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AN EVALUATION OF STUDENT ATTITUDES, ACHIEVEMENT, AND
LEARNING EFFICIENCY IN VARIOUS MODES OF AN INDIVIDUALIZED,
SELF-PACED LEARNING PROGRAM IN INTRODUCTORY COLLEGE PHYSICS

Carl J. Naegele

and
Joseph D. Novak

A. Introduction

Recent advances in technology have made it possible to offer a wide
variety of instructional alternatives within a given course. This has resulted
in greater flexibility in course format allowing program developers to better
satisfy the diverse Infeéesfs, abilities, and learning styles of students.
Unfortunately instructional strategies and modaiities are 6f+en adopted in
carte hlancha fashion solaly on the intuitions or prejudices of a course
designer or instructor. The key elements which have been lacking in the
devefopmenf of most instructional components are systematic procedures for
evaluating the relative merits of each component in terms of its contribution
to the achievement of both cognlflve and affective objectives.

This study was concerned with the deveiopment and evaluation of |nduvu-
dualized self-paced instructional methods and materials in a course in

introductory physics at Cornell University during 1972-73.

B. Purpose of Study

The central aims of the research reported in this study were:

I. To develop procedures for investigating the relative merlfs of each
instructional component for different types of s+uden+s

2. To determine those factors which seem to have the greatest influence on

a student's use of instructional components, his achievement, his rate
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of progress, his attitudes, and his dlsposlfloﬁ toward a mean[hgful

learning set.

3. To contribute to the understanding of some of the conditions and

processes of learning in general.

C.  Theoretical Assumptions

The theory of David Ausubel (1968) ;uggesfs that individualizing instructior
can facilitate meaningful learning thereby enhancing the qual ity and improving
the efficiency of concept acquisition. Ausubel's central concern is in the
area of cognitive reception learning. Hls major argument. is that the Ieérnlng
of new knowledge Is facilitated if the knbwledge can somehow be associated
with ideas already possessed by the learner. In this way new learning has
oreater meaning to the learner and can thereby facilitate the acquisition of

subsequent related knowledge.
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5ince the concepts possessed by learners on enviy
vary widely, and sinée t+he conceptual framework of each individUéi is conti-
nual ly undergoing change as new concepts are added to cognitive structure,
the process of associating new concepts with existing ones shquld be improved
through the development of individualized programs of instruction. Since
learning rates vary among individuals within each concept area, some fbrmng'_
sel f-pacing becomes a key ingredient in such a program.

Gagne (1970) argues for a dynamic assessment of capablilities durlng the
learning process. In formal disciplines where fhe learning of sﬁbsequenf
coﬁcepfs is strongly dependenf on a firm understanding of certain priof qon—
cepts, a means of assessung the existence of these prior concepts Is of parti-
cular imporfance. Prefesflng prior to Instruction coupled with some form of

mastery testing following instruction can aid in making These assessments.

The principles of mastery learning as discussed extensively by Block (1971)

4.
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suggest that sel f-pacing can lead to high achievement for most students
providing adequate learning time is allowed. High achievement should in
turn result in a positive affective response thereby stimulating the learner
toward further achievement.

In conducting educational research, affective and cognitive factors
must be considered simultaneously in judging the relative value of a
particular instructional component, method, or approach. For eiample,
it would be foolish to insist that students perform a particular experi-
ment on the grounds - that it had proven to have high payoff in cognitive
development, when there was some aspect of it which was fundamentally abhorrent
to-students. This is not to suggest that valuable learning experiences be
abandoned solely on the grounds that they happen to be somewhat demanding;
or that they require a fair amount of self-discipiine, patience, or forti-
tude -- these virtures should be fostered in any curricnium. The valye of
a learning experience becomes quésTlonaBle when it results in a prolonged

frustration which tends to inhibit subsequent learning and leaves the student

with a general ly negative attitude toward the subject. While the difficult
or demanding tasks may be unpopular during the learning process, if meaningful,
they will usually be aporeciated by students in retrospect at the end of the
semester. Numerous studies of self-paced courses have reported significant
gains in developing favorable student attitudes (Fréedman (1973), La Brecque

(1973), Anderson (1972), and Postlethwait (1972)).

