R EP ORT REGSUMKESS
ED 016 381 24 EM D04 058

INDIVIDUALIZING INSTRUCTION FOR VARYING LEVELS OF KNOWLEDGE.
FINAL REPORT.

BY- HERSHBERGER: WAYNE A.  TRANTINA, PAUL R.

NORTHERN ILLINOIS UNIV., DE KALB

REPORT NUMBER BR-6-8449 FUB DATE AUG 67
GRANT OEG-3-5-068449-1307 '

EDRS PRICE MF-$0.75 HC-$5.24 129P.

DESCRIPTORS- *TRANSFER OF TRAINING, *PROGRAMED INSTRUCTION,
#INDIVIDUALIZED PROGRAMS, *FEEDBACK, *TIME FACTORS
(LEARNING) , ACHIEVEMENT, ANALYSIS OF VARIANCE

THE HYFOTHESIS FOR TWO EXFERIMENTS WAS THAT
INDIVIDUALIZED INSTRUCTION EFFECTIVENESS IS A FOSITIVE
FUNCTION OF THE MAMNER IN WHICH A LESSON IDENTIFIES AND
REMEDIES TYPES OF ERRORS. PAIRS OF GRADE EIGHT AND NINE
STUDENTS, MATCHED FOR INTELLIGENCE QUOTIENT, AND RANDOMLY
DIVIDED AS EXPERIMENTAL AND YOKED CONTROL SUBJECTS, WERE
EXPOSED TO TWO FROGRAMED LESSON FORMATS ON HUMAN VISION.
SELF-TEST ITEMS FOR THE INCISIVE FORMAT (I) DISTINGUISED
ERRORS OF MEMORY AND OF UNDERSTANDING, WHEREAS ITEMS IN THE
CONFOUNDED FORMAT (C) GAYE COMPLEX QUESTIONS AND REMEDIAL
FEEDBACK. ANALYSIS OF VARIANCE WAS USED FOR A CRITERION OF
LESSON WASTERY. NO SIGNIFICANT DIFFERENCES WERE FOUND FOR
LEARNING TIME OR ERRORS IN EXPERIMENT I, NOR WAS THERE
TRANSFER OF TRAINING. TWO EXFERIMENT II GROUPS STUDIED BOTH
FORMATS IN REVERSE ORDERS. THE C~1 GROUF REACHED CRITERION
PERFORMANCE IN LESS LEARNING TIME AND WITH FEWER ERRORS, AND
SHOWED MORE TRANSFER OF TRAINING THAN THE I-C GROUP.
CONCLUSION WAS THAT C-1 INDIVIDUALIZED INSTRUCTION IS BEST,
WITH INCISIVE ITEMS MOST APPLICABLE TO LATER LEARNING STAGES
WHERE INDIVIDUAL DIFFERENCES ARE MAXIMAL. THE DOCUMENT
INCLUDES EXPERIMENTAL MATERIALS, AND A REPORT OF TWO
EXPERIMENTS, "LETTER-NAMING TIME AS A FUNCTION OF SET
FAMILIARITY AND SYMBOL DISTINCTIVENESS." (LH)




Rl

PA Y

e | H,_
oo
O B0 04058
i
(-
(mm |
(W |

(R FINAL REPORT

Preject No, 6-8449-4-12-1
Grant No. OEG-3-6-068449-1307
INDIVIDUALIZING INSTRUCTION FOR VARYING LEVELS N
OF KNOWLEDGE
August 1967 -
U. S. DEPARTMENT OF N
HEALTH, EDUCATION, AND WELFARE
Office of Education
Bureau of Research .
. y
o
S S e - -
ERIC™ w - -

A3 T - - =
4T o e s a1 R

B A S i N AR AN g S o et <

o B,



b e - P —— L e

U.S. DEPARTMENT OF HEAI:IH. EDUCATION & WELFARE
OFFICE OF EDUCATION

THIS DOCUMENT HAS BEEN REPRODUCED EXACTLY AS RECEIVED FROM THE
PERSON OR ORGANIZATION ORIGINATING IT. POINTS OF VIEW OR OPINIONS

STATED DO NOT NECESSARILY REPRESENT OFFICIAL OFFICE OF EDUCATION
- POSITION OR POLICY.

Individualizing Instruction for Varying Levels
of Krnowledge

Project No. 6-8449-4-12-1
Grant No. OEG-3-6-068449-1307

Wayne A, Hershberger
and
Paul R. Trantina ' ‘

August 1967

. The research reported herein was performed pursuant to a grant
with the Office of Education, U.S, Department of Health, Education,
and Welfare. Contractors undertaking: such projects under Govern- ;
ment sponsorship are encouraged to express freely their professional i
judgment in the conduct of the project. Points of view or opinions '
stated do not, therefore, necessarily represent offical Office of
BEducation position or policy.

Northern Illinois University

DeKalb, Illinois

e cemermr e eh S et ey v ¢ e S arsntr PP

N ~ R ey
£t N AR NP OB, 1 1 o At N s bt e cn 4w o - - PN “ B - .




Acknowledgements

The studies reported here were conducted in cooperation
with Northern Illinois University Schools, Dr. Stuart D. Fink,
Director.

Special thanks are due Dr. William Kushman, Coordinator
of Research, Dr. Wendell G. Anderson, Principal of the University
Junior High School, and the folliowing teachers: Mr. John D.
Davis, Mr. Vernon A. Janke, and Mr. Fern J. Wooten.

ii

R e e




Table of Contents

Page
I Introduction 1
I1 Experiment I
A, Method 8
B. Results 12
II1 Experiment II
A. Method 19
B, Results 21
IV Discussion , 27 .
1
v Conclusions - 30
Vi Summary 31
VI References 33
Appendix A Basic text of the lesson "Some
Functioral Anatomy of Human
Vision"
Appendix B The 27 self-test items comprising
the Incisive Format
Appendix C The 27 self-test items comprising
the Confounded Format
Appendix D Questionnaire used in Experiment

II to assess student opinion of
the Incisive and Confounded Formats

Appendix E "Letter-Naming Time as a Function

of Set Familiarity and Symbol
Distinctiveness"

iii




LIS S s e e A e L o f———

Individualizing Instruction for Varying

Levels of Knowledge

" The purpose of the present research was to assess
the effectiveness of individualized instruction as a
" function of the incisiveness with which the individuals
"in question are distinguishéd in terms of their respec-
tive ignorance.

Most forms of instruction, &s tlicy reduce ignorance,
simultaneously increase individual differences in ignor-
ance, for what one student learns amother fails to learn
and vice versa. As instruction progresses, the ignor-
ance students share in common progressively diminishes.
And the greater the differences among the students
initially, the more pronounced the effect is certain
to be. The resulting individualized ignorance appears
.to call for an equally individualized mode of instruction:
oné which addresses itself directly to the idiosyncratic
ignorance of each individual studént. In any event, the
proposition that individualized instruction is the proper
answer to individualized ignorance serves today as the
basis of a grOW1ng interest in ccaputerized instruction
(Coulson, 4 ; Margulies & Eigen, 14 ; and Suppes: 21 ).
However, there is a paucity of information as to the
factors which contribute either to the effectiveness or
the ineffectiveness of individualized instruction. And,
until the principle factors are identified and their
effects assessed, the development of costly computer-
based instructional systems appears premature. The
present research was designed to examine one such
potentially potent factor: the incisiveness with which
individualized ignorance ‘s assessed. ‘

Any and all forms of individualized instruction
presuppose the possibility of distinguishing individuals
in terms of their respective ignorance and of identifying
and impiementing the proper mode of remedial instruction
for each. Individualization of instruction is not an
all or nothing affair but may be said to vary in direct
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proportion to the number of different types of ignoratuce
a method of instruction is able to identify and uniquely
remedy. Distinguishing students who are knowledgeable
from those who are ignorant of a particular bit of
information must be viewed only as a token first step
towards the individualization of instruction. 1If a

. student is to receive the mode of remedial instruction
he needs, not only his ignorance but the nature of his
ignorance must be taken into consideration. For
instance, if a student's ignorance belies a failure to
comprehend the lesson, he needs, presumably, remedial
explanation, not drill. Or, conversely, if his memory
is faulty, he needs drill rather than explanation.

Preyions gtudies of individualized instruction
have typically failed to assess the natuze of a
sgudent’s ignorance, and, therefore, forfeited the
opportunity of selecting and ingtrumenting an optimal
mode of remedial instruction for a given state of
ignorance. It is not particularly surprising, therefore,
that these studies typically have found little advantage
accruing to individualizéd instruction.

Another shorfcomming of these studies is a
methodological one involving the choice of dependent
variable. One would expect individualized instruction
to be particularly effective only in the latter stages
of learning when each student is approaching complete
mastery of a lessomn, but each in his own way. In the
earlier stagesof learning when all student®-are
relatively naive, most 2uy instruction ig" likely to
be remedial, i.e., reduce some aspect of the students'
ignorance. Therefore, terminal. performanc: upon a
criterion test appears inappropriate for comparing
individualized with other forms of instruction. Where-
as individualized instruction can properly be assessed
only when learning.approaches complete mastery, complete
mastery virtually precludes the possibility of
differences in criterion test performance for the
instructional methods being compared. A more appropriate
meagsure of the effectiveness of individualized instruction
would be the amount of study time required to reach a
predetermined criterion of lesson mastery. However, with
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ironic unanimity researchers seem invariably to have
employed the criterion test for assessing the effective-
ness of individualized instruction. Accordingly, the
frequent "negative results" are not without explanation.

The studies in question appear in the literature
under the rubric of programed Instiruction and report
comparisons of branching or lbipassing programs - which
adapt the instructional sequence te suit the students'

; ignorance either by reviewing sections of the lesson on

| which the student is weak or by skipping sectionson

which he is strorg - and fixed sequence or linear
programs - which instruct all students alike. Of

twelve studies appearing in the literature, only a few
report univocal evidence for the proposition that
branching, adaptive or individualized instruction is

more effective than linear, fixed sequence, or regimented
instruction. ' ‘

Five studies have failed to find any advantage
for individualized programs in terms of either criterion
test performance or rate of learaing (study time):

Campbell ( 3 ) compared a bypass program with a
short linear program and a long linear program

and found test score and studv-time means highest
for the long program and lowest for the short
program with the bypaks program falling in between.
He concluded that the method ‘of bypassing was no
more efficient than the linear methods.

Glaser, Reynolds, Harakas, Holzman, and Albma ( 8 )
found that alternative "linear” routes through a
"multilinear” program proved no more effective than
had “bypassing.

Roe ( 16° ), using students in a freshman engineering
course at UCLA as subjects, compared a linear program
on the topic of probability with two types of

branching program: backward branching (remedial loops),
and forward branching (byjassing). He found only
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a significant difference in learning time between
the linear and the backward branching programs,
the branching program taking longer.

Senter, Nieberg, Albma, and Morgan ( 18 ) converted
Crowder's scrambled text "The Arithmetic of
Computers” {a branching program) into two altered
versions: (a, one in which branches incorporating
motivational comments were deleted, and (b) one

in which all branching was replaced by a linear
sequence. Results showed no significant difference
in amount learned or in study time.

Finally, Silberman, Melaragno, Coulson, and Estavan
(20 ), using a computer-controlled teaching machine .
to teach rudimentary logic, found no significant
differences between a branching and a fixed-sequence
program. They used study time and aptitude as

control variables in their covariance analysis of
criterion-test scores.

Three studies have reported that students spend
less time studying branching than linear programs with-
out adversely effecting criterion test pefformance:

Beane ( 1 ), comparing linear and branching versions
of a program on plane geometry found that students
completed the branching version more rapidly while
learning an amount equivalent tco those reading the
linear version.

Bibiscos ( 2 ), using subjects differing in acumen
and in preknowledge of the subject matter compared
linear and 'by:passing versions of a program on the
topic of Roman numierals.:. Students studying the

b yp:assing version achieved the same level of lesson
mustery as the students taking the linear versionm,
but in significantly less time.

Coulson.and Silberman ( 6 ) instructed junior-college
students in introductusy pevrhology using fixed-
sequence and branching versions of a prugsam. The
branching versions required less training time tiicn

the fixed sequence versions, but were not significantly
different in terms of either immediate or delayed
(three weeks) criterion test performance.
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The findings of Beane; Bibiscos; and {oulson and
Silberman, although promising, do not demonstrate
univocally the presupposed advantagee of individualized
instruction. It is a simple matter to prepare two
versions of a lesson which differ in redundancy and
demonstrate that the terse version is more efficient.
Ih .facty Predsytand:Kinzer (15 ), and Hershberger
(10 ) have each shown that a terse version of a lesson
may be more eiffective as well as more efficient than a
redundant version. Hershherger compared tersely and
discursively -written ;. text-book passages. Pressy
and Kinzer compared an "auto-eluci@ ative"” version
of a portion of Analysis of Behavior with the original
lineaxr version. It is quite possible that the subjects
studying the branching programs in the Beane; Bibiscos;
‘and Coulson and Silberman studies were able to "edit
out" an unessential redundancy in the lesson, and that
this, rather than individualization if instruccion was
responsible for the demonstrated learning efficiency
of the branching versions.

