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TECHNICAI, REPORT SUMMARY

This study investigated the effects on student performance and
attitude- of three different strategies for selecting lessons in a
course in computer programming presented by computer. The focus of the
investigation was a comparisen of computer selection ws student
selection of instructional material.

A commonly held belief is that students prefer to exercise
control over their course of study; this assumes that they are capable
of making such decisions, and that provision for such contrel will be a
motivating factor reflected in an increased rate of learning., Little
experimental data exist to support this belief. In fact, it is not
even known how much control students will exercise when given the
option. This study was designed, in part, to examine the effect of
student.control on both performance and atititude.

The study was conductad using eight remete terminals lLinked by
telephone lines to the PDP-10 computer- at the Compuisr-assisted
Instruction (CAI) Laboratory of the Institute for Mathematical Studies
in the Social Sciences (IMSSS) at Stanford Univeraity. A simple and
inexpensive device (Model-33 teletype) waz used as the. student
terminal. The CAI program imposed no time constraints; students were
free to spend as much time as they chose on any lesson.

The course, "Computer Programming in AID," was designed for one
quarter or one semester of dnstruction in the Algebraic Interpretive -

Dialogue (AID), a mathematically oriented programming language. It




consists of 36 parallel sets of short and long lessons as well as tests
and extra-credit preblems. Long lessons cover_the same material as the
corresponding short lessens, but in greater detail. An outlime _of the
course is shown in Table 1.

Three experimental conditions were established: free cheoice,
noe choice, and program cholee. Students in the_”free—choiQe" condition
were permitted te alter their pesition in the ceurse at any time..
Students in the "ne choice" condition followed a straight path through
the long lessons, with a test after every fourth lessen, and were not
allcwed to alter the sequence of lessons.  Students in the "program-
choice" cendition followed a modified path through the short lessons
with a test after every fourth lesson, The progress of these students
was monitored by the program, and the corresponding long lessen was
presented when a student performed below a set criterion, either in a
"short lessen er on a test.

Sixty students, distributed between both scheolz and over the
entire 1972~1973 schosl year, were selected as subjects for this study.
Three equal groups were created by randem assignment to each selectien
conditione

The measures used din the  analysis were: the Computer
Programming Aptitude Battery, two finmal examinations prepared by the
project.staff9 the responses. to an, attitude questionnalirs, the number
of times a student signed on to the coursé, the number of minutes spent

signed on, the number of lessons takéng the number cf problems correct,




the number of preblems attempted, the percentage. correct, and the
highest_lessoncompleted°

Our results indicated ne significénﬁ differences among the
three cenditiona on any of the performance.br éttitude measures,. It
cannot be said; on the basis of these findings, that a curriculum
offering extensive student centrel is either superior or inferior ¢to a
program-contrelled seguence, In fact, it appears thét the "free-
choice" students did net make sufficient use of their cheice option te
alter_dramatically the sequence of lessons.

The dmplications of these results desetve S0me‘ discussien. A
student’s use of choice options is .related to the curriculum he is
studying, both 4in its content and in its Instructional design. The
subject matter taught. in the ATD course was organized dIn a
hierarchical, cumulative set of lessons; each té some extent dependent
on concepts and skills developed in earlier lessons. This inherently
linear organization, although quite common in computer programming
instruction, does not lend ditself +to student contrel over the-
curviculum, beyond skipping er rveviewing items, as evidenced by the
similarity of the sequences followad by the subjects in the three
Eroups. |

It 1is - possible to conmsiruct a fundamentally mnonlinear.
instructienal-experimental environment in which program and-studént
strategies can be examined more fully., Building on.the results of the

current study, we are developing and testing a wery different CAI




curriculom., The course content will be the same——introductofy
programming—-but one major feature distinguishes the new curriculum
from the AID course. The instructional sequence will be intentionally
homlinear; i.e., it will be ‘dependent on students' acquisition of
gkills in intervelated conceptual sreas instead of their progress
éﬁr@ugh a definéd series of iessons9 The curriculum driver will be
capable of making decisions about students’ abilities on tﬁe basis of
én informational network of programming concepts, and will be capable
of selecting an instructional task appropriate to students at their
particular Vleveln Tﬁis desipgn implies the possibility ‘of exploring
aifferencés_in.ﬁhe performance of those students whose selections'are
made bf the. pregram and”thosé who. ére forced to choose problems that
éannot, by fhe nature of the network design, be seguenced in'a
ﬁfeplanned hierarchy. There will be mno predetermined, recognizable
r-’d.naf’ae:a.'ﬂﬂ.‘i:” sequence, and to the studeﬁté; the curricuium will appear as
an individualized sequence of programming tasks.

One plénned experiment will again invelve program-selection and
studentwsélection medes; in the program-selection mode 211
instruction, hints, and problems will be generated by the program as
determined by I1is decision-making capabilities. In the student-
éélection mode, t%e problems and instructicnal hints will be

specifically requested by the student.




INTRODUCTICN AND BACKGROUND

Environment and Egquipment

This study was dinitiated as a prelude to a more elsborate
investigatiom of branéhing strategies. It was theought that the
branching procedure used here éCuld answer  certain préliminary
_’questions on the evalustion instruments and on the content of the
course itself.

The study was conducted using feur CAI terminals located at the
University of San Framncisce (USF) and four terminals located at De Anza
Coil@ge in . Cupéfﬁin@, Califoernia. The terminals were linked by
tel&phéne lines to the PDP-i0- c@mputér at the CAI Laboratory of“IMSSS
at Stanford ﬂﬁiﬁersityo

The Stanford CAI communication netwoerk Supports.approximately
200 terminals, rauging from M@del—33.teletypes_oPerating at 100 words
per minute te high-speed cathode-ray tube displays eperating at 10,000
Wards-per minute. Although they provide no audio, visual, or graphic
capabilities;'teiatypes are sturdy, low-cost devices that provide the
student with.a print@d. copy of his interaction with the instructional
progTam,

The CAT terminsls at USF were located in a classroom near the
office of the Cellege of Business Adminiéﬁrati@ng'under‘ whose auspices
the research program at USF was implemented. On weekdays, students had
free access to the CAL terminals fr@m112 a,.m. tox10200 p.m,, and en

weekends as permirted by the scheduling of computer down-time,



Schedules were wused teo apportion terminal time; three terminals were
available for advance sign-up in one-hour time blocks, The fourth
terminal was available on a first-come, first-serve basis for one-hour
périodsﬂ Under dideal operating conditions four terminals would have
provided.ZOO hours of terminal time per week, enqugh to comfortably
accommodate the approximately 50 students registered for the course
during the fall semester. Scheduling problems did develop, however,
and thus enrollment for the spring semester was kept under 25 in oxder
tQ.insure adequate access to the terminals.