D. The Setting

Over the past 5 years we have been active in developing individualized
instructional methods and materials for a 2-semester introductory seguence
at Cornell University. The course is large, involving between 20 and 30 staff

and between 500 and 700 students. |t is essentially aimed at students pursuing

5
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careers in |lfe science Including biology, pre-medicine, pre-veterinary,
pre-dental, agriculture and other semi-technical areas, although some |iberal
arts students and others have also found it appropriate.

The physical facilities occupy a 10,000 square foot area with some
90 carrels containing audio cassette recorders, film-loop projectors, demon-
strations and laboratory equipment, etc. |In addition, there Is a video-tape
viewing room and several utility rooms. About half of the total space Is
occupied by a testing center which includes a central office, test-taking
room, and three post-exam tutoring rooms. |

The basic function of the learning center is to provide a wide
variety of instructional alternatives which can be accessed whenever and as
often as the student wishes. In this open and relaxed setting, students are
free to work at Their own pace and can obtain assistance from an iﬁsfrucfor
when problems arise In understanding difficult concepts or in oparating .
laboratory equipment. The content of the course is organized into modules or
units, nine in each term for a total of eighteen. One additional "unit,"
agpearing at the completion of each term's work, involves a review of
previous units and is followed by a retention exam. Most of the units
are conceptually linked to others and are therefore studied in a recommended
sequence. A few are more independent and may be selected for study at a
variety of points during the semester.

In addition to the standard textbook used in the course, students are
provided with a study guide containing a list of fearning objectives, a
list of recommended activities, laboratory insfrucfions, audio-tape supp le-
ments, supplementary broblems, programmed materials, and sample.éxaminafionsa

The examination procedures™used in conjunction with Tﬁe'open laboratory

have evolved from the traditionai large-group, non-repeatable, norm-referenced

6
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examinations held on announced dates during the semester, to a self~paced
mastery mode with non-scheduled and repeatable criterion-referenced examinations.

Thus there exists the possibility of comparing these two testing schemes.

E. Instruments
|. Background Questionnaire
The Background Questionnalre was administered at the beginning
of the semester to all 700 students enrolled in the course. |t was designed
to collect information regarding the following:
a. sex, class, college ard major;

b. background, achievement -and attitudes toward physics and mathematics;

c. scholastic aptitude scores;

d. reasons for taking Physics |0l, grade aspirationz, and general
disposition toward meaningful learning;

e. attitude toward voricus forms of instruciion;

f. expectations concerning the interest and difficulty level of
Physics 101.

2. Student End-of-Course Questionnaire

This questionnaire containing 80 items was administered to
students as they completed the course and was designed to collect information

regarding the following:

a. 'grade aspirations and general disposition toward meaningful
learning in the course;

b. extent and type of preparation before taking the first exam on a
unit; ' -

c. general attitudes toward the course, format, and mastery testing
schemes;

d. attitudes toward the various forms of instruction and the average
time spent on each;

e. general interest and difficulty level of the course;

f. relative interest level, di*ficulfy, organization, quality of
experiments, and value of problem sets for each unit.

. 7
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3. Staff End-of-Course Questionnalre
Thls questlonnalre, contalning 34 Items, was completed anonymously
by each staff member at the end of the semester and was deslgned to monltor
the followlng:
a. atrltudes toward the course, format, and mastery testing scheme;

b. estlmation of the relative value of each of the varlous features
of the course Including their personal Interactlon with students.

4. Physics Pretest
To assess student entry knowledge of physics, the Dunnlng-Abeles
Physics Test, published by Harcourt, Brace and World, Inc. was utilized. Of
the 50 Items Included on the test, 8 were considered knowledge level items,
27 understanding level, and 15 appllcation level. All students were given
+he exam upon entry to the course, and no Timé limit was set for completing
+he Items. The items appeared to have acceptable validity, and the statistics
_obtained after administerling the test appear. In lable I.
5. Mathematics Pretest
The Mathematics Pretest was deslghed specifically for monitoring
mathematical facility in areas related to applications in Physics l0l-102.
All students were given the test on entry to the course, and no time limit
was imposed. For analysis the questions were grouped into 3 separate sub-
scales:
a. manipulation (16 items);
b. manlpulation and interpretation (10 items);
c. interpretation (9 items).
Validity was checked with sgveral local people in science educatlon; for the

statistics which were compﬁfed after administering the instrument, refer fo

Table 2.