There is only one study in’the literature which
reports results favoring individualized instiuction
in terms of criterion test performance:

Coulson, Estavan, Melaragno, and Silberman ( 5 ),
using the basic program on logic they had employed
in their 1961 study, ferreted out a statistically
significant advantage (p£.05, one-tailed test}
for a branching as opposed to a fixed sequence
program. Although the branching version also
required less study time, the difference was so.
small as to be attributable to chante. , Coulson,
et.al. attributed the differences between these

( findings and their 1961 results to certain modifications
in the branching procedures resulting in (a) ''more
accurate diagnosis of student needs," and (b) “more
effective remedial materials for filling these needs’.
Diagnosis was improvéd by requiring the student to
decide whether he wished additional instruction
rather than depending solely upon exror rate as a
brarnihning criterion. Remedial materials were
improved by being designed to correct the specific
ignorance evidenced by a previous student error,
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e.g., "No, you gave the answer 'v' when you should
have answered 'A'. Remember, 'A' represents 'and'

while 'y' represents 'or'."

It is apparently the incisiveness rather than the
voluntary nature of the branching criterion which is
responsible for Coulson et.al's results, for Hartley
(9 ), comparing voluntary versus mandatory branching,
found an advantage in learning time for the manda tory
procedure. Hartley  attributed this to a tendency on
the part of his students using the voluntary-branching
procedure to browse through the novel program reading
material they had already mastered. Apparently, they
were using a branching criterion based upon degree of
curiosity rather than degree of lesson mastery.

The principle objective of thie present research

was to systematically investigate the implications of
the findings of Coulson et. al., namely, that the

. effectiveness of so-called individualized instruction
is a positive function of (a) the incisiveness with
which a ntudentls ignorance is diagnosed, and (b)
the appropriateness of the corresponding remedial
instruction. Two experiments were conducted. (A third
experiment, unrelated to the present purpose but
partially supported by the present grant was reported
in a previous paper and submitted as an interim report.
A revised version of that paper appears in Appendix E
of the present document: "Letter-Naming Time as a
Function of Set Familiarity and Syizhol Distinctivenesss')
In each experiment junior high schiool students were
required “o learn rudimentory, functional anatomy of
the human visual system. The lesson included a set of
self-test items (Hershberger, 11 ) by which the gudents
could assess their respective ignorance of lesson content.
Three types of self-test items were used: (a) one which
assessed memory for terminology, (b) one which assessged
understanding of functional relationships, and (c) one
which did not distinguish between errors of understanding
and errors of memory bui 2ssessed both. Each self-test
item was followed in the lesson by & correct answer
which was either remedial or confirmatory depending
upon the subject's response. The answers were of such
a nature that errors of memory to type "a" questions
resulted in remedial drill; rmﬁgunderstandings of
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function evidenced by errors on type "b'" questions were
disabused with the aid of detailed explanations; and,
errors to type "c" questions resulted in both types of
remedial instruction indiscriminatély.

The lesson was prepared in two parallel formats,
each comprised of an illustrated text and a set of 27
self-test- items. The same tersely-worded text was used
in each format, and the self-test items of the two
formats, although different in type, covered the same
27 units of information. The formats differed only in
the type of self-test items used: one, the incisive
format, incorporated both type "a'" memory items and
type "b", understanding items, whereas: the other format,
the confounded format, included only nondiscriminating,
type "c" items. It was hypothes?sed that the incisive
format would prove superior to the confounded format
as a mode of individualized instruction. Two experiments
were conducted to test the hypothesis.
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EXPERIMENT I

Metwod

A total of 68 eighth-grade students enrolled at
Northern Illinois University Junior High School during
the 1966-67 academic year served as the subject pool for
Ewmoriment I. The students were combined into 34 pairs of
subjects with the members within each pair matched in terms
of I.Q. Each pair was then assigned to cne of two equal-
size groups equated for mean I.Q. Unfortunately, during
the course of the experiment, which extended over a period
of several weeks, 1. pairs of subjects were lost due to
absences of either one or both members of a subject pair.
Data is reported here for 23 pairs, 12 in one group and 11
in the other, The mean I.Q. for each of the two groups
was 118 - California Test of Mental Maturity: Total Score.

Materials:

The experimental lesson, entitled "Some Functional
Anatomy of Human Vision" was written by one of the authors
and totals approximately 1,000 words; it includes two
drawings. A copy of this basic text appears in Appendix A.
This particular lesson topic was selected because it
provided both an esoteric terminology and a functional
system complex enough to be readily confused. Moreover,
it was a topic about which the subjects were uniformly
naive.

Two parallel sets of 27 self-test items each were
constructed as adjuncts to the basic text, Each set was
designed to assess the student's grasp of the same 27
independent items of information. One set, the Incisive
Format, incorporated two types of items, one assessing
and remedying errors of memory for anatomical terminology
and the other assessing and remedying errors of understand-
ing of anatomical function. The other set of self-test
items, the Confounded Format, confounded these two types
of errors by asking complex questions involving both memory
for terminology and understanding of function., Likewise,
renedial feedback for each mixed item involved both
detailed expianations of function and identification of
requisite terminology.

. Page 8
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The 27 items comprising the Incisive Format (101i to
1271) appear in Appendiz B, The 27 items comprising the
Confounded Format (10lc to 127c¢) appear in Appendix C,
The gelf-test items were printed on 5 1/2 x 8 inch sheets
of paper, with the question (q) on the front side and
the answer (a) or remedial instruction on the back.
Multiple copies of a given item were then bound together
in tablet form, any page of the tablei being identical
to every other page. Thus were constructed 27 tablets
for each of the two formats,

Such a deck of 27 tablets was prepared for each
subject pair, 1l decks of the Incisive Format and 12 decks
of the Confounded Format, The tablets were passed out
daily to the subjects in manila envelopes bearing the
following instructions:

“work through the enclosed deck of tablets
answering the questions on the front page of
each tablet, After writing your answer, im-
mediately tear off the first page and lock on
the back for the correct answer., If your
answer is right, place that tablet aside on -
the right, If wrong, lay it to youtr left.
When you have gone through the entire deck
in this way, shuffle the pile on your left
and start over, continuing this procedure

as often as necessary until you have finally
answered every question correctly, that is,
until all the tablets are in a pile to your
right., Please place the answer sheets you
tear off into this envelope."

The tablets, used in this way, provided remedial drill
as a result of an incorrect answer tc a self-test item, On
the other hand remedial answers to items 101 through 107 of

both formats incorporated detailed explanations and cox-
rective exercises. Once an erring subject had cempleted
this remedial exercise, he was instructed to place the

'tablet on the correct pile on his right," thereby precluding

additional drill,

in the Incisive Format, items 101 through 107 assessed

errors of understanding of function and items 108 through

127 assessed errors of memory., Thus, the appropriate iype
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of remedial instruction for these two types of errors
was provided by the instructed use of the self-test
tablets: explanations for misunderstandings and drill
for faulty memory.

In the Confounded Format, however, where type
of error was not specifically identified it was necessary
to provide both types of remedial instruction, i.e., to
provide for either type of error. The above instructions
to the subjects to repeat any tablets answered incorrectly
provided for remedial drill, And, to disabuse the reader
of any misunderstanding of anatomical function, the answer
to each question in the Confounded Format included an
appropriately detailed remedial explanation. (There were
no such explanations in the answers to the memory items
of the Incisive Format: in the Incisive Format, each
answer to a pure memory item was comprised simply of
the term the reader was being asked to identifv. See
Appendices B and C for a detailed comparison of the two
formats,)

Procedure:

One of the aforementioned groups of subject-pairs
(n=11) studied the lesson using the Incisive Format; the
other group (n=12) used the Confcunded Format. A random=
ly selected member of each pz2ir was désignated as the
experimental subject and his partner became his yoked
control, The decks cf 27 tablets described above were
used by tlie experimental subject in each subject pair.

The contxol subject did not get a deck of tablets,
He was given only one tablet comprised of an assortment
of self-test items., The daily assortment of pages in
a control subject’s tablet was identical to the group
of pages his experimental partner had used up.the
day before. The study schedules of the experimental
and control subjects were staggered one day to allow
time to prepare the control materials in this fashion,
With this yoked procedure, the instruction of the control
subjects, although not individualized to their own
ignorance, was, nevertheless, identical operationally to
that of thelr experimental partners,

The subjects studied the lesson daily for several
days. In order to get as detailed a vecord as possible of
thie learning process, the student was parmitted to study
the basic text only onceythe first day. Thereafter, he
gtudied the lesson using the self-test tablats exclusively,
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Because of practical time limitations only tablets 101
through 107 accompanied the basic text on the first study
day, and only tablets 108 through 127 were used on the
gsecond day, Each day thereafter each experimental

subject was assigned all the self-test tablets except
those he had answered errorlessly the very previous day.
In other words, each experimental subject encountered all
27 self-test items during each consecutive two-day period.
The lesson was defined as mastered when he was able to
answer all self-test items errorlessly on two successive
days. Experimental subjects who had- not met this criteriom
by the end of the 15th study session were arbitrarily
gcored as having mastered the iessen on the 15th day

of study. ’

Once a subject reached the criterion of lesson
mastery he then took, on the following day, a test of
transfer of training composed of the questions comprising
the alternate study format,

On the 36th calendar day foliowing the first day of
study, each subject was administered a retention test
composed of the questions comprising the format he had
studied,

The experiment was carried out in the standard
classrzoom under the administration of the students' regular
{nstructors. Four intact: classes of students were used,
with each experimental conditiun equally represented in
each class. The study meterials were passed out at the
beginning of the class period and picked up individually
as soon as each student completed his materials, When
not actively participating in the experiment proper,
students were busied with regular school assignments,
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Results

Five measures of each subject's performance: were
recorded as data: (a) the number of study-days it took a
subject to achieve the criterion of lesson mastery; (b) the
number of minutes it took him to reach criterion; (c) the

]

number of errors he committed in the process of reaching the
criterion; (d) the number of items in the transfer test he
answered correctly (out of a possible total of 27); and,

(e) the number of items in the retention test he answered

correctly (out of a pessible total of 27).

Table 1 shows for both experimental and control sub-
jects of each lesson format the group means on each of
the dependent variables listed above.

Table 1

Group Means on the Five
Dependent Variables of Experiment I
Groups

Dependent Variable Incisive Format Confound

Number of Days to
riterion of Lesson

astery 9 9

Number of Minutes to
riterion of Lesson

stery 130,56 125.0 156.6
umber of Errors to

Criterion of Lesson
stery 59.4 59,7 56,7

Transfer cf Training:
umber Correct out of
27 possible 11.1 11.1 9.8

Retention Test: Number

Correct out 0f 27 . :
ossible 19.3 17.4 18 /4
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Days to criterion, Because the control subjects
were yoked tc their respective experimental partners on
this variable, their mean Days to Criterion have zero
degrees of freedom and are to be ignored., As for the
experimental subjects, the difference between those using
the Incisive and Confounded Formats is statistically in-
significant (Mann-Whitney U=40,5, nj=11, n2=12; p >.10).
The mean$for the Incigive and Confounded Formats were 9
and 11,5 days respectively.

Minutes to criterion, Figure 1 shows the daily
mean number of minutes subjects in each experimental
condition spent working through the self-test: items, The
times for the first and second sessions have been combined
gince only seven items were used the first day.

Table 2 summarizes a three-way analysis of variance
of the study-time data represented in Figure 1.

Table 2
Analysis of Variance Summary of Study Time Data
. G IR ol a o e — ——4
Source ‘ df MS F P .
re——
Between Subjects 45
- Formats 1 321,90 2,55 | #:05
Groups (Exper. vs. Control) 1 754,36 5,95 | <.,025
Formats x Groups 1 31,68
Error (between subjects) 42 126,78
*uthin Subjects 598
Days ' 13 |6,702,17 1264,87 | <.001
Days x Formats 13 9.29
Days x Croups 13 106,79 4,22 | <.001
Days x Formats x Croups 13 9,82
Error (within subjects) 546 25,33
smmeth MR

Two maia effects and one interaction are significant:
Days, Groups, and Days x Groups. As can be seen in Figure 1,
the subjects in all experimental conditions spent progressively
less time working through the self-test items on successive
days. And, the average control subject spent less time (113.9
min.) than the average experimental subject (144,2 min.) in
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i e g f5 5 e e D ey e S SIS CRIt «L«W




Exper. 0—0
Incisive Format
: Control 0=---0

Exper. @@
Confounded Format
' Control €---@

0 - ‘
123 4 5 6 7 8 9 10 1l 12 13 14 15

s

¥iFigs 1 Mean daily study time for each experimental
condition., Days 1 and 2 have been combined.
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covering the very same materials., But, a2 can be seen from
Figure 1, this difference between experimental and control
subjects varies as a function of Days, disappearing by the
last day of study.