“- The feur terminals at De‘Anza College were located in the Data:
Processing Laboratory. The coufse- was given by the Business and Data
frocessing Division and was open to all students. Eighteen students .
were enrolled for the fall quarter, 14 for the winter quarter, and 16
for the .spring quarter. With this number of students mno scheduling
ptobIEms arose.

| The CAI program imposed no time constraints on students working
at terminals. Students had unlimited time to respond to eéch questiocn,
and to complete a lesson. The process of initiating dInteractien with
the dinstructional program is called 'signing on," and disconnezting
from it, "signing off." When a student finished a lesson he was free
to sign off, or to continue with ancther lessppc He was also permitted

to sign off in the middie of a lesson.




Curriculum

- The course, Computer Programming in:AID, wasrdeéigned. for omne
quarter or one semester of iﬁstruction in AID. It conéists of 36 sets
of lessons plus tests and extra-credit problems. An outline of the
course is presented in Table 1, ATD resembles BASIC in its use of line
numbers and in its relatively simple grammatical rules, but it differs
from BASIC in that AID allows recursive procedures. The IMSSS
implementation of AID is dinterpretive and provides estudents with
diagnostic messages and flexibility din changing programs. Topics
covered by the curriculum include coﬁditional execution, loops, lists,
two-dimensional arrays, standard functions, user—-defined functions, and
recursive functions (see Friend, 1973).

The AID course was extensively yevised for use in this
investigation. The revised curriculum is organized into four strands,
containing Short Lessons (SL), Loung Lessons (LL), Tests (T), and Extra-
credit Problems (EX). Lessons in the LL strand cover the same material
as those in the 5L strand, but in greater detail. The average lesson
from the SL strand has about 20 problems, while that from the LL strand
has about 30 problems. Many of the problems in both types of lesson
have from one to three subproblems.

The test strand contains nine tests. A test is designed to
cover the immediately preceding four lessons. It contains 40 items, 10

for each of the four lessons.




The EX strand does not contain a lesson at each level; the EX
lessons are listed din Table 1., An EX lesson typically contains from

one to five programming problems, some of considerable complexity.




DESTIGN AND EXPERTMENTAI PROCEDURES
Subjects

Two groups participated in this study. The first consisted of -
University of San Francisco students envolled for academic credit in a
course - introducing the use of computers in business administration.
These students are required to take' a programming course, but are free
to choese among several options. Thus, enrollment for this course was
voluntary. The fall class numbered 49, 30 men and 19 women, and the
spring c¢lass numbered 23, 16 men and 7 women. Subjects were mostly
first-year students -arnd none had prior pregramming experience.

The second group'af: students attended De Anza Junior College,
and did not fulfill any requirements by enrolling in the AID course.
The distribution of students enrolled was (a) for fall, 11 men, 7
women; (b) for winter, 9 men, 5 women; and {(¢) for spring, 9 men, 8
women .

Sixty stﬁdents9 distributed between both schools and over the
1972-1973  school year, were selected 4as subjects for the results.

reported below.



Experimental Conditions

The three experimental conditions designed for this study are.
Student Selection (SS), No Selection (NS), and Program Selection (PS) .
The .conditions ave distinguished as follows:

i. 88... A student in the 85 group was permitted to alter his.
pesition ia the course at zany time. The wuse of three. control

characters was available to him.

- .Control Character . Action
CTRL-G : . choose z different lesson and/or
problem
€TIRL~T - g + have the terminal print the answer
to the current problem
CTRL-H _ ' skip the current problem

The 8S student ' was permitted to .use-AID at any time, whether the
current. problem involved writing a program or .not.

2. NS. Procedures for the NS5 group were designed to guide the
student on a straight path through the LL strand, with a test (T
strand). after every fourth lessen. The contrel characters described
above did nct operate for the NS Group. A student was not allowed to
alter the oxder in which his lessons wevre presented and he was
permitted to use AID only for programming problems.

3. PS5. The student in the PS group followed a medified path
through the SL strand with a test after every fourth lesson. The
control characters described for the S8 student were nct available to
the PS5 student, and a student was permitted to use AID only for
programming problems. The student's progress through the. SL strand was

modified in twe different situations:

“10



1. At the end of each“SL the student's score was ~checked. If
he answered 90 percent or more of the problems in the lesson correctly
on the first try, he was sent to the corresponding EX lesson if one was
available. If his score was ‘below 75 percent, he was sent to the
correspending LL for further work. In either case, after completing
the branch lessen he returned to the next lesson in the SL strand.

2. After each test the student's score was checked for the.
items related to each of the previous four lessons: He repeated the LL
lessons related to those concepts on which his.test performance fell
below 75 percent. After taking the prescribed reviews the student
returned to the next SL lesson following the test.

The- 60 students were roughly matched on the basis of their
performance on the aptitude battery given as a pretest at the beginning
of the course. The three equal groups studied here (SS = 20, NS = 20,

PS5 = 20) were created by random assignment.

11



Criterion Measures

Students were tested at the beginning of the semester using the
Computer  Programmer Aptitude Battery (CPAB), published by Science
Research Associates, .The CPAB iz comprised of five separately timed
tests, measuring the follewing skills and aptitudes: verbal meaning,
reasoning, letter series (a test of abstract reasoning abiiity),.nqmber
apility, and di{agramming (using flow charts).

Several instruments were used. at the end of the semester to
evaluate performance and attitude. The project staff prepared a two-
part . final examination.. Part A .was an off-line, clesed—book test
covering the entire course. It contained 53 questions, ~some requiring
constructed responses, others, multiple choice. It_was designed to
test (a) knowladge of AID syntax, {b) understanding of program flow,
{e) ability to analyze a program and to predict its output, and (d)
ability to construct or complete programming algorithms to seclve a
specific problem. Part B consisted of five programming problems that
were t@ be written at CAI terminals. Students were permitted to use
notes and the course handbook, For each problem they submitted a
listing ef their program and sample output. Parts A and B of the final
examination can be found in Appendix A.