TABLE 1

Summary of Item Analysis Statistics for Physics Pretest

Fall 1971
mean difficulty = .54
Knowledge COmprehenéior Application Total
- Subscale Subscale Subscale
ot 8 27 15 50
nmean 4,8 ' 15.2 7.6 27.5
stendaxd 1.5 h.5 2.7 7.6
E‘éﬁ;‘;z};ﬁ{.: .39 .5 .66 .85
2

Calculated from Cronbach's alpha (see Cronbach (1951)).




TABLE 2

SuMmary OF ITEM AnALYS1S STATISTICS FOR MATH PRETEST

FawL 1972
MaNIPULATION | MANIPULATION | INTERPRETATION ToTAL
SUBSCALE AND SUBSCALE
INTERPRETATION
SUBSCALE
NO. OF 16 10 9 5
ITEMS
MEAN NO. 10.8 6.1 y7 | -21.6
CORRECT |
MEAN % |
CORRECT 6/ bl =, 62
STANDARD | o
DEVIATION 2.8 1.9 1.7 5.0
RELIABILITY
~ COEFFICIENT 73 >3 | 50 .83

10
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6. Unit and Final Examinations
Achievement was measured through a number of unlt mastery

examinatlons, each designed to determine both the extent of general concept
formation and the avalfablllfy of subsumlng concepts necessary for a
smooth progresslonlfo higher order concepts. There were 6 equlvalent exams
written for each unit and each contained approximately 10 to |5 questions
varying in type and range of dlfficulty. Each exam was expected to take
approximately 30 to 45 minutes for the average student to complete. Only
items which could be associated with a particular learning objechve.
appearing in the students' study guide were used. The items were tagged
with the corresponding instructional objective number or numbers to provide
students with feedback; after taking their first exam on a unit, the
student received a slip of paper (objective slip) indicating the objective
numbers corresponding to the questions answered incorrectly. The passfng
levei or the level of acceptable mastery was set at 80% for all exams.
When students failed to pass any of the 6 exams on a given unlf, one of the
exams taken earliest was randomly selected and retaken. |t vas extremely
rare that a student required more than 6 exams. The average number required
t+o demonstrate mastery was 2.2 exams per student. Items were checked for
validity by a physics professor and the author before use.

Unforfunafely no reliability measures were performed on the exams. The
fact that several students were able to pass on their first aTTehpT on

every unit serves as a fair indication of their overall reliablility.

11
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F. Analysis
I, Student Aand Staff Attitudes
Data was col lected by means of optlcal scanning answer forms
and statistical analyses were carried out on an |BM 360/65 computer.
Overall It was found that substantial| galns were made In improving
student attitudes through the implementation of the self-paced learning
center format. See Table 3. Notable among these were the appreciation
for the variety of Instructional materials made avallable to them; the
personal attention that students received from the staff in both the
learning and testing centers; the friendly and relaxed, yet productive,
atmosphere of the learning center; and the emphasis on iearnlng quallty
rather than speed which was made possible through the sélf-paced testling
arrangement, |
General features of the course which can account for most of these
reactions are probably the following:
a. Individualization
1) Students can select from a variety of instructional
alternatives, those which seem to be the mosf effective
for them personally.
2) Staff-student interactions are on a one-to-one basis;
The student benefits from the Instructor's attention to
speclfic difficulties encountered by the student in
understanding the materia|; the instructor quickly
discovers the most common learning difficulties of his
students and learns new ways of dealing with them through
further interaction.
b. Self-Pacing
1) Students can work at times that are mos. suitable for them
personal ly, and at a pace that allows for adequate
internalization of concepts. The pressure to work under
uncomfortable or unfavorable conditions is removed.
2) Students can repeat lessons as often as is necessary to

achieve satisfactory understanding - including l|aboratory
experiments.

12




TABLE 3

Percent'Response on Student End-of-Course Questionnaire

Fall 1972 - Items as indicated

A Percent .
100 75 50 25 o

7. I hawve found the material presented in Physics
- 101 iz;teresting.

strongly disagree
dlsagres

neutral

. agree

- strongly agree

11

11, A standard course format of 2 lectures, 2
recitation meetings, and 2 hours of laboratory
would be more appropriate for this course,

strongly disagree

disagree

neutral

agree ‘

strongly agree

12, FPhysics 101 has been more difficult than I
. expected it to be. :

_L|l

strongly disagree

n

disagree
- neutral
agrce
E— strangly agree
25, The advantage's of the course format in
Physics 101 far outweigh the disadvantages,
— strongly disagree |
— disagree . .
i neutral
—_—t— agree
—_—— strongly agree
' 10. I like the flexibility offered by the format
A of instruction and testing used in Physics 101,
- strongly disagree .
disagree ‘ :
neutral . .
agree. C SR

s - — - strongly agree




Table 3 (econt'd)

Percent
00 75 50 25 0

15." I han found greater challenge and stimulatjion
from itne self-paced testing arrangement than
I would have found from a normal “one-shot"
prelim exam arrangement, -

- strongly disagree
disagree
jpo— neutral
agree

strongl& agree

24, I generally felt a sense of accomplishment -
after achieving satisfactory performance
on each wnit exam, ‘ g

strongly disagree
disagree

neutral

agree

strongly agree:

R

o Ifeel Il carncd more with the self-paced
"mastery" testing format than I would have
4f the course had "one-shot" scheduled prelims,

(€3]
\n

— strongly disagree
. . = disagree
neutral
agree e
strongly agree Lo T e

P

40, Going over exams with tutors in teéting center-

not helpful
8lightly helpful
somewhat helpful
very helpful -
extremely helpful

— " did not use

50.‘ Unit exams,

- not helpful
_— slightly helpful
- somewhat helpful
: very helpful
— extremely helpful

14

daid not. use
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c. Integration of Learning Materials

The yarious instructional components are logically ordered
SO as t+o optTimize conceptual development.

d. Mastery Testing

) The pressures to rush or compete with other students are
essentijally removed. The principal source of motivation
I's derjved from the satisfaction accompanying a series of
Succegsful and meaningful learning experiences.

2) Students do not have to accept defeat -- a chance to
Ccorrect one's mistakes is always provided. Success:is
encoyraged resulting in greater self-confidence, self-
respect, and self-motivation. CA number of empirical

Studjes have shown that a causal link generally exists
between success and motivation. See Weiner(1965)].

With 25 staff working in the course, it was important to also consider
their attijtudeS. Alt+hough the éfaff was composed largély of graduate
physics teachinNg assistants whose primary interests were not in teaching,
their reactions 1o the course were extremely favorable. Sse Table 4.

They expressed @ Marked prefefence for the format of the course over the
the more +raditiona| format indicating that both they and their students
derived sypstantial penefit from the experience - particularly with
regard fé +he P€rsong| student-staff interactions.

There is another diﬁénsion of positive affective spln;off generated
by the kind of Maningful, successful, and humanistic learning experiences
charagter|stic ©f thig course: Long after the details of many of the
conceptg have been forgotten, there should remain a generélly positive
attitude toward The yajue and importance of the scientific enterprise,

a denera| feeling of confidence in their knowledge and ability to solve
difficy|+ problems requiring sound analytical reasoning, and a general
disposi+ion toward jptejligent and rational Thoughf in connection with

science related events jn their daily lives.

15



TABLE 4

Percent Response on Teaching Assistant End-of-Course Questionnaire

Physies 101 - 1972

P . 2h staff, 22 questionnaires returned
ercen .

100 75 50 @25 0

2. I would have preferred to be assigned to a
course which operated conventionally with
scheduled lectures, labs, recitations, and

one-shot“ prelims.

strongly disggres
disagree

neutral

agree

strongly agree

3. Overall I enjoyed'warkmng in the course this
semester.

strongly disagree
disagree -
acutral

agree

strongly agree

i

4
.

|
|

4. I feel that working in the course has given
me further insight into physical concepts. -

strongly disagree
disagree

neutral

agree

S strongly agree

6. In general I feel that the operation of the
N course was educationally superior to a con-
ventional course with lectures and recitations

.« . strongly disagree
— disagree

neutral

agree

— :strongly agree

-11(a)- . Cont. on next page
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Table 4 (cont'd)

Percent
100 75 - 50 25 o

20, I feel that students are getting as much
individual attention in this course as in _
most other courses on campus.