Number of errors to criterion, Figure 2 shows the
daily mean number of errors committed by the subjects in
each experimental condition in workins through the self-
test items. The errora for the first and second sessions
have been combined since only seven items were used the
first day.

Table 3 summarizes a three-way analysis of variance
of the error data shown in Figure 2,

Table 3

Analysis of Variance Summary of Error Data

E?gﬂfﬁi--'-'“ df MS F 1_ P
f
etween Subjects 45
Formats 1 1 10,78 }
Groups (Ewper. vs, Cont,)! 1 38,77
Formats x Groups 1l 32,76
Error (between subjects) | 42 65,78
MWithin Subjects 598
Days 13 1,386,05 ] 97.61 | <.001
Days x Formats 13 29,01 2,04 £ .05
Days x Groups 13 27,72 1.95 | £.05
- Days x Formats x Groups 13 4,63
Error (within subjects) |546 14,20

Three effects are significant: Days, Days x Formats,
and Days x Groups, On successive Days the subjects in all
groups comnitted progressively fewer errors. In the early
days the Incisive Format yielded more errors than the
Confounded Format, but later the opposite became true.
Similarly, the control subjects committed fewer errors
the first day and more errors during the later days of the
exercise than did their experimental counterparts,
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Transfer of training. Table 4 gummarizes & two-way
analysis of variance of the transfer test data. No effects
are significant,

S TM‘_‘“

Table 4

Analysis of Variance Summary of Transfer Test Data

|

e
Source ’ af - MS ?:—,ﬁ:-;
Between Subjects - - 45 s

Formats . 1 9.81 -

Groups (exper. vs. cont.)| 1 1,39 | -

Formats x Groups 1 1,27 -

Error 42 24,82

To assess the actual amount of transfer of training
evinced by the experimental subjects of each lesson format,
it was necessary to determine the basal performance of
untrained subjects on each set of transfer-test items.
Since the transfer-test items of each format were identical
to the self-test items of the alternate format, this basal
performance was obtained by counting the number of self-
test items each experimental subject had answered errorlessly
during his first pass through the deck of 27 seli-test
tablets, The number of such correct responses to the
Incisive Format, (the transfer-test items of the Confounded
Format), ranged from 0 %o 20 with a mean of 8.8. The
aumber of correct first-pass respouses to the items of the
Confounded Format ranged from 3 to 21 with a mean of 9.2.
Thege means of 8.8 and 9.2 do not differ significantly.
from the corresponding transfer test neans of 9.8 and 1l.1
respectively.

Retention test. Since there is mo significant
evidence of positive transfer, the assumption that the
test items of the two lesson formats assess the same 27
units of informaticn is highly questionable, Apparently,
the tests assess two independent sets of information.
And, since this "information" variable is completely
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confounded with the format variable, -eny comparison of
retention test data across formats is at best questionable,
Hence, only the experimental and control groups within
each format were compared.

Using a t test for yoked samples it was found
that whereas the experimental and control subjects study-
ing the Incisive Format did mot differ significantly on
the retention test (t=.969, df=10, g>.05), the control
subjects using the Confounded Format performed more poorly
than their erperimental counterparts (t=2.05, di=1l,
3(005)0 The means for each experimental condition are
shown in the last row of Table 1.
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EXPERIMENT IT

Method

Subjects:

A total of 63 ninth-grade students enrolled at
Northern Illinois University Junior High School during
the 1966-67 academic year served as subjects for
Experiment II, The subjects were divided into two
nearly equal-size groups matched for mean I.Q, (123
California Test of Mental Maturity: total score).

Five subjects were lost due to routine absences from
class, leaving two groups of 30 and 28 individuals,

Materials:

The basic materials were the same as those used
in Experiment I, In addition, a four~item questionnaire
assessing student opinion of the two lesson formats was
constructed, A copy of the questionnaire appears in
Appendix D,

Procedure:

The aforementioned group of 30 subjects, the I-C
Group, studied the Incisive Format to a predetermined
criterion of lesson mastery, then switched to the
Confounded Format and continusd studying to the same
criterion with the new format. The other group, the
C-I Group (n=28), followed the same procedure in
reverse order,

The daily procedure was similar to that of
Experiment I, As in Experiment I, the subjects read
the basic text only on the first day of the exercise,
Also, they were given only the first seven self-test
items; (101-107) on the first day and the remaining 20
items (108-127) on the second day. From the third day
on, however, the procedure for assigning self-test
tablets varied somewhat from that of Experiment I, On
the third day each subject got only those self-test
items he had missed at least once in his first pass
through the deck, On each day thereafter, he got only

,Page 19
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those items he had missed at least once the previous day.
When eventually he performed errorlessly on a gingle day,
he was givep on the following day all 27 tablets. Then
the procedure was repeated: each day he was again given only
those items he had missed at least once the previous day
until he again performed errorlessly on a single day. On
the day following this second and all subsequent errorless
performances, the subject was given all self-test items
except those he had answered correctly on two consecutive
attempts, (Proper use of the self-test tablets did not
permit the subject to answer an item correctly twice in
one day.) The lesson was defined as mastered when the

- | subject had answered each of the 27 self-test items
correctly on two successive attempts. When the subject
- had mastered one format and had switched to the alternate,

the basic text was omitted and he began with all 27
tablets in the new deck,

These procedures were adopted in preference to those
8 used in Experiment I on the grounds that they should more
effectively individualize imstructionm, minimizing either
boredom or overlearning by reducing practice of perfected
- responses,

— The exercise was terminated after the 21lst day of
study. One subject in the C-I Group who had not yet
reached the criterion of mastery on the gsecond format
was assigned an arbitrary score of "21 days to final
criterion,"

, On the 53rd calendar day following the first day
- of the study all subjects were administered the afore-
mentioned questionnaire and a retention test composed

of the 54 questions comprising the two sets of self-test
items,

The experiment was carried out in a standard class-
room under the administration of the students' regular
instructor, Three intact. classes were used, with each
of the two experimental groups represented in each, The
study materials were passed out at the beginning of the
class period and picked up individually as soon as each
student completed his materials., When not actively
participating in the experimental task, the students were
allowed to busy themselves with conventional classroom
activity of their own choosing, providing only that it
disturbed no other students in the room. This procedure

was initiated by the instructor to avoid penalizing any
students who completed the experimental materials early,
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Results

In addition to his responses to the aforementioned
questionnaire, five objective measures of each subject's
performance were recorded as data: (a) the number of
gtudy-days it took him 2o reach each criterion of lesson
mastery; (b) the number of minutes it took him to reach
each criterion; (c) the number of errors he coomitted in
the process of reaching each criterion; (d) the number of

tablets he encounterad in achieving each criterion; and

(e) the number of test items of each type, Incisive and
Confounded, which he answered correctly in the retention tegt,

Table 5 shows the mean performance of each group on
all five dependent variables.

Table 5

Mean Performance of Each Experimental Group
on the Five Dependent Variables of Experiment II

|

Lesson Format

. Group OSSN ]
Incisive Confounded
" T
Number of study-days to criterion
I-c 704 695
C=1 7.1 i 5,7
Number of minutes to criterion

I-C 7100 5600

C-1 74.6 4__95.5 |
Number of errore £o criterion

1-C 38,2 T 2343

C-I i 1801 23.8 '
Number of tablets to criterion

“‘M“

I-C 35.8 78.4
C-1 71,2 79,2 d

Number of errors on retention test

S > SO S

I-C ' 8,2 13.3

C"I 90‘3 1200
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Days to criterion, Table 6 summarizes a two-way
analysis of variance of the days to criterion data,

g — ﬂ
Table 6

Analysis of Variance Summary of Days to Criterion Data

Source df MS F P
[Between subjects 57 .
Groups 1 8,99 8.10 £ .01
Error {between subjects) | 56 1.11
ithin Subjects 58
Format 1 38.7 3.76 > «05
¥ Format x Groups 1 - -
Error (within subjects) |56 10,29

Only the main effect for Groups is significant. On
the average, the I-C Group took significantly more days (7.0)
than the C-I Groups (6.4) to master the two formats.

Minutes to criterion, Table 7 summarizes a two-way
analysis of variance of the minutes to criterion data.

S
Table 7
Analysis of Variance Summary of Minutes to Criterion Data
e, ¢ v
Source df MS F P i
Between Subjects 57
Groups 1] 347.55 -
Error (between subjects) | 56 426,23
Within Subjects 58
Format 1 ]13,773.24 72,35 4 .001
Format x Groups 1] 1,167.45 6,13 £ .02
Error (within subjects) 56 190,38
‘”“
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Two effects are significant, Formats, and Groups x
Formats, the latter being a simple order effect, i.e.,
first vs, second format studied. On the average, the
Incisive Format took longer to master (72.7 minutes)
than the Confounded Format (50,9 minutes)., And, the
students spent less time studying their first format
(mean time=58.3 minutes) than they did their second
format (mean time=65.3 minutes).

Errors to criterion. Table 8 summarizes a two-way
analysis of variance of the errors to criterion data.
All three effects are significant,

Table 8

Analysis of Variance Summary of Errors to Criterion Data

ISource d{le MS 1 _li P |
Between Subjects 57

Groups 1] 2,792,67 7.26 }<£.025

Error (between subjects) | 56 384,65
fWithin Subjects 58

Formats 1 710,07 4,98 £,05

Formats x Groups 1 |4,176.28 29,32 }<£.001

Error. (within subjects) 56 142,45

The I-C Group made a greater number of errors on the
average (30,8) than the (~I Group (21.0). The students
committed more errors on the Tucisive Format (mean=28,5)
than on the Confounded Format (mean=23,6)., And, they also
made more errcrs on the first format they studied (mean=31)

than they did on the second (mean=20,7),

Tablets to criterion, Table 9 summarizes a two-
way analysis of variance of the tablets to criterion data,
Two effects are significant, Groups and I'ormats x Groups,
the latter being a simple order effect. The I-C Group used
more tablets (mean=82) than the C-I Group (mean=75.2),
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Table 9

Analysis of Variance Summary of Tablets to Criterion Data
Source df MS F P
|~ — — ——
Between Subjects 57

Groups 1 1,380,48 4,27 < .05

Error (between subjects) | 56 323,32
Within Subjects 58

Formats 1 -

Formats x Groups 1 1,707.12 | 14,55 <.001

Error (within subjects) 56 117,34

And, the students used more tablets working through the first
format they studied (mean = 82,.5) than they did the last
(mean = 74, 8) ° )

Retenti~ test, Table 10 summarizes a two-way analysis
of variance ox the retention test data, Two effects are
significant, Formats and Groups x Formats, the latter being
& simple order effect,

Table 190
Analysis of Variance Summary of Retention Test Data
— — - “"T:::==:::==:a
ource df MS T p
Between Subjects 57
Groups 1 - -
Error (between subjects) | 56 43,89
Within Subjects 58
Formats 1l 452008 63067 £ 0001
Formats x Groups 1 5v,69 7,14 | o025
Error (within subjects) 56 7,10
Page 24
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Hore eriois were.committed on the items of the Confounded
Format (mean number of errors = 12,7) than the items of
the Incisive Format (mean number of errors = 8.7), And,
the students made fewer errors on the items from the
format which they had studied first (mean = 10,1) as
opposed to the one they had gtudied last (mean = 11.3).

vestionnaire data, The responses of the subjects
to the four items of the questionmaire are summarized
in Table 11,

A RS R ——

Table 11

Questionnaire Data: Shown for Each of the Four Items
Are the Relative Frequencies With Which
Each Alternative Was Selected By
Each of the Exp.-imental Groups

3, Did you find that your studying the first format affected
the difficulty of studying the second set?
oh

Groups
[Response Alternatives y e
I-C C~1 A4

1. Which type of question did you find most difficult?

Incisive ) 1 354 713

Confounded 247 18%

About equal 417 117
2, Which type of question was more instructive?

Incisive 584 477

Confounded 1% 217%

. 4 2
About equal 35% 327 |

It made the second set easier., 387 437%
it made the second set more
difficult, 10% 47
It had no effect, 52% 53% .
Mo Co which format did you do the most guessing?
Incisgive 217% 217 _+
Confounded 487 58%
About equal 31% 217
R . R N e ashannEEn——
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A Chi-gquere test of independence was used to compare the
performance of the two groups on each of the questionnaire
items, The groups differed significantly only in terms

of their responses to item 1, "Which type of item did you
find more difficult?" The members of the C-I Group
selected the "Incisive" alternative twice as frequently

as the I-C Group, and the "Absut equal" alternative much
less frequently than the I-C Group.

