION OF MATERIALS

Project design and planning in Phase I centered on three curriculums ané a
set-;} computerized diagnostic aids. The curriculums concern computer-aided
instruction in (1) beginning reading,- emphasizing word recognition skills.,

{2) intermediate reading, eﬁphasizing comprehension, and (3) elementary school
aritﬁmetic. The computerized diagnostic aids, or Learner Profile, were -
developed to provide each student Qith the equivalen£ of 2-3 days of individual-
ized, one-on-one school counseling. Using a computer makes such a process
practicable both in terms of time--a few hours instead of a few days-—and
mohey--it can be accomplished by a single computer rather than by an army of

school counselors. Descriptions of all four of these materials fol;ow.'

Beginning Reading Cuirsiculum

WICAT has developed two curriculums that are appropriate for reading in elementary
school. One of thege emphasizes word recognition and is intended for use in
kindergarten through third grade. This curriculum uses randomly accessed.
digitized audio output so that students do not hafe to read instructions given

by the computer in order to learn how to read. The second curriculum émphasizes
reading comprehension and is appropriate for use in grades three through nine.
ﬁevelopment of both of these curriculums was based on an idea ea;ly expressed

by Carroll (1964}, that reading can be analyzed into t;o processes: the con-
struction or reconstruction of a spoken message and the comprehénsion of messages

8o constructed. Carroll went on to recommend that “these two processes-—-speech .

15
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*

recc astruction and th? apprehension of meaning--should (not) be separated in
procedures of teaching. There is evidence, in fact, that the teaching of the
mechanics of speech reconstruction (technigues of word recognitio;) 1s best
done with matefials which are maximally meaningfhl to the learner {p. 238)."
This latter-recommendation has been followed as closely as possible in the.
development of both curriculﬂms by relying on the substantial capability of
the WICAT computers forupresenting graphic information. Additionally, both

of these curriculums wexre designed to supplement whafever reading .nstruction
occurs in the classroom. It was assumed to be far easier to adjust and modify
the compﬁter programs used for instruction than to adjust and modify the

established practice of classroom teachers.

The reading curriculums use a “strands" approach to computer~aidqd instruction.
This approaeh was developed and described in general by Suppes (e.g., 1967)
and in the specific c;se of reading by Fletcher (1979). The term strand is
used to identify a basic component gkill of feading. Students_ﬁove through
‘;ach strand in a roughly linear fashion. Branching or progress withiﬂ strands
is criterion depen@ent:‘%tudents proceed to a new exercise or new materials
wi?hin'a strand after they attain some (individually sPeqifiable) performance
criterion in the current exercise or material. Bréﬁching S;::;en strands is
both criterion and time dependent. During a given session students move from
one strand to take up where they left off in another after a given (again,
inéividually specifiable) amount of time, regardless of what criterion levels
tHey reach in a strand. However, over a period of sessions students will
distribute their effort among the strands based on their level of mastery of

the reading mat :ials, inasmuch as entry to each strand depends on progress

in earlier strands.
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The beginning reading curriculum consists of the following strands:

-

Visual discrimination., In this strand students match upper and lower case
target letters with one from a list of four upper and/or lower case letters

drawn from lists in three categories: low visual confusability, medium visual

confusability, and high wvisual confusability. Low confusability pairs are
used primarily to orient children to the discrimination task. The curriculum
is designed so that students who perform well in _any -of these_éasks proceed

rapidly through the -strand.

Letter identification. The letter identificat.on strand requires that students
be able to identify each letter in the alphabet by finding it on the computer

display screen after the name of the letter is "spoken" by the computer

dig.tized audio system.

Sight words. The sight word strand serves four major purposes: ¢to teach
students tolrecognfze a substantial number of words that occur with high-
frequency; to reduce the students' reliance on mediated word recognition tech-
niques; to provide students with candidate words that they recognize immediately-
and can use as models for word analysis technique development: and to gnable
students to recognize words not conforming to wofd analysis. The sight words
included in éhis strand are draéﬂ from seven fairly standard and carefully

developed word lists.

Word patterns. This strand is designed to provide direct and explicit practice

with English word p«tterns. Exercises in this strand concentrate on initial

and final consonants and medial vowels, Students are never required to rehearse

17
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or identify consonant vowel sounds in_isolation. The smallest unit of pre-
.sentation is a dyad, that is, a single vowel-c;nsoqant 0r cqnsonaﬂ;—vowel
combination. The intent of this strand is to substantially improve students'
abilitie; to "sound-out" the substantial number of words in English whose

pronunciation is fairly closely and regularly related to their spelling.
: ; .

-

Sentence comprehension. This strand allows students to "construct" sentences

from groups of words presented on the computer screen. Although this strand

was not dEVEIOpéd specifically for Indian studentg, it is directly applicable
to a situation described by DupBois (1979) wﬁo found that Navajo children read-
ing English did not appear to understand that what fhey were reading was
supposed to make sense. This.strand emphasizes that groups of words organized
into sentences are expected to maké sense. The strand uses the graphics cap-
___dbility of the computer to show pictorially what the sentence "constructed"
by the student means. If a student constructs a sentence that says "Bill
kicks the ball," he will be shown a picture of a boy (éresumab1§ Bilig-kicgigé_
a; ball. Some free play is allowed by this strand. For instance, if a student
constructs a sentence that says the ball kicks Bill, the computer will display
a picture of a foothall with tiny legs kicking a boy (again, presumably Bill}.
Although the curriculum emphasizes word rocognition, the intent of this‘strand
is to help students transcend single word comprehension and begin work with
sen?ence comprehension as soon as possible. Additionally, of course, the
lnéént of this strand ié not 5ust to convince studeﬁts that words st;ung into
sentences{m;ke sense but also to show in as concrete, visualizable, and graphic

-

manner as possible what they mean.

18 »




Paragraph comprehension. The major purpose of this strand is to provide

a direct seque for stucents who are finishing the beginning readigé materials

“

and are ready to begin work in the comprehension reading program intended

for use by grades three and up. The emphasis in-éhis strand_is on garagraph
comprehension. Usually one or two simple paragraphs are presented to students
who are then required to answer five or six literal and interpretive compre-

hension questions concerning the paragraphs. The paragraphs are arranged so \\\\

that vocabulary words that may be difficult for students can be highlighted:

by a moving cursor and can be pronounced and defined on student's reguest,

Reading Comprehension Cﬁrriculum

The reading comprehension curriculum consists of a management system, a user
identificatioﬂ system, and a series of exercises designed to provide drill,
practice, and help across at least five s;rands (skills) of reading compre-
hension. Philosophically, the program flows fromgthe schema theory concep-
tion of reading comprehenéion (e.g. Kintsch and Greene, 1978; Rumelhart. 1975).
This theory holds, roughly, that_combrehension is an ipteractive process in
which text, containing necessarily frgﬁmggggry information, activates a cog-
nitive strﬁcture for organizing and aLgmenting that information. Hence, in
the sentence:

“The notes were sour because the seam was ripped, "

a sentence many people find confusing as presented, the concept, "bhagpipe"
may provide an organizing structure for the relationship given bhetween sour
notes and a ripped seam. Without that concept, the words of the sentence

may all be known to the reader, but the meaning of the sentende will be lost.

Additionally, the activation of the schema for "bagpipe in the above example

will produce additional meanings not stated in the sentencs., The reader may )
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think of kilts, plaids, the highlands, or any of a number of related con-
cepts. Were the question: "Where might this sentencé be uttered?” to be =~ T
asked after presentation of the sentence above, it is the activation of the
"bagpipeh schema which makes the answer "Scotland" come to mind more readily
than "Russia," "New York," or “Calcutta." Simply stated, then, the purpose

of the reading comprehension program is to assist students in linking textual

data to pre-existing knowledge structures.

The program is organized as a mock newspaper. To use the program, the student
goes through a routine called Sign-on. This routine requires that Le gpter

his name and passworgd, enabliné the progfam to track ané record his performance

record. He then sees a display called Newsstand, which lists a menu of mock

newspapers. ¢

w

Fach newspaper. consists of five stories, or exercises. The newspapers are

organized by grade level of reaéability and interaction type. The menu presented

‘Eo the student is congrolled by his currenf level of échievement. _If che
program recognizes the é%udent as a ?ifth grade level reader, he will see a o
menu listing qf fourth, fifth, and sixth grade level s;ories. Hence,‘the
student always has an available pool of newspapers rgngiﬁg from one year below
to one year above his current level of achievement. His achievement level is
continuously moni;ored; and is incremented one year if he scores 80% or better

T on ;n exercise above his current level of achievement., His achievement level
is decremenféd one Year if he scores below 50% on any exercise aé or below his

current level of achievement. The newspépers focus on fifth grade level cur-

riculum, put range in readability from third to ninth grade.

ERIC @




-18-

After the student selects the newspaper from his menu, a frcut page displ&y

appears. The student can then select from among the five stories‘bresented.

The stories require that the students interact in one of the following ways:

-4
Inference from text. The student jis shown a frame of text with a multiple

choice question. When the student answers, he is asked to justify his response

by sélécting theose keywords from the text t;;t led him to respond as he did,

Beth his answer to the multiple cheoice question and his c?oice of keywords
are'tﬁecked, and feedback is providéé. If the student requests help during the -
interéction, a clue is provided. Both literal aﬁd inferential type guestions

can be asked in this protocol. )

Deletion. The student is first presented with a scenaric. He is an editor

for the newspaper, and hisrwrite;s are of‘marginal competence: 'They Lave written

1

.stories with sentences that do not belong. His job is to find those sentences

and remove them from the story.

The student is then asked to read the story in its entirety. He is next asked
to move a cursor through each frame, & sentencé at a time. When he encounters
an offending {e.g., irrelevant, redundant, or insignificant) sentence, he
presses a‘key to delete the sentence. Feedback is provided for each sentence.
explaining why it should be either rémoved or retained. The student can request
- heip, andlwill receive a hint iriicating h?? many and what category of senterces

\\Ehguld be removed. This interaction emphasizes the abstraction of salient

~. }
meaning and the ability to relate sequences of informaticn.

.

-

-

Interpretationnsf graphically presented information. The student sees a story

™

in which nonwtextualiy:prganized data is presented, Gréghs, charts, tables,

N




and-maps are all used in the protocol. The student reads two to three

frames of text, and then responds to a prediction guestion regarding the

-

content of the graph, map, chart, or table to be viewed. He receives feed-

back on his response, and then sees the non-textually presented data.

Five to eight questions are asked, each of which the student answers by

£

moving a cursor to the correct response on the display. He has two chances
to get the correct answer, a miss on the first attempt results in the dis- -
play of a clue to help him find the correct location. This protocol focuses

on data interpretation, literal and inferential meanings, and location skills.

Argumentation. The Student is given an editorial and is asked to perform

five tasks. First, in multiple chg%ce,format during the first frame the student
identifies the author’s point of view. Second, by accepting or rejecting |
elements of a set of stat;mants as, points of pfoof, the student establishes,
prior éo reading the editorial, the necessary and spfficiept conditions for
‘;ccepting the guthor's point of view. 'Third, the student sees the text of

the edﬁtorial and tests ;ac? frame to see if the;auéﬁor addresses the established
conditions. Fourth, if the conditions are addressed, the student determines—
whether statements of féct Qr opinion were used to address the condition.
Finally, the student decidés at the end of the editoriai whether or not the
argument was valid. Helps, of course, are available for determing whether
or‘;ot an item is addressed, and whether fact or opinion is presented. This

protocol emphasizes critical reading skills such as analysis and evaluation

based on criteria.

Vocabulary. The student sees a crossword puzzle organized around root words

in this interaction. 7Two clues are available for each word, .and the student

22
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can "buy" letters as well. When the puzzle is finished, the students sees

T TTah opeéen-ended guestion that“asks“fbr“the—meaning—uf*the—root-word:in—the

puzzle. A synonym list and a spelling tolerance routine are used in answer

checking.

Arithmetic Curriculum

The WICAT arithmetic program enables students to practice basic arithmetic
skills and immediately find out how well they are doing. The program also
offers tutorial instruction that students can reguest as they'need it. The

- program is divided into levels acéording to the grade% at_which skills are

usually practiced for mastery: Ievel A corresponds to grades one and two, —

Level B to grades three and four, lLevel C to grades five and six. The program LT

can be used by older students or by whomever requires practice with arithmetic
skills. fThe levels contain the following units:

Level A - édditidn, subtraction, whole numbers,

level B ~ addition, subtraction, multiplication, divisidh, whOLE‘ﬁﬁmbérsT“‘__“* -
fractions. -
Level C -~ addition, subtraction, multipIication,;division, whole numbers,
fractions} decimals, }
An earlier version of this program was prebared by'WTCAT Incorporated for

Science Research Associates and is now being successfully marketed by that

organization. PO
- ar ;;} -

T

There are thiree operational mWwodes in the program:

Placement mode. This mode is used to determine where a student should start

!
a unit. The student ig given sample lessons of increasing difficulty until
) I

»

the current achievement level lis identified. Alternatively, teachers may
- !

place students where they desi%e.

23
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r

4 }
Progress mode. Once placed in a unit, 2 student automatically moves from {

lesson to lesson on the basis of performance., If the student scores 80% or

better on a lesson then he or she As moved ahead. If the studept ccores 50%

or less, he or she is given angther chance; a second failure results in move-

ment to a previous lesson op; in some cases, to a request to "see your
teacher.” Scores betﬁﬁg 50% and 80% lead to repetition of the lessoﬁ. The

Y

student may also pq;élor fail by getting a2 certain number of consecutive
P

exercisas right.ér wrong, o

Practice mode., Work in_this mode is recorded but does not affect the students'

standing as determined by progress mode., As an example, practice mode might
b
—_— be used to prbvide review to a student who hLas been absent from_school,for a

-

few déys. T o B

-

- Carefully designed, graphically oriented helps are provided throughout the

——  curriculym. While working on an exercise or after entering an answer, a_student

8

may call for a help which is a short interactive instructional sequence that

shows how to do the exercise, The help is obtaineéd by typing the Question

mark key. tThe help will show a student, step by step, how to work the exercise

that was on the screen when he or she asked for the help.

Leaxner Profile

-

Diagnostic information now available to the privileged few can be extraordinarily

helpful to teachers, parents, and students in achieving success in learsning. .

Yet the majority of children receive, if angthing, group administered paper

7

and pencil tests quite unlike the one-on-one tests used by today's experts,

Such group tests 4o not tap the full range of important learner cﬁaracteristicgt_

Py

+
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entific principles in administering. tests, scorind and, analysis, and to print
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1) \
\

and do not provide thorough interpfgtive feedback, let alone feasible sugges~

tions for dealing with the results.

\ ) :
A breakthrough is now po¢ssible for ghilﬁrép, because compuéers can make
- - \ -

. one-on~one testing of each learner's'profiié\widely available. These

3 \\ " ' Ly

computers are now being purchased by schoolg fér computer~aided instructiop

and administraéion. They can also be programmed\Fo follow established sci-

P

our reports and suggestions for feaéible actions_that teaghéts, students; and

parents can understand and-use. "

F
L] &

WICAT has received private funding to begin a Learner Profile project to

dévelop these capabilitiés. The goal of this project is to enable children,

parents, teachers and staff to understand and use.learner profile information.

The benefits are:
I

* Students will know what to ﬁ;actice to imprdve as learners and be
motivated by the oppertunity to track improvement as‘ithoccurs.

* School staff will be able to identify learning disabilities early and,
in many caseE; remediate them. | “

* Teachers will have a positive alternative to judging and labelling
children when the only problem may be a mismatch between a child's
learning profile ang predominant classroom teaching methods.

* School staff wiil be able to provide truly individualized education

plans.

From a scientific standpoint, We can expect an order of magnitude increase ‘-

in the.accuracy, consistency, and usefulness of learner profile test data from

-

25
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i

L] i EER I
computer-administered measuremeﬁ%. New kinds of tests are possible,” The

4 - . .

measurement and interpretation can embody new findings in Cognitive ﬁciénce,
. -~

- t

Brain Sciences, and Artificial Intelligence, The datd can be collected
continuously in real school settings, instead of under contrived and’costly

” temporary set-ups, and can be related to actual acbievement‘ﬁata on, school

- . 1 .

learning, ' . 4 <. ’ e

et . ) §
i . .
L

The opportunity for expansion of high-quality in—school'rese;rch will multﬁply

L - ot -

the benefits to the users of the liearner ﬁroffle:’ . ' - _

* pifferentiated profile scores will be measurgd‘and studieﬁ, to ob;ain'?_

: o 2 - : Lo -
information not available from global summary scores,

B

4

* Testing will occur repeatedly over the yediias\the child improves. * . L

- < -

\ ‘It will be obtgined_under familiar computer 1earnin€ coﬁditiqns, qﬁd'. : -
' will replace costly, infrequent, and fraumatic “test éays.“' " -
[l - i = .

\* Interactive computers will introduce new forms of measurement not

possible by any- human tester--precise response tiﬁes, leafning-decay-A

" . R

s over‘time, and complex, information-trich scoring beyond the mathemaﬁical

- ability of the average human tester.

¥TTLaser vidaSdisfs controlled by computers will permit selection from a

H

file ofrué to 54,000 colorful visual'images, motion seguences, and

audio in tworor more languages. Life-like, game-like, job-like test

. - IHC-‘.
situations will make a new range of abilities and traits measureable,

-

with, enhanced mbt;vation'pn_;he student's part, .

L) 6 . - !

* Norms on thousands of students will be obtained rapidly and at little P

7 . '

-" additional cost once sevéral well placed school computers are involved,

* The growth. and change ip abilities and preferences, over time, and

o ot

with practice, will be revealed.
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+ * The relaticnship of abilities and preferences to achievement in

each key school subject area will be determined.

-

Ll

., Currently the following hine tests have bheen developed:

Shapg judging, This test measures the student's ability to differentiate
between differsnt shapes. It.consists.of four sections, The first is a

shapé'matching task in which the student is asked to "find +he shape which

?he—seGend—Seetienﬂisaa—eharaeter—rex?rsal-task*mﬁch“fﬁé Same as

“existing tests for dyslexla., The thifd section isa visual conceptualization

task in which the studen; is asked to "find the shape which has the same visual

idea as the first," The last task is a get matching task in which the student

is asked to""tell which set tﬁis'shape heléngs to."”

]

Digit memory. This test measures the student's digit memory span. It is
comprised of two sections, the first prefenting digits for the student with

Jo interference, and the second requiring the student to .respond to several

problems between the pfeﬁFntation of the digits and their entry into the answer

portion of the test.

Location memory, This test measures the student's abkility to remember a series
of locations. These locations ars presented sequentially, in strings of

from two to eight locations, and the student is required to enter the loca-

- .

tions sequentially,

word memory., This test measures the student's ability to remember a series
.of words., The words are presented at the rate of one per second in strings
varying from two to seven words. The studrnt is then asked to enter the string

of words in the same order that he saw them,

27
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Word/shape judging. This test measures the speed and accuracy with which

a student can look at a_simple shape with a word inside it and teil whether
the shape matches the woré. There is a time'limit which is reduced each

time that the student correctly responds and increased each time he fails to

respond by the time limit.

shape "Yecognition. This test is a straight-forward gestalt completion test.

In the first section of the test, the items are presented in steps that .allow

the student to press a help key in the event that he has no idea as to the

P

correct answer. There is less credit for responses after the initial presenta=
tion of the item. The second section of the test presents Fhe gestalt items -
with no help available.

Word coding. This test presents 'buried word" items, and requires the student

—

to “decode" them: determine their meaning, and then tell whether each is true

or false, for example: HANDSWEARSHOES. Items are presented forwardr backward:

up, and down, and response tiWe ig considered for each item, as well as the

number correct. There is a time limit for each item.

Vocabulary. This is a straight~forward vocabulary test. It is composed of

two sections, the first requiring the student to match a word to its nearest

synonym, the éecond requiring“the student to match a word to its nearest
antonym. The test ejects a student if he misses four in\a row, and keeps
. track of the number of items taken: as well as the number correct.

Shape memor/. This test measures the student’s ébility to remember shapes.

He is shown a series of forty shapes and asked for each, “Have you seen this

shape before during these tests? Time to respond is also measured for each item.

ERIC S 28 I
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All support for davelopment qf'the learner érofile has come from sources

other than those supporting thé Department of Educaticn "Indian Project”
discussed in this report. However and because of the scientific and
practical importance of bofh projects, we have attempted to integrate products
of the learner profile project with the "Indian ?rojeét“ to the extent that
existing time Fnd resources allow. For instance, pilot studies with a

small popglation of Indian children included Learner Profile experiences as
well as experience with the WICAT curriculums described above. piscussion

of these pilot studies follows.

PILOT E?UDIES

Much of adaptation, develcpment, and evaluation activities in this project

are taking place\at the Waterford Schocl in the Utah~va11ey. The Utah Valley

lies practically at the'geographic center of the Ind?an populaticn of the
‘ﬁnited States. Arapahoe, Goshute, Navajo, Paiute, Shoshoni, and Utes among

others have reservations within 300 miles of the Utah Valley. Additionally,

600-B00 reservation youths live during the gchoel year with local families

in the Utah Valley. There are alsc about 2,006 Indians permanently resid-

ing in the Utah Valley aé well as 500-600 Brigham Young University students

with youné children. Geographically, then, the Provo-Orem, area is uniquely

well situated for undertaking planning, pilet, and demonstration projects

for Indian children.

Waterford School itself ic a private laboratory school operated by WICAT

Education Institute and located in Prove, Utah. Scientists, educators, com-

puter professionals, and school personnel are all located in the same physical

d 29
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/
plant at Waterford School so that evaluations, curriculum development, and

curriculum adaptations can be effected in an efficient and responsive ménner.

Phase 1I of this project includes a formal, systematic evaluation of all the
WICAT materials discussed above. This activity will be perfofmed by bringing

Indian students on plécement or residing in the Utah Valley to Waterford school.

- "'p--

The scope of this activity will depend on the amount of support received for -
Phase II. It was determined early that formal, systematic evaluation of
appropriate scope could not be supported by the funds provided for pPhace I,

and this activity was nct included in the final statement of work for pPhase I.

{

However, it was later determined that some informal, limited duration
I - .
acitivity of this sort could be performed in Phase I, Accordingly, we
) proceeded to do it, Data from this early, pilot testing are presented in

the following discussion. ..

Three times a week, Tuesday and Thursday afternoon and Sétdrday morning,

about'40 Indién children were brought to Waterford School in the period

19 April 1983 - 19 May 1983, On each of these occasidns, the children re-
mained at the school for about an hour working‘on the reading comprehension
cﬁréiculum, the arithmetic curriculum, and the Learner Profile materials,

A few children tried the paragraph comprehension section from the beginning
reading materials, but data from this activity are too sparse to report,
sufficient data were obtained on 37 of the childyen to report here. The
children were categorizéd in three ways: grade in school, there were children
from 3rd, 4th, 5th, and 6th grade; sex:; placement or residential. Nineteen
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of the 37 ch}ldren were on placement. Of these, 10 were in the first year

of placement, 7 were in their second Year, one was in the third year, and one
was in the fourth. Table 1 shows the number of children within each of these
three céfegories. As the table shows, the "spread" of tﬁe children was

fairly even wiéhin these categories.

Reading Comprehension.

Over the four week period of the pilot study the students accum;iated an
average of 107 minutes on the readirg comprehension curriculum, Average time
accumulated by the students in reading within the three éategories of school
grade, sex, and placement are shown in Table 2. Based on the times shown in
Tahle 2, it appears that there ig not much difference among the student's
time, but that perhaps the girls and the residential sgudents were a little
more dil?gent than were'the boys and the students on placement, respec-

tively.

as described earlier, a student on the reading curriculum completes a story
in one of three statuses: mastery status if more than 80% of his responses
were correct, working status if between 50% and 80% of his responses were

correct, and failed status 1f less than 50% of his responses were correct.

" Table 3 shows the average number of stories brought to mastery or working

status by the studéﬁ}é'auring the 4_week/12 session pilot study. Once again
it appears that girls and residential studen;s ;éfé more diligent ;p’gheir
work on the reading curriculum. However, the .average number of story com;
pletions shown in the table may not reflect very well the success of students

in the curriculum--these completions muy only reflect the :mount of time the

students spent on the curriculum.




=

Alleccaticn of the 37 students within each of the three categories.

Category
3rd 4th Sth 6th Total
schoeol Grade 10 11 8 8 - 37
) Boys Girls
Sex 16 21 o= 3
. Placement Residential
Placement :

19 18 : = 37
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. Table 2.

-~

Reading comprehension--average time (minutes) accumulated in the curriculum.

Categogx
3rd 4Ath 5th th )
— -~ school Grade— Tem.e T I05.5 T 1dE T -

©120.7

-

- Boys Girls:
i - Sex 89.4 121,0
Placement Residential )
., , Placement - 89.5 126.3
— A
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Table 3.

-

Reading comprehension-=average number of stories brought to working or

- mastery status.

Category’ . .
» \ : .
— e e et 3xd_ .. _4th 5th .. 6th
Srd. -4th 2th bth i
School Grade 7.9 5.9 8.5 9.6 : ]
) Boys Girls .:
. Sex . 6.8 8.6 ‘
Placement Residential
Placement ) 6.2 . B
Guo F
g;
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This possibility is reinforced by data shown in Table 4. These data attempt

"to show the average amount of time in minutes it took students in the categories

*

shown to bring a story to mastery or working status. Notably the minutes

reported here incluée_time accumulated when a story is failed or when é
student “escapes" from a story leaving it uncompleted. The data shown in i
Table 4 then are a reasonable reflection of students' rate of progresg
through the curriculum. The shorter time required to complete a story shown

*

py older étudents, or students in higher grades, probably does not reflect
greater success with the curriculum so much as the time it takes older stud;nts
to work up to gtories at an approp;iate level of difficulty~-older students
- may séend a little more time doing easier stories than do younger students-
It is notable that despg£; the eériier noted diligence of. the girls, the boys
in this saﬁple actually required about a minuté 1e§§ time to bxing a story
to maséery or working status than did the girls. The diligence.;f residen;
tial students, however, s;ems matched. by theit better rate of progresslthrough
the curriculum~-agaih about a miﬁute faster to bring a story to.master§ or
working status than the students on placement. These Jdifferences gre not
= explained by the girls and placement students spénding more time “shopping
around" éor stories., Exactly the opposite is the case~-boys and residential

students escaped from more stories than did the girls and placement students

respectively.

L}
Proportions of correct responses (i,e, proportions of total responses that

‘were correct) may also be of interest. These data are presented in Table 5.
Because these data are based on'a large number of responses, they can be
assumed to be reliable--small differences can be assumed to be "real," larger

differences can be assumed to have some practical significance. One strik-
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Table 4,

-

Reading comprehension--average minutes required to bring.a story to mastery

. or working status., -

Categog
3xd 4th 5th 6th
School Grade 15,3 16.7  12.4 10.8.
H
Boys Girls -
Sex 13,1 14,1
a i \ -
’ . Placement " Residential
Placement 14.4 13,3
N
- "‘\_ -~
»
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Table S.

Reading comprehension--proportions of correct responses.

i

Eatggogx

~ 3rd 4th 5th 6th
Schorl Grade .69 .60 .72 BS
Sex .67 - .66
Placement Residential
Placement .63 .69
¥
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In summary, then, with respect to the reading comprehension curritudlum,
. e

ing aspect of these data is the variation in proportion of correct responses

‘across grade leveis. There is a 12 peréentage point difference across the

four school grade levels, and this difference is probably large enough to be

noticed by the students. What to attribute these differences to remains an

open question. The variability may be due to small numbers of students in

each of the school grade sub-categories. Data from Phase 1II should tell us

more about this possibili;y. The difference of one percenﬁage point between
the correct response rate of boys and girls seems of little practical
significancé other than to indicate thét-fr;m this standpoint boys ana'girls
seem to be experiencing about the same level of success with the_purriculum.
The difference between residential students and those on placement is, however,
a somewhat different matte;. H;re the difference is 6 percéntage points,
perhaps large enough to be noticed by students, but certainly indicating ’

relatively greater success with the curriguluﬁ on the part offthe residen-

tial students.

L]
it N

A

the following three obser;ations may be appropriate.! First. deépite some ’

variabilipy among the four school grades, there‘appeé: to be 1o real trends

in success or progress with the curriculum that might be due t? age or‘yeafs
. +
in school. Very probably the variability that arose in these data wi}l
\

- § .
disappear in phase II with larger numbers of students and 4 more syst?matzc

sampling procedure.

- second, sex differences do not appear to be particularly significant with

respect té success or progress with the curriculum. Girls appeared to be more
diligent in that they accumulated more time and completed more stories im

the curriculum, but boys achieved the same proportion of correct responses




as the girls, and they took slightly less time to bring a story -to mastery or

working status. Despite occasional pronouncements in the research.literature

that gir}s do better than boys in elementar;’school reading, research in'
cémputer~aided instruction in elementary.schooi reading has usually shown
that girls and boys progress and achieve at about the same rate (cf. Fletcher_
and Atk;nson, 1972). The seme sort of finding emerges from the deta in this

pilot study.

~
.

Third, there were some practical differences observable between the students

-

who were residents of the area (the Utah Valley) and students on placement.

The residential students showed greater progress and success with the curric-

ulum on\@very measure taken. However, placement itself does seem to make a

i

differenée. As can be seen in Table 6, dividing up the placement students
into those who were on their first year of placement and those who had been

on placeﬁent more than one year (7 out of 8 of the placement students were

on thelrfsecond yvear of placement) shows a clear superiority within the latter
- e

group_fo# the number of stories brought to working or mastery status and the
’ >

" time they required to do so. Also the group of students who had been on

placement for more than one }ea; showed a correct’'response rate that was one
_percenfage point higher than that showed by the first year placement students,
but*this difference -is probably of little practical significance. WNotably,
hoﬁevefg\the ?ne student on 3rd year placement and the one student on 4th
yeer pl%éement nad correct response proportions of .76 and .71 respectively.

¥
/ |

5

Arithmetic

Data available for the arithmetic cwrviculum are similar to those available

for #eading comprehension with the notable exception of response rates--
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Reading comprehension--yesults for students with one and more than one

Year on placement. ) - - .
1 year on " More than 1 year ‘ .
" placement on placement
Number 10 * 9

Average accumulated L
minites T o 90.6 88.2 oo

Average stories in '
working or mastery status _ 3.4 9.3 I

Average minutes to achieve . L
working or mastery status '
per story 26.6" ? 2.5

Proportions of - i
correct responses .63 .64




=38~

® |
the:e_is no detailed trace of students!' gponses that would allow determina-<

¢

tion of correct response proportions or number of responses made per minute.
Over the four week period of the pilot study the students spent about as much
time on the arithwetic curriculum as ‘they did in reading. Overall they

accumulated an average of 106.2 minuges in the arithmetic curriculum.

verage time accumulatedzyy the students in arithmetic within Ehe three

ies of school grade, sex, and plagpment statug are shown in Table 7.

There is some significant variability in average time accumulated across
~school grade leﬁéls,_but, as with similar kinds of variability across grade
. ~ .
levels in readiné, tﬁ;§e\§eems to be‘no clear interpr?tatioh of this result

" otgér than to suggest‘that it will disappear with larger and more systematic
sampling of students. as with the reading curriculum, girls ééemed'to be
" more diligent in attendance as is shown by their greater number of a;erage
minutes accumulate; on the arithmetic curriculum co?pared with the boys.
There does not seem to be a5y significant difference between placement and
residential students with regard to average time ac;umulated.in arithm;tic.
This result contrasts with that of the reading curriculum in which re§ideqtial”

L

.students accumulated sisnificantly more tiﬁe than did the placement students.
In the agithmetic curriculum, a lesson is "passed" if a student responds
correctly to more than 80% of its items. Average number of les.ons passed .
within the three categories of school grade, sex, and placement status are
shown in Table 8. Again there is variability in the school grade category,
girls passed more lessons than did the boys, and residential student; passed

more lessons than did the placement students.

: N 4




Arithmetic=-average fime (minutes) accumulated in th- curriculum.

Category

school Grade

Sex

Placement
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Table 7.

3xd 4th

5th . 6th

109.3 107.4

Placement

106.8

42

Girls

89.0 117.%

120.0

Residential
- 105.5
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Table 8.

Arithmetic—~-average number of lessons passed.

4

Category
1 3rd 4th Sth 6th
School Grade 35.4  33.8  3d.8  54.6
Boys . Girls
Sex 35.3 41.7
Placement Residential
_Placement v 36.5 41.5
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However, to get a better understanding of differential success among the
sub-pategories, effect of time on the curriculum needs to bé leveled out. ;
This is done for the data presented in Table 9, which shows the average

number of minutes students within the.three categories took to pass a lesson.

As with the reading data, these averages take accdunt of all the time each ' .
student spent working on the ari;hmetic curriculuﬁ-—in other words, they
reflect the amount of system time requixed’ﬁo pass one lesson. In negaré to

_these data, it seems reasonable to conclude that older students {i.e., the

Sth and 6th grade students), boys, and residential students took less time

to pass lessons tha; did younger students, girls, and placement students
respectively. Since th; curriculum emphasizes arithmetic Sasics, it ma§

simply be easier for older studenes tha; for younger ones. This notion is
reinforced by the fact-that several of the‘Sth and 6th grade students completed -
one nalf of their lessons in Leﬁel B, which is intended for 3rd and 4th

grade stuuents. It appears, then, that the greater success and prodress of

5th and 6th grade students Qbservablé in these data are artifacts and should
disappear once proceduras for presenting the curriculum are better set.

However, the slighcly higher success rates for boys and residential students

may refiect real differences in these populations across all four grades. -

Although no data can be presented concerning proportions of correct and in-
correct response it is possible to consider number of lessons passed as a

proportion of all lessons attempted. These proportions are presented in

44




-] D

Table 9.

Arithmetic--average number of minutes to pass one lesson.

Categorx )
> 3rd 4th 5th 6th
school Grade 3.1 3.2 2.6 2.2
. Boys ’ Girls
sex 2.5 2.9
Placement Residential
. Placement 2.9 2.5
- 11
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Table 10. The proportions presented appear to be guite stable within the
p;teéories. The low proportion of .83 among 4th grade students is in keep-
ing with the earlier data showigg the 4th graders to £ave the lowest number
of lessons passed and the highest——although'not by much—-number of minutes

tb pash ; lesson. Interestingly, the.4th grade students generaily perfofmed
less well than d;d students from the éghe; grades in reading comprehe;sion.
The 4th graders came from a number of different schools and .classrooms. That
they appear as a group to be less able than students in the other grades
probably reflects nothing other tﬁan the "luck of the draw.” In‘any case,

the arithmetic curriculum foes seem to do a geol job of managing stable

curriculum experiences for Ihdian students with a variety of backgrounds

and abilities.

' In summary, then, with regard to the arithmetic curriculum the fbllowing

three observations may be appropriate. First, and Jjust as_in the case of the

reading comprehension curricuium, there appear to be no real trends in
success or progreés }ith the curriculum that might be due to age or years in
school. . What variability there is will probably decrease .in Phase II when

more students and more systematic sampling procedures can be used.

Second, and again as with reading comprehension., sex diffaerences do not appear

to be particularl: significant with respect to success or progress with the
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Table 10.

Arithmetic--proportions of lessons passed out of all lessons taken.

Category -
. 3xd 4th 5th oth
Schodl Grade - .88 .83 .88 .90
Boys .Girls
Sex " .87 .87
Placement Residential
Placement status )

.87 : .88
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curriculum. Again girls appear to be more diligent, but boys seeﬁ-to do
just as well as girls once they are in the curriculum. ‘In the long run it
will be interesting to see if the sex bias favoring boys! per?ormance in arith-

metic that generally appears in junior high school can be dampened by computer-

aided instruction. Very probably the difference between Indian and non-Indian
students can be leveled-off by computer-aided instruction given the rates of

success shown here. : e

Third,'the differences between placement and residential students in perforﬁa;ce
on the arithmetic curriculum appear to be small--and relatively smaller than
those for reading. This may be due to the less frequent and simpler use of
English language in the arithmetic curriculum. In any eéent, it seemed use~

ful to view dafé on the arithmetic curriculum for first-year qnd_@pre than
first-year placement students to see .f any effect of &ears on placement could
be discerned for arithmetic. Thase data are shown in Table ll. Surprisingly
they indicate consistent.differences favoring the first year plaéem;nt
students., These results are difficult to account for since number of years

on placement should improve.botﬁ verbal and quanti;ativé skills of students.
However, with regard to quantitative skills, these results seem to indicate

the opposite. Illumination and-explanation of these results will have to
awalt completion of Phase II of this project. In the meantime the notion

that placement seems mainly to develop the Engiish language skills of Indian

students is reinforced by these preliminary results.




Table 11,

-

Arithmetic--results for students with one and more than one year on placement. _

1 year on More than 1l year
placement on placement

Number . 10 9 :

hveraée

accumulated minutes 115.8 96,9

- Average - i

lessons passed ‘ 42.4 30,0

Average minutes :

to pass a lesson ; 2.7 ' 3.2

Proportion of

= lessons passed 92 .79 £
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Learner Profile ) ) - N

-

Precise information.on the amounf of time the students spent_wﬁrking on

the Learner Profile was not recorded. However, the average times should be
fairly close to those reported for reading comprehension and arithmetic;

With regard to numbér of combuter-aided tests taken, it should be noted that
the Indian students were freé to decide which tests to take when. None of
the Indian students took all the tests, and different students took different
tests. Over all each stuﬁegt took about five tests. The number of students
who took each ;ést are shown in Table 18. There are no strong gualitative
comménts to be made about these numbers. More than ;ﬂfthing else they may

reflect the order in ;hich they appeared on the studénté* list bf test choiges._
1t is interesting to compare the Indian studen?s pefformance on these tests
with the_performénce of waterford students. Around 90 Waterford studeﬁts in
grades 2-8 also took these tests. The average age and sch901 grade of the
Waterford students were gﬁerefore slightly higher tﬁan_they were for the

Indian students. I{ should not be surprising then that the Waterford students
scored higher on almost all the tests than did the Indian students in their
pilot study. " However, the magnitude and ranking of thé differences are of
interest. If the Indian stuﬁents performed in a way qualitatively similar

to the Waterford students then their average test scores should be generally B
lower but not differential}? lower--the differences between the average scores
for the two groups should be about the same across all tests. This, however,

=8 not the case.

l'\h
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~ Table 18
Numbers of students who took each Learner Profile test.

Test ) ‘ Kumber

Shape Judging 26
Digit Memory . ‘
Digits - with interference _ 7
Strings - with interference 7
Digits - without interference . 20
Strings - without interference 20

Location Memory

Rooms ) . 19
Strings . 19
‘. Word Memory
) Words . ’ 11
Strings 11
Word/Shape Judging ‘ 21
Shépe Recognition ' : 5
Word Coding - 16
. hand - : .
vocabulary _
Synonyms 3 9
Antonyms - . 8

Shape Memory C 4
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The difference between the two groups on each of the tests are p;esentedif_

as T-scores }n Table 19. The differences are calculated by subtr;éting ;pe .
average scores of the Indian stu&ents from the averagerscores of the e
Waterford students so that a p;sitive T-score represents higher average - -
scoring by the Waterford stu@ents. As the table shows the rar,e of di#ferences
i§ laige and does not reflect scoring by the Indian students that'is uniforﬁly
lower by a simple, constanf-émo;nt. For instance, the digit memory tests
with interference ma§ be relati;ely easier for Indian students than the

digit memory tésts without interference. Also, word memory for skrings may
be relatively easier for Indian students than word memory for words. Finaliy,
it is notable that the Indian students‘out—performed';h? Waterford students

on one test, Shape Recognition. It will be interesting to see if the same

pattern of scoring emerges in Phase II.

Curriqg;um Recommendations

The discussions of curritulum recommenéations that follow f£all into two
general sections, one concerning adaptation of the existing materials and ome
concérning development of new materials. The comments on curriculum adapta-
tion are mainly based on obser;ations of the Indian students Qho participated
in Ehe Spring pilot study and are fairly general in that they concern at least
twé and usualiy all three of the areas considered—-reading, arithmetic,eand
Learner Profile. The comments on curriculum development are mainly based on
the two surveys of th; difficulties Indian-students may'have with English
(Fletcher, 1983a) and with mathematics (Fletcher, 1983b) and are 5pecific to

these two curriculum areas. - ‘
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_ Table 19

-

Differences between Waterford and Indian students scoring on Learner Profile

Tests. .
; | ' Degrees of
Test - T-Score Freedom i
Digit Memory (Digits, w/o . 7.88% 100 .
k Interferenze) - - - J. - - - C e e LT -
‘Digit Memory (S{:rings,. w/o 7.143- ‘ 109 ' ’
Interference)
Word Memory {Words) . 6.8° < 89" '
Word Memory (Strings) 4.00% 89
Shape Judging ‘ ’ T¢ 3.68° 114 ]
Digit Memory (Digits w/ . - 2.88° 94
Interferenge) .
Vocabnlary (Svnonyms) T 2.78% 98
Word Coding ] 2.78% - 100
Location Memory (Strings) 2.76% 97
| pDigit Memory (Strings w/ 2.13% 94 .
Interference) .
Word/shegpe Judging - 1.97 106 ’
Location Memory (Rooms) ) 1.06 - 97
Shape Memory - .86 93
vocabulary (Antonyms) .72 - -94
. Shap-e _Recogri:i.ti.on - -1. -_}9 95,

qsignificant (p < .05, two tailed)




Adaptation
Although the recommendations made here are based on experience with the Indian
gtudents in the Spring pilot study they are appropfiqte for all students.

Nonetheless, their importance was emphasized by results from the pilot study.

&

©

The recommendations center on seven issues:

- . .
' RS Y, 4

Advisor functions, Both curriculums and the learner proffle begin by present-

LY

L \ - .
ing stgdents with a menu of choices, However, little information is given to

- -]

the students on which they can base a choice among the items presented., “This

was found to be a mi?or.ﬁroblem for the wWaterford students but it emerged as-a

. -

major problem for the :ndign students who were &aught in a double bind of

‘having insufficient inforﬁation on which to base a choice and being reluctant

-

to make a choice without it, Some of the Indian students spent several
minutes simply staring at the menus every time they were présented.: It is
clear that to be used successfully with Indian &tudénts, among othé&s, the

wcomputer materials will have to include an advisor function that will

, -
re. mmend appropriate chpices for students when they are presented with menus. -

-

s
At the léast, thig function should provide general information on which the

students can base their choices.

=

In reading, current plans are to pro&ide for each student an estimate of the
. - : 7

level of difficultf of the "editions" displayed in the Newsstand., The
student will also be given information gbout his or her status--méstery,
working, or not passed--in the stories in editioﬁs he may be considering,

In the Learner Profile, as noted earlier; the Inéian students tended to start

with the first test on_ the list Qﬂd then-simply take the rest of the tests in




sequential ordex. Current plan;‘hre to ﬁrovide an advisor function that will re-

commend subsequent tests to students based on their performance iquriar tests

and on some calibrating materials that may be given béfore the students begin

workino in the specific tests of the Learner Profile. 1In arithmetic the problem

of choosiﬂg_among alternatives was not difficult for any of the students.

?his may well be Because the choices in the arithmetic curriculum are-among

relatively familiér sorts of items--addition, sustrac;;;;;_;;visibn, whole S
numbers, etc. The Indian students in particular di& not kake overly long to
decide among the arithmetic alternatives, and over the period of thé pilot
study their choicis were fairly well spread among the alternatives. _F%nally»

>

there alrea!y is in the arithmetic curriculum a limited advisor function in

©

that students are told the number of the lesson they will be given within each
of the alternative choices thus prpviding tbem"& measure of their progress.
For these reasons, there are no current plans- to augment the advisor function

of the arithmetic curriculum.

Introc ictory lessons. Although the student/computer interactions in the two

curviculums and the Learner Profile were designed to be az simple as possible,
many students, Waterford students as well as Indian students, expgrience.
occasional difficplty in telling £he computer what they want to do. This
difficulty seems to be a function not so much of the students forgetting h&w
go interact with the computer as of learning the interactions in the first

place=-once the interactions are learned %! @ students rarely forget them.

The current procedure to so.ve this problem is to provide as much adult help

. as possible on the first oue or two days students use the computer and to

leave them on their own thereafter, with the exception of the computer room

procotor whe is always available to answer student duestions. This precedure




may not be sufficient. The recommendation in this regard. therefore, is

to provide for each of the interaction types ;n fhe two curriculums and the
Learner Profile a simple introductory lesson. These lessons should lead each
student through the required interactions on a response by response basis

in a way similar to the procedure now used by the computer room proctor in

first introducing the students to the computer. In the Learner Profile

materials, these lessons will have the additional benefit of providing an
oppdftunity to "calibrate" students so that an advisor function can provide
appropriate recommendations yhen students begin to take the fLearner Profile

tests.

Procedural helps. A great deal of help is provided with the content of the cur—

riculum materials presented in the reading and arithmetic curriculums. However,

- e

the procedural helps, that is to say the helps intended tp aid students in tell-
:ing the computex wh;t they want to do, may be insufficient. In reading: the in-
formation needed by a student for procedures‘of this sort ig always presented at
“at the bottom of the d;splay screéen. Therefore, the procedural help for
reading may need to be Pittle more than a reminder to the student that this
information is availaﬁie and perhaps a slight expansion on the information
g}ven. In arithmetic, progedural helps in the form of reminders that students
can ask for help, indiéate "carries,'" select specific items on the screen:

etc. should be provided. To some extent the need for these procedural helps

ma§ be obviated by the development and presence of introductory lessons for
: ~

the interactions. Whether this is true or not will have to await erpirical
tryout of the materials in Phase II.

i

Knowfédge of results. poth curriculums and the Learner Profile provide feed-

~back to the students on their performance after they have finished a story, b

~ . 56
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lesson, or test. However, it seems-additionélly useful to recommend two
more procedures for providing knowledge of results to students. In reading
when students "escape" from a story before finishing it some infor;ation about
how well they are doing should be provideé before the students leave the story
completely. Displays for this new escape function have been spec;f;ed and

~‘~ are illustrated in Figure 1. Figure la illustrates a display to a student

who has escaped out of the story in which he is do;ng well. Figuxé_ig_ illus-

trates a display to a student who has escaped out of a story he cquld still
pass. That is to say he could still achieve a level of 50% correct. which
is requirgd to reach working status ip a story, but he or she could not get
the 80% level of correct responses: which is required for mastery status.

Figure lc illustrates a display to a student who has escaped out of a story

in which he or she could no longer reach either mastery or working status.

In the Learner Profile materials, it is recommended that knowledge of results
for some items be given at the time of the students' response rather than aftef
he or she has finished all the items to the test. Exactly which tests should
»a

include this feature will have to await further data analysis, but it'appears

- J -’
important to include it in at least some of the tests.

Audio enhancements. Some use of the audio capabilities seems to be indicated

for both the reading comprehension curriculum and the Learner Profile materials.

In addition to the pedagogical value of including audio enhancement in read-

-

ing comprehension materials intended for those who must learn English as a
second language there seems to be a more compelling socio-psychological reason.
Students who are in the early, beginning reading materials use headphones
because ihe beginning reading curriculum makes extensive use of andio. BAs it

is now, when students move from the beginning reading materials to the read-
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Figure 1, Displays for EscaPe Function in Reading Comprehension

S

YOU HAVE TRIED:

Sy S

YOU HAVE CORRECT:

v 5

TOTAL IN STORY:

e ——————

YOU CAN STILL MASTER THIS STORY.

DO YOU STILL WANT TO ESCAPE? -
Yor N§

Figure 1la.
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Figure lc.
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ing comprehension materials they can simply take their headphones off. as
a result, there is a very obvious way for all in the computer roo%*to know
who is doing well and who is doing poorly in reading simply by seeing who is
wearing headphones and who is not. The solution seems to he to enhance thé

reading comprehension materials with audio both for its obvious pedagogical .

__value and for this latter social value._ In the Learner Profile, audio.” . .

enhancement is more of a research issue. "However, it is clearly an area of
investigation that ought to be pursued, if for no other reason than to provide

non:ﬁative speakers of English instructions in their native tongue.

Role commitment. One very obvious difference hetween the Indian students and

the Waterford students grows out of an issue that ig entirely separate from

educationai and/or ethnic background. This issue concerns the commitment of
stu@ents to participating in what is an imperfect and experimental educational
environment. The imperfections mainly concern procedural issues such as
scheduling the students properly, accounting for machine “down time," coping
]
with new materisls and interaction types, ipg occasionally dealing with
professional researchers who may not have the same level of expertise in
interacting with children as do professional te;chers. A great deal is
done at Waterford to secure from both students and teachers a commitment to
learning and achieving in an environment of this sort. As a result the
Waterford students and faculty are very resilient in dealing with the sort
of broblems that arise in an experimental educational environment such as
the one at Waterford. The same sort of resiliency was not displayed by the
Indian students. It is doubtful that this lack of resiliency has anything

to do with underly.ng and genuine characteristics of Indian students. Rather,

it seems to reflect an iusufficient effort on the part of proiect staff to
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.

secure a role commitment from the Indian students equivalent to that evident
among the Waterford students. It should be emphasized that this was not
a debilitating problem and these comments about role commitment on the part

of Indian students should not denigrate the achievements of the Spring pilot

study. This study was a successful and rewarding experience for all con~

“cerned. Nonetheless, it was also clear that project staff could and should

do more to secure role commitment from Indian students as the project pro-

<

ceeds into Phase II.

special education considerations. The private and relatively culture-fair

features of computer-aided jinstruction have been noted many times in the re-
search literature. These features were among some of the main reasons for
undertaking this project. However, these features may be even more important
with regard to special education. About half way through the pilot study,

one of the parents of one of the Indian students reported somewhit sheepishly
to project staff that her child had been placed by the public gchoolg in a
special education class for students who are creating disciplinary problems..
This informgtion came as a complete surprise to proﬁect staff since the.par-
ticular student in question haﬁ been one of the most steady and diligent workers
on the computer-aided materials. The experience left a subjective impreésion
of the immense promise of computer-aided instruction in dealing with students
who find-it difficult to cope with the social-psychological trappings of cla;s~
room experience. The success of computer~aided instruction used jin special

education has been documented by a number of researchers; including Fletcher

-

and suppes (1975) with hearing-impaired students and Colby (1967) with

autistic students. In any event, it is recommended that the promise of

computer-aided instruction in reaching special education students, and in this

61




case special education students from Indian populations, should be vigorously

pursued, : . i

Curriculum Development

In addition to the adaptation and modifications discussed above some develop-

ment of new materials is necessary. Recommendations for development are made
. R 4 )

separately for the reading and arithmetic curricplum, These recommendations

for development are primarily based on the surveys of English and mathematics

completed earlier for this project, How much development can be undertaken ;

and completed in this project will depend on pPhase IY and phase IXY funding.
The following recommendations discuss what should ke done if the sapport can

he obtained to do it.

Reading development. Based on information now at hand, there are 12 recom-

mendations to be made for developmént of addi;igng;_;ggdigg_matggigls fo;_

Indian students: .

* Materials should be developed that provide pracﬁice with selected
minimally ﬁontrasting vowel pairs. Based on studies by Cook and
Sharp (1966), Young (1968), Zintz (1971), SavillérTroike {1974),
and Edwards (1981}, practice using both computer text and audio
capabilities should be provided with thg following vowel-pairs:

3/ - jm/
R/ = rle/
e/ = /a/
/a/ - je/
/m/ - /a/

le/ =~ /af 62




monosyllabic words where the task is to determine if audio "spoken®
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This practice should be provided in three ways, which are roughly

graduated in difficulty. First,. the pairs should be présented in

by the computer is the same as or different than a monosyllabic word

displayed as text. Second, the student should determine if two

.monosyllabic word displayed by the computer as text and to determine

monosyllabic words "spoken" by the computer audio are the same or

different. Third, the student should select the correct monosyllabic

word from among.several auditorically similar words displayeé as

text on the basis of an audio cue "spoken” by the computer.

!’

Matérials should be developed that provide practicé with sglected
minimally‘contrasting consonant pairs. Again based on studies by -
Cook and Sharxp (1966), Young (1968), Zintz (1971), Saville~Troike
(1974), and Bawards (1981}, practice using both computer Eext_;nd
audio capabilities should be provided with ghe_folléwing consonant
pairs: #
2 ~/p/ - /b/

YWY,

/Rl - /g/ .

il - 18/

£/ = v/

This practice should be provided in the same ways as it is for the
minimally.contrasting vowel pairs in the first recommendation. That
is to say there should be two same/different tasks to determine first

if audio "spoken™ by the computer is the same or different than a
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second if two monosyllabic words "spoken" by the computer are the
same or different. Third, again, the student should select the correct
monosyllabic word from among several displayed as text on the basis

. >
of an audio cue "spoken" by the computer.

T T T MatEriaIs—shou1d—bé*deveioped*that;érbvide practice-with-final con---- - - ——— —
sonants and conscqggéébplusters. The final consonant clusters of

English are too numerous to list here, but based on studies by

Cook and Sharp (1966), Saville~Troike (1974), and puBois (1979),. - P
practice using.éomputer Eext and audio should be provided with final
consonant clusters including those that arise from English plufal

and possessive forms. - .

This sort of practice is already probided by the spelling pattern
exercises in the'beginning reading materials. However, these
materials do not include practice with plural and possessive forms.

These forms should be added to the existing materials.

* Materials should be developed that provide practice with phonemes
that do not exist in gome American Indian languages. According to
foung (1968) and saville-Troike (1974), the following phonemes do

- not exist in Athapaskan languages: /£/, /v/, /x/, /%, /8/, and /3/.

+
-

"

Practice with these phdnemes should be provided using the two same/
different tasks and the recognition task described in the firét two
recommendations. For that matter practice with /£/, /v/, and /§/ are
already included in the second recommendation. Only practace with

/x/. /%/, and fy/ need be added.




— . __forms_ought_to_he provided,

-2

* -Materials should be developed that provide practice with plural and
singular noun forms. Since, as DuBois (1979) pointe@ out, many
Américan Indian languages 4o not employ different singular and plurﬁl

noun forms, practice with these forms, particularly the irregular

To some extent this practice is already available in the word pattern
and vocabularly exercises. HoweveY, some-exerci;esthatexplicitly

show the link between plural and singular noun forms should also be

provided. These should be of two forms: recognition and production.

- The recognition exercises should require the student to selgft the -

correct plural form of a noun frof:.among a list of possibilities

after receiving the singular forwm as both an audio and textual cue.
The production exercise should require theiétudent to type in the
correct plural form of a noun--a form he or she already can recognize
" successfully in the previous exercise-<after receiving the singuiar
fo;m as both an audio and textual cue. Going the other direction, -
from noun plurals to their singular forms, is judged to be of sub-
stahtialiy légg value. However, this issue remains moot and some

empiricai work might well be undertaken to determine if this judgement

- is correct.

* Materials should be developed that provide practice with verb tense

forms; Cook and Sharp (1966), Mickleson and Galloway (1969), and
Wolfram, Christian, Leap, and Potter (1979) all reported probklems
with Engliﬁh verb tense forms. English irreqular forms should be

emphasized along with~--'{e)s, '--'(2)q,' and-~'ing' endings.
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Practice with these ﬁat;rials should be provided in exactly the
same ways described in the previous recommendatiqp for plﬁral and
singular noun forms. That is to say recognition and brod:ction

i exercises should be developed.that require students to fecognizg '

N - -correct_verb tense forms and--once recognition is achieved success-

fully--to produce the correct verb tense forms.

-

* Practice with English determiners shoulg_g%éprfivided. As Cook and
Sharp (1966), Young {(1968), and'gaﬁgids (1981} pointed-out, count
nouns-;ith 'the,'_izf}-;nd tan* in which definite ;ersus indefinite
determiners are contrasted cause considerable problems for American
Indian students,. ; '

To some exteﬁt, this practice is already provided by the existing
sentence‘comprehension and paragraph comp}ehension exeréises. However,
some materials that explicitly contrast definite and indefinite deter-
miners should be included in these exercises and comprehension-qpestions

should be devised that highlight the contrast.

* Ppractice with third person singular pronouns should be provided. Cook
and Shﬁrp {1966), Young {(1968), and Edwards (1981) all reported aiffi-
culties as American Indian students attempted to distinguish among

masculine, feminine: and neuter gender in the third person singular.

Practice with these materials should involve match{ng sentences using
the correct third person ‘singular pronoun with -a line drawing

[

illustrating the sentence. The interaction required for.this practice

i -:6_6 e et : . .- -
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has already been prepared for the vocabulary graphics exercise. What e

is needed is the production of items that focus on third person singulér

pronouns.

* Practice with the semantic implications of juncture should be provided.

o - Zintz (1971) indicated juncture as a problem for American Indian
students, and contrastive exercises using computef audio'tB show the

semantic implications of juncture should be included. v

This practice should be provided in a straight-forward recognition
exXercise in which syllable pairs that contrast in meaning based on
juncture are “spoken" by the computer audio to the student who must

" then select the correct textual representation of the audio.

3

* Practice with prepositions, verb-preposition combinations, angd Eﬁglish
idioms should be provided. Studies by Cook and Sharp (1966). Richards
(1970), and Edwards (1981} all indicated the value of this type of

practice.

This practice is already provided to some extent by the sentence

comprehension and paragraph comprehension exercises. More items

. . focusing on prepositions: verb-preposition combinations, and English
idioms should be developed and included in these comprehension exercises. '

* Practice with passive and wh-# transformations should'be provided.

witherspoonz(l9?7) and McCarty (1980) indicated thése as problems

r

for American Indian students.




Practice gith comprehensiop of these transformations is already
provided in thé sentence and paragraph comprehension exercises.
However, some direct- practice in making these transformations; and
.their associated de—traﬂsforma;ioné, should also be provided. 1In these
exercises the entire transformgd se.ittence, or de-transformed sentence,

‘shou}d not be typed in by the student. The student should only be

e o

required to produce the correct verb form ror passive transformations

or the correct wh~# form for wh-# transformations. '

* Basic vocabulary practice ought to be provided. 8Studies by O'Neale
and Dolores (1943), philion and Galloway (1969), Richards (1970),
Kersey and Fadjo (1970), Young (1974), and Clifton (1976) all point

to the value of this type of practicef

This practice is already provided by.the beginning reading curriculum, [
and, with the exception noted abo;e, is probably sufficient. However,
some basic vocabulary practice of the same sort ought to be included

in the reading comprehension program as well. <The same egércise *

types should be used, but the vocabulary levels should be appropriately

adjusted for use by upper elementary and junior high school students.

Arithnetic development. Based on current information, there are two recommenda~

s

tions to be made for development of additional arithmetic materials for Indian

- students:

* Materials should L. déveloped that provide practice on mathematics

terms and concepts. Following the recommendations of Rosier and
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1

Holm (1980) and Bacon, Kidd, and Seaberg (1982) for a bilingual approach,

explanations of these terms and concepts ought to be made <in American

Indian languages, using computer audio capabilities, as well as in

English. Some of the terms identified by Garbe's studies {1973, 1978)

and by Moore {1982) should be explicitly taught ang Ppracticed. Finally,

stochastic nctions of probability and certainty as discussed by

Philipsen (1972) should be explicitly taught, perhaps sooner than

-

they would ordinarily be in a non-Indian oriented arithmetic curriculum.

To some extent terms and concepts, as wel as notions of probability

and certainty, are taught in some new mathematics materials developed

for 7th and 8th grade. However, these terms and concepts are at

junior high school level--they are not the simpler terﬁs and concepts

targeted by Garbe's work--, and there is no use of computer audio

capability to pronounce and explain the term in English or in Native

.

american languages. The vrcebulary cxercises from the beginning read-

ing curriculum--particularly the vocabulary graphics and vocabulary
meaning exercises-—are well suited to the sort of mathematics voca-
bﬁlary practice needed. These vocabulary exercises, then, should be
adagt?d from the begipning reading curriculum; provided with the

appropriate mathematics vocabulary items, and set-up as a separate

§trand in, the arithmetic curriculum for use by students at all levels

grades 1lr8.

-
’
L)

- *  gome practice with time éstimation tasks should be included. In the

iight o’ xes by Mick.eson and_Galloway (1973), .Anderson, Burd,
) é ’ - .
. Dodd, ar ' iker (1980).,-and Bura, Dodd, Smith, and Grassl (1981),°

v ’ .

it appears that some units should provide practite’in estimeting-time
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needed to complete fairly common (to American Indians and others) tasks.
The broblem uncovere these studies may be one of difficulty in

breaking down tasks into r components and seeing the sequence of

'events needed to accomplish the tasks as well as estimating time for

them. Providing practice in the technicues of problem solving analysis
may be a significant step in helping American Indians acquire coping
skills needed for ﬁbdern society, and time estimation skills may be

the best vehicle for this process. :

-
¥

This Practice should be developed and set-up, again, as a separate
strané in the arithmetic curriculum with levels of difficulty
aﬁpropriate for students at all levels, grades 1-8. Graphics should
be used to aid students in visualizing the tasks to be done and in
breaking down the tasks into components whose durations or time

requirement- are more easily estimated.

The computer presented materials should capitalize on the inherently
motivating “gaming"lcapabilities of compqter interaction. The appeal
of using video gaming techniques t¢ teach relevant and appropriate
subject matter is hard to deny. The probability that this could be
done successfully forimath;matics instruction is very high. If Green
(1978) is right and the primary obstacle to mathematics success among
American Indian stgdentg‘is one of attitude, then the use of a gaming
apprqgch to teach mathem;tics to American Indian students seems almost
mandatory. . . .

L]

The best way to satisfy this recomcendation would be to develop anf
-

"intélligent," or computer-controlled, videodisc that took a problem

- | 70
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solving approach to teaching mathematics. Students would then be

\\ put int . a visually rich environment in which they learned”and used
mathematics as a way to solve problems—--or win games. However, fund-
ing for this project will not support development of a videodisc in
addition to all else Ehat must be aone. Nonetheless the spirit of
what is suggested here can be captured to some extent by a problem

solving environment created op a computer alone. This sort of develop-

ment should be attempted on'an experimental basis in this project.

PINAL COMMENT

-
4

The discussion here is, of course, more tentative and perhaps tantalizing than
final. However, three conclusions do segem to be warranted based on project
experience thus far.

Pirst, it seems reasonable to conclude that the WICAT reading, arithmetic;
and Learner Profile materials can be used successfully and profitably by
Indian students. In the approximately 12 sessions students spent on the
computer materials during the Spring pilot study, they passed on the average
about 8 reading stories, 37 arithmetic lessons, and completed about 5
Learner Profile tests. The Indian students responded correctly about 67%
of the time in the reading curriculum, and th%y rassed about 87% of the
arith@etic lessons attempted. As mentioned above, the Spring pilot study
was a rewarding experience for all concerned, and there seems little reason

to expect widely different results firom different. populations of Indian

students,
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Second, some modifications of procedures for presenting the materials will
make them easier to use. These modifications primarily concern beLter pre~
paring students to interact with the system, i.e. providing more introductory
and fellow-on information to the students on the procedures for communicating
with the computer. These modifications include the provision of advisor
functions, introductory lessons, procedural helps, knowledge of results, and
audic enhancements as well as more focused efforts t0 secure role commitment

from the students.

Third, some develcpment of new materials specitically for Indian children will

substantially enhance the pedagogical power of the reading and arithmetic

curriculum materials. Twelve recommendaticns for new reading materials and

threenrecommendations for new mathematics materials were documented.

In addition to these conclusions, several results from the Spring pilet study

deserve further consideration. For instance, it will be important to determine
‘En Phase II if the fellowing results held up:

* fThere were no sé; differences in performance by boys and girls on
reading and arithmetic. That is to say., and contrary to cccasionally
documented expectations, there was no cobservable superiority in girls'
performance on reading or in bhoys' performance on arithmetic.

© * fThere were no performance trends cobservable in reading as a function
of school grade, 5.d the trends cbserxrvable in arithmetic may be
completely explaiﬁed by procedures for presenting the curriculum--
not the curriculum itself. Generally speaking proper management of
the materials should prevent these trends from appearing.

* There were placenment versus resident status effects in reading.

Residential students generally did bketter than placement students
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in reading. fThis effect was alsc observable in shorter times to
complete stories by students who had spent more than one year on
placement than &¥ those in the first year of placement.

* There appeared to be little effect of placement versus residential
status on performance of students in the arithmetic curriculum.
However, when the placement students were partitioned into first

" year and more than first year placement groups, the students who
were in the first year of placement out-performed the students who
were in subsequent years of placement.

* pifferent Learner Profile tests were of different relative difficulty

for Indian and Waterford students. These differences were .especially

observable in the Digit Memory and word Memory tests. Differences
were also observable in the Shape Recognition test on which the Indian

students achieved higher scores than the Waterford students.

In short. the work and results documented above appear to be a worthwhile be-
ginning--but only a beginning. More systematic and complete sampling of

Indian students for follow-on pilot study is needed to resolve issues that
were noted above or are likely to appear with the introduction of new cur-
riculum materials. However, the notion that computer-aided instruction has
substantial potential to increase the productivity of our educational institu-
tions in instructing Indian students in the education basics was both confirmed

and reinforced by the work of this project. Computer-aided instruction has

both promise and challenge for the Indian education community. We should

rise to the occasion.
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