-1 strongly disagree
- _disagree
neutral .
agree
—_— . strongly agree

21. I have found the .AT approach too mechanical
and dehumanizing as compared with the standard
format for a course of this size.

strongly disagree

—t— . : disagree
' npeutral
—] - agree

strmgly‘ agree

17
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Conéepfs and procedures in physics and its rélafed technologies
.ére far too important in our society to remain absent from the average
student's curriculum. It is the résponsibilify of the science community
to bring to the average student's educational experience as much of
the philosophy, content, procedures, implications, relevance, and
significance of the field as is practical. For some students, this may
'méén terminating the differentiation of a particular concept at a
somewhat superficial or introductory Ievefﬁi-YeT i f meaningful associations
are méde in the qiffekenfiafion process, the new concepts, although
somewhat shallow, should have value in enriching existing cognitive
structure and hence serve to facilitate the future acquisition of related
conéepfs. |
It is hoped that from such efforts, sfudenfs may develop a more
bosifive attitude toward scientific endeavor and an improved uﬁders?anding
of its ufilffarian as well as intellectual value. - .
2. Achievement
Final grades, whfch were used to indicate overall achievement,
were determined by the number of unifs-successfully'complefed. This
included a retention "unit" for those completing all insfruéfiohal units.
- R Mésfery Compared To_Norm-Referénced Grading Practices
To invesfigafe'possible differences between Thé mastery
learning scheme and the more traditional single-attempt mid-term and
final exam procedures, a semésfer of-Physfcs 101, operating under the
traditional plan is compared to a semester of Physics 101, operafing'
" under the-'mastery plan. See Figure I. In the fall 1971 vgrsion of

Physics 10l a norm-referenced grading sySTem‘was empioyed: Scores-on ..

18




PI01 FaLL 1971 (N = 498): Norv-REFERENCED

A

g

107

: Q ’

D A R AN G G ST - .- e @ e — - U

(OMBINED SCORE (4 INTERIM EXAMs, .1 FINAL
E¥AM, AND SEVERAL LABS)

PIOL FaLL 1972 (N = 700): CRITERION-REFERENCED

+

- C. +
17%

+

Ly

A
47

gtﬂ

-D
74

=3

PERCENT
8
[l
]

el 00 - e o - - - G - - - -

"0 12304567 8910 _
(NITS COMPLETED (Exam s¢0RE>SDZON EACH). :

'F16. 1. NORM-REFERENCED ACHIEVEMENT VS, CRITERION-REFERENCED ‘ACHIEVEMENT.

-12(a)-

G';1>Y _ _ ' , o A R  , ; ;; A ;




3

three interim exams and one final exam were combined for each student
and final grades were determined by comparing each student's score to
those of his classmates. A normal or gaussian distribution of scores
usually results from this type of grading system. In the fall 1972
semester, a criterion-referenced (mas+ery5 grading system was employed:
The achievement level and its assoéia+ed final grade wer< announced at
“the beginning of the term. Exams were repeatable énd the time to achieve
acceptable mastery was allowed to vary. The exams were also of équiva]enT
difficulty as‘fhose'used in the norm-referenced system. In the criterion-
referenced system, final grades fétmed a highly left-skewed distribution
indicaflng that the mastery prpcedures al lowed a larger percentage of
students to achieve at a higher level. This is consistent with other
research reported on mastery procedurés. [See Block(1971)]
. b, Entry Factors

A Pearson correla%fon coefficient was calculated between
achievement and some 40 entry variables obtained from the background
questionnaire and pretests. Entry factors which were found to correlate
subsfanfially with achiévemenf were grade aspiration (r = .4[1) and
mathematical skill.. See Table 5. ancé mathematical skills were assumed
and not taught per se In the course, it is reasoﬁablé to éXpeéT this
| resuff. In striking contrast to the norm;referénced sYsTem, such factors
as scholastic aptitude, physics knowledge, and ability to solve physics
problems correlated very little with achievement. These results lend
‘supbor+ to the theory that if a sufficient variety of instructional aids-
are proQided, if students are,giveh sufficient time to learn 5 set of

concepts, If they are given adequate feedback from examina+ions, and if

20



TABLE 5

CORRELATION WITH FINAL GRADE IN MasTERY Vs. NORM-REFERENCED SYSTEM

MasTERY NorM-REFERENCED
(FAL 1972) | (FALL 197D)
N =700 N = 198
SAT (uaTH) | 160 500 2
SAT (VERBAL) 23 1 335 2
| M PremesT ) -
(ToTaL) | el 508 2
PHys1CS PP!.E_TEST |
(ToraD) -.003 400 2
P <.
2 p<.,0l.
21
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they are given the chance to correct their mistakes through retesting,
then it Is possible for The.vasf mejority to achieve at a_high level
in spite of a number of entry deficiencies in cognitive sfrucfufe.
¢c. Post-Entry Factors
ODuring the semesferf"mofivafion appeared to be derived
principally from grade aspiration, alfhough the achievement success made
possible by the self-paced testing arrangement also proved to bear a
significanf correlation with final grade. Seé Table 6.
A technique was designed to determine the relative achievement
value of each of the instructional components for students differfng
'in physics and mathematics pretest scofes. Selecting a random sample of
125 students éﬁd"using the results of the physics and mathematics pretests,
the following four groups were formed for analysis: low physiés-low math
low physics-high math, high physics-low méfh, and high physics-high math.
A questionnaire was administered at the compietion of'fhe course to
determine how the Insfrucfiééal materials were used by. each student.
0f all of the instructional components, oﬁly experiments were
required. |t was the feeling of the course designers that some suggestions

and recommendations should be made in the study guide but that the student

should have the final choice in selecting media. The assumption here is
that the learner is often the best judge of which activity is likely

to be most effective for his own learning style. ‘Giving the learner an
active role in directing his path through the system also allows him to

develop a stronger sense of control over his learning and helps to prevent

what Silberman (1970, p. 201) refers to as "a préscripfion for training

and not for education."

22



TABLE 6

Correlation of Post Entry Variables with Final Grade for

r2 |2s|

Final Grade Scale:

| el o

|F | -[p |c-[c [c+{-[B " B |
é|3|1& |5 |6 |7 |8 |9 |10|11|12

15, I have found great'er challenge and stimulation frt.xn‘the self-
paced testing arrangement than I would have found from a normal:
"one-shot" prelim exam arrangement. ‘

Strongly, Strongly
Scale:. Disa%ree : . | Ag:l-ee
1 2 3 N s
n = 60
r=.25  sig. <.019 .

16, I have generally had a greater tendency to procrastinate under
the format of instruction and testing used in Physics 10l than
T have had in courses using the standard lecture-recitation format
with scheduled "one-shot" prelims and quizzes. '
Scale: (same as #15)
n = 69

r=-,38 sig. < .001

23
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To.invesfigafe the relative achievement value of each of the
instructional coﬁpbnenfs, the percentage of each student's total learning
time devoted to each component was éalpulafed and then correlated with
final grade. A high positive correlation indicates that a high relative
use of that component was associated with higher ;chievemenf and that
a low relative use was associated with lower achievement. In other words,
a high positive correlation indicates that the component offers high
achievement value if - used more extensively than the average; a high -
négafive correlation indicates that more exfens}yg use of that component
would tend to offer less achievement value Than;é positive correlation and
suggests that a'sfudenf's.fime'would perhaps he better spent on another
activity. Table 7 shows the ove}all correlations of each of the instruc-
tional components with final grade, plus the same correlations within each
of the four pretest groups. Not all students comp leted the End-of-Coursé
Questionnaire and hence correlations could only be calculated for 69
students in the samplg. Because of the small numbers in éach group,
the confidence intervals were rather large and it was not possible to
‘make relative value distinctions between components appearing ar roughly
the same vertical level in any one column of the Téble. The ability to
do this would of coursé increase with a larger samplg. Though the
procedure used had severe |imitations for the small samples, it did allow
one to make general kinds of comparisons, particularly concerning those
components appearing at the extreme ends of a column.

Components which seem to have positive acﬁievemenf value overall,
i.e., those whose confidence |imits are above zero in the left-most

column of Tabie 7, are programmed materials and integrated questions
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TABLE T

Correlation of Final Grade with Percent Time Devoted

to Each Instructional Component

r = correlation coefficient
E = confidence limits (68%)
~ Item = (see Key on p.
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Teble T (cont'd)

Key for Instructional Components

AUD Audio Tapes ' -
vID Video Tapes ' '
EXP Experiments

SD '  Self-Demonstrations

TUT Exam Tutors |
TEXT Reading Textbook
PROBS Practice Questions & Problems ;
TALC Learning Center Tutors ‘:':.3""-'
STUD  Discussions with Other Students "
O0BJ Reviewing Learning Objectives '
FL Filn-Toops s
SAMPT Sample Tests

EXAM - Unit Exams

SGPM Programmed Ma.t_érials in Study Guide

SGIQ Integrated Short-Answer Questions in Study Guide‘




 '."and degree of cognlflve developmenf in relaflon to Them. During |ns+ruc+|on,f;

'_3;fhe obJecflves allow The student to focus on a slngle concepf or skill

=16~

in the study guide, exam tutoring, video-tapes, and learning center
tutoring. Those which seem to have the lowest achievement value overall
are audio tapes, experiments, sample tests, learning objectives, and
‘pracfice problems. From this information, one might be tempted to encourage
more use of those in the first group and de-emphasize those in the latter
group. A closer inspection of the pretest groups in the table suggests
that this would not be a very prudent course of action. As'ean be seen,
very few of the components have uniformly positive or negative correlations
over all four pretest groups. For example, learning objectives (0BJ)
occupies ordinal position #2 overall and position #I3 in the LP-LM group

[f the information for this component is extracted from the table and
piotted separefely, the line in Figure 2 reeu}fs. Apparently learning
objectives have consfderable achievement value for a particular group

of students in spite of the overal| negative correlation.

One interpretation of this effect is as follows: Since the LP-LM
student is operating with a low level of subsumers, he finds it difficult
to organize the ﬁaferial +o be learned without some form of assisfance.

A list of Iearnlng objectives describes the breadth and depth of concepts
to be covered in a particular unit of insfrucflon, and |nd|ca+es The
bcrlferia on which the achievement of the objectives will _be ‘judged. The
| obJecfives prOVIde the low: subsumer student wifh a prellminary overview

:l:of The cnncepfs and allow him sumulfaneously to evaluafe has famlllarlfy '

i 5eunf|l a falr degree of masfery is- achieved. Thls Is parficularly imporfanf
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when the concept or skill is to some degree prergqu}sife to subsequent
learning. During the consolidation, review and self-testing phaseé
of instruction, the objectives can provide a brief but concentrated
outline of important concep+s to which the student can refer.

One of- the outcomes of this kind of analysis Is that it allows
one to méke modal ity recommendations to future students bésed on the
past performance of other students w[fh similar characteristics. Whether
these kinds of recommendations would prove wor+hwhilé in terms of better
providing for individual differences is not clear, but an experiment of

this type would not be difficult to carry out.

3. Learning Efficiency
Students were asked to indicate the average amount of time
they devoted per unit to each of the instructional components. The sum
of these Tlmes was the average study time per unuf The inverse of this
time was defined as a measure of l|earning effucnency Another measure,
termed "group efficiency," was defined and is discussed under "post-entry
factors" in this section.
a. Entry Factors
Of the many factors which could be expected to bear some
relationship to Iearniné efficiency (essentially all items appearing

on fhe Background Questionnaire plus the prefesf scores), -only a few

,

were found to have a substantial correlation with Iearning,ef*iciéncy.
Surprislngly sex correlated rather high (r = .42) whlchylndléafes a
 ‘sI|gh+Iy hlgher learning efficiency for males. Alfhough IT Is dlfflculf
to. find a conVIncIng argument To explain Thls effecf The followlng s

~offered as a partial explanaflon: Since much of the Iearn]ng whlch is
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rewarded in elementary aﬁd high schools is essentially rote, it is
posslble~fha+ females, maturing somewhat sooner than males; are conditioned
to capitalize on a rote learning paradigm in the lower grades and cannot

as easlly adjust in college to situations requiring the meaningful
acquisition ofllnformafion. Further investigation of this effect is
suggested.

Subsumers which had the strongest correiations with efficiency were
those which had a clear and direct relationship to the subject matter
undér consideration, i.e., the student's bosseésion of physics énd
mathematics concepts on entry to the course. See Table 8. Other
more general factors such as having taken high school physics or not,
grade in high school physics, grade aspirations, mafheméflcs course pack-
ground, and verbal scholastic aptitude showed a very low or nearly’
zero correlation with efficiency. This result is predicted Ey and
lends support to a basic contention of Ausubelian learning fheory that
the most important factor influencing learning is the learner's
possession of those concepts which have the closest content specific
associations with the méferial to be learned. |

b. Post-Entry Factors
No meaningful correlations were found to exist between
post-entry variables and overal | learning efficiency. Efficiency was
Therefore lnvesflgafed on a unit-by-unit basis for groups of students
with varying physics and mathematics apflfudes on entry to The course.
A variable designated as "group efficiency" was calculated for each of
the four pretest groups'by dividing the percent of students passing éach

unit by the average amount of t+ime taken to pass that unit. Thus a
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TABLE 8

Correlation of Entry Variables with Learning Efficlency
r _>_ I.25|

nysics Pretest (Understanding Subscale) .
. = 8, Math Pretest (Interpretation Subscale)

cale: Number correct out of 27,
Scale: Number correct out of 9,

n = 62
r = 028 Big. < 001,4

= 56

bl .""2 Big. < .00

ysics Pretest (Application Subscale)
9. Math Pretest (Total Score)

ales Number correct out of 15. - .
Scale: Number correct out of 35,

n = 63
M !

= omT Big. < 0003
’ rms 031 818. < .006

ysics Pretest (Total Score) : |

o ' 10, Physics Pretest Total and Math Pretest To

:ale: ~ Number correct out of 50. ' - _— R
: Scale: Humber correct out of 85. .

n =57 _ - '
—'r = ol"'3. o Bigo< .001

= .39 .. sig. < .00L

th Pretest (Menipulation Subscele)
:ale: = Number correct out of 16,
-6

= .26  sig. < .020

S ',8,‘,5?.'"' ' _  : o
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group having a large fraction of students passing a given unit in a
smal| amount of time would have a high group efficiency for that unit.

Students scoring high on the mathematics pretest showed the greatest
overal| persistence in passing units as is shown in Figure 3. This was
probably due to a lower |ikelihood of these students encountering serious
delays in their progression - mathematical skills were assumed and not
taught per se in the course.

" The possession of mathematical skills on entry to fhe course had a
strong influence on the numbervof days necessary to complete each of -
the first few units but this relationship disappeared thereafter.
ApparenTIy.Those students who were initially deficient in mathematics
were able to acquire the necessary mathematical skills viz the physics
presented in the earlier units. ' v

Mathematics subsumers were found to be significant factors in |
predicting overall ‘group efficiency. It seeﬁs reasonable that a student's
ébiliTy to process physical concepts would be reIaTed to his possession of
related mathematical skills since much of physics is involved with
mathematical derivations from fundamental concepfs.

Physiés subsumers wefe not good pfediqTors of overal | group efficiency
but an interesting pattern was uncovered. See Figure 4. vS+uden+s low in
both physics and mathematics subsumers showed less efficiency in low
level infé occuring at the beginning of a hierarchical sequence and
greater efficiency in high level units occuring near the end of a
hierarchical sequence Than'é+uden+s low in mafhemafics but high in'physics
subsumers. It was reasoned that this resuit wés hrobab}y due to the

i effects of (1) a negative learning set on the part of the high physics

o
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Key: L =Low

H = HIGH

P = PHYSICS
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group resulting from an underestimate of the depth of understanding which
would be required on each unit, (2) the low physics group taking advantage
of a rare opportunity for them to achieve a high grade in a typically
difficult science course, and (3) the relatively high percentage of
grade consclous pre-veterinary, pre-medicel, and pre-dental students in
lfhe low physics-low mathematics group. |

I+ was also found that all. four subsumer groups showed an overail
trend towards increased learning efficiency as the semester progressed.
This also agrees with Ausubel's hYpeThesis that meaningful Iearning
should lead to increased learning efficiency since the accumulation of

subsuming concepts should serve to facilltate subsequent acquisition.

G. Summary

There are sound psychological, humanistic, affective, and cognitive

%

reasons for continuing with the self-paced format. The results indicate
that. students are deriving greater eognifjve and affective benefit from
the present format than they were from the traditional lecture-recitation-
jab formef. Since the content, objectives, and evaluation procedures

have significantly changed since_fhe course was taught Tradiflenally, it
Is”Vfrfually impossible to definitively compare overall achievement under
the fwo formats. Efforts at comparing overall achieVemehT ddder general

- course format "A" to the overall achlevemenf under general course formaf

s have invarlably resulfed in elfher "no sugnlficanf dlfferences" or The ;‘7

dlnablllfy to clearly ascertain causal explanaflons for small, albeif
=1"s+a+|s+|cally S|gn|f|can+ ! dnfferences If superlor overall achievemenf
‘tunder formaf "A" was due To greafer sfudy Time, a disregard for affecfive

;goals, a de emphasus on The developmenf of Iaborafory skillsf efe.vlf would"




not answér the question of which format was superior, and yet this is

so often done without due consideration to these OTHer variables. Our
philosophy has been to begin with the notion that each student is an
individual, possessing a unique set of characteristics, differing in
goals, aspirations, interests, intellectual skills, backgrounds, learning
styles, motivations, fearnlngvrafes, etc. The instructional procedures
reflect this recognition of the uniquéness of human beings and our efforts
have been directed toward providing forms of instruction which we feel

can better match the diverse characteristics of our student population.
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