Disregarding the subjects who selected the "About
equal” alternatives, and combining the remainder of the
two experimental groups on questionnaire items 2 and 4,
79% felt the Incisive Format was more instructive and
29% said they did less guessing with the Incisive Format;
both percentages are significantly different from 50%,

2 £ 005,

Combining the two groups on questionnaire item 4,
only 407 felt that studying the first lesson format made
studying the second format easier; the remaining 607
felt that studying the first format either had no effect
or a detrimental one, The proportica .4 does not differ
gignificantly from .5 for the present sample of size

—_ RO
- JO,

The statistical analyses used herein are described
in detall by Walker and Lev (22) and Linquist (13).
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Discussion

The results of Experiment I failed te confirm the
expectation that the experimental subjects using the
Incisive Format would perform better than those using
the Confounded Format. No Format, nor Format X Group
effect proved to be significant. In comparison to those
students studying the Confouned Format, those studying
the Incisive Format took as many days and as many minutes
to reach the criterion of lesson mastery, committed as
many errors in the process, and demonstrated no more
transfer of training. In fact there appearal to be no
transfer of training from either lesson format to the
other. The students studying each format performed on
their respective transfer tests no better than their
alternate groups had performed in their first pass
through those same items encountered in the lesson.
Since the two lesson formats were intended to assess the
subjects' grasp of the same 27 units of information,
this apparent absense of transfer of training was some-
what surprising. However, it is not uncommon in cases
of demonstrated positive transfer of training for there
to occur an initial but short-termed negative-transfer
effect as the result of incidental situational variables
(25 ). Such was assumed to be the case here. The
nature of the student response to the items of the two
formats differed, the Incisive Format calling largely
for constructed responses whereas the Confouned Format
required the selection of the correct member of a set
of alternatives. It was supposed that this difference
in response requirement or the like had a negative
transfer effect whick obscured any positive transfer of
training. Further, since such a deleterious effect
would normally diminish as the student gained experience
with the new response mode, it was supposed that positive
transfer of training across the two lesson formats might
be evinced if subjects were to study both formats to
criterion, one after the other. Positive transfer ol _p
training would show up as a reduction in time or errors
required to achieve criterion on the second format
studied.
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_[] Such was the purpose of Experiment II. Two matched
groups of subjects studied both lesson formats, the I-C
Group taking them in the order Incisive-Confounded and
lT the C-I Group taking them in the reverse order. It was
‘ expected that the students' mastery of the second
, lesson format would be accelerated by their previous
8 mastery of the first. Further, although it was recognized
that the I-C Group which studied the Incisive Format
irst might perform more effectively than the C-I Group
from having used the more individualized format during
] the first and presumably more difficult half of the
exerciset the opposite prediction follows from the
premise that individualized instruction is most crucial
during the later stages of learning where individual
differences in ignorance are at a maximum.

- ' The result:s of Experiment II confirm the latter
prediction. The C-I Group took significantly fewer
~ days to reach the terminal criterion, committed signifi-

cantly fewer errors, and used fewer tablets in the process
than did the I-C Group.

Further, the transfer of training absent in Experiment
I evinced itself in Experiment II in terms of a reduction,
] ] from the first to the second format, of both errors and
tablets to criterion. Curiously, these reductions in
»r= errors and tablets to criterion were accompanied by an
: increase in study time. However, this disparity is
| S not as paradoxical as it first appears. Judging from
their responses to the questionnaire items (particularly
Group-C-I on item 1) it appears that the students,
] having mastered the first format and being somewhat
knowledgeable, were inclined to spend more time thinking
- about their answers before responding to the questions
in the second format, and that this inflated their study-
time scores. (Presumably, it was because of this earnest
effort that so many of the C-I Group, 71%, considered
the Incisive items, more difficult than the Confounded
items, i.é., they seemed more difficult because the
students were trying harder.)

|
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Although both groups increased their study-time \
from the first to the second format, it was principally f
the C-I Group which profited from this effort in terms

of a reduction of errors committed and tablets used.
Further, the absolute magnitude of these reductioms,
although substantial (e.g., the mean difference in errors
to criterion on the Incisive Format for the two groups

was 20.1) were not so great as to obscure a real difference
in the information assessed by the self~test items of the
two lesson formats.

Both of these findings have particular relevance to
the issue of frame format in programmed instruction.
Skinner ( 19 ) has advocated a constructed response type
of frame which in practice tends to place a premium
upen memory as opposed to "understanding." Pressy ( 15),
m on the other hand,has advocated multiple-choice type

] items designed to elucidate relationships and impiications
B which are not readily or economically stated in textual
form. Studies conducted to evaluate these two formats

.- (constructed response versus multiple choice) as alternate
1 modes of teaching the same lesson have yielded equivocal
- results ( 15, 17 ). The present results of both experi-~
ments suggest, however, that the two formats are comple-
mentary in what they teach and that they should not be -

i L thought of as alternate methods for teaching the same
") materials. The present results also suggest that when I
im both types of items are used in the same lesson, the s
o auto e lucidative, multiple~choice type items should
' e .
v precede the constructed-response type items which tend
L. to be more incisive in their assessment of errors of
i memory. They should come last not only because they
B tend to be more incisive but also because the students,

being more knowledgeable by that time, tend also tc be
more individualized in their respective forgetfulmness.
Similar findings have been reported by Williams in two

, response mode studies ( 23 ., 24 ). She found that

e (] students profited from constructed respcnse items more
. when they were used to review a topic previously studied
than when they were used during original learning.
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Conclusion

Information which studerts learn from seif-test
items of a complex type involving both memory and
understanding is markedly different from that learned
from incisive items which assess either memory or
understanding but not both. Apparently, the former
involves primarily discrimination training and the
latter primarily response training. A comprehensive
program of individualizéd instruction ghould, therefore,
incorporate both types. Further, the complex items
stiould precede the incisive items inasmuch as the
incisive items appear to be particularly effective
only during the later stages of learning when individusl
differences in ignorance are at a maximum.

Inasmuch as responsz learning would typically bve
rated as propaedeutic to discrimination learning, in
terms of Gagne's proposed hierarchical organization of
knowledge ( 7°), the present conclusion that discrimina-
tion training should precede response training may
appear inimical to good reason. However, therein lies
the potential benefit of the present research: the
remission of a faulty preconception.
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Summary

Two experiments were conducted to test the hypothesis
that the effectiveness of individualized instruction is
a positive function of the incisiveness with which a lesson
format idertifies and appropriately remedies various types
of ignorance. .

In each experiment, junior high~school students
gtudied various formats of a lesson on the human visual
gystem, Two formats were used, each composed of self-test
items designed to cover the same 27 units of information,
but differing in their degree of incisiveness. Cne format,
the Incisive Format, was comprised of two types of items,
one assessing and remedying errors of memory and the other
agsessing and remedying errors of understanding., The
other format, the Confounded Format, was comprised wholly
of complex questions and equally complex remedial feedback.

In the first experiment, 11 matched pairs of subjects
used the Incisive Format and 12 matched pairs used the
Confrunded Tormat, A randomly selected member of each
peit was designated as the experimental subject and the
remaining member became his yoked control. The experimental
subjects studied the materials in an individualized fashion
wherein items missed were repeated and items mastered were
gkipped, Each yoked control got the identical materials
his experimental partner used in the process cf reaching
a predetermined criterion of lesson mastery. There
proved to be no significant differences between the
gubjects ueing the two formats In terms of either days
to criterion, minutes to criterion, or errors to criterion.
Further, when tested upon the items of the alternate
format, neither group evinced any transfer of training.

The yoked controls spent less time studying than their
experimental partners, end the controls of the Confounded
Format performed more poorly than their experimental
partners on a retention test.

In the second experiment each of two matched groups
of ninth-graders read both lesson formats, 30 students
getting the two formats in the order Incisive=Confounded,
and 28 in the order Confounded-Incisive. The Confounded-
Incisive group required fewer days of instruction, required
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fewer exposures to the self-test items. and committad
fewer errors than the Incisive-Ccafounded group in reach-
ing the same criterion of lesson mastery. Also, transfer
of training was eviuced between the two formats in the
form of a reduction in both items and errors to criterion
a8 the subjects shifted from the first to thc second
format, These reductions in items encountered and errors
committed were accompanied by an increase in study time
which appeared to reflect the students' effort to apply
information already acquired as opposed to passively
guessing,

The results were interpreted as in keeping with
the premise that individualized instruction is particularly
effective only in the latter stages of learning where
ignorance becomes correspondingly individualized, The
Incisive Format was particularly effective only when the
subjects had already studied the Confounded Format,
dowever, since Incisive and Confounded Formats appear
to teach complementary aspects of a lesson, (i.e., transfer
of training between the two is slight), any program
of individualized instruction should properly incorporate
both types of iteus, This being the case, it follows
from the present results that the confounded items should
precede the incisive ones during the student's course
of study,
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APPENDIX A

Baslc text of the lesson:

“"Some Functional Anatomy of Human Vision"
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Pleage read this lesson tapidly, going through it just omnceo Write here the
time you begin reading: Time starie

Soie Functional Anatomy of Human Vision

The sense of sight is a complex function of an involved psycho-
physiological system incorporating many_neural° muscular, and optical
components, However, viewed simply, vision may he thought of as a
function, principally, of three components, §r types of components:

(a) the eyes, (b) the occipital lobes or visual centers of the brainm,
and (¢) the nerve cells or neurons which connect the eyes with the
occipital lobes. These components are drawn in Figures 1 and 2 and are
described “u detail below. Be sure to look at the figures as well as to

wsad this texto

The eye is a hollow ball of tough white tissue called the sclerotic
coat., The eyeball contains a transparent semifluid called humor, aad
is so comstructed as to be able to perform the functions of a cawera.
The inner éurface of the eyeball is lined with seveial lsyers of nexve
cells comprising what is called the retina including the specialized
1ight sensitive cells which correspond to the film of a camera. Prdtéct-
ing the retima from stray light is an opaque (light nrocf) coat of pigmented
(darkly colored) tissue called the choroid, The choroid lies between the
rerina and the inner surface of the sclerotic coat, surrounding che eye
except in front. In front, the transparent cornea gdmits iight which, on
{ts course to the retina, must pass, as must the light entering a camera,

through a small aperture, the pupil, surrounded by a disk of pigmented

S S pirs e o~ .~
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muscle tissue called the iris, Next, this light passes through a lems,
which by means of its curved surfaces so bends light that it is brought
to a focus on the photosensitive retina, Both the size of the pupil
and the shape of the lens are adjustable, insuring a clear retinal
image of the observed or fixated objeci under various conditions of

11lumination and at various distances of regard,

Light entering the eye from an object in the visual field is
focused upon the center of the retina at a point called the fovea. Or,
stated differently, the section of the retinal image focused upon the fovea
or center of the retina represents that point on a distant object which the
eye is fixating, or looking a%. Because of the optical characteristics
of the lens, the retinal image is inverted both horizontally (that is
left becomes right and right becomes left) as well as vertically (that
is upside down), Hence, objects or parts of objects in the right half of
the visual field (to the right of the fixation point) are projected onto
the left half of each retina, whereas objects, or parts of objects in the
left half of the visual field are "seen" by the right half of each retina.

See Figure 2,

The retina incorporates three main groups of neurons (nerve cells)
arranged in three layers: the photoreceptors, the bipolar neurons, and
the ganglion neurons. The outermost layer next to the pigmented choroid
coat is compcsed of the highly specialized neurons called rods and cones
which contain the chemical materials responsive to light. The rods are
more sensitive than the cones and are responsible for vision in dim light,

so-called "night vision." Rods are color-blind, seeing only degrees of

]
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brightness; they are located in the periphery {outer boundary) of the
retina, The cones, located primarily in and znear the fovea, see color
and are responsible for daylight vision, People without cones are
completely color blind, see best in dim light and see only cut of the
"ce?nex" of their eyes, i.e., their foveas are blind, People with
defective rods on the other hand experience what is called "night bliund-
ness”’: they cannot see in dim light, These photosensitive cells, rods
aad cones alike, géheféfe electrochemital signals, called neural impuises,
to be transmitted to other parts of the visual system, Making synape (or
electrochemical connection) with these primary receptive neurons are the
bipolar neurons of the second layer which transmit impulses or neural
signals to the third group, the ganglion cells, The axons, or wirelike
extensions of the ganglion cells run over the inmer surface of the reiina,
converging at the optic disk or blind spot, somewhat mediall to the center
of the retina where they exit the eyeball in a bundle to form the optic
nerve, The optic disk is "blind" because it contains no rods or cones,

only ganglion-cell axoms,

(] Diracted backward and medially, the optic merves of the two eyes
come together at a'point near the base of the brain, Here at the optic
chiasma, each nerve divides intc two branches so that one branch contains
fibers projecting from the lateral (toward the tempie) half of the retima'

while the other branch contains fibers projecting from the medial (toward

f

luedial means "toward the midline or center of the head and body;" lateral,

the opposite, means "toward the side(s) of the head and body." For example,

the eyes are medial to the ears but lateral to the nose,
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the nose) half of the retina. In turn, the medial branch of each optic

aerve crosses over to join the lateral branch of the other optic nerve

to form, thereby, the right and left optic tracts, From the optic
chiasma the two optic tracts project through subecortical centers to the

cerebrum, the major division of the human brain,

X " The cexebrum or cercbral cortex (meaning “rind" or “covering") is

so large that it virtually lines the inner surface of the skull, envelop=

= ing the other divisions of the brain beneaith it, The durface of the . *
—~ cezebrum is highly convoluted (creased and fclded) and is divided into

two symmetrical halves or hemispheres by a deep longitudinal fissure L

or crease that runs along the midline, Located in the dorsal (back of

the head) portion of each of these hemispheres 'is a visual center known

as the occipital lobe. The fibexs of the right optic tract project to

cJ 3

the right oeccipital lobe, and the fibers of the left optic tract project

T
4
1

to the left occipital lobe, Hence, the neural impuises generated in ’:}
the rods end cones of the right half of each retina are transmitted to
,:': L_ the right occipital lobe while 1mpulsés from the left half of each zetina 7:#

E are transmitted to the lefi occipital lobeo

And so it is that information received optically by the eye, and
. Xx= transmitted neurally via the retina, optic nerves, and optic tracts to
the occipital lobes of the brain comes finally to be perceived, to form

the images which comstitute the furniture of sight.

When you have finished reading, please note the time here and raise your hand.

Time finished reading?
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' If the drawing on the right represents

the visual system and the dotted line represents
an incision (cut) what amount of blindness
would result from that incision? Block cut

that part of the ylgual field of each eye.
'yhiqh the victim cannot seo, ;

~

For exampie, F :__t. means

‘the victim canrot see things in the left half
of the visual £ic1d with his left eye (can't
sec arrovhead), nor things in the right half
- of the visual field with his right eye (can't
_ses arrow feathers).

4

visual field
of left eye

€—

—

visual field
of right eye

¢

<




H If you were correct, go to the noxt tablet; if wrong, read below:

~tfb.ta drawing of the visusl system on the left as a mmel, fi11 in the missing parts
the* diagram “én “he right* ’ draw in the four types of neural fibers going from the eyes to
he brain, aiid 'draw in the arrows which represent the inages (or picturez) being picked up by
he eyes and sent, as neural sigmals, to the brain, XNote that the lens of esch eye turns the
abe of the ar“ou around} thet is, the arrow being viewed in the visual £ield puints one
L direciion {left) while the' {niags ‘(or picture)
el o fem of ‘the ‘arrow in the eyeball soints the ""
, opposite direction (to the right), - /¢ o l8 X,
© Then.represent the incisfon in question [oeNLd ;*" 5“‘1‘-‘;3 { y !
> 14 Ly T8y ) 4

. ] by drawing a dotted line like the ong  .=w32 | iy
/ 2 pictured on the reverse side of this page.
Ngtermine vhich neural fibers are cut by
this incisiod, and block out the/sfgnals | |
(suares) being blorked, Block tat the - Y N
squares at all three levels: the braid, .- \\f =~ SR T
_ ,the eyes, and the visual fieI “\The ldst"“ RN stcx _,42_{5“&4‘{;4 s T
N is your answer. e ,.v..:—?' egfd rigome **“m LR et 'ﬁ@»if%’c’»‘f%ﬁ% it
" Befors answering the nveit"éfdestion et Ty blelt Lewslv edd v
this type, draw yourself such a diagram on . \""‘“"’{"‘“i WO Bk
ﬁqur work~shest and solve the problem as
o, you have done here.

. -Now place this tablet on the correct
pile on- your right.

A
2.8
(1011) a E__g
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visual field
of left eye of right eye

If the drawing on the right represents :
visual system and the dotted line represents < € <
incision (cut) what amount of blindness
d rosult from that fneision? Block out

t part of the yisyal fleld of each eye
tilech the victim cannot see.

For example, NS;_SJ F<L.T_‘. means
e victin cannot sce things in the lefy half
£ the visual field with his left eye (can't
jee arrovhead), nor things in the right half
the visual field with his right eye (can't
arrow featbers).




o
r (S }y‘” If you vere correct, go to the next tablet; if wrong, read below:
by IR LY s34 E RETCIR

Uaﬁzg the' drawing of the visual systex on the left =5 a model, £ill in the missing parts
In the diagrem on the right: draw in the four types of neural fibers going from the eyes to
g8 the “braﬁ! “and draw in the arrows which represent the inages (o pictarea) Qe"fng p:.cked up by
. the eyss wnd sent, as neyral signals, to the brain, Note that the lens of each eye turnd the
| image -of-the arzow around; that is, the arrov being vieved in the visual fie'.l.d poin‘te one ’

— direction (left) while thi dmage (or aictugé) R ‘v*‘; § et Bi
~| T js—t-< of the arrow in the eyeball points the - 0.7 - Masc TR EEDY S P B
PR o opposite direction (to the right). R ré—r?’g e oo &S

Then, répresent the incision in question
by drawing a dotted line like the one
pietured on the reverse side of this _Pageq. i/l

Determine which neural fibers are cut by & = —f=SAJ "N A :
this incision, and block out’ the signa!ls & f’ i G640 G T *?'»*/315«?

. (squares) being blocked., Block out the =~ X AN/ TN C‘JD
squares at all three levelg: the brain, - ° *,_QD SR =)
thé eyes, and the visual field: - The. last Lk "’V s

S your answer. .is TN B AVE SIS Ie S ARTA -

}ﬁ Before answering the next question of
.~ this type s draw yourself such a diagram on
' _your work-sheet and solve the problem as

' ‘you heye,done here.

& . Now place this tablet on the correct
*pile on your right.

{ {
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visual fieid visual field
of left eye of right eye

v If the drawing on the rizht represeats \

| the visual system and the dotted line represents (——J—< € <
g an incision (cut) what amount of blindness |

et vould result from that incision? Block out
P that part of the yisusl field of each eye
e which the victim cannot -see,

- For example, &S :- neans

B the victin cannot see things in the left half
MR of the visual field with his left eye {can't
l§ see arrowhead), nor things in the right half
I of the visual field with his right eye (can't
. see arrow feathers),

I J L DO O O oo o L3 (3




mrz-- If you were correct, go to the next tablet; if wrong, read below:

Using the drawing of the visual system on the left as a model, f£ill in the missing parts
the diagram on the right: draw in the four types of aeural fibers going from the eyes to
he brain, and draw in the arrows which represent the imagss (or pictures) being picked up by
he eyes and sent, as neural signals, to the train, Note that the lens of each eye turns the
e of the srrow around; that i:s;z the)arrow being vi.ewe((i in the vi;mal i1ield points one
' ' direction (left) while the e (or pic —

ire imag picture I < I

of the arrow in the eyeball points the

opposite direction (to the right). .
Then, represent the ineision in question

by draving a dotted line like the one

pictured on the reverse side cf this page.

Determine wlich neural fivers are cut by

@ this incision, and block out the signals

<

-

(squares) being blosked. Block out the
squares at all thres levels: the brain,
\ / / . the eyes, and the visusl field, The last

N

is your answer, :

Before answering the next question of
this type, draw yourself such a diagram on
your work-sheet and solve the problem ag
you have done here.

Now place this tablet on the correct
pile on your right,

(1031) a
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visual field visual field
of left eye of right eye

If the drawing on the right represents
' the visual system and the dotted line represents = —1—<
R an incision (cut) what amount of blindness
- would result from that incision? Block out
k that part of the yisual field of each eye
S which the victim cannot see,

| For example, =7< tH means

. the victim cannot see things in the left half
f of the visual field with his left eye (can't
t pee arrovhead), nor things in the right half
: of the visual field with his right eye (can't |
$ see arrow feathers). A X : |




~

‘.Anmr: E- If you were correct, go to the next tablet; if wrong, read below:

Using the drawing of the visual system oa the left as a model, £ill in the missing parts
 in the diagram on the right: draw in the four types of neural fibers going from the eyss to
 the brain, and drav in the arrows which repr-sent the images (or pictures) being picked w:.by
[l the eyes and sent, as neural signals, to the brain., Note that the lens of each coye tu:zﬁho

image of the arrow around; that is, the arrow being viswed in the visual field points
X direction (left) while the image (or picture) ey
i of the arrow in the eyeball points the (—-—(J €1
' opposite direction (to the right). :

Then, represent the incision in question
by drawing a dotted line like the ohe >
pictured on the reverse side of this page.
Determine which neural fibers are cut by
this Incislor, and block out the signals
(squares) being blocked. Block out the (-
squares at all three levels: the brain, $S
the eyes, and the visual field. The last
is your answer, ' ‘

Before answering the next question of
this type, draw yourself such a diagram on
your worx-sheet and solve the problem as
you have done here.

Now place this tablet on the correct
pile on your right,

\V
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T

vieual tield visual fisld 29
of left eye of rignt eye o5

- If the drawing on the right represents
afithe visual system and the dotted line wepresents € < <
hn incision (cut) what amount of blindness
ould result from that incision? Block out

that part of the yigyal fleld of each eye
hich the victim cannot sse,

For example, “—_< (—'- means

the victim cannot see things in the left half
pf the visual field with his left eye (can't
Mlsce arrowhead), nor things in the right half
Wbt the visual field with his right eye (can't
Pisee arrow feathers).
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If you were correct, go to the next tablet; if wrong, read relow:

o Using the drawing of the visual system on the left as a model, fill in the missing paris
B in the diagram on the right: draw in the four types of neural fibers going from the eyes to
E the brain, and draw in the arrows whi represent the inages (or pictures) being picked up by
B the eyes and sent, agr neursl signals, o the brain. Note that the lens of each eye tuins the
i image of the arrow around; that is, the arrow being viewed in the visual fiald points one

‘ direction (left) while the image (or picturs) A
—~ et of the arrow in the eyebsll points the i <«
3 \ opposite direction (to the right).

5 Then, represent the incision im gquestion
: ' by drewing a dotted line like the one
CA pictured en the reverse side of this pags.
Determine which neural fibers are cut by
this incision, and block out the signals
\ @ (squares) being blocked, Block out the (-
< squaves at all three levels: the brain, RS
. the eyes, and the visual field. The last
is yoir ansver.
Befors answering the next question of
this type, draw yourself such a diegrem on
gour work-sheet and solve the problem as
you have dene here,
Now place this tablet on the correct

pile on your right.
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visual field visual field
of left ey» of riglt eye

If the drawing on the right represents
the visual system g.nd the dotted line represents ——< <
an ineisirn (cut) whet amount of blirdness
would result from that incision? Block out
that part of the vigual field of each eye
which the victim cannot see,

For example, -_< 4'_:- means

the victim cannot see things in the left half
of the visual field with his left eye (can't
ses errowheaC), nor things in the right half
of the visual field with his right eye (can't
see arrow feathers),

ERIC
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Answer:- -_< If you were cormect, go t> the next tablet; if wrong, read below:

"'Using the drawing of the visual system on the left as a model, £ill in the missing parte
in the diagram on the right: draw in the four types of neural fibe-s going Z2rom the eyes to
'~ the brain, and draw in the arrows which represent the i.ages (or pictures) being picked up by
the eyes and sent, as neural signals, to the brain, Note that the len: of each eye turns the
imase of the arrow around; that is, the arrow being viewed in the visual field points one
direction (left) while the image (or picture)
=1 of the arrow in the eyeball points the l(-——-< 1=
opposite direction (to the right).

Then, represent the ineision in question
by drawing a dotted line like the one
plctured on the reverse side of this psge.
Determine which neural fibers are cut by
this incision, and block out the signals

(squares) being blocked. Bloc: out the QD . Qﬂ :
squares at all three levels: the brain, NS <’

the eyes, and the visual field, The last
is your answer,

Before answering the next question of
this type, draw yourself such a diagram on

{@

your work-sheet and solve the problem as

you aave done here,
\ Now place this tablet on the correct
pile enh your right.
5@% Ry
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visual field visual field
of left eye of right eye

If the drawing on the right represents
the visual system and the dotied line represents €+ —1—
f an incision (cut) what amount of blindnesgs
would result from that inecision? Block out
that part of the yigual field of each eye
which the. victim cannot see.

-

For example, -"< (—:- means

the victim cannot see things in the left half
' of the visual field with his left eye (can't
f sce arrowhead), nor things in the right half
of the visual field with his right eye (can't
see arrow feathers), '

/
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Answer: El - If you were correct, go to the next tablet; if wrong, read below:

Using the drawinz of the visual system on the left as a model, fill in the missing parte
in the diagram on the right: draw in the four types of neural fibers going from the eyes to
the brain, ard drew in the arrows which represent the images (or pictures) being picked up by
the eyes and sent, as neural signals, to the brain, Note that the lens of each eye turns the
image of the arrow around; that is, the arrow being viewed in the visual field points one

: di=ection (left) while the image (or picture) ' '
= <]  of the arrow in the eyeball points the J e~
. opposite direction (to the right),

Then, »epresent the ineision in question
by drawing a dotted line 1like the one
pictured on the reverse side of this page.
Determine which neural fibers are cut by
this ircision, and block out the signals

= (2 =5) (squares) being blocked. Block out the 4:122}

h*—) $=5J squares at all three levels: the brain, NS
" the eyes, and the visual field. The last :

is your answer.

Before answering the next question of
this type, draw yourself such a diagram on
your work-sheet and solve the problem as
you have done here.

Now place this tablet on the correct
pile on your right,

<
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The eye is a hollow ball of tough

white tissue called the coat,

(Item 9 in Figure 3)

(108i)q

" Light is focused upon the rear, inner
'surface of the eyeball by means of a.

curved C

(Item 5 in Figure 3)

(109i)q




il Lasasd

Sclerotic

If you spelled your answer wrong, write
the currect spelling here and place the tablet

on the correct pile to your right:

(1081) a

Lens

If you spellec your answer wrong, write
the correct:-'spelling here and place the tablet

on the correct pile to your right:

(1091i) a
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. That part of the environmont visible

to the eye is called the

(}tem‘; in Figure 3)
(110i)q

Between the photoreceptors and the

cells whose axons (wire~like filta2rs) leave ' .

the eye are a layer of neurons called

neurons.

(Item 11 in Figure 3)

(i11i)q




Visual field

If you spelled your answer wrong, write
. - the -correct spelling here gnd place the tablet

on the correct pile to your right:

(110i) a

* Bipolar

-1

If you spelled your answer wrong, write
the correct spelling here and place the tablet

on the correct pile to your right:

(111i) a

Pmd d




Light entering the eyeball passes
through a hole in the center of a disk of
pigmented (eye-colored) tissue; the hole -

is called the .

(Item 3 in Figure 3)

(112i) q

-

Tne neurons whose axone (wire-like fibers)
traverse the innermost surface of the eyeball

and extend from the eye are called

cellas.

(item 10 in Figure 3)

(1131) ¢




Pupil

If you spellec your answer wrong, write
the correct spelling here and place the tablet

on the correct pile to your right:

(1121) a

Ganglion

' If you spelled your answer wrong, write
the correct spelling here and place the tablet

on the correct pile to your right:

(113i) a
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The pnotoreceptors responsible for

(X

daylight, color vision are called _

(Part of item 12 in Figure 3)

(1141) q

Light entering the eyeball passes

.. through a hole in.th- .center of-a disk of

pigmented (eye-colored) muscle tissue; the

muscle is called the. S .

(Item 4 in Figure 3)

(115i)q
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Cones

If you spelled your answer wrong, write

the correct spelling here and place ;he tablet

" on the correc* pile to your right‘

(1141) a

X o o

Iris

.. If you spelled your answer wrong, write

: uthencorreptuspellingzhereland place the- tablet

(1151) a

. on the correct pile to your rignt: [l




- The eyeball contains a -transparent

* . semifluid called = . o .

(Item 6 in Figure 3)

(116i) q

i

A bundle of axons exit the eye at the

- blind spotvcéiled‘the‘ ’

(Item 14 in Figure 3)

(117i)lq




Humor

. If you spelled your z2nswer wrong, write
the correct spelling here:and place_ the tablet

on the correct pile to your right:

AS

¢

(1161) a

Optic Disk

. If you spelled your answer wrong; write
the correct spelling here and place the tablet

on the correct pile to jour right:

(117i) a
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Rods

If you spelled your answer wrong, write
the correct spelling here and place the tablet

on the correct pile to your right:

(1181) a

Cornea

If you spelled your answer wrong, write
the correct spelling here and place the tablet.

on the correct pile to your right.‘

(L191) a




The photoreceptors responsible for

night vision are called.

(Part of item 12 in Figure 3)

(1181) q

The Bulging, transparent window at i
the front of the eye is called the

.

 (Item _2_ in Figure 3)

© - (1191)q
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Choroid

If you spelled your answer wrong, write -

' “the correct spelling here and piéée the tablet

‘6n the correct pile to your right:

e (1204) &

Fovea

. If you spelled your answer wrong, write
the corrzct spelling here and place the tablet

on the correct pile to your right:

~

o @A21i) a
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. Lying between the outermost and innermost

=3

surfaces of the eyeball is an opaque (light

proof) coat of pigmented (colored) tissue

called the - : .

.
- £
—_— ==

(Item 8 in Figure 3)

M”
i

(1201) q

—_— =3

“The retinal image of an object being
fikaﬁ@ﬁrisiprbjectéd onto the center of

the retina in a regidﬁ called the .

" ("tem 13 ‘in ‘Figure 3)

i
‘-“‘ -

(1214) ¢
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- Located in the dorsal (back of.the head)
portion of each hemisphere of the brain is

a visual center known as the .

(Item 18 in Figure 3)

(12213 q

« - ::On their way to the-brain, the bundles
. of axonsz from the two eyes intersect. 'On

the eye side of this intersection the bundies

g are called the .

(Item 15 in Figure 3)

"(1231) ¢q
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Occipital lobe

===

If you spelled your aaswer wrding, write
the 'correct cpelling here and place the tablet

" on the correct pile to your right:

_— s =

(1221) a

[ —— |

Optic Nerves

...~ Lf you spellec your answer wrong, write

_— =

. the correct-spelling here and place-the tablet

. .on-the-correct. pile to your rights

£ - - (1231) a
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The innermost sufface of the eyeball is

| lined w:lth three J.ayers of nerve cells

comprising what is called the .

(Item 7 in Figure 3)

(1241) q

The bundles of axons ccmi.ng from the

Lo

two eyes intersect at the .

(Ttem 16 in: Figure 3)
(1251) q
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Retina

If you spelled your answver wrong, write

the correct spelling here and place the tablet

oWt

on the correct pile to your right'

(1241) a

Optic Chiasma

If you spelled your answer wrong, write
“the ‘correct spellzng here and place the tablet

on the correct pile to your right:

(1251) a




Optic Tracts

If you spelled your. answer wrong, write
.the correct spelling here and place the tablet

on the correct pile to youyr right:

(1261) .2

Cerebrum

Cerebral cortex

1f you spelled your answers wrbng, write

the correct spelling here and placé the tablet

on the correct pile to your right:

or




On their way to the brain, the bundles

" of axons from the two éyeS*interséét. On

" the b%a{hf-sidg"Of&thié*1nter8ecti¢n the

bundles are ‘calleé the _

.. .(Item.17 -in Figure-3) -

(126i) q

The major division of the homan brain

is called the _____» or the

(Item 18 in Figure is a part
... Of this major division)

(1273) q
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If one cut the optic chiasma doun the middle , separating right side from
le?% side, wiat, would be the extent of the blindness?

Visual field of left eye Visual field of right eye

& 7
< N

Z P
- <

Using pen or pencil, black out that portion of the visual fields of the left b
and right eyes no longer visible to the victim, For example, Jj=<] means Ly
that the vietim can no longer see things in the left half of the visu eld with

his left eye (can't see arrowhead), nor things in the right half of the visual

field with his right eye (can't see arrow feathers).

(101¢) q
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avers ISl 3 If you were correct, go to next tablet; if wrong, read below:

Using the drawing of the visual system on the left as a model, f£ill in the missing parts
in the diagram on the right: draw in the four types rf neural fibvers going from the eyes to
the brain, and draw in the arrows which represent the imeges (or picbures} being picked up by

he eyes and sent, as neural signals, 1o the brain, Note that the lens of each eye turns the
jmage of the arrow around; that is, the arrow being viewed in the visual field points one
' direction (left) while the image (or picture)
—t—s * &~1-<¢ of the arrow in the eyeball points the | '4—--—4 <
, ~ opposite direction (to the right).

Then, draw into your diagram a dotied ; 3
line representing the incision (cut) speci- -
fied by the question oa the reverse side of
this page. Determine which neural fibers |
are cut l()y this ;.ncision and block out the g
signals (squares) being blocked. Block out l:ﬁ)
the squares at all three levels: the brain, ‘Q_Q'D,
the eye, and the visuel field. The last is i ’
your answer. ‘

Before answering the next question of
this type, draw yourself such a diagram on
your work-sheet and solve the probiem just
as you heve dene here. |

The optic¢ chiasma is item 16 in
Flgure 3. ~

Now place this teblet on the correct

pile on your right.

\ A)
(101c) a %?} : oY




If cne cut completely through the left optic tract, what vould be the extent
of the blindness?

Visual field of left eye Visual field of right eye

< < - <

Using pen or pencil, black out that portion of the visual fields of the left

and right eyes no longer visidle to the victim, For cvample, =]

means that the victim can no longer see things in the ler. »alf of the visu
fioid with his left eye (can®t see arrowhead;, nor things in the right half of the
visual field with his right eye (can't see arrow feathers).

{1022) q




If one cut completely through the optic chiasme sevrarating front half from
back half, what would be the extent of the blindness? B ,

Visuel field of left eye Visual field of r:lght eye

< — ¢— <

Using pen or pencil, black out that portion of the visual fields of the left I
and right eyes no longer visible to the vietim, For example,gRr<) (<—mmm -
means that the victim can no longer see things in the left half of the ?lsual .
field with his left eye (can't see arrowhead), nor things in the right half of '

the visual field with his right eye (canit see arrow feathers),

(1038) q




' awor:- ' If you were correct, go to next tablet; if wrong, read below:

Using the drawing of the visual system on the left as a model, fill in the missing parts
the diacram on the rights draw in the four types of neural fibers going from the eyes to
the brain, and drav in the arrows which represent the images (or pictures) being picked up by

he eyes and ssnt; as neursl signals, to the brain, Note that the lens of each .ye turns the
e of the arrow around; that is, the arrow being viewed in the visual field points one ‘

direction (left) while ths image (or picturs) et
E1—< of the arrow in the eyeball points the <1< ——=<
opposite direction (to the right).,

Then, draw into your diagram a dotted
1ine representing the ineision (cut) speci-
fied by the question on the reverse side of
this page. Determine which neural fibers
are cut by this incision and block out the

signals (squares) being blocked. Block out ‘o) ()
the squares at ail iires levels: the brain, TS e
the sye, and the visual field. The last is '

your answer,

Berore answering the next question of
this tyve, draw yourself such a dlagram on
your work-sheet and solve the problem jus
as you have done here. ‘ :

The optic chiasma is item 1% in

Now place this tablet on the correct

pile on your right,

(103¢) a




. If one cut 'the optic chiasma down the middle separating right side from
left side, and almo cut completely throu:h the left optic tract, wvhet would
be the extent of the blindness? - : SR

Visual field of left eye - Visual field of right eye

& —~< < \<.

- Uzing pen or pencil, bleclk out that portion of the visual fields of the left

and right eyes no longer visiltle to the victim, For example,
means that the vietin can no longer see things in the left half of the visual
field with his left eye (can't see arrowhead), nor things in the right half of the
visual field with his right eye (can't see arrov feathers).

1 ' | | (104¢) q




swers - E If you were correct, go to next tablet; if wroné, read belows

Using the draving of the visual system on the left as a model, fill in the miseing part.3
the diugram on the right: draw in the four types of neurzl fibers going from the eyes to
the brain, and drav in the arrows which represent the irages (or pictures) being picked up by
the eyes and sent, as neural signals, to the brain, Note that the lens ¢® each eye turns the
imsge of the arrow around; that is, the arrow being viewed in the visual field points one
' direction (left) while the image (or picture) .
—< ‘ of the arrow in the eyeball points the <
opposite direction (to the right). ‘
Then, draw into your diagram a dotted
1ine representing the incision (cut) speci-
fied by the question ‘on the reverse side of
. this page. Determine which neural fibers
are cut by this incision and block out the
signals (squares) being blocked, Block out cﬂ
the squares at all three levels: the brain, \"
the eye, and the visual field. The las} is
your answer,
Before answering the next question of
this type, draw yourself such a diagram on
your work-sheet and solve the problem just
as you have done here.
The optic chiasma is item 16 in
Figure 3; the left optic tract is item
17 on the left.
Now place this tablet on the correct

ile ight. M
pile on your rig Qo. O
: (104¢c) & \
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If one cut completely through the right optic nerve , whati would be the )
extent of the blindness? o

Visual field of left eye " Visual field of right eje

< — — <

~

Using pen or pencil, black out that portion of the visual fields of the left

and right eyes no longer visible to the victim., For example, | ¢
means that the vietim can no longer see things in the left helf of the visual
field vith his left eye (cen't see arrowhesd), nor things in the right helf of the

visual field with his right eye (can't see arrow feathers).

(105¢) q
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! .
aswers El - If you were correct, go to next tablet; if wrong, read below:

Using the drawing of the visual system on the left es a model, fill in the missing parts
the diagram on the right: draw in the four types of neural fibers going from the .oyes to
bhe brain, and draw in the arrows which represent the images (or pictures) being picked up by
e eyes and sent, as neural signals, to the brain, Note that the lenc of each eye turns the

age of the arrow around; that is, the arrow being viewed in the visuel field points cae
' "] . direction (left) while the image (or picture)
<} ' of the arrow in the eyball points the
L . opposite direction (to the right), -
, ' Then, drew into your diagram a daqtted
line representing the incision (cut) speci-
fied by the question on the reverse side of .
' ~‘'this page. Determine which neural fibers
@ are cut by this incision and block out the
@ signals (squares) being blocked. Block out
/‘\-J/WJ the squares at all three levels: the brain,

the eye, and the visual field, The last is
your answer, '

. Before answering the next question of
this type, draw yourself such a diegram on
your work-sheet and solve the problem just
as you have dcne here, :

‘ The right optic nerve is item 15 on
the right in Figure 3,

Now place this tablet on the correct
plle on your right.

n
@ - \*
g | (1050) & %‘2} Q&
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If one cut comgletely through the right optic tract and the left optic nerve,
vhat would be the extent of the blindness?

Vigual field of left eye Visual field of right eye

< < < <

Using pen or pencil, bl-=ck out that portion of the visual fields of the left
and right eyes no longer visible to the viztim. For example, ] [q
meens that the victim can no longer see things in the left half of the visu
field with his left eye (can't see arrowhead), nor things in the right half of the
visual field with his right eye (can't see arrow feathers).
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R Answer: - E If you were correct, go tc¢ next tablet; if wrong, read below:

Using the drawing of the visual system on the left as a model, fill in the missing parte

B in the diagram on the right: draw in the four types of neural fibers going from the eyes to

"M the brain, and draw iz the arrows which represent the images (or pictures) being pizked up by

W the eyes and seni, as neural signals, to the braixu. Note tiat the lens of each eye turns the

g inage of the arrow around; trat is, the arrow being viewed in the visual field points one
_ ' direction (left) while the image (or picture)

. of the arrow in the eyeball poiats the <= <
opposite direction (to the right).

Then, draw into your diagram 4 dotted
iine representing the ineision (cut) speci-
fied by the question on the reverse side of
this page. Determine which neural fibers
are cut by this incision and block out the
signals (squares) being blocked. Block out D
the squarss at all three levels: the brain, S S
the eye, and the visual field. The last iz .
your answer, ) o L
- * Before answering the next question of
‘this type, draw yourself such a diagram on

-~ your work-sheet and solve the problem just
as you have done here. ,

The rizht optic tract is item 17 on
the right in Figure 3j the left optie
nerve is item 15 on the left.

Now place this tablet on the correct
pile on your right.

(106¢c) a
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~ If one cut campletely through the right optic tract and the right opﬁc
nerve, what would be the extent of the blindness? ’ T

Visual field of left eye Visuel £ield of right eye

<— < | < <|

Using pen or pencil, black out that portion of the visual fields of the left

 ond right eyes no longer visible to the victim, For example, =] q o
mesns that the victim can no longer see things in the left half of the visual
£1eld with his left eye (can't see arrovhead), nor things in the right half of the

vigual field with his right eye (can't see arrow feathers).

(107¢) q




P mr:;.; n If you were correct, go to next tablet; if wrong, read below:

Using the drawing of the visual system on the left as a model, f£ill in the missing parts
n the diagram on the right: draw in the four types of neural fibers going from the eyes to
BlFthe brain, snd draw in the arrows which represent the i:ages {or pictures) being picked up by
S¥the eyes and sent, 23 neursl sigpals, to the brain, HNote that the lens of each éye turns the
gEinage of the arrow around; that is, the arrow being viewed in the visual field points one

: direction (left) while tha image (or picture) Il
of the arrow in ths eyeball points the —< &
opposite direction (to the right). . o

Then, draw into your diagrem a dotted

line representing the incision (cut) speci-.
fied by the question on the reverse side of
this page. Deternmine which neural fibers
are cut by this incision and block out the
signais (squares) being blocked. Block out QD Q?H
the squares at all three levels: <the brain, \,.«w) ) .
the eye, and the visual field. The last is
your answer.

. Before answering the next question of
this type, draw yourself such a diagram on ' -
your srork-gheet and solve the problem just
-as you have qone here. - L R

- - The right optic tract is item 17 on - - °
the right-in Figure 3; the right optic - " ' .
nerve is item 15 on the right.

Now rlace this tablet on the corract 0
pile on your right. s‘ ~
&S 8
(107) a ol
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Light which passes through the sclerotic coat of the 'rig‘n"c, eyes

e
b,

Ce

de

B

£

Answers:

Regarding, the lens:

&,

b, .

Ce

de

S

£,

1ight cannot pass through the sclerotic coat,

is blocked by the choroid coat,

is "seen" by the left half of the ret:ina.

is "seen" by the visual area of the right cersbral hemisphere.

is "saén" only by the visual area of the left cerebral hemisphere.
i3 focused by the lens. |

(108¢) q

approximately half the light passing through the lens of each eye is "seen’| B

by each helf of the brain,

the wnole léns is merely a hole,

the lens is the transparent surface at the very front of the eye.
the lens eontrols the amount of light entering the eye.

b end d.

a and ¢,

(109¢) q
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Light which 'passes through the sclerotic coat of the right eye: '

is blocked by the choroid coat. The pigmented chorld coat, which lines
the inner surface of the eyeball, is opaque and protects the retina from
stray light passing through the sclerotic coat. In Figure 3, the sclerotic

coat is item 9.

{
.
= -

s
4

(108¢c) a

L}
]
.
o

Regarding, the lexisz

-

- approximately half the 1ight passing through the lens of each eye is "seen"
by each half of the brain. The optic nerve from each eye divides into two l
branshes with one of the two branches going to each half of the brain. In

figure 3, the lens is item De

- (10%¢) &




J

r

\&v - '-.‘~‘l \

L_J

84
b,
Ce
de
R

£,

_ Answer:

The right half of the visual field:

i1s the right helf of the retina,

is the right half of the visual area of the brain,

is "seen" by the ‘lef‘b oceipital lobe,

is that half of the visual field "seen" by the right eye.
is "seen" by the right half of the brain,

is the medial half of the retina,

(110e) q

Destruction of all bipolar cells would leave one:

8e

b

Ce
de

Qe

£,

totally blind in both eyes.
totally blind in the right half of both eyes.
totally blind in the left half of both eyes.

totally blind in the lateral half of both eyes.

~‘totally blind in the medial half of both eyes.

partially blind in both halves of each eye.

(111e) q




The right half of the visual field:

is "seen" by the left occipital lobe, The left helves of the e&es which
"see" the right half of the common visual field send neural impulses to
the left occipital lobe, In Figure 3, the visual field is item 1.

O
e &
G

Destruction of all bipolar cells would leave one:

totally blind in both eyes. Without bipolar cells, impulses generated
in the rods and cones would go nowhere, Bipolar cells transmit impulses ll
received from the photoreceptors to the ganglion cells, the axcns of

vhich comprise the optic nerves. In Figure 3, the bipolar cells are iten

11. . }

l ‘ (110e) a

(111e) a
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Light which passes through the pupil of the right eye:

Qe
b.
C.
d.
S

£.

is blocked out of the eyeball by the choroid coat.

is "seen" only by the left half of the retina.

is "seen" only by the visual area of the right cerebral hemisphere.
is "seen" onlj by the visual area of the left cersbral hemisphere.
is focused. by the lens.

mist £irst pass through the choroid.

Answers

(112¢) q

Without ganglion cells in the right eye one would:

2.
. o
C.
de
e

£

Answers

be partially blind in the right eye.-

be without a right optic nerve.

be totally blind in the right half of the visual field.
be totally blind in the left helf of the visual field.
be rendered sishtless in part of the left ocecipital lobe.

b and 6.

(113¢) g
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Light which passes through the pupil of the right eye:

is focused by the lens. The lens lies directly behind the pupil. In
Figure 3, the pupil is item 3. :

s

.
” - &
™ - o — ey o s - i

(112¢) a

-
btpmirlidh
. . . .

Without ganglion cells in the right eye one would:

both b and e: b) one would be without a right optic nerve, for the axons
of the ganglion cells of the right eye comprise the right optic nerve,
and 8) one would be rendered sightless in the part of the left ocecipital
lobe which normally receives impulses from the medial half of the right
oye. In Figure 3, the ganglion cells are item 10, ‘

(113¢) a




Without cones, one would be:

a. totally blind in both eyes.

b. totally blind in the right half of each eye. |
¢, totally blind in the lefi half of each eye. | .
d. totally blind in the lateral half of each eye. 1
e. totally blind in the medial half of each eye.
f. color blind. _

Answer:

(114¢) q

The iriss

\.
A
\

a., is pigmented, like the choroid coat.
b. surrounds the pupil.

c. is where the medial branch of each optic nerve crosses over %o form the
opposite optic tract, ‘

d. is behind the lens.
e. a and b,

£, contains fibers projecting to the left optic tract.

Answer:

(115¢) q
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| f
| Vithout cones, one would bes ; §I
totally color blind. The cones are the photoreceptors resporsible for 3
daylight, color vision, However, one would retain rod vision in both Eé

helves of each eye. In Figure 3, the cones are the cone-shaped cells in
item 12,

%
)

(114e) a

The iriss

both & and b: The iris is the disk of pigmented (eye-colored) tissue
surrounding the pupil. In Figure 3, the iris is item 3.

o R o = B R 6
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Humor in “néh eye:
a. protects the retina from stray light, '
be transmits neural impulses to the ganglion collu. N |
ve ‘transmits .lght onto the sclerotic coab.
d. transmits 1ight onto the retina.
e. isblack. . . |
| f. & and (..4‘:‘1:
. Answers ____
3 |
L .
- {116¢) q
e That part of the retinel image falling on the optic disks
- | ~a. is transmitted to the right cerebral hemisphere.
X " b, is trenamitted to the left cerebral hemisphere.
] c. 1is transmitted to both cerebrel hemispheres.
- . . .
- de 12 trenemitted to neither hemisphers. .
©. the re*'inal :lmaga 'does not f2ll an the optic alsk,
T fal].s exc‘lusively on cond. reeeptore. |

EERUIEE (117c) q




or in each eye: - .

transnits 1ight onto the rotina. Humor, the semifluid f£illing the eyeball
transits liggt (that is, it is trensparent) onto the retina. In Figure 3, l
lumor is item 6, , | ,

(1165) &
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That'part of the retinal image falling on the optic diske | = n ‘

| is transmitted to neither hemisphers. The optic diek, where the optic

nerve leaves the eye, is without rods and cones and is, therefore, blind, n |

- In Figure 3, the optic disk is item 14. ,

'
f
A " o .
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. % Without rods, one would be:

l a. to‘t,a.lly‘ p1lind in both eyes.
b. ‘totelly blind in the righi nalf of each eye. A :
c. totally blind in the left half' of each eye. |
d. totally blind in the lateral half of sach eys.
e, totally blind in the medial half of each eye.
£, night blind in both halves of each eye.

Ansvers ...

{

J

1

) ] (118c) g | 2
‘. Light passing through the cornea of the left eye :i.s;,

1 \

. g | . &, negligible. . o |

i b, "seen" by both occipital lobes of the brain,

c. Useen" only by the left Leif of the brain.

d. is blocked from the eye by the choroid coat.
Qe neurél impulses {not light) pass through the cornea.
f. & end do

| | - (119%) q




Without rods, one would bes

nizht blind in both halves of each eye. That is, ene could not see in
dim light. One would retain the daylight, cone vision in both halves
of each eye, In Figure 3, the rods are the rod-like cells in iten 12,

Rxa

 (118¢) =

’ - v
. R )
o, 3 . .
it s 2

Light passing through the cornea of the left eye fss~ ‘T

Mgeen" by both occipital lobes of the brain. Light passing through the
cornea of the left eye falls upon a retina which in turn sends impulses
to both occipital lobes of the brain, the right half to the right
occipital lobe, the left half to the left occipitel lobe. In Figure 3,
the cornea is item 2 ' T o R

i
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Some meural impulses generated in the pigmented choroid of the right eye:

Be
D,
Ce
de
e.

£.

are tranhenitted by the right optic nerve.

are transmitted by the right optic tract.

" axe _tranemitted to the right cerebral hemisphera.

&y b, and c.
the pigmented choroid does not generate impulses.
ave transmitted to both occipital lobes.

Answer:

(120c) q

The rétinal image falling on the fovea:

B
be.

Ce
d.
Be

£.

is divided so that the right half of the retinal image is transmzt ted
to the right cerebral hemisphere. and the left half. of the image is
transmztted to the left cerebral hemisphere. :

is divided ‘so that the right half of the retinal image  is transmltted 3
to the left cerebral hemisphere and the left helf of “the retinal inage

‘is transmitted to the right cerebral hemasphera.

is transpitted to the cerebral hemisphere opposite ths aye in question.
is tranamitted to neither hemisphere. |

. the retinal image does not f2l1l on the fovea.

stimilates only rod receptors.

Answers _ ..

_ e - U S e . e e e - P - - - =
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Soue neural impulses generated in the sigmented choroid of the right eye:

the pigmented choroid does not generate impulses. Neural iapulses are
generated in the retina, not the chorold coat which protects the retina
from stray light piercing the sides of the eye, that is, the sclerotic
coat. In Figure 3, the pigmented choroid is item 8.

' (120c) a
is divided so that the right half of the retinal image is transmitted
to the right cerebral hemisphere and the left half of the image is
transmitted to the left cerebral hemisphers. Each retina is divided
into two functional halves (right and left) at the fovea so that each
right helf is comnected to the right hell of the brain and each left
half is eonmccted to the left half of the brain, The fovea containg

cones not rods and is responsible for daylight, color vision. In
Figurs 3, the fovea is item 13.

l 1he'retinal image falling on the fovea: | R e
i,«
i

(121¢) a




The oceipital lobes:

a. are physiological names for the eyes.

b “are near the forehead. | | |
c. in each eye transmit neural impulses through tho optic chiam.
d. are the visual areas of tho cerebral hem:lsphorea.

e. are indentations on the surface of the retina.

f. each'receive impulses from only one eye.

Aoswers _____

" (1220) a

: The right optic nerve:

“g.';' ) transmits impulses only to the right optic 'brécfb. o ]
}_;.,'{ b. récqi;es mpplsep from #ﬁg right optic track, | o o /
.c-.v transxni+s inpulges to both‘épt:.t# tracts, ' R
de 'reeei"ea :im-ulsas from the leftv u<is tract,
. B “ transmits impulaes only to the left optic tract.
1 f.i b and d. |

(123c) q .




W8 The oceipital lobes:

are the visual areas of the cerebral hemispheres. They are located at
the back of the head. Each receives impulses from both eyes, the left
1obe receiving signals from the left nalf of each retina and the right
10be receiving impulses from the right half of each retina. In Figure

3, .the occipital lobes are items 18.
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The right optic nurve:

' transmits impulses to both optic tracts. The right optic nerve. divides
snto two branches, the branch from the 1eft half of the retina projecting
into the left optic tract, and the branch from the right half of the :
retina projecting into the right optic tract. In Figure 3, the right
optic nerve is item 15 on the right. - L




Without a retinat
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Answers ..

- That part of the retinal image falling upon the optic chiasmas

8e

b,

v Co

£

Aasvers .

thers weuld be no gemlion cells.

. hemisphere and the lateral half of the image goes to the left cerebral
- hemisphere. . ST e .

the retinal imege does not fall upon the optic chiasma. o
is trensmitted to the cerebral hemisphere opposite ‘the eye in question; | "

. stimulates only cone recepicrs

helf of the cerebral cortex and the left half of the retinal image goes

no light would enter the eyeball.
too mach light would enter the éyeball.

the visual ares of the cercbral hemisphere on the same side as the eye
in question would te rendered totelly blind. -

the eyeball in question would be completely empiy.

the visual area of the cerebral hemisphere opposite the eys in question
would be rendered totally blind.

(1242) ¢

is divided so thab the mediel half of the image goes to the right cerebral

ig divided so that the right half of the retinal image goes to the left

-

to the right cerebral hemisphere, o

stimilates only rod recep’bors. .
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Without a retina: :

there would be no ganglion cells, The retina is comprised, basically,
of three neural layers: photoreceptors, bipolar neurons, and ganglion
cells. In Figure 3, the retina is item 7.

That part of the retinal image falling upon the optic chiasma:

the retinal image does not Fall upon the optic chiasma. The optic chiasma
is at the base of the brain some distance from either eye. In Figure 3,

the optic chiasme is item 16. :

- (125¢) 4
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The right Optic tract transmives

a. neoural impulses from the whole of the right eye,
b. , neural impulses from the whole of the left oye.
¢, neural impulses from the right half of each eye. -
d. noural impulses from the left half of each .eye.
8e ‘light within the rig};t eye.

£, neural mpuigee to the left cerebral hemis;phere.

Ansver: ..

The cerebrum cr cerebral cortex on the loft side of the heads

a. "sees" objects in the right half of the yisual _i,glg
b. does not receive impulses from the right opti.c tracte _
c.’ receives impulses from both the right and 1eft optic nervas.

. ‘mon-hfnn -!mmﬂ gas from the med;al half of t.he I‘izh'b eye and 'bhﬁ
 lateral half of the left eye. .

e. 8, b, C; and d,

| £, is called thu left eye.

= Answors oo .
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@ The right optic tract transmits:

neural impulses from the right half of each eys. Nerve fibers from the
medial half of each retina cross at the optic chlasma to form the optic
tracts so that the right optic tract is connected to the righi helf of
each eye. In Figure 3, the right optic tract is item 17 on the right.

(126c) a

The cercbrum on the left side of the head:

I

a, b, ¢, and d: The retinal image of an object in the right half of the
visual f£ield is projected upon the left half of each retina (or the medial
half of the right eye and the 2ateral half of the left eye). Next, at the
optic chiasma, the medial helf of the right optic nerve joins the lateral
half of the left optic nerve to form the left optic tract. Only the left
optic tract projects to the left occipital lobe of the cerebrum. Hence,
the cerebrum on the left side of the head "sees" objects in the right half
of the visuel field. In Figure 3, items 18 represent portions of the two
halves of the cerebrum. S
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APPENDIX D
Questionnaire used in Experiment IL
tc assess student opinion of the
Incisive snd Confounded Formats.
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Name ‘ Teacher Dste

estionnaire

_ Please answer these questions to the best of your ability, There are
_no "right" answers.

In your studying about the visual system:

1. Which type of question did you find most difficult?
a. the type with blanks to be filled in
b. the mitiple-choice \ o .
‘c. about equal ‘ ' ‘

2. Which type of question was more instructive, from which did you
learn more? .
a. fill in
b. multiple-choice
c. about equal

3. When you finishea studying the first type of tablets and switched
to the second, did you find hat your studying the first set
affected the difficulty of studying the second set?

a. no ; ,
b. studying the first type made it more difficult to master
thé second type

¢, studying the first type made 1t easier to master the
-gsecond type .

4, In learning the answers to the two types of tablets,"on which
\ type did you do most guessing initially?
a, fill in

b. multiple-choice ‘
c. -about equally often for both types
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APPENDIX E

letter-Naming Time as a Function of Set
Familiarity and Symbol Distinctiveness,
a reviged and corrected version of an in-

terim report submitted previously,
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Abstract

Two symbol-naming experiments were conducted
assessing the dependence of Fitts and Switzer's
set-familiarity effect upon symbol distinctiveness,
Sixty college males named printed letters presented
in a strobotron tachistoscope, the letter always
being selected from a preannounced set of three. A
voice key actected th2 response. ' Experiment I found
the Fitts and Switzer finding to be a joint effect:
response latency for naming the symbol B in the
unfamiliar but distinctive set VBO, was intermediate
to that for the familiar distinctive,set, ABC, and
the unfamiliar, homolograpﬁic set, PBE, the two
sets used by Fitts and Switzer. Experiment II, a
factorial combination of set familiarity and symbol
distinctiveness revealed, moreover, that with
homolographic symbols, set familiarity increases
rather than decreases reaction time., The results
were interpreted as consistent with an hypothesis

"that the set~familiarity effect re’ates to symbol-

identification time as opposed to response identifi-
cation time.
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Letter-Naming Time as a Function of Set Familiarity and

Symbol Distinctivenessl

Hershberger, W.A., Trantina, P,R., and Cosgrove, Kathy

Northern Illinois University

Fitts and Switzer (1962) have found that the responge
latency for naming the visual symbol B is less when it
appears alternately with the symbol A and C than when it
appears alternately with the symbols E and P. They :
attributed this effect to the differences in familiarity
of the two scts of letters: A, B, and C versus P, B, and
E. However, their findings might just as readily be
interpreted as revealing the effect of stimulus similarity:
the symbel B 1s graphically more distinctive in the set
ABC than in the se:t BPE where the symbols P and E
comprise mere subsets of the symbol B. Or, since the two
interpretations do not appear mutually exclusiwe; the
Fitts and Switzer finding may feflect a joint effect. In
fact, the-present research conducted to evaluate these
alternatives, reveals that symbol distipctiveness is a
necessary but insufficient condition &Srvhe emergence
of a familis -set effect. ‘

Naming alpha-numeric characters is a perfunctory
. task well routinized by most literate individuals.

The verbal symbol or name of each letter category is

so firmly associated with its corresponding visual
symbpl and so fully dissociated from all others that

the task imvolves no apparent deliberation or choice.
Accordingly, it is sometimes found that the response
latency for naming individual alpha-numeric symbois

is independent of the number of equi-probable characters
from which the symbol is selected (Brainard, Irby,
Fitts, & Alluisi, 1962; Morin & Forrin, 1962; Mowbray;
1960.) However, where speed is of the essence, an
experimental subject may be pressed into naming an

- alpha-numeric symbol before he has fully inspected it,
that is, before the symbol, let alone the letter category
it represents, has been thoroughly identified. In this
case, the naming of the ~;xbol becomes, clearly, a dis-
junctive reaction with the subject deciding with limited
stimulus information which of several symbols he is
viewing.
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If he is to reduce his response latency in this way
he must, however, possess certain prior information
which allows him to "deduce" the identity of the symbol
from incomplete - and otherwise indeterminate - stimulus
information,. Such apriori information may be provided
hii by an announced reducticn in the numver of symbols
he is called to identify. For example; if he is advised
that only three symbols from the 26-character alphabet
are to be presented, say, A, B and C, he need only deteimine
for each stimulus presentation whether the symbol incorporates
curved or straight lines: if there are no curved lines the
symbol is an "A"; if there are no straight lines it is a "c''s
if there are both straight and curved lines it is a "B". The
more distimctive the symbols the less stimulus information
required to distinguish between them.

Providing it is sufficiently simple to employ, such
a deductive technique may allow the subject to reduce his
response latencies by some small but measurable amount
(cf. Rappaport, 1959). Not surprisingly, several invest-
igators (Forria & Morin, 1966; Morin, Koniigi Troxell &
McPherson, 1965) have recently reported that the response
latency for naming visual, alpha-numeric symbols presented
individually may be reduced by limiting the number of
alternative symbols presented to a total of approximately
four of less. It is doubtful if a limited set-size is the
only prerequisite for this effect. The symbols themselyes
must, presumably, differ from one another sufficiently to
allow the subject to choose between them with very little
stimulus information. Also, since the subject must
remember the particular zlpha-numeric characters which
comprise the set of symbols to be named, familiarity
with those symbols as a set should facilitate his use
of the deductive, symbol-identification process. It is
this last factor, familiarity of symbol set, to which
Fitts and Switzer attribute their findings .that the symbol
B is named more rapidly in the set ABC than in the set
BPE. However, they failed to control for the destinctive-
ness of the B in their two experimental sets. The
experiments rcported here were desipgned to rectify this
deficiency. ‘
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In this first experiment, three sets of symbols were
used, ABC, VBO, and PBE, the set VBO being as unfamiliar
as BPE but including symbols as distinctive from one
another as those in the familiar set ABC. It was found
that the response latency for naming the symbol B was
shortest for the set ABC, next shortest for the set VBO,
and longest for the set BPE. In other words, both stimulus
distinctiveness and set familiarity contribute to the
specific findings reported by Fitts and Switzer. However,
it was impossible to determine 'to what exteat the two
factors operate independently of each other since the
familiar-get comparison involved only distinctive sets
whereas the stimulus-similarity comparison involved only
unfamiliar scts. To resolve the issue, a second experiment,
a multidimensional factor. 1 design, combined each of two
levels of stimulus similarity with each of two levels of
set familiarity. An interaction of these fact'ors was
expected. It was hypothesized that symbol disiinstiveness
would prove to be a necessary prerequisite for the familiar-
set effect.

. Method

Subjects. Sixty male students attending Northern
Illinois University served as subjects.‘ Twelve served
in Experiment I. Forty-eight served in Experiment II.

Apparatus. .The symbols to be named were black capital
letters printed in the center of white paper cards, four
inches square. 'The -cards wire pr@sented in a Lafayette,

j}trobotron tachistoscope and were viewed from a distance

of approximately twenty inches. A microphone mounted on

a small boom juxtaposed the S's mouth operated an elecf:ronic
voice key. Response latencies were measured with a

Hunter Klockounter, accurate to .001 of a second.- E
activated the tachictoscope and the Kiockounter simultan-
eously by throwing a single DFDT toggle switch; S's voice
stopped both instruments simultanecusly by activating the
voice key.

Procedure. The Ss were run individually.'.\ Each was
instructed that on each trial he was to name as rapidly as
possible the letter which would become illuminated in the
viewer (tachistoscope) before him. Speed rather than
accuracy was stressed. If S misidentified a symbol, that
symbol was presented again at the end of that particylar
block of trials. Nevertheless, errors were infrequent.

E-4
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An experimental session was comprised of several
blocks of 75 trials each. During any one block of trials
only three different letters were presented. They were
presented equally often and in & random order. At the
beginning of each block of 75 trials, S was always shown
the set of three letters he would be required to name.

E,preﬁgﬁed each trial with a signal of "ready"
approximagely one second before illuminating the symboