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Abgtract

The drill-snd-practice mathematics program run in Mississippi and
California showed positive results for grades 1 through 6 in Mississippi
and for some grades in California in comparison with matched control groups.
The tutorisl mathemstics program run with first and second graders in a
deprived area in California had a statistically significant positive effect
only for slow learners in grade 1 in comparison with traditional classroom
instruction. In a Russian course for college students, CAI students per-
formed significantly better than control students on final exsminations for
two of the three academic guarters for the first-year course and on the

only quarter examination evaluated thus far in the second-year course.







- BEvaluation of Three Computer-gssisted Instruction Programsl
Patrick Suppes and Mona Morningstar
" Ingtitute for Mathematical Studies in the Social Sciences

. Stanford University

Atthough computer-assisted instruciion has reached the operational
gtage in various parts of the curriculumg in & number of places in the
United States, very few "hard data" evaluations of student achievement in
‘these programs have yet been published. The purpose of this paper is to
report the results of the evaluative testing of students in three programs
that have been funning at Stanford over the past several years. The first
is the drillQand-préctice programuin elementary mathematics. Results are
reported for schools in California for the 1966-67 and 1967-68 ascademic
“years and for schcols in McComb, Mississippi for the 1967-68 zcademic year.
The second program is_a first- and second-grade tutofial-mathematigs curriculum
conducted at the Breatwood School in East Palo Alto, Californiz. Results of
evaluative testing for 1966-67 and 1967-68 are given. The third program
is the tutorial curriculum in elementary Russian at Stanford University,
which is in its second year of operation at the time of writing this paper.

We ghall not attempt a wide-ranging evalvation of computer-assisted
instruction in terms of reporting observations of student behavior; the
results of student, parent or teacher questionnaires; or detailed analyses
of curriculum performance. Some results of this kind have already been
published in.Suppes, Jerman, and Brian (1968). We also shall not report
evaluation of the Jtanford tutorial programs in reading. For this the

reader is referred to Atkinson (1968). The purpose of the presgent paper

1



ig bo concentrate on the classical comparison of experimental groups with
pontrol groups and to comparse their relative rates of achievement. In the
case of the two mathematics programs, the primary instruments of evaluation
were Stanford Achievement Tests {Xelley, Madden, Gardner, & Rudman, 1963),
which are not a product of Stanford University but are commercial tests.

In the tutorial mathematics program, individualized Stanford-Binet
intelligence tests were used. In the Russian program, which was under
- the direct supervision of Profesgor Joseph Van Campen at Stanford University,
.the evaluation consisted of comparative performance on midterm and final
examinations in the course.

It should be emphasized that the primary purpose of this paper is
to present without extensive interpretation the evaluative results, We
dg conclude with some discussion of the results, but the main function

of the paper is to present in standard data form the results of the testing.

l..  Drill-and-practice Program in Elementary-school Mathematics

The drill-and-practice program began in the spring of 1965 with L1
fourth-grade children who wére given daily arithmetic drills on a teletype
machine in their classroom. By the end of the 1965-66 school year,

270 students in grades % through 6 in three California elementary schools
were participating in the program. For a detailed account of 1965-66, see
Suppes, Jerman, and Brian (1968). During the 1966-67 school year, the pro-
gram was further expanded to include grades 1 through 6 with more than
1,500 students involved. Student participation inereased again during
1967-68 with approximately 1,000 students in California, 600 students

in Mississippi, and 1,100 students in Kentucky.



Because changes occurred in the_curriculum and the computer system

as the program developed during the first two years, statistical evaluation
was rlot.begun_unt"il the 1966-67 academic year. During 1966-67 and 196T7-68,
.Sténfofd Aéhieveﬁent Tests ﬁeré used for evaluation., The primary aim of
~the program was to provide drill and practice in the skills of arithmetic,
 especiélly computation, as an essential supplement to regular classrdom
instructioga _The concepts presented to the students for drill and review
at the éompﬁﬁer termina;-have been previously introduced in the classroom
by the teacher. | _

" For the 1966—67,§nd 1967-68 school years, the curriculum material;..
for each.of grades 1 ‘through 6, Waé arranged seguentially in blocks to
éoiﬁcide approximately.ﬁifﬁ‘the developméﬁt of mathematical conéepts intro-
duced in several text serieé. There were 20_to 27 conceﬁt blogks for each

-grade‘ievelo 'Each:bﬁncept block included a pretest, five days of‘drill,
'ajpoéttest, and sets of review drills and review posttests, . A brie? de= -

seription of the material in each concept block is showvm in Table 1.

Insert Table 1 about here

Parallel forms of é test were prepared for each concept block., The
_test consisted of an equal number of problems from each of flVE levels
of difficulty. For a given'student, different forms of the test were -
assigned for_the preteéf and for the posttest in each block, The form
assigned for the pretest ﬁas éounterbalanced among students., The forms
of the tést not assigned as a pretest or a positest for a given student

were divided inte halyes:and used as review posttests Tor that student.



TABLE 1

Concept Blocks for Grades 1-6, Drill-and-Prectice Program 1966-67

Grade 1

Gfade 2

forma + b =¢ + &

(continued)

Block Degcription Block Description
1. |Counting, How many, 0-9 1. | Addition facts to 10, horizontal
2, | Counting in sequence. 2. Subtraction facts to 10,
3, Sums to b | horizontal
' . N 3. Addition and subtraction facts
L, | Sums to &, vertical, mixed to 10, vertical | |
5. | Differences to 4, vertical, mixed . | Adaition facts to 10, mixed
6. {Sums to 6, vertical, mixed - horizontal and vertical
7. | Sums to T, vertical, mixed with varisbles
. . . 5. Mixed addition and subtraction
8. | Differences to 7, vertical, m;xed to 10, mixed horizontal end
9. Sums to 9, vertical, mixed vertical
10, | Sums to 10, vertical only 6. | Counting by 1's and 2's; finding
11. | Differences to 10, vertical only vhat comes bef;re end after
12, | Sums to 10 with varisbles T, Addltlon{ 11, 12, 13, horizontal
o - _ and vertical
13, Differences to 10 with variables 8. Subtraction, 11, 12, 13,
1L, Sums and differences to 10; horizontal and vertical
horizontal 9. | Mixed addition and subtraction,
15. | Sums and differences to 10, horizontal and wvertical to 13
vertical format 10, } Units of measure; counting;
16. | Sums and differences to 10 inequalities
vith variables 11. | Addition, 1%, 15, 16, horizomtal
17, Sums to 10, 3-digit numbers : and vertical _
18. | Column addition, sums with 10's, 12, | Subtraction, 1k, 15, 16,
no regrouping horizontal and vertical
19. Column subtraction, no regrouping 13, Mixed addition and subltraction,
20, | Mixed sddition and subtraction norizontal and vertical, b, 15, 16
in columns, facts to 10 1h. Word problems; units of measure;
21. | Mixed addition and subtraction, counting to 200
inequalities 15, | Fractions, 1/2, 1/3, 1/k
22, | Mixed 1~ and 2-digit column 16, Addition,'lT, 18, 19, horizontsl
addition and subtraction and vertical
23, | Sums to 10 with form 17. | Subtraction, 17, 18, 19,
at+b=c+d horizontal and vertical
2k, | Sums to 10 with variables, 18. | Mixed addition and subtractionm,

horizontal and vertical

{continued)




Table 1 (¢ontinued)

. Grade l”(continued)

. Grade 2 (continued)

Block Description Block ‘Description
25. Spéciai'addition and subtraction 19, | Units of measure; counting;
27. |Special mixed drills inequalities
o 20, Multiplication, 2's and 3's to 9
(ian, 2X0= 6 a0
2x9=__ )
2. ¢ and A Iaws for addition,
‘subtraction, and multiplication
22. | Achievement Tests
23, | Mixed drill: fractions; units
of measure; inequalities;
multiplication
24, | Mixed drill: addition,
subtraction, multiplication
25,

27

Special asddition and subiraction

Special mixed drills




Table 1 (continued)

1l digit into 3 digit

{continued)

Grade 3 - GréaE'h SR
Block Description Block - Description
1. Mixed addition and subtraction, 1. Addition, 1 and 2 digit,
horizontal format, sums 0-18 vertical and horizontal
2. | Addition, sums 0-18, horizontal 2. | Subtraction, -1 and 2 digit,
and vertical” S vertical and horizontal
3. | Subtraction, sums 0-18, %, |Subtraction, 2 and 3 digit,
horizontal and vertical vertical format
, Agdition, no_carry,'veftical o b, Addition, 2 and 3 digit,
(2 addends, 3 digit) and column addition
| (5 addends, 2 digit) 5. |Mixed addition snd subtraction, .
5, 1 Subtraction, no borrow,: vertical vertical format, limits same as
2 and 3 digit o {1 Blocks 3 and U4; word problems
6. | Addition, vertical with carry 6. | Measure: length, time
., | Subtraction, with borrow Weight, money: scme word
: problems
o B :iglﬁégioind subtraction, 7. | Muitiplication, 2's - 9's,
Y : : horizontal format; levels by
9. Measure and word problems and products
inequalities 8, |Mixed sddition, subtraction,
10, Column addition and subtraction; and multiplication; word problems;
add; subtract Add. and subt., vertical format;
. . limits same as Blocks 3, 4, and 7
1l. | Measure, inequalities Multiplication, horizontal format
. V44014 . . _ _ _
e g?stzgélg?zlon’ horizontal, 9. | CAD Laws: days 1-I apply law
day 5 1identify law
135, | M3 i .
3 %X?d,multl?llcatlo? and 10, Divisicn: ladder form, no
division, 2's znd 3's . .
remainders, level by preducts,
14, | Division, ladder form single~digit divisor, 2's - 9's
1 digit .
1glt dnto 2 diglt 11, | Multiplicstion: 2's through 12's
15. CAD Taws, add horizontal format, level by
subt. products
malt. 12. | Fractions: identify (to 1/8)
16, { Mixed drill: measure, word simple reducing
obl . .
problems, inequalities 1%, | Mixed drill: mult., div.,
17. Fractions fract.,, inequalities, word
18, Multiol 4 ; . problems; same limits as
ulvipteation, horizontal Blocks 10, 11, 12 (horizontal
2's = 9's 22 ’ :
and vertical)
19. giziiigill%;acﬁylzgpllcatlon’ 14, | Long division: ladder form,
’ +0 1-digit divisor, 2-4 digit
20, Division, lzdder form dividend, random divisors -

(continued)




Table 1 (continued)

_— et taa—

|

—

Grade % (continued)

Grade 4 (continued)

Block |

21.

22.
235,

oh.
25,

27

~Description

Multiplication, vertical
1x 2 digit o

Achievement Tests

| Mixed @rill: column sdd; subt.;

multiply
CAD Laws

Special addition and-subtraction
drills , '

Special mixed drills

Block

156
16,

17.

183

19.

20.

21,
22¢
235,
2y,
o5, .

26.

27,

Description

CAD Laws: " dsys 1-3% using law
. days k-5 ‘identify law

Fractions: saddition, subtraction,
reducing T
Meagure: time, money, liquid

mezsure, length, weight;
some word problems
Multiplicetion: multiples
of 10, inequalities :

Mixed drill: mult., div., frac,
CAD Laws; same limits as Blocks
14, 15, 16, 18; some word
problems :

Long division: . ladder form,
1-digit divisor, 2-4 digit
dividend, random remainders

Fractions
Achievement Tests

Mixed drill: long division,
fractions,. negative numbers;
same limits as 20, 21, 22

LIstimation of quotients in
division

Special addition and multiplication
drills

Special subtrsction and division
drills ‘ ’

Specigl mixed drills




Table 1 (continued)

" Grade 5 Grade 6
Block | Description Block Description .
1. | Addition, vertical and horizontal 1. | Mixed drill: 1/2 column, add. ,

100

1t.

12,
13,
1k,
15,
16,
17,

18,
190
20,

1, 2, and 3 digit

| zevel L, carry to 10's

level 5, carry to 10's or 100's.

Subtraction, Vertical aﬁd o
horizontal, 1 gnd 2 digits

Mixed addition and subtraction,
3, 4 digit; mixed borrow, carry

Multiplication, 2's —.12's
Level by products, horizontal

Multiplication, vertical:

1 Up to T x4 digit

Carry, no:carry

Mixed drill: multiplication,
division, fractions. L

Division: ladder form
level 3: 1 into 3 digit

Meaggure

Multiplication, vertical
2 digit, 2's «» 12's

Mixed drill: column add,
subtraction, multiplication,
decimals, CAD Laws

Divigion: ladder format
Level 3: .2 into 3 or 4 digit

Tractions

Measure, decimals

CAD Laws ) o
Division: lad&er format
Fractions

Mixed drill: multiplication,
division, fractions

Measure
Fractionsg, decimals

Mixed arill: multiplication,
divigion, decimals

(continued)

10,
11,

12,

13,
1k,
15,
16,

17.

subts; 1/2 multiplication; ‘some
involving decimals

Multiplication: 2's - 12's,
level by products, horizontal
format '

Column multiplication:

(1 digit) x (2 digit) through
{2 digit) x (3'digit)-
Division: ladder form,
l-digit divisor T
Fracticns: factors, reducing,
comparing, simple add., subi.

Mixed drill: inequalities,
decimals, word problems,
exponents, add., subt., mult.,
div. '

Division: ladder form to 2-digit
divisors

Fractions: add, subtract
Measure: length, time, money,

temperature, liquid measure

Ratio: per cent
Division: ladder Torm, 2-digit
divisor '

Mixed drill: fractions (add.,
subt., mult.), ratio, per cent,
div. decimals {add., subt.)

Fractions:
subt., mualt.

CAD Laws:

decimal, add.,

days 1-4 apply law
day 5 identify law

Multiplicetion: multiples of 10,
horizontal formet :
Division: ladder form, 2-digit
divisors, 3-5-digit dividends
Mixed drill: fractions (+, -,

%X, +), fractions (column add.)
CAD TLaws, division

{continued)




Table 1 (continued)

Grade 5 (continued)

Grade 6 (COntinued)_

Bloek |

Description Block Description
2l. | Division, ladder format 18, | Measures: all, including a
22, | Achievement Tests few metric; area, -volume
2%, |Mixed Drill: summary 19. | Ratio, per cent
ol Estimation of quotients in 20, |} Mixed drill: -all.operatlons,
N I , , . per cent; decimal mult.
division :
25. | Speciel addition and multiplication| = Ei%iglzs mumbers:  add, subtract,
drills P
26, | Special subtraction and division 22, .| Achievement Tests
drills 23, Mixed drill: summary
27. | Special mixed drills ok, | Estimation of quotients in
division
25, Special addition and
miltiplication @rills
.26, | Special subtraction and
divigion drills
" 27.. 1 Specilal mixed drills




For each day of drill, five drills, one at each of the five levels Of””":i
mdiffiéﬁlfy; wére prepared; a.total of 25 drills.ﬁé? block. :Séveral sets
of re#iew drills for each block were alsc prepared at the five defined
levels of difficulty.- The-drills'and the review drills for the most 4if-
ficultllevel, levei 5,'and-the level 5 problems on the tests were rewritten
.for the 1967-68 school year at a higher difficulty level than,those.presenﬁed
in ﬁhé.l966-67 Eurricuium,

Bach student responded to problems presented on a teletype located in
the school. The Model-33 téletypes were comnected to the PDIP-1 camputer
at Stanford fia telephone lines, After the student signed into the program
by typing_hié assigned student number and his Tirst name, the teletype
_printed his last name and presénted the appropriate set of problems. The
temporal pace éf the problem preseﬁfation was determined by the student.

The materials presented to the student for the seven days required

for each concept block were:

Day 1 pretest;

Deays 2-5 drill and review drill;
Day 6 drill and review posttest;
Day 7T posttest.

Examples of the format for seversl types of problems are shown in Figure 1.

Insert Figure 1 about here

The teletype printed each individual problem and then positioned itself
to accept the answer in the appropriste place. The student typed in the

answer. If his answer was correct, he proceeded to the next problem.
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GRADE BLOCK FROBLEM

1 1 HOW MANY M Sede
RMRRMM
MRMMRM
1 2 °  COUNT.
: 10 1t === 13
1 4 G4 | B em-
2 a4 9+ 1% 5 4 =e
2 8 ' T+N=9
N5 —=-
2 9 11
S 2
2 9 10
-3
3 1 - + 35 = 38
3 4 2 3
1 4
+2 1
4 2 3 6
2.3
4 6 3 YDe AND 2 FTe = === FT.
4 9 36 X €28 + 34) = (=== X 28) + (=== X 34)
5 4 == X 11 = 33
5 5 29 a
. K&
‘5 ¥ ‘173 OF 18 = we=
3 T4 57965
6 5  TYPE THE MISSING NUMERATOR OR DENOMINATOR.

8/3 = ~==/9 :

P 6 TYPE < OR = OR »
348 «vc 9 + 4

6 7 (17 X ===3 + 9 = 28722

Fig. 1. BSamples of problem formets for grades 1 through 6,
drill-and~practice program,
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If he input the wrong answer, the teletype printéd NO, TRY AGAIN and presented
the problem again. If he made a second error, the teletype printed NO, THE
ANSWER IS ... and presented the problem once more. If the student input
the wrong answer for the third time, he was given the correct answer and
the teletype automatically proceeded to the next problem. The student was
allowed from 10 to 40 seconds to respond, depending upon the type of problem
presented. If a student took more fhan the allotted time to input his answer,
the procedure just described was followed, but the teletype printed TIME IS
UP, TRY AGATN in place of NO, TRY AGATN.

The level of difficulty of the first day of drill was determined by
the student's performance on the pretest according to the c¢riteria presented
in Table 2. The level of difficulty of each successive drill in the same
concept block was determined by the student's performance level on the
preceding day's drill., Thus, if the student's performance on a drill was
80 per cent or greater his next drill was one difficulty level higher.
A score of less than 60 per cent branched him down a level for the next
drill, Otherwise, the gtudent remained at the same difficulty level for
the next drill.

Whereas the driil content was the same for all students in a class
with only the difficulty level changing as a function of the preceding
day's performaﬁcé,=the content of the; review.drills differed among students
as a function of the totzl past performanée history of each student. The
computer individually selected thé réview drille to correspond to the content
of the past block that had.the iowest posttest score for that student, with
the restriction that he was not reviewed for two seven-day blocks in a row

on the same past block. The level of difficulty of the review drills was
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determined by the posttest according to the eriteria presented in Table 2;

Insert Table 2 about here

the difficulty level remained constant for all four days of review. Once
a student had received a set of review drills on a given concept block,
the score on the review posttest, gi%en_on the sixth day, replaced the
previcus postitest on that concept block for determining the concept block
and difficulty level for future review drills.. | |

| The branching structure for a sevennday sequence of probiems is shown

in Figure 2. Fach darkened circle repregents a drill; each open circle

.Insert Figure 2 ebout here

fepresents a review drill. To make up for absences, a student could take

more than one drill per day, branching accordingly after each drill.

Evalﬁation
To evaluate the effectiveness of the drill-and-practice program,
the arithmetic portion of the Stanford Achievement Test (SAT) was ad-
ministered to both experimental and control classes. Four different
levels of the SAT were used., ZEach level had one, two,'or three arithmetic

sections which are described briefly in Table 3. Unless otherwise noted,

Ingert Table 3 about here

the tests were administered in October and again in May by either the

classroom teacher or a member of the staff at the Institute.
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TABLE 2

Branching Criteria

From Pretest to Drill®

Per cent Level assigned Per cent
correct ' for drill . correct
on drill Di
°- 1 . 0-59
20 - 39 o) 60-79
60 - 79 i
80 - 100 5

From Drill tc Drill

;

fﬁévelréSéféﬁed
Tfer drill Di

+1

next lower level
game level as Di

next higher level

® Also from Posttest to Review

1h



a1

POSTTEST
BLOCK n

PRETEST
BLOCK n

POSTTEST
BLOCK n-0 REVIEW
REVIEW 4 POSTTEST
POSTTEST BLOCK n-o
BLOCK n-o

L

DAY DAY DAY DAY DAY

DAY DAY DAY
PAST I 2 3 4 5 6

7

Fig. 2. Branching structure for a ‘sevenwday concept block.

#p-a Block with lowest posttest performance.

Ol

LEVEL

LEVEL



TABLE 3

Description of Stanford Achievement Test Batteries - Arithmetic Portion

Primery I: Middle of grade 1 to middle of grade 2
A, Arithmetic, 63 items
(Measures, problem solving, number concepts)
Primary II: Migdle of grade 2 %o end of gradé 3
A, Arithmetic Computation, 60 items
| (Addition, subtraction, multiplication, division)
Arithmetic Concepts, 46 items

B.

(Numbers, measures, problem solving)

Intermediate I: Beginning of grade 4 to middle of grade 5

A,

B,

Arithmetic Computatlon, 39 items
(Addltlon, subtractlon, multiplication, lelSlon)
Arlthmetlc Concepts, 32 items

(Place value, meanings and 1nterrelat10nsh1ps of operations,
average, per cent, etec.)

Arithmetic Applications; 5% items

(Reasoning and problem sclving in area, ratlo, volume,
averages, graphs, ebc.)

Intermediate II: Middle of grade 5 to end of ‘grade 6

A,

B,

Arithmetie Computatlon, 39 items
(Addition, subtraction, multlpllcatlon, d1v151on)
Arlthmetlc Concepts, 52 items

(Place value, meanings and 1nterrelatlonsh1ps Of operatlons,
average, per cent, etc.)

Arithmetic Appllcatlons, 29 items

{Reasoning and problem solving in area, ratlo, volume,
graphs, averages, etec, )

16




Although the publishers of SAT rermméﬁd that %he test in May for
‘grades 2 and 5 be one levelihigher_than the test given in October (Table 5),
whenever pessible we administered different forms of the same test within
a given grade; i.e., Primar& II in grade 2 and Iﬂtermediate:II in grade 5.
However, when the administration of the SAT was an integra; part of a testing
program within a school system reguiring sdherence to the SAT manqal, we

were ungble to dictate which tests or forms were adminisﬁered, This fact

\
1

must be kept in mind when deviations from standard experimental design occur.

California 1966-67

Tests were administered to four schoolé for the 1966—67 evaluation.
Grades 3 through é were teéted in Experimentéi School A and Coﬁtrol School B;
grades 4 through 6 were tested in Experimental Schoql C and Contrél S¢hool D,
In each case, the control school was locatéd in the same district as the
experimental school, The pretest and posttest administéred was. Primsry I1
for grade 3, Intermediate I for grade h, and Intermediate II for grade 6
in all four schools. For the fifth gfade, Schools A and B administered the
Tntermediate II test for both the pretest and posttest; Schools.c and D
administered the Intermediate I as a pretest and Intermediate II as a posttest.

The difference between the posttest and pretest”grade_placement con the
SAT Computation Section for each grade for School A versus School B and for
School € versus School D was examined. The statistical fesults‘of t-tests

and the average pretest and posffest grade placement are shown in Table k4.

Insert Table 4 about here
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TABIE L

' Grade-Placement Scores on the SAT: Célifornia,'1966-67'

Pretest , Posttést Posttest-Pretest
‘ ; ‘ _ S S £ ar
Grade | Bxperimental R ”Control‘ N | Experimental | Control Experimental Control

3 2.9 51| 3.0 |63 3.9 3.6 1.0 6 | a.s0mr (112
School | L 3.9 60 5.9 s b7 5.3 .9 Lh | 2,934 |133
Aws. Bl g 4.6 66 i.6 81 5.2 6.3 T 1.7 '—4,34** 145
6 4.9 50 | 5.2 70 7.1 7.1 2.1 1.9 .95 118
4 3.7 61 3.8 63 5.4 1.8 1.7 1.0° ,h,jg%* 199
School. | g 5.4 63 4.9 77 6.2 5.4 .8 6 1.3 138

Cve. D ' g _ . . : : .
6 5.8 58 6.0 56 Tl 7.1 1.6 1.1 [e.9* 112

*¥p < L05

** p < ,0L




The increase in performance level for students in. the experimental school
- was significantly greater than in the control schools for grade 3 in
~ Bchool A and for grades 4 and 6 in School C.

At the end of the school year we learned that after examining the
results of the pretesting at their school the teachers and administrators
‘at SchoolvB, a_centrol ecnool, inetituted gn additional 25 minutea per day
of claesroom inetruction and practice in arithmetic for 8T?@§S_”_aﬂd 5e
Since the performance 1ncrease of the students in Control School B in grades
__4 and 5 was 51gnificantly greater than in Experimental‘School A; we would
4conclude that 25 extra minutes of classroom drill can be more bteneficial
_than 5 to 8 minutes per day of computer based drill _ The greater gains
for Control School B compared With Control School D supports the conclusion
lthat the performance of the students in School B wasg a function of the extra
.drlll 1nlthe claseroom0 The effect of classroom drill however, does not
_detract Trom the effectiveness of the drill-and-practice programo Whereas
the classroom approach required 25 more minutes_of the teacher s time
devoteo to.arithmetic and 25 minutes less of the student’s time devoted
.to nonmathematical topics, the drill—and-practice.program required no extrsa
time from the teacher and the student lost only 5 to 8 minutes from non-
mathematical subgectsu

| Since the SAT Qoncepts end Applications Sections do not include many
titems contained in the drill—and—practice curriculum, they are not as
appropriate as the Computation Section for testing the effectiveness of
the program. However, the increase in performance level for the students
in the experimental schools was significantly greater than in the control

schools on the Concepts Section for grade 6, t(118) = 2,18, p < .01,
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Bchool A; and for grade 4, t(122) = 2.37, p < .01, and grade 5, t(138) = 4,21,
P < .0L, in School C. On the Applications Section of the SAT the experimental
classes performed significantly better than the control classes in grade L,

3(122) = 1,96, p'< .05, and in grade 5, t(138) = 2.50, p < .01, in School C.

Californis 1957-68

The administration of the SAT for.evéluation.df the 1967-68 program
included grédes 1 through.6 in seven different schoolé, lTwo of these
"schools includéd both ékﬁerimeﬁtai énd coﬁtrol students;“two inclu&éd only‘
éxperimentai.students, and three inéluded‘only control students. Within
the expérimental grdup ffdm 5 to 9 classes.were tested at each grade ievel;
Within:the control grduﬁ? from 6 to'iﬁ classes were tested ab each'grade
"levelo Although “the testlng program for 1967 68 was more advantageous than
: that for 1966-67, in terms of number of students tested the distribution
" of students among schools and classes made it 1mpossible to conduct matched
'.éomparisons as was done in the 1966-67 evaluation. The test.levei adﬁinis-
tered as the pretest in October end as the poéttest.in May ﬁas'Primary I
for grade 1, Prlmary IT for grades 2 and 3, Intermedlate I for grade Y,
and Intermediate II for grades 5 and 6. |
| Again & t-test was used to determine the diffefencé between thé ex-
perimental and control students in terms of change in”performance-from
Octoberlto May within ééch grade. The results of this cdmparison and the.

average pretest and posttest grade placement are shown in Table 5. The

Tnsert Table 5 about here
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TABLE 5

Grade—Placement Scores on the SAT: California, 1967-68'

Pretest _ Posttesf Posttest_—Pretest
Grade Experiméntal N | Control | N | Experimental “Control Experimental | Control ’ "
1 1.3%9 58 | 1.30 267 “ 2.64 2,51 i,eu 1.21 e33 | 323
2 2.06 65 2,16 238 3.21 2;90 1.15 LTh 5.19%% | 301
3 3,00 1% |  2.85 | 210 .60 5.89 1.59 1,05 | 6.28%% | 34k
It 3,40 103 3.49 185 - 4,86 5.00 1.46 1.50 -f38 | 286
5' 4,98 149 b Ll 90 6.40 5.32 1l.k2 ;88 4,03%% | 237
6 5.42 154 5.70 | ob7 7.4k 7.61 2.02 1.91 .93 399

*# p < ,01




students receiving compﬁter~based drill and practice had a significantly
greater increase in performance ievel than the control sgitudents on the SAT
Computation Section in grades 2, 3, and 5.

The performarce of students in the experimental group was significantly
better than that for students in the control group on the Concepts Section
for grade 3, t(344) = 4,13, p < .01, and on the Applications Section for

grade 6, t(399) = 2.14, p < .05,

Mississippi 1967-68

The administration of the SAT for evaluation of the first year of
drill and practice in Mississippi'included gradeé 1 through 6 in 12 different
schocls. Eight of thesé gschools included hoth experimental and control
students, three included only experimental students, and one included only
control students., Within the experimental group from 1 to 10 ciassés were
tegted at each grade level; within the contrél grbup, from 2 to & classes
were testgd at esach grade level,

The testing of the students in Mississippi was not as consistent, in
terms of experimental désign, as the testing in Californian On the other
hand, the computer-assisted iﬁstruction pfogram itself operated in an
environment that was far removed from the Stanford group responsible for
the progrem, so that the lack of detasiled control of the tésting by the
Stanford research group was somewvhat comfensated fof by the independent
environmeﬁt in which the program was tested. The Primary I level of the
SAT was administered.as'a pretest to students in the first grade in February
rather than Octover. The posttest was given in May, TFor the remaining
grades, the pretest was given in October and the posftest in Msy. For the

second grade, the Primary I level was given as a pretest and the Primary I1




as the posttest. TFor gradéé 3 and h the pretést and'pbsttest were the
same with Primary IT for grade 3 and Interﬁediate I for grade 4, Tor
grade 5 all of the control students and twé clésses of experimental students
received the Intermediate I level for a pretest and the Intermediate II1
level for a posttest; one expérimental class was admiﬁistered the Inter-
mediate I test for both pre;rand posttest. Although both the pretest and
the posttest for grade 6 were at the Intermediate IT level, two of the ten
classes in the experimental gfoup and one of fhe six classes in the control
group received the same, rather than different, form for the two testing
sessions, |

The t-value and the average pretest and posttest grade plaéement for

each grade are shown in Table 6. The performance of the experimental

Insert Table 6 about here

students improved significantiy mbre than that of the control<studénts in
all six grades. The difference between the experiﬁental group and the con-
trol group was largest in grade 1 where, in only three months, fhe average
increase in grade placement for experimental students was 1.14 as compared
with .26 for control students.

The performance of sﬁudenﬁs-iﬁ the experimental group was significantly
better than that of the students in the control group dn the Concepts
Section for grade 3, t(76) = 5.'01, p < .01, ana grade 6, t(433) = 3,74,

p < .01, and on the Applications Section for grade 6, t(433) = 4,09,
p < .01, In grade 4, the control group improved more than the experimeptél

group on the Concepts Section, t{131) = -2.25, p < .05.
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TABIE 6

Grade-Placement Scores onr the SAT: Mississippi 1967-68

Pretest Posttest Posttest-Pretest

Grade | Experimental | N | Control | N | Fxperimental | Control | Experimentsl | Control i =
1 1.41 52 1,19 62 2.55 1.46 1.1k .26 3,69%% | 112

2 1.99 25 1.9 54 3,37 2.80 1.h2 .84 5.23%% 77

3 2.82 22 2.76 56 4,85 4, Ol 2.03 1.26 . Elxx 76

L 2.26 58 2.45 77 3.56 3,17 ‘1,10 .69 2.63%% | 131
3.09 83 5.7 | 134 bu6 k.60 1.37 .90 | 3.h3*x | 215

6 h.82 275 L,36 160 6.54 - 5.48 1.72 S 1.13 | 5.18%% | b33

** p < 0L




Comparison between-California and Missigsippi

. -The average grade placement on the pretest for grades 1 through 3
was similar for the Celifornia and Mississippl experimental groups
(Tables 5 and 6), The difference between the two groups increased in grades
4 through 6 with the Mississippi students performing at a lower level than
the Czlifornia students. In spite of the gignificant gains by the experi-
mental groups compared with the control groups in Mississippi, the dis-
.. crepancy in grade placement between the California and Mississippil experi-
mental groups for:grades 4 through 6 was larger on the posttest than on
the pretest. Thus; the overall supericrity of the experimental program
. in Mississippl was related more to a lesser increase in performance level
for. the contrel schools in Mississippi than to a greater change in perform-
ﬁancellevel for the Mississippl experimental groups compared with the Cali-
fornia experimental groups. In this connection it is importént to emphasize
:that the California schocls were all located in relatively affluent middie-
:glass_neighborhoods, and the average family income and educationsl level
was undoubtedly higher, although we did not collect systematic data . on -

economic and sociazl variables.

-2, - Brentwood Tutorial Mathematics Program

This project was designed tc explore the feasiblility of uéihg'tufbrial
computer-gssisted instruction in mathematics as an integral part of the
elementary-school program. During the 1966-67 school year, 45 students
in the first grade particiﬁated.in the progrém; during the 1967-68 school
year, 75 students in the sécond grade participated; of the 75 second
graders, 21 had been in the first-grade program. For the 1966-67 group,
Sténford—Biﬁet tests were given in the fall and the SAT was gifen in the
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spring to the 45 first graders active in the mathematics program and to
the 48 remaining first graders in the same school who were participating
in the CAI reading program. For the 1967-68 evaluation, the SAT was
-administered in the fall and in the sprihg to 66 of the second graders
at Brentwood and to 81 second graders at a control school in the ‘same
district. (For a detailed analysis of individual student performénce in
the curriculum itself, see Suppes and Morningstar, 1969,)

The Breutwood system was tutorial with the computerized aspect of the
learning of elementary mathematics completely integrated with classroom
work. A member of our staff taught all mathematics not presented in thé
- computer program, Curriculum material was presented by avdio and visual
displays; the student responded on a standard keyboard or used a light
" pen to touch one of the answer choices displayed on the cathode-ray tube
{CRT). (The computer system at Brentwood was an IBM 1500,)

The curriculum for the first graders contained 400 .lessons covering
+the topics of counting,; numerals, addition, subtraction, linear measure,
sets and set notation, and geometry. The content and scope of the cur-

riculum were drawn largely from Sets and Numbers, Bock 1 (Suppes, 1965),

with the addition of scme topics such as oral story problems that cannot,
by their nature, be adapted to a textbook format. An outline of the

programmed curriculum is shown in Table 7.

Insert Table T about here

Since the programmed lessons were tutorial, many of the lessons relied

on oral explanations synchronized with changing visuel displays. The
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TABIE T

Curriculum Outline for Grade 1 - Brentwood Tutorial Mathematics Program

Number of Lessons

Core Remedial Description
Book | urriculum | branches [ Drilis '
1 8 1 0 Using the machine
2A 7 5 0 Introduction to sets
23 3 3 0] Matching equal sets
34 5 L 0 ~Union of two sets with one member
3B 3 1 2 Union of empty sets
L 11 Iy 1 Geometry - learning to identify squares,
' clreles, triangles, and line segments
5 6_ Balancing set equations. |
6A 7 Introducing the numerals 0, 1, and 2
6B 8 Introducing N notation with equivalent numerals
‘ . Introducing the numerals 3 and 4
TA 5 5 1 Sums with N notation (0-4)
7B 5 o 0 Sums with numerals. Keyboard responses., (0-4)
8 8 2 0 Review '
9 8 T 1 Addition
10 9 | 2 1 Geometry
wa |l L 0 1 Measuring line segments
148 Y Q 1 Concave figures, meaning of "half"
15 6 7 1 Balancing addition equations 0-G .
16 T 5 1 Number words, one-six
17A 6 5 2 Nunber words, zero-ten; sums to nine
. with three addends :
178 9 1 31 Subtraction
184 11 6 0 Subtraction combinations through six
18B 6 .2 2 Relating addition and subtraction
194 12 1 2 Gecmetry, matching similar figures
198 11 3 1 Subsets
20A b 3 = Review
208 6 3 2 ~Subtraction ¢ -a=5b, 7T<c<9
21A ll e 0 Counting and typing to 19
21B 6 2 0 Place value
22 17 6 1 Addition on the number line
2% 1L 1 1 Counting by tens
2l 19 2 2 Counting by fives
25 14. 2 1 Addition combinations, 10-15
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lessons were short {the average length was less‘than.io problems), and
eﬁplanations weré simple and.direét, Generally the prcblems ﬁithin one
 lesson were all of the same type; the first few were accémpanied by
‘explanztory zudio messages; the remainder were practice problems.

The students received their programmed instruction in a room which
' contained. l? student stations and a proctor station for use by the teachers
on duty. The student stations were sepsrated by four-foot partitions that
extended far enough from the walls tc provide a degree of privacy for the
students; When the children arrived in the student station room, they
.looked for their names on the CRT screen at their assigned stations, put o
on their headsets, and sterted their program by touching the light pen toE
a smiling face displayed on the CRT. After the allotted fime for the class,
gpproximately 20 minutes, the students were signed off automatically as
they completed their current lesson and the message YOU HAVE BEEN SIGNED
OFF appeared on the CRT. The children entered an adjacent classroom and
joined a teacher who escorted them back to their homeroom.

..Both explangtory and practice problems contained provisional audio
messages that were heard only by the students whbhrespondedﬁintorreqtiy%ff
or who failed to respond within a reasonable time. For example, for one
problem, a drawing of a car and a dfawing of a truck surrcunded by sét
braces and followed by an equal sign was presented on the CRT; this problem
was accompanied by the avudic message "There are two members in this set.”
After this message, two more sets, one empty and one containing a train and
g steamshovel, gach'preceded by a box, were displayed below the initial set;
the choices were accompanied by the sudio instructions, "Find another set

with two members,” At this point a small "p" (for pen) was displayed
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in the corner of the CRT as a signal to the.student to respond. If the
student touched his light pen to the box in front of the correct choice,
-2 smiling face was displayed and he heard, "Yes, the sets have the same

number of members,”

end presentation of the next problem began.
If the student did not respond within 20 seconds he heard, "Which
set below has two members?" TIf the student responded incorrectly, he

heard the audio message "Point to the box next to the set with two members,"

. .and saw a sad face, For most problems in the curriculum, studenis were

_allowed three ghances_to produce the correct answer, After three incorrect
responses, a brigf audio message accompanied the display of the correct
answer or an arrow pointing to the correct choice,

For most lessons the number of initial correct responses to the
practice problems was accumulated and compared with & criterion. As soon
as a student made the regquired number of correct responses, he was allowed
to skip the remaining problems and to begin the next lesson. As soon as
a student feiled critericn, for instance, three incorrect responses if
the criterion was seven out of nine problems, he was branched immediaﬁely
“to a reredial lesson containing the same kinds of problems, but with a
-slower development of ddeas using simpler vocabulary and sentence structure.
If a student failed criterion on a remedial lesson, his program stopped,
“and an automatic call for assistance from a proctor was typed at the proctor
sPationa

This mode of branching permitted students to progress through the
curriculum at a rate consonant with their sbility to mastér the concepts.
Thus, all studenis in the class were not required to work on the same

concept at-the same time as 'in the drill-and-practice program. In fact,
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‘the faster students were separated considerably from the slower students
=‘in terms of curriculum material covered during the year.

The classroom activity, completely coordinated with the programmed
instruction, inclucded (a) use of physical objects to introduce concepts
presupposed by the programmed lessons; (b) work originally planned as
programmed lessons;'(c) remedial work for individual children; and (d)
enrichment materisl for individual or group use.

The curriculum presented during 1967-68 to the second graders contained
lessons covering the topics of sets, numbers, relations, fractions, addition,
“subtraction, multiplication, division, connections between operations,
geometry, measure, and problem solving. An outline of the programmed

curriculum is shown in Table 8,

Insert Table 8 about here

Observation of student behavior during the first year of the program
(1966-67) indicated the advisability of several changes in the structure
of the programmed lessons. ChilQren in the first year who failed to respond
to 2 problem within 20 seconds heard sn additional audio message giving
more detailed instructions and were then allowed additicnal time for =
- response.  In the second-grade lessons (1967-68) an audio message, sometimes
sccompanied by visual clues, was presented to the student who reguested
help by touching the "help" button. This routine decreased the number and
dength of mandatory audio messages in the program.

The remedial-lesson sequences wWere also changed. In the first-grade

curriculum, remedial material was presented as a block of problems directly
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- TABLE 8

Curriculum Outline for Grade 2 - Brentwood Tutorial Mathematics Program

Book Topic Book Topic
Numerals O-L4, Introduction to sets. 18 Review.
Sums O-4, more and less, subtraction O-lk, 19 Geometry puzzles, oral drill sums 0-12,
zi;;éfse;;%yli:i,Sigﬁ;ﬁﬁgﬁcgfnnies and 20 Subtraction to 15, "memory" geometry.
3 Reflexivity of equality, numerals 5-10, 21 Subtraction to 16, add multiples of ten.
sums 4-10, equal sets, number line. 22 Review.
b Column addition O-5, numerals 11-19, 23 Rectangles.
subtraction 5-10, counting from n. ol One-third.
5 Before, comutativity of addition. 25 Ordinals to tenth.
6 Zié;zaig gifzi;zﬁirgfnnies’ sums 10-20, 26 | "1/2" and "1/3", subtraction to 19.
7 Union of sets. 27 Subtracting multiples of 10.
8 Similarity, addition and subtraction 28 Review.
as inverses, type addition equations. 29 Number words to "ten".
9 Cpen and closed, one-half. 20 Review.
10 Typing sgbtraction equations, column 31 Thmerals to 100.
subtraction, ] :
11 | Subtraction 10-13, count by twos, solve 52 | Missing addends. |
set equations, numerals (20, 30, ... 90). 33 Labeling points, inside and outside, subsets.
12 Uhequai symbéia 34 Oral @rill for sums to 15.
13 Review. | 35 ".< " and " > _
1k Triangles, "tens". 36 Oneufourfh, oral drill for sums and
15 Counting by tens, difference of sets. _ differences to 20, "l/h"°
16 Regions. 31 Review.
17 |'Mickels, squares. 38 Counting by flves.
' (conrinued)




2

é Teble 8 (continued)

Book Topic Book Topic
39 Review. 45 Construction of reéténgles.
40 [ More and less to 100, 46 Puﬁzle reérrangements,_more and less for
41 | Number line to 100. L fr?CtiOﬂS" o
o Review. 47 1 Concavity of plane figures.
13 Reﬁew, L8 Addition 'gnd subtraction of 2-digit

: 7 and 1l-digit number.
W | Review. 49 | Missing subtrahend.

50 | Column addition of 2-digit numbers without

carrying.




linked to each lesson in the core curriculum. Thus, students who failed

to meet criterion received immediate and debailed remedial instruction.

In the second-grade curriculum, a prefest on every concept was given to
each child. A c¢hild who met criterion on the pretest continued to cther
core material or to enrichment material, while a.child_who failed criterion

did six to eight remedial lessons spaced over several dsys.

Evaluétion

During the 1966-67 school year, 93 students were enrclled in the Tirst
grade at Brentwood. On the basis of reading scores achieved on an SAT
gdminigtered in the fall, the students were grouped Into four classes by
the principal of the school., Two classges were - at a low level on reading
readiness and two classes were at a medium level on reading readineég.
Forty-five of these children, one low-level class and one medium-level
class, participated in the tutorial mathematics prdgram; The. other two
classes, 48 children, participated in a computerized reading program and
served as a control group for evaluation of the mathematics program.

The Stanford-Binet I.Q., short form, was admihistered individually
to 40 children in the experimental group and to 45 children in the control
group during September 1966, The SAT Primary I Battery was administered
to all of the first graders in May 1967. The average 1.Q. and the average
grade placement on the SAT for the experimental and control groups and for

the low- and medium-level classes within each group are shown in Table <.

Tnsert Table 9 about here

Since the groups were equivalent in; termg of 1.Q., the SAT grade-placement

scores were appropriate for evaluation of differences between groups.
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TABLE 9

Average I.Q. and Stanford Achievement Test Grade Placement

Brenﬁwood.FirSt Grade

T.g. (Fall 1966)

Number of students

SAT (Spring 1967)

Number of students

_ Ekperimental Group Control Group
Tow- | Medium- Tow- | Medium~ | . .
level | level.. Total level | level Totel
82.8 | 99,3 91.k4 81.9 | 100.3 02,9
19 21 Lo 18 27 L5
1.32 | 1.72 1.5% 1.15 | 1.68 1.46
21 2k 45 20 28 48




There wag no significant difference between the total experimental group

end the total control group, t(91) = 1016, p.> .05, or between the medium-
level experimental group and the medium-lével control group, t(50) = .56,

P > .05, The students in the low experiﬁentél group, however, performed
significantly better than the students in the low control group, t{39) = 3.38,
p< ,0l.

For the 1967-68 school year, all the second graders at Brentwood par-
ticipated in the tutorizl mathemstics program. The seccond graders were
divided into five classes--two high-level, two medium-level, and one low-
level in terms of reading readiness. There were three classes in the control
school--one high, one medium, and one low level. TFor evaluation, 66 second
graders =t Brentwood and 81 second gfaders at the control school, a school
iﬁ the same district as Brentwood: were glven the Priméry I Battery of the
SAT in the fall and the Primary II Battery in the spring. The average
pretest and posttest grade placémenf for the.experimental and control
groups and for the low-, mediuﬁ—, and'high-lével classes ﬁithin each group

are shown in Table 10, There was a . significant difference befween the two

Inseft Table 10 about here 

groups in terms of the change in the SAT score from fall to spring with
the control students increassing their grade placement more than the experi-
mental students, t(145) = -2.83, p < .0l. In the analysis of the three
gubgroups, a significant differenée was found for the high-level group,
t(45) = -5,03, p < .01, but not for the medium-level group, t(65) = -.55,

p > .05, or the low-level group, t(31l) =..60, p > .05,

Before these results can be interpreted, several facts should be
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TABEE 10

Average Stanfbrd_Achievement Test Grade Placement

Brentwood Second Grade

Pretest (Fall 1967)

Posttesf (Spring 1968)

Posttest - Pretest

Number of stUdents

Ixperimental Group

Control Group

High- | Medium- | Iow= | o0 Figh- | Medium- | Low-

level | level | level | O level | level | level.
1.87 | 159 | 1 | 1.68 .75 | 1.6k | L.k
2.8 I 2.38 i‘84: 2.5 2.9 | 2.50 1.86
;61 .79 40 6k ‘1.23 8 32
25 _éh 17 66 2 43 16

Total

2,51

.87

81

1,64




noted about the systems within which the testing and experimentation occurred.
In both the first and second grades, the programmed curriculum differed
from the curriculum taught in a first- or second-grade classroom, the
~ difference being greater in the second grade. The differences between
the two types of curriculum also might have been further decreased in the
first grade since both the control and experimental subjects were from the
game school. Thus, communication among teachers could have resulted in a
change in curriculum for the cantrol classes if the teachers of these classes
had discussed their teaching plans with the teaphers involved in the experi-
mental program, This interaction between the two types of curriculums
would be less likely to occur.during the second year, since the two groups
of subjects were from different schools.

The differences in the two curriculums were such that the appropriate-
ness of the SAT as an evaluatory test is questionable. The problems in
the Computational Section of the Primary II Battery administered to the
second grade were more simlilar to the material taught in the control school
than to the mﬁterial in the CAT curriculum, while much of the materisal
included in the CAT curriculum did not appear on the SAT. A test based on
the material taught in the computer-based classroom would not be a satis-
Ifactory alternative for evaluating the two teaching methods, unless the
control school were presenting the same curriculum. The SAT resqlts,
hOWever, proved useful for comparing the students at Brentwood with the
students involved in the drill-and-practice program.

Although the low-level class in the experimental first grade at
Brentwood performed better on the posttest than the low-level class in .

the control scheool, the postiest scores on the SAT for both low-level
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" classes were below the performance level of the first-grade students tested
in the gpring of 1968'in the Mississippi and California éiperimentai'and
control schools. '(See Tables 5 and 6). Thus, the Brentwbod’prbgram when
compared with a cohtroi school program was successful for low;level students,
but'was not more successful than the drill-and-practice program When'SAT
" gcores were uged as a performance:measureu

The seccnd—gfade program at Brentwood was not more effécfive than
the control-school program for teaching the'types of computations necessary
to perform well on the SAT. Ih the high ability classes, the controcl stu-
dents performéd significaﬁtly better than the experiménﬁal students in
terme of their fall toc spring change in grade placement and in terms of
the final posttest scores. Although the ﬁigh—level control. claés was the
bnly class to peffofm Significaﬁtly better than the éxperimental classes,
the posttest grade plaéement‘(2096) was similar to the posttesf grade
blacement of the Second-grade control groups in California (2,90) and
Mississippi (2080); vhere the experimental groups were significantly.bétter
than'the control groups. Unlike the situétioﬁ"reported for“the drill-and-
@ractice evaluation-for 1966467 where the.superiority of the control'group
could be attributed to incressed attention to mathematics in the control
school (grades b and 5, Table 4), the superiority of the high-levél control
students in the Bfentwo&d program, given their similarity to control étudents
in the 1967-68 program, may well be attributed to & failure in the experi-
mental program, Other problems expefienéed in the program sre discussed

in the final section of thié paper.
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3.  The Rugsian Program

The computer-based Russian program was instituted at Stanford in
September 1967 {inder the direction of Professor Joseph Van_Campen who
designed a program to teach first- and second-year courses at the college
level. This program included comprehension of written Russian, comprehension
_pf spoken Russian, and_mastery of grammar and syntax. Of the three main
comporents of a college-level language course, i.e., classroom sessions
on a daily basis, time in the language laboratory, and regular homework
~assigmments, only the functions of the classroom sessions were assumed by
the computer program. In addition to their time at the computer comnsole,
the students spent time 1In the language laboratory and 414 home assignments.
The language-laboratory tapes with drill sheets and homework assignments

are prepared by the staff at the Institute.

First-year course,.1967-68

Thirty students began the first-year Russian course in the Tall of
1967. Two of the Tour sections of beginning Russian served as a control
group; the other two sections were asked to volunteer for the CAT coursze.
" None of the students refused to remain in their assgigned sections. The
- CAT students were reguired to spend about 50 minutes a day, five days a
week at the computer console. A total of 135 lessons were presented to
the students in a combined saudio and teletype format. The students re-
sponded on a Model-35 teletype with a speclal keyboard using the Cyrillic
alphabet,

Although the basic cuxriculum was the same for zll students,_ﬁhere
were severgl remedial branches, At given points in the curriculum, students
were tes?ed on several items of & given type and were given remedial
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instruction on the material covered 1f thelr performance on the test block
failed to meet a satisfactory standard. Later in the year (1967-68) routines

were pfovided which produced more speéific remedial work based on the type

- of error the student made.

During the reriod prior to the final examination,'lesson sunmaries
for each new lesson and a final summary éovefing the material for the entire
'quarter were given to the students. The'computer then assessed the student's
pefformance and told him thé rules on which he'should'concehtrate his efforts.
At subsequeht sessions the student was again tested on the méteriai he had
missed and was informed where more'étudy was needed, In addition, the.
"student could repeat any lesson or pdrtioﬁ of = lesson at the computer
console.

Language-laboratory tapes provided'material for pronunciation préctice
and also‘for testing a student's ability to campréhend spoken Russian. A
test at the end of the tape either required fhe student to transcribe into
English a number of Russian sentences, or required the student to respond
~in-writing to oral questions on =z paragrsph which he had just heard.

In order to evaluate pronunciation, each student made two recordings
during each quarter.-. After each recording session the student was counseled
Immediately and waéstold what pronuncistion errors he had made and how to

correct them,

" Second-year course, 1968-69

Instruction began in September 1968 for 19 students enrolled in the
second-year Russian course. Thirty-nine'lessdns, including review lessons,
were available for the quarter} The students were at the console for about

45 minutes, five days a week. Homework and study sheets for Lessons 1
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Through 39 were distributed to the students as they progressed through the
_lessons,  The homework involved translating English sentences into Rugssian,
_while the study sheets desglt with new grammar and new veocabulary pertinent
to the day's lesson, To develop speech and the ability to write correctly
what was heard, the students occasionally were given an option at the con-
clusion of =z teletype lesson to tnke dlctation or to practice prorunciation.
These exercises were recorded at the end of the tape used as the audio
portion of the regular teletype lessons. Once every two weeks students took
written quizzes or read from handwritten or typed scripts. Their pronun-

ciation was corrected and suggestions were made for improvement.

___________ Evaluation

Of the 30 students starting the firvst-year computer-based course, 1 left
during the first quarter, 3 left netween the first and second quarters, 1 left
during the second guarten, and 3 left between the second and thirad qugrters°
Two new students enﬁered the computer-based section at the beginning of the
second quarter. ”Of tne 38 students enrolled for the autumn quarter in the regu-
lar Russian section, 10 left the course during the Tirst quarter, 13 lef't between
_ the first and second quarters, and 3 left between‘the second and third quarters.
Four new students.entered the reguler section at the beginning of the third
_ quarter,_one of these transferred from the computer-based class. Of the 30
:Students originally enrolled in the computer-based program, 22 (73 per cent)
finished all three quérters, whereas of the 38 students in the regular class,
only 12 (32 per cent) finished the year's curriculum. This Tinding suggests
.that the computer-bésed course held the interests of the students much better

than did the regular course. Probably because Russian is more difficult

than French, Spanish, or German for American students, the dropout rate
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in Russian at Stanford and other universities is traditionally quite high.,
Approximately 66 per cent of the céntent of the final examinations

- for the autumn and winter quarters 'was: identical for the computer-based

and for the regular Russian sections; the complete final exemination for

the spring quarter was identical for the two groups.  The error distribu-

ticn and the mean number of errors per student for the two groups on the

final examinaticn for the autumm, winter, and spring guarters are showm

in Tables 11, 12, and 13, respectively. Although the average number of

Insert Tables 11, 12, and 13 about here

errors was lower for ithe computer-based students in ell three guarters,

the difference was actually statiéﬁicélly significant for the fall quarter
(Mann-Whitney U Teét, p < ,00L) and the épring quarter (p <..05), but not
for the winter quarter;. Since thé selection proéess'resulting frdm the
poorer students leaving the.regular course biases tﬁe reéﬁlts on fhe exam-
ination againét the comfuter-baéed group, the superiority of the:computer—
based group on the spring examination is more imﬁreséive than the difference
'-indicaﬁed by the average number of errors.,

Of the 19 students enrolled in the second-yeaf Ruséién course, 12 had
participated in the first-year computer course, 7 took the Stanférd place-
ment test to qualifj for the second—yeér course and ﬁére.new to computer-
based instruction. Ele#én s%udenﬁs ﬁére enrolled:ih the.second-yeér Russian
course In the regular classroom. |

The distribution of errors for the canmputer-based class.and the regular

class on the.final examination for the fall quarter is shown in Table 1h.

Insert Table- 14 about here
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TABLE 11 -

Error Distribution for the Common Portion of the Autumn Quarter Final Examination,

" Russian Program

Nﬁﬁber of students

Number of errors - Computer-based Regular

3¢5 1
2.

O o =1 O
W oW oW

11 : |
13 : 1
15

6 o 1 .
17 " I
o
n | - .
22 - 1
23 | | |
25
27
29
30
31
33 1
3k 1
37
38
41

43
b5
53
61

HONO R

e i e

{continued)
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Table 11 (continued)

R .  Number of students
.Number ofzgrrorsr | Computer-based Regular : r
.6h e . . ' -1
65 1
72 1
76 1
79 1
95 1
97 1
120 1
11 1
Total number of students 20% 8%
Average number of errors 15.8 h9,0

* 0f the 30 students enrolled, one left during the quarter.
*% Of the 38 students enrolled, ten left during the quarter,
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TABLE 12

Errop Distribution for the Common Portion of the Winter Quarter Final Examinstion,

Rusgian Program

Number of students

Wb T
umber of errors Computer-based Regular

1

6.5

S S

9.5 1
10 | ‘ 1 |
11 1
12 o 2
13 _ _ .
1h.5 | o 1
16
16.5
18

18.5
19

19.5 | 1
21
22,5
23
23.5
2k
2k ,5 1
25 1
26,5 1
27
29,5
30
30.5
32,5

Mo e e

T S N S S

{continued)
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Table 12 {continued)

Number of students |
Number of errors Computer-based Regular
33 1

37.5 2

38 1

39.5 1

L _ 1 2

h7.5 1
Total number of students 27% 15%%
Average number of errors 21.8 25.8

*TMmeoftmamﬂgﬂﬂ_%mkmm(ﬁdnm;mwdl,hmxmwsmﬁamswwe
added, one student did not finish the quarter.

*% Thirteen of the original students. did not enroll.k
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TABLE 13

Error Distribution for the Spring Quarter Final Examination,

Rugsian Program -

Number of students

Nurber”.of ;errors Computer—based ' Regular

21.5
2.5 |
26

27
31.5
32 _

b R 1

i : o

25

A

3
Y AR ' - 1
.Mgo : e 1 .

" X8 : : : L
o S _
ks
s : : R ; _
50.5 1
51.5
60 1 1
61
63.5
67
69
69.5
73,
Th.5
76.5
80.5 1
81 : 1

(ST = S SN S

|l
‘I—"k

O T S

(continued)
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Table 13 (continued)

Wunber of students

Number of errors Computer-based | Regular

82 _ 1

89

91

92

93 . 1

106

166
Total number of students D% 16%%
Average number of errors . 53,0 TL.1

¥ Three students did not enroil.

%% Three students did not enroll, three students enrolled for the Tirst
time, and one student transferred from the computer-based section to
the regular section. : ' :
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TABLE 14

Error Distribution for the Common Portion of the Fall Quarter Final Examination,

Second-year Russisn Program

" Number of students

Number of errors
' Computer-based Regular

Oy V1T & W O

7.5
8.5
11 -
11.5
12

13

15 ' : 2
15.5
16.5 | - 1
17 ) ’ :

17.5
19

21,5
22

2,5

i i i 1~ T SN S Ao Y-l A B o

R "

Total number of students 19 1L

Average number of errors 6.0 | 15.7
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: Seventy—fdur per cent of the computer-based students performed betfer than
the best student in the conventional class..'The error distributions were
gilgnificantly different (Mapanhitney J Test, p.< .001); the computer-based
students performed better on the examination than the coﬁventional class~

room students.

Discussion of the Three Programs

Ag is the case of any new technology being applied to an area where
many existing skills and much existing knowledge is already present, the
results of computer-assisted instruction in the early years will necessarily
be mixed. ¥rom an operational gtandpoint, the Stanford efforts reflected
in the three programs reported here began only in 1965, and so the evalua-
tion reported here covers the first three years of effort, On balance,
we feel that the results are positive, but it is also important to note
that a1l the results have not been positive, We feel, however, that we
have some explanation for some of the negative results. More importantly,
we have learned a great deal since 1965, and we believe that the programs
we are now developing and beginning to place in schools on an experimental
bhasis will benefit from the work reported here. The technology is com-
plicated, and our understanding of the underlying psychological principles
of learning in any major area of curriculum 1s still rather tenucus, In
our own Jjudgment, while there is nothing definitive about any of the evalu-
ation resuwlts reported in thig paper, it did seem desirable to report as
early as possible in systematic form and in objective fashion the evaluation

results obtained.



‘Wp turp now_to_sgme'specific remarks“about the three programs, . .

Lo The mosﬁ neggtive results, especially when evaluated with respect
:to the effort expended, were the_relative_achievement gains of the second-
grade students at Brentwood in the tutorial mathematicslprogramo Without
being ab%g ﬁo give a real causal explanation of these regults, we fgel that
~the central problem with the second-grade tutorial program in mathematics
at_Brentwood centered aroun@ operational diffigultiesa The,curriculum
.material was‘mgyejgomplex than that offered in the Tirst year, an@ there were
_diffiqulties in.debugging_and operating the systen satisfactorily, Perhaps
~ the most importént gingle Variable was the unsatisfactory systems-response
time, which was discouraging for the students. During_thg ;gtter.hglf of
‘the segond‘ygar,‘the response times_on the system were of'ten in excess of
10 gecondsgi,The technical reasons for:these difficulties‘are‘now tairly
_ wgll.understqod, but it is a warning to all computer-assisted instruction
:programs‘in elementary gchools,ﬁan@_at cther levels as Well,_that slow
systemgfrequnse times'are_not tolerahle.

2. On_the otker hand, thg_cpncept of the tutorial approach at
}:Brentwogd_is.§upported by the_gpsitive results ﬁith the slow learners in
‘ﬁée fi;st year. The problems of beginning learning with students who test
~;iﬂ thg 1.Q. range of 65 to 90 upon entering school are_diff;cult and ex-
tgns;qu Téagherg must have an infinite degree of patignce tp Work_with
these students, to sense_when progress is beling made, and to repeat those
things that need repeating,_ Tutor131 programs that are computer—based
provide one way of assisting teachers who are working with such classes.
:L.We should also_like_to say in connection with the tutorial program atb

. Brentwood that this was the most radical program from the standpoint of
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designing a full curriculum and the one whose parémefers we as yet least
luhderstand; The Russian prbgram also was tutorial and required é canplete-
ness of approdach in +the sense that almost the entire curriculum was handled
at the computer. It is a simpler matter, hbweVer, to work with briéht and
. mature college students than ﬁith ybunger relatively slow learners.
3. Turning to thé drill—aﬁdFPractice progfaﬁ,:wé observe first that

s the evidence comparing School A with School B in 1966-67 in Califoraia
indicates, teachers cai do as well with a good regime of drill and practice
in the fundamentéls of'érithmetic as can cdmputersQ We do not think that
this conclusion is ‘at all surprising. We Have known for a'long.time from
studies dating back to the 20's that'a'daily fégime of drill and préctice,
carried out with faithfulness and regﬁlarity by the teachef, dbes'impfove
' the performénce.ofIStudénts (see, for example, Wilson, 1925),. What scems
to be evident slready is that the use of terminals to bring a drill-and-
practice program to schools can 5ring a2 kind of quality control tha£ is
difficult to achieve in large nunbers of schools with large numbers of
teachers, Concentrated efforts in single schools with a dedicated staff
can dertainly:do asg well as'anything tha£ we can curréﬁtly'cffer, but it
is especially true of the élementaryéschool mathematics curriculum that
' many teachers in the upper three grades, that is, grades 4, 5, and 6, are
not really interested in matheriatics and would much'prefef'to furh ‘the -
problem of prOViding'a reéime of review and maintenance of arithmetic
gkills over to a compuﬂer#baséd instructional program,

"4, The results of the data reported here indicate that an individ-
valized drill-and-practice program in élementary mathematiés will produce

its most impressive results in school enviromments not educetionally and
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-gconomicelly affluent. This is evident from the comparison of experimental
and control groups in Mississippi and California., This remark is closely
connected with the preceding one, for it is in the less affluent areas of
.. the country that, in general, teacher preparation and teacher training are
least gatisfactory. One way to meet some of these problems of teacher
training, as in mathematics, is to. bring work to the student directly on
computer-based terminals. Because there was no control school to match
the change in achievement data that occurred in the spring of 1967, the
evaluation data cited above did not include Elliotsville School in rural
Kentucky.  Striking effects can be achieved in deprived areas; for example,
. the average grade-placement increase for a fourth-grade class of 27 students
was seven mohths. after only one-and-a-half month's work at teletype terminals.
5. . Ib.would be a: mistake) howéver, to conclude that it is only with
deprived or slower students that .computer-assisted instruction will show
really effective results. The program in Russian at Stanford University
provides clear evidence to the contrary. There ig much gbout the.teaching
of foreign‘language that ig particulariy well sulted to computer-assisted
instruction. To keep pace with the programmed exercises, the student must
concentrate more directly orn the language and not return to an internal
monologue in English as he listens to other students respond in a class
~of 20.or 30, The concentration required of the student at camputer-based
.‘terminals in the Russian program precludes his attention from-wandering;
thus, he achieves a degree of efficiency, it seems to us, that would be
.-difficult to match, even in the best organized clagsroom. This is not to
say . that our Russian preogram is without defects. Professor Van Campen plans

a large number of improvements for the program that will further deepen the
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degree of individualization. 'We do feel that at both the secondary and
college levels computer-based dnstruction can ‘take over a good deal of

- the teaching of 4 foreign language, especially in those languéges”for'
which staff is inadequate. From the standpoint of national interest, we
need increasing instruction in Russian, Japanese, and Chinese, and yet
the . staff for teaching thege three languages is not generally sufficient,
particularly in secondary schools.

6. Another example not discussed heré; but that provides clear evi-
dence that computer-assigted instruction is not restricted in its benefits
to the deprived or slower learners, is some of our work in logic and algebra
at the elementary and beginning secondary-school- levels.  We have not pro-
:vided a classical evaluation of“this: program, which was one of cur first
‘curriculum efforts and began with demonstrations in December 1965. There

" is no good direct comparative evalustion of control—group'performance,'
since the body of curriculum material is nct offered in ordinary classes.
There is no doubt, however, that this program, which is primarily aimed

at bright students in grades 4 to '8, hés been effective, because a great
meny mathemetical ideas and skills have been lesarned by students who would
notiotherwvise have been exposed to the material. Although the evidence

is anecdotal, one of ocur finest examples is the rapid progress made in’

" the logic program by students in Mississippi in conparison with students
from upper middleclass environments in Palo Alto. We asre especially proud
of two Missisgippi Negro boys in the eighth grade who stood at the top of
the first-year logic program during 1967-68, This possibility of bringing
enriched programs to students in a variety of environments where such

© courses carnot reasonably be offered by the teaching staff, either because
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of lack of time or lack of training, is probably one of the mest Imme-
‘dietely practical aspects of cémputer-assisted instruction. We want to
conclude this evaluation paper by emphasizing the important role of such
enrichment programs, snd teo emphasize their importangggég gpite-of the fact
that it is not easy to provide a classical, "hard dqta"'evaluation_of.such

programs.,
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Footnote

lThe research reported here has been supported by the National
Science Foundation and the U, S, Office of Education. The

work has been a joint enterprise with many people. With respect
to the drill-and-practice program, we are indebted especiall&
to Mr. Max Jerman, IM355, and Dr. Barbara Searle, IMSSS,

Mr. Julian Prince, Superintendent of Schools, McComb, Mississippi,
and Mr. Edwin R. Jones, Director, Eastern Kentucky Educational
Development Corporation, Ashland, Kentucky; with respect to the
Brentwood tutorial mathematics program, Mrs. Jamesine Friend,
IMSSS, and Mr. William Rybensky, Brentwood Elementary School;
and with respect to the Russian program, Professcr Joseph

Van Campen, IMSSS, and Mrs., Elise Belenky, IM3SS.
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