An attitude questionnaire was administered to USTF students.

The questionnaire (Appendix B) is a revision of one developed to.

evaluate a CAI project at Tennessee State University (see Searle,

Lorton, Goldberg, Suppes, Ledet, & Jones,. 1973). It contains 12

S d2




statements about the student’s CAI experience. A seven—-point scale was
used to indicate the degree of agreement with with each statement.
Various parameters of student performance on the course were
used. These performance characteristics were obtained frem data
collected by the instructional program. The pfogram saved all student
responses. Only first responses were used to determiﬁe the number of
problems correct.
The full 1ist of measures used in the analysis includes:
1. Performance on the CPAB
2. Performance on final examinations
a. Test A (project off~iine, clogsed-book examination)
_b. Test B (project on-line examination)
3. Responees to the attitude questicnnaire

4. Number of times the student signed on to course
(# SIGN ONS)

5, Teral number of minutes spent signed on.to course
(MINUTES) - N

6, Total number of lessons taken
{LESSONS)

7. Total number of problems worked correctly (# CORRECT)
8. Total number of problems attempted {(# PROBLEMS)
9. Percentage correct (PERCENT)

10. Highest 1¢sson completed (TOP LESSON)

13




ANALY5IS AND DISCUSSION OF EXPERIMENTAL. RESULTS

Aptitude Measures

Scores on. the CPAB for students in. the three experimental
groups are shown 1in Table 2. The CPAB teat manuzl indicates that
percentile norms for experienced computer programmers and systems
analysts are based on the scores of personnel from a variety of
business and industrial installstions, including  computer
manufacturers. Norms for programmer trainees are based on - the scoves
of applicants for jobs with civil service agencies and persons enrolled
in basic~computer-systems training at universities or computer—
-mzmufacturer training sites, Approximately 80 vypercent. of the
experienced programmers and 50 percent of the programmer trainees were
college graduates.

Table 3 shows a comparison between the experimental subjects'
scores and the nerms of the aptitude battery fer both programmer
trainees and experienced .programmers? The average score for the
experimental group, 52.06, lies in the 55th perxcemitile on the scale for
trainees and din the 9th percentile on the scale for experienced
pProgrammers .

The CPAB manual states that perf@rmance.on the Letter Series
Subtest is least affected by educatieon and experience; this may well
account for the experimental group's relatively.high percentile rank
(57) compared with wvankings on .other subtests on the experienced

programmers’ scale.

14




Performance on the CPAB proves te¢ be a useful prediector of
performance on the AID course. The gorrelations between scores on CPAB
subtests and two performance measures, percentage correct in the course.
and score on Test A, are shown in Table 4.

Total scere on the CPAB accounts for 46 percent of the
variability in percentage correct in the course, and 32 percent of the
variabilitcy in Test A scores, The claim by the developers of the CPAB
that performance on the Diagramming Subtest ig highly related to
subsequent success in programming is suppoerted by the results in Table
4. The two subtests with lowest predictive ability are verbal meaning
and = number ability. The AID curriculum usas numerical examples
ekclusively, in providing programming problems; nevertheless,‘ the
subtests that depend on reascning sbility serve as better performance

predietors.




Curriculum Performance Measures

Descriptive ﬁeasures of progress in the curriculum for each
experimental group are presented in Table 5. The average percentage
correct over all lessons for all students was 72.48. Students signed
onn for sessions at the terminal an average of 59 times and worked, on
the average, a total of 2056 minutes. They attempted, on the average,
1303 problems and covered over 36 lessons (including both short and
long lessons). There were no significant differences among the three
experimental groups on any of the measures of course wusage and
progress. The NS students, who took oﬁly the long lessons, spent more
time at the ferminals, and attempted more problems than students in the

other two groups, but the differences were small.

16




Use of Choice Opticus

The 8S. students were allowed complete contrel over the
selection of lessons. All students had a 1list ef the lessons in the
course and were told hew teo select Jlessons. The 358 students made
little use of this opportunity to contrel the sequence of lessons and,
in effect, to ‘individualize® <their curriculum. The path through the
course of the 20 SS students was compared with the standard. order of
lessons shown - in Table 1 (lesscns 1-4, test 1; lessons 5-8, test . 2:
ete.}. Ten students shewed no devistions from the standard pattern,
three students took one or two lessons out of order, three students
teok three or four lessens out of order and the remaining four students
teok more than four lessons out of order. Thus, approximately three-
fourths of the students made essentisliy ne use of the freedom to
change the order of their lessons.

The paths through the qourse cheozen by the four students whe
deviated most from the standard ordsr are shown in Table 8. Student 1
used the choice option to take tests out of order; im all but ene case,
he opted to take the tests early. Student 2 teook an essentially
straight path though the short and long lessons, eccasionzlly skipping
an LL lessen te return to it later, and, twice, to return to an EX
lesson,  Student 3 skipped ahead to work LL lessens out eof  owder, but
returned to work 8L léssons systematically, skipping only SL11 and
SL16. Student 4 skipped azround a bit. early in the course, but. later

uged the choice optien only to take tests out of order.

17




In almost no cases did students use the choice eption to skip
forward in the curriculum. Students were extremely conservative in the
use of their freedom to sequence the course; most.often they used this
freedom to take tests out of order or to return te forms of lessons
already taken.

Table 7 summarizes thé choice of lesson types for the 5§
students. Students 1-4 are those whose paths are shewn in Table 6. Of
the remainder, one took LL lessons only, while five combined a mixture
of SL and LL lessons in approximately equal numbers. The rest of the
students (with only minor exceptions) worked only SL lessons. Thus,
approximately half the students chose the fastest straight path thrdugh

the course.

18




Final Examinations

A two-part - final examination was administered by the project
staff to students in the experiment. Results of this examination are
gshowm in Table 8. Because of scheduling difficulties 13 students were
unable to take Test B of the examinatioen.

Although the mean scores for the three experimental groups do
not differ significantly, the scores feor the NS students were slightly
higher on Test A and slightly lower on Test B than for the other
SrOUPS .

Test A was an off-line, paper-and-penci examination. Results
of a' linear regression analysis using performance on Test A as the
dependent variable awve shown in Table 9. The top lesson taken  and the
score on the CPAB together account for more than 50 percent of the

variability in the Test A score.




Attitude Questionnaire

The attitude questionnaire (Appendix B) contains 12 items
ranked by . students from strong agreement (1) to strong disagreement
(7). The mean response by condition te each question is.given in Table
10,

Generalizing over all students, the strongest responses showed
agreement with the statements in questiens 1 and 3. These were "I
worked as hard answering questions in.the computer lessons-as I de in
the classroom" and "I like working at my own pace at the terminal,"”
respectively. PS students agreed more strongly than the other groups
with question 1 (means are SS = 2.588, NS = 2.632, PS = 1,824), and SS
students agreed more strengly with question 3 (S8 = 1.412, NS = 2,421,
PS = 2.588).

Both of these results demonstrate faverable attitudes toward
particular aspects of the CAT experience. The mean responses do not
damonstrate a strong negative feeling toward CAI on any question.

Twe of the attitude questieons show relatively high correlations
with some descriptive measures and with test perfermance; the results
are shown in Table 12, The questions are. Ne. 2, "I learned from the
computer lessons ae well as I would have lesrned the same lesscon in the
classroom," and No. 10, "I would like to participate in another CAT
course.'" Students who toek more lessons and answered more problems
correctly tended to have favorable attitudes. Performance on Test B

correlated with positive attitude en questions 2, 3, and 4.

20



There were no significant differences between conditions in
respenses to the questions, as sﬁown by the results of an analysis of
variaﬁce presented in Table 11. ¥or all of the attitude questiens, the
between-groups -degrees of freedqu(d.fo) is 2, and the within-groups
d.f, is 50. For significance at the .01 level, an F ratio of 5:06 is
needed; at the .05 level, an F ratic of 3.18 is needed. Nene of the .

ratigs found reach these significant. values.
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Item Analysis

A master 1list matching items on Part A of the final examination
with the lesson each item tested was preparaed by the author of the
course, J.E. Friend. Student respenséé te items for which they had and
had not taken the apprepriate lesson are shown iﬁ Table 13.

The labels in the "Lesson Starus” column of Table 13 are
independent .of the three experimental conditions. FEach item in the
examination tested material covered by both an SL and an LL lesson.-
For each item, each student falls into one of the 'Lesson Status"
categories by virtue of  those lessons he completed. TFor example, the
"Not Taken"'categofy includes students frem all three experimental .
conditions. The "SL Only" includes only S8 and PS students; the "LL
Only" inciudes only 5SS and NS studenis; and the "SL & LL" includes only
S8 and PS students.

Table 13 schows, for example, that' of the 1367 incerrect
responses tallied on the examinatrion, 462 were made by students who had
not taken either SL or LL lessons ssseociated with the items, 455 were
made by students whoe had taken the sssociated SL lesson only, 274 were
by students whe had taken the associated LL lesson only, and 176 were
by students who had tazken both the SL and the LL lessons associated
with the item. There were 68 items skipped by students whe had taken
the lessoms on which they were based, compared with 195 items skipped
by students whe were unfamiliar with the material on.which the item was
based. There were 349 correct responses made by students whe had not

&

ez




taken the appropriate lessens for the items. An examination of these
responses revealed that 215 of them were te six quéstions that gave the
student a binary choice (true-false, correct-incorrect), and- it is
likely that guessing played a large rele din proeducing these correct
answers.

-+ Table 14 shows the percentage correct, incorrect, and not tried
for all students, and pevcentage correct and incorrect based on total:
attempts.  Apparently students who toek only the LL lesson did
substantially better (61.8 ts 38.2 percent) than studénts who took only
the SL lesson. (51.7 to 48.3 percent). Students who teock beth the SL
and LL lessons fell in between. This is not a, surprising finding since
most of those who. took both lzssons needed extra review and were thus

not likely to be the best students.
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SUMMARY AND CONCLUSZIONS

The focus of this investigation was a comparison Gf-CGmputer—
program-contrelled selection and student-conirolled selection of
instructional material during one, quarter . . or one semester of
instruction in AID. The performance and attitude of 60 students were
éxamined: 20 in the "student-selection" conditien, 20 in  the "no-
selection” condiftion, and 20 in the "program-selection” cenditiom.

Results indicated ne significant differences smong the three
cenditions en. any sf the performance or attitude measures; although
there are interesting cerrelations among +the measures over all
students. On the basis of - thegse findings, a ﬁurriculum offering
extensive student control cannet be demonstrated to be either superior
or inferier to a program~coutrolled seguence.

It is clear that the S5S students did not make sufficient use of
their cholce cpticn te alter dramaticzlly the sequence of lessons, and-
in this sense, the original dquestisn of student vs program centrel
cannet  really be examined preoperly from the data ceollected.

A studeni’s use of cheice spiions is related te the curriculum
he is studying, both in its centent and in its instructional design. A
curriculum may incerporate various degrees of linearity, bdranching
facility, remedial content, dialogue capability, student performance.
analysis, parallel content strands, ete, and these features may be
developed and cembined se¢ that they motivate a student either to

exercise opticns or to accept ebvious choices as they are offered,

2L




The subject mattér taught in the AID course was organized in a
hierarchical, cumulative set of lesscons, each te some extent dependent
on concepts and skills develsped in earlier lessens. This inherently
linear organization, altheugh fairly common in conventienal instruction
in the subjeat;'d@es not lend itself to the exercise sf student control
of the curriculum bevond skipping or veviewing, as evidenced by the
performance of the subjects of this study. The mest effective lessoen
sequencey; in their view, is the straight 1ine. of the original
conceptual design. The 88 students weres explicitly encouraged to
develop thelr own alternative strategiles, and during the year this
ancouragement was repeated mauny times. Thus, it must be concluded that
the linear paths were chosen in. coenscious preference te any
individually  developed algorithms, which resulted in- some
disappointment to the experimenters.

The experiment, therefore, dees not preperly attack the
question of modes ef centrel. Hewevaer, it iz possible ts construcl.a
fundementally nonlinear instructional-experimental envireument in.which
program and student strategies can be examined mere fully. Partly on
the basiz of the incenclusive results of the current study, a very.
different CAI curriculum is being developed and is now in. the initial
testing stage:. The c¢ourse centent will be the same--introductery
pregraming——but one majer Ffeature distinguishes the new curriculum
from the AID course. The instructional sequence will be intentienally

nonlinear, i.e., it will be dependent on. students’ acquisition of
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skills in dInterrelated conceptual areas instead of their progress
through a defined series of lessons. The curriculum driver will be
capable of making decisions about students' abilities on the basis of
an informationzl network of pregramming concepts, and will be capable
of -selecting an instructienal task appropriate to students at their
particular lewvel. This design implies the pessibility of explering
differences in the performance of those students whose selections are.
made by the program and those whoe are forced te choose problems that
cannot, by the nature of the network design, be sequenced in a
preplanned hierarchy. There will be noe predetermined, recognizable
- "default" sequence, and te the students, the curriculum will appeaf‘as
an individualized sequence of programming tasks., Instruction will be
given only in response te the students’ difficulties and requests.

The new course, which wiil teach the ~~BASIC programming
language, dis being designed to test selection strategies in a more
fluid environment, In the PS5 mode, all dinstructisn, hints, and
problems will be generated by the oprogram as determined by its
decision-making capabilities. Note -that this requires considerable
error diagnosis and interactive capabilities. Tn the 358 mode; the
preblems and instructional hints will not be given automatically by the
program, but must be.raquested specifically by the student.

It is hoped that this design will facilitate experimentation
with instructional centrol strategies in a techmical field, and at the
same time allow enocugh freedem in the curriculum to make a "strategy"

meaningful and necessary.
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3
4

TABLE T

ATD lLessous

Topic Test

How to use the instructional program

Using AID for arithmetic: The TYPE
comuand

Order of avithmetic operations

Expounents and scientific notation

Test 1 : ' T1

5
6

Co ~4

The SET and DELETE commands

Indirect steps, the DO command,
the FOR clause

Stored programs: Parts and files

The DEMAND command &nd the TIMES
modifier

Test 2 ' ' T2

9

10
11
12

Relations and the use of the "if"
clause

The TO command

Debugging techniques

The indirect use of DO

Test 3 T3

i3
14
15
16

More on debugging
The FORM statement
Absolute value
Loops

Test & T4

17
18
19
20

More on loops

Loops and the FOR clause
Debugging tocis: STOP and GO
Loops with a DEMAND command

Test 5 T5

21
22
23
24

Lists

More on lists

Arrays

Neszsted loops and nested DO commands

Test 6 TG

25
26
27
28

More on arrays

The LET command

Standard functions: SQRT, IP, FP, SGN
SUM, PRCD, MAX, and MIN

Test 7 T7

27

Lesson identifiers

Short

5L

SL
SL
SL

SL

SL
SL
SL

5L
sS4
SL
SL

5L
5L
SL

-
da

SL
SL
5L
5L

SL
SL
SL

SL

|G a—

Co ~i ON

10
11
12

13
14
15
16

17
18
19
20

21
22
23
24

25
26
27
28

Long Extra
lesson lesson credit

LL
LL

LL
LL

LL

LL
LL
LL

1L

LL
LL
LL

LL
LL
LL
LL

LL
1L
LL
LL

LL
LL
LL
LL

LL
LL
LL
LL

-

L]

10
11
i2

i3
14
15
16

17
18
19
20

21
22
23
24

25
26
27
28

EX 5

EX 8

EX 9
EX 10

EX 12

EX 14
EX 15
EX 16

EX 17
EX 18
EX 20
EX 21
EX 22

EX 24

EX 25

EX 27
EX 28




~TABLE 1 (cont.)

Short Long Extra

Topic ‘ Test lesson lesson credit
29 Conditional functions SL 29 LL 29 -
30 Standard functions: DP, XP SL 30 1L 30 EX 30
31 Boolean expressions: AND, OR, and NOT sL 31 1LL 31 -
32 More on Boolean expressions: LET and TV SL 32 LL 32 -
Test 8 T8
33 The function FIRST . 8L 33 LL 33 EX 33
34 Standard functions: SIN and COS ' SL 34 1LL 34 EX 34
35 Standard functicns: EXP and LOG SL 35 LL 35 -
36 Recursive functions _ SL 36 LL 36 -

Test 9 . T9
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Part

Verbal Meaning

Reasoning

Letter Series
* Number Ability

Diagramming

Total

Mean

12.90

11.00

11.60

15.80

60.45

58

TABLE 2

S. D.

3.51
4,03
3.58

8.77

16.10

Experimental condition

Mean

13.35

11,05
11.10

17.40

62.05

29

NS

S. D,

6.36

3.97

5,31

3.22

10.39

23.54

Mean

14.35

9,00
12.65
10.40

17,80

63.70

Scores on the Computer Programmer Aptitude Battery

PS

S. D,
4.29
4,43
4,08

9,44

19.43



Subtest

Verbal Meaning
Reasoning
Letter Series
Number Ability

Diagramming

Total

a .
Based on programmer trainee norms.

Comparison of Subject and Test Norms

TABLE 3

Computer Aptitude Battery

Mean raw score

Percentile ranking

Scale 1a

46
61
66
54

54

-55

b y '
Based on experienced programmer NOImMS.

30

Scale Zb

- 15
17
57

20




TABLE 4
Correlations Between Performance on CPAB Subtests .

and Two Course Performance Measures

Percent

Subtest. correct Test A
Verbal Meaning 0315 2295
Reasoning - .554 2585
Letter Series .560 -394
Number Ability . 280 .312
Diagramming : . 643 2492

Total 666 .564



TABLE 5

Measures of Progress in the Curriculum

Experimental Condition

58 . - NS PS : Total
No. sign-ons 53,15 63.85 .. 60,50 59.16
Minutes 1995.96 2187,55 1984.18 2055,89
Lessons 35,00 36.90 -, 38,65 36.85
No. correct 876.10 1075.95 891,10 S 947,71
No. problems 1242,30 1479.00 1188.90 1303.40
Percent 71.20 71.80 74,45 72.48

correct : ED :

Top lesson 25.30 29.45 ' 24,30 26.35
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TABLE 6

Choice of Path Through the Curriculum for SS Students

STUDENT - 1
Lesson s.? “LL Test EX
i 1
2 2
3 3
4 4
T1 5
5 6
6 7
7 8
8 9
T2 10
9 11
10 12
11 13
12 4
T3 15
13 16
14 17
15 18
16 19
T4 21
17 20
18 22
19 23 '
20 24
TH 26%
21 25%
22 27
23 28
24 29
T6 - 31
25 30
26 32
27 33
28 34
T7 39% .
29 35
30 36
31 37
32 38
T8 4%
33 40
34 42
35 43
36 44

a , .
Numbers show the order in which lessons were taken.
# Starred lessons were taken out of order.
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. TABLE 6 (cont.)

STUDENT 2

Lesson

-3

[T [ 1 T G Sy S N O o T e gy =]
= N oW Pl 200 N0~ = N

22
23
24
T6
25
26

LL Test

Q0 o

1

16

18,

19
21

- 253

30%
3%

29
33
35
37
38
40
43
45
48
51%

52

55%

. 54

57
60%
62

65

34

EX

12

22

27

41
46%
49

59%

63



TARLE 6 (cont.)

STUDENT 3

Lesson

H

L R s B T R I R e R R e I SN Ree Y =]
BN 2O WO POV P WWN =2 COWONRE~OUT = BN e

.Sk

26

27
30
31

32
34
35

39
40
41
42

LL

10%

b#
17%
1%

12%
20
24
25

28
29
27%
22%

33

37

35

Test EX
8
15
16
23%
38
43




TABLE 6 (cont,)

STUDENT 4

Lesson

H

HWWwWwWwWwHE WwwRHERNNRNDE NN RN PR P e v et = =22 2 e S et e =
oolnEsEWwoeoNn -~ O0OWu~oo~NuUthoOEWN O Yw~ProolnpLWNRN 2OV = WRN -

16%
13
17
18

19

LL

OV s W

12
14
15

20
21
22
23

25
26
27

28

30
31
32
33

35
36
37
38

40
41
43
44

45
46
47
48

49
50
52
53

%

36

Test

%

Q%

24

29

34

39

42%

11%

51%

EX




TABLE 7

Types of Lessons Taken by SS Students

Number of lessons

Student

SL LL

1 ' 5 22
2 , 26 26
3 21 16
4 8 27
5 24 . 0
6 3 6
7 23 0
8 21 0
9 0 22
10 21 0
11 20 4
12 16 6
13 i1 17
14 16 13
15 12 20
16 10 13
17 23 6
18 i8 1
19 .26 1
20 27 2
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TABLE 8

Scores on Project-designed Final Examination, Number Correct.

Condition
S8 NS PS
N Mean N Mean N Mean
Test A 20 22,70 20  27.85 20 24,50

Test .B 15 .15.73 16  13.00 16  14.37
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TABLE 9

Step-wise Regression Summary Table with Test A

as Dependent Variable

Multiple Mult%ple

Step Variable r r
1 Top lesson : . 5650 .3192
2 Total problems .7296 .5323
3 Sign-ons .7534 .5676
4 Experimental . 7556 5709

condition

5 Total lessons .7573 .5735
6 Total minutes . 7581 5747

Note.—-Last constant used = -5.3006,

39

Last regression
- coefficient

.5364
.2277
.0429

.8018

) 0866

. 0005




Question

10
11

12

ss

2.588
3.294
1.412

5.059

4.471 .

4,118
4.882
3.176
3.647
4,176
3.765

4.294

Scores on Attitude Questionnaire Items

Condition

NS

2,632
3.105
2,421

bo474
3.579
4,105
4,632
3.263
4.263
3.368
4,526

3.737

TABLE 10

PS

1.824
3,941
2.168
4,471
3.529
5.059
5.529
3.824
3.059
4,588
3.706

4,000

o

Total

2.358
3.434

2.151

4,660

3.849
4.415

5.000

3,415

3.679

4,019 -

4.019

4,000

Pogitive or
or negative
statement {P,N)




TABLE 11
Anaijsis of Variance Among Experimental Conditions

on Attitude Questionnaire

Question F Ratio
1 1,483
2 0.844
3 2.702
4 0.440
5 1.137
6 1.333
7 1.573
8 S 0.481
9 1.729
10 1.298
11 o 1,457
12 0.336

L1




TABLE 12.

Correlatrions Between Attitude and Performance Measures

Question
Question 2.
"I learned from the computer lessons
as well as T would have learned the
same -lessons in the classroom."

Question 10.

"I would like to participate in
another CAI course."” '

Question 3.

"T like working at my own pace

at the terminal." ,
Question 4.

"I would prefer competing with my

fellow students in the classroom
rather than working at computer lessons."

L2

Measure

Lessons

No. correct.

Top lesson

Lessons
No. correct
Top lesson

Tést B

Test B

Correlation

~. 4484
-.5418
~.4929

-.4951
-.5307
-.5451

-.5036

4094




TABLE 14
Responses to Final Examination Ttems: Percentage of

Students Responding Correctly and Incorrectly

Percentage
Lesson Based on total Based on total
status taking test attempting item
Correct ' Incorrect Not- tried Correct Incorrect

Not taken 34.7 49,5 19.4 43.0 57.0
SL only . 49.7 46,4 3.9 51.7 48.3
LL only 58.1 35.9 . 6.0 - - 61.8 38.2
SL and LL 52.0 4 4 3.5 53.9 46.1

Total 50.4 40.8 8.8 55,2 44.8
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Fig. 1. Highest lesson completed in AID course.:
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Appendix A

Introduction to AID Programming 1972-73

Final Examination

TInstructions to Examiners

The final examineticn for the course "Introduction to ATD Program-
‘ming" congists of two partss Part A 1s a 50-minute paper-and-pencil test,
and Part B is a 50-minute open-book programming test. If the two parts
must be given on the same day, they should be given in two separate
sessions with a 5-10 minute rest period bhetween sessions.

'_Part A. Mo books or notes of any kind are to be allowed during Part A
cf the final examination, The students are net to be allowed to use &
‘teletype. All that is needed is a copy of Part A and a pen or pencil.

Hand out the copies of Part A with instructlions not to copen the test
until teld te do so. Asgk the gtudents to read the instructions on the
_cover page. . Allow about 1 minute for this before giving the signal to
~ start the test. Allow 50 minutes for Part A. ' '

There sre 50 test items in Part A. Each correct answer counts 1 point,
for a total of 50 points. No partial credit will be given for the items
in Part A. There will be no penalty for incorrect guesses {no points
will be subtracted for wrong answers),

. Part B. Students should be told befcrehand that Part B will be an open-
. bock test. They should be asked to bring any books and notes that they

- wish, including the Supplementary Handbook for Introduction to AID
Programming. o

At least two days before the students are to teke Part B of the final
examination, btut after thelr last working session, inform your Stanford
representative of which studente will take Part B, and when. The computer
record for each student will be set so that the next time he signs on he
will be automatically switched to the AID interpreter so that he will

be able to do the programming problems in Pari B,

Before handing out copies of Part B, ask the students to sign on. Check
to be sure each gtudent has heen automatically switched to the AID in-
terpreter. If this does not happen, call Stanford immediately.

After each student is signed on, and is in communication with the AID
interpreter, hand out the coples of Part B with the instruction not to
open the test until told tc do so. Allow the students time to read the
ingtructions on the cover page--about 1 minute~-and then give the signal
to start. Allow 50 minutes for Part B.




There are 5 progreamming problems in Part B. Each problem counts 10
points, for-a total of 50 points. Partial credit will be zliowed for
partially correct programs. :

Here is & brief grading guideline tc help you answer questions that
students mzy ask during the final examination:

(l) The programs are expected to function correctly only for the
range of wvalues of the input variables specified in the problem.
. Thus,. for Problem 2, the program need not cope with negative
values of H; and for;Problem 3, ‘the program need functien cor-
rectly only for weights between.Q and 16 ounces, inclusive.

{2) The length of the program is immaterial, only the correctness
of' the results will be considered in grading.

(3) There are several methods of solving each of the problems in

+ . Part B, and no one method is preferred. Any method that provides
a general solution and produces correct results will be con-
sidered correct.

(4) For Problems 1, 2, 3, and 4, specific test values of the input

' - vdriables are given. However, a program that produces correct
-results for these test values only, and not for other values
of the input variables, will not be considered a correct solutlon,
the program must provide & general solutlonq

- TURN I ALL TEST PAPERS TO STANFORD, These tests will be used for re-
~gearch purposes and will not be returned. If you wish to use these tests
for assigning grades to your students, you may grade the tests end record
the grades before you turn them in to Stanford; otherwise, you need not
grade the tests.




Introduction to ATD Programming 1972-73
Final Examination -
Part A
(50 points)

SR A DI H IR H N NS I K HH T R R H T H R R IR R R K H AR

DO NOT TURN THE PAGE.
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Wame

Student number

Instructeor's name

Name of school or college

Date

-Instructlons: You may not use books, notes, or other materials during
this part (Part A) of the Tinal examination. There are 50 test items
in Part A. No partial credit will be given. You will not be penalized
for guessing (no points will be subtracted for wrong answers). You
will have 50 minutes to complete the test,

R e e e L S e

DO NOT TURN THE PAGE UNTIL INSTRUCTED TC DO SO,

B e R R b e e e e s S e




Rewrite each command correctly.

1, IF X < 2 DUE PART 3

2. DO STP 3.6 FOR X = 1 TC 100

3. TYPE X(Y+Z) AND X(Y-Z) AND X(Y = Z)

. Select thg expression(s) that are egquivalent to the given expression.
(&) - (/D+7)
(A/B) - (C/D)+ E

(&/B - ¢/(D + E)

L. 4/B- C/D+E

5. WV/WE O ) (/) /(W/K)
((u/v)/w)/x
(U x

Inﬁicaté whether éach commané is correct or incorrect,

Correct Incorrect
ba. FILE PART 6, A AS ITEM 3
6b. LET H(X) = X ¥ 10 IF Y < 100
Ta. TYPE F(e) % 10t IF 6 < 3 IS FALSE
To. DISCARD PART 3
. 8a. TYPE FORM 8, X --98.6, STEP 14,4
Bb. RECALL PART 5
9a, SET M = M + 1 TF N(I) < TRUE

Ob. SET L(N+1) = N + 1



Write each of the following expressions in AID nctation,

5
10. a2 - b
1. &L

X

1=, Im + 0+ pl

13. SXE - 2x + 5

4. (8.9054) X 10"8

15, (xl + xg) - (x3 + Xlt)

l6ox<y+lo

17. a+b#fec

18, x=+1

Write the formula for each of the following, usinhg AID notation.

19. The average of the numbers w, x, y, and z.







22,1 SET L = 3

22,9 GET L =L+ 1

22,75 SET L = L 4+ 1
22,81 DO PART 33 IF L <5
22,99 TYPE L

33.25 SET L = L + 1
33.35 TYPE L

22,95 SET L =1L - 1

DO PART 22

il




_For each of the following sets of commands, what numeric result would
be Lyped?
30. LET F(X) = X + 10
TYPE 7(2/10)

F(2/10) =

31. SET A = 16
IET § = A > 10
SET B = TV(S)%A + TV(NOT S)%ix2
TYPE B ‘
B:

32.. SET X = 43.1

SET ¥ = IP(X)
SET 2 = FP(X)
TYPE Y/Z
Y/7 e

33. TYPE PROD(T = 2, 6, 11: I/2)
PROD(T = 2, 6, 11: I/2) =

34. SET X = 4596.032
SET Y = DP(X)*10
TYPE Y
Y:

35.  LET F( (X < 10: X+10; X/2)

36.

37-

2
.3 IYPE P IN FORM 3
ORM 3:

DO PART 3

P EQUALS




38.

Dy tn 2

e

o

AR N L) I I N |
~1 OvU Lo o R
o
&=

~g
:

39. 17.1 DO PART 18 FOR I
17.2 TYPE L(7)
18.1 SET L(I) = T + 2
DO PART 17
(1) =

1(1)25

SET T = 0
DO PART 23 FOR I

50, 22.1
09,2
22,3 TYPE T
23.1
gh.1

. 1(1)5
DO PART 24 FOR J
SET T =T &£ 1-
DO PART 22

T

Il

1(1)3

41, 34.1 SET X = FIRST(TI = 1(1)10: I/2 - 1 > 2.7)
34,2 SET Y = X2 - 1
34.3 TYPE Y
DO PART 34
Y =

Rewrite each set of commands, using the fewest possible commands,
preserving all indicated actions.

b2, DRIETE X
IELETE Y

DELETE Z
SET Z = 2.5

o




43.

)'I')'I'ﬂ

45,

)6,

U7,

SET W
SET W.

X+ 1
W2

non

SET W
TYPE W

5-W

SET X =5
DO PART 2

DELETE X
SET X = 6
2

IO PAR
DELETE X

SET X =T
DO PART 2

Write the AID commands that would csuse Part 8 to be put into
permanent storage.

Write the ATD command that would print the value of the natural

logarithm (to the base e) of 4.75.

Complete step 3.1 in program B below so that programs A and B
are eguivalent.

Program A Program B
1.1 S8BT A = 3.1 DO PART 4 FOR A =
1.2 TYPE A/3 4.1 TYPE A/3
1.3 S8BT A=A+ 1 DO PART 3
1.4 TO STEP 1.2 IF A < 10
DO PART 1

1e



18,

19.

- 50.

Suppose two 9 by 17 arrays A and B are. given. The following program
produces a new array C such that each element in C is the sum of the
elements in theccorresponding pesitions in A and B. Complete step
29.2, '

27.1 DO PART 28 FOR I = 1(1)9
28,1 DO PART 29 FOR J = 1(1)17
29.2 SET

DO PART 27

Write the command that will cause Part 12 to be executed 5 times.

The factorial function &! is defined to be ne(n-1)-(n-2)-..3-.2.1.
For example, 5! = 5xUx3»x@x1l = 120. Write a definition in AID
notation of a function f such that f(a) = n!. '




Introduction to AID Programming 1972-73
Final Examination
Part B
{50 points)

i e e e o e ar i g e e R i e S e

DO NOT TURN THE PAGE.

e e e

Nexe

Student number

Instructor's name

Name of school or ccllege

Date

Instructions: Part B is an cpen-beok test; you may use any bocks, notes,

or other materials thet you wish. There are 5 programming problems in

this part of the final examination. RMagh problem counts 10 points, and
you will be given partial cyedit for partially correct solutions.

Before you open the test you should be seated at a terminal and signed
on. As soon as you sign on, the AID interpreter will start autcmatically
so that you - can do the programming problems. If the ATD interpreter does
not start, raise your hand to get help befere the instructor gives the
signal to start the test.

For each problem you will be asked to list (print) the completed program
and execute it for given values to demonstrate that your program works
correctly. This listing and demonstration must be attached to this test
and turned in to your instructor for grading. You will have 50 minutes
toc complete the test.

*****%*%**%******%%***************%*************%********%***%**%%%****

DO NOT TURN THE PAGE UNTIL TNSTRUCTED TO DO SC.

e i e B U e e K
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1.

2n

3.

Write a program or a function that will convert. degrees Fahrenheit
to degrees Kelvin, (From degrees Fahrenheit, subtract 32, multiply
by 5/9, and add 2734)

To turn in for grading: When the program is finished,
Iist if by giving this command:

TYPE ALL o
Execute the program for 38°F, 0°F, and -~41°F. Turn in
this part of the teletype paper to your instructcr for
grading, and then delete the program. (DELETE ALL)

Write a program that will compute the wages due, to the nearest
penny, for H hours of work if the rate of pay is
$4.37 per hour for 4O hours or less,
Timg-and-a-half for each hour over MO hours up to and
including the 48th hour,
Doublé-time for each hour over the hBth hour.

To turn.in for grading: When the program is finished,
list it by glving this command:

TYPE ALL
Execute the program for H = 37. 253 h2 5, and 52.33 hours.
Turn in this part of the teletype paper to your instructor
for grading, and then delete the program, (DELETE ALL)

Write a program that will calculate postage for a piece of air mail

weighing up to and including 16 ounces if the rates are

11¢ per ounce or fraction of an cunce for ¢ to 8 ounces,
$1.00 total for over & ocunces up to and: including 16 ounces.

To turn in for grading: When the program is finished,
list it by giving this command:

. . TYPE ALL

Ixecute the program for these weights: 5.2 ounces,

8.7 ounces, 3 ocunces. Turn in this part of the teletype
paper to your instructor for grading, and then delete the
program. {IELETE ALL)

Write a program that will calculate the mean and standard deviation

of a list X157 %y X3, ooy X0 of ten numbers. If M is the mean of
ceoy X

the numbers x the formula for the standard

15 Xgﬂ X‘33 lo_?

deviation is

2 2 =] ey 2
/(xl-M) (= 5 (g =107 4 e (g - )
10
(continued)
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To turn in for grading: When the program is finished,
list 1t by giving this command:
: TYPE. ALL

Execute the program for this list of numbers:

68

€9

72

35

81

53

27

63

T3

%
Turn in this part of the teletype paper to your instructor
for grading, and then delete the program. (DELETE ALL)

Write a program that will approximate the sum of this series:

1 1 1 1
la 2 7 2 s %%
R

To approximate the sum, compute successive partial sums until the
last partial sum computed is equal to the preceding one, that is,

until “t:lrle_ntl,1 partial sum is equal to the (nnl)St partial sum.

Report the (n-nl)st partial sum, and the number of members of the
series that were sumwed. to arrive at that approximation.

To turn in for grading: When the program is finished,
list it by giving this command:

TYPE ALL
Execute the program to demonstrate that it works correctly.
Turn in this part of the teletype paper tc your instructor
for grading, and then delete the program. (DELETE ALL)

b




Appendix B

STUDENT EVALUATION FORM |
COMPUTER-ASSISTED INSTRUCTION (CAI)

Please read each statement'and_circle the number on the scale that best
describes your feelings.

SCALE

Strongly agree
Moderately agree
Slightly sgree
Uncertain

Slightly disagree
Moderately disagree
Strongly dissgree

it B o R W ) I S R UL i 8 LS

1. I worked as hard answering questions in the 1 2 3 4 5 6 7
computer lessons as I do in the classroom.

2. I learned from the computer lessons as well 1 2 3 &4 5 6 7
as I would have learned the zame lesson in
the classroom.

3. T like working at my own pace at the 1T 2 3 4 5 6 7
terminagl.
4, 1T would prefer competing with my fellow i 2 3 4 5 6 7

students in the classrocom vather. than
working at computer lessons.

5. Working with computer lessons iz like having 1 2 3 4 5 6 7
my owa tutor,

6. Four hours a week is sufficient time to i 2 3 4 5 6 7
keep up with the course.

7. T found the computer lessons too easy. 1 2 3 4 5 6 7
8. T think working with computer lessons is 1T 2 3 4 5 6 7
an exciting way to learn.

9. I found working at the terminal more T 2 3 4 5 6 7
frustrating than worthwhile.

10. I would like to participate in another 12 3 4 5 6 7
: CAI course. '




Appendix B (cont.)
11. I found the computer lessons too hard,

12, The CAT system provides the student with
"more feedback than classroom instruction,

13. Use the back of this sheet to make any
comments you wish concerning the CAT program.

12 3 4 5 6 7

12 3 4 5 6 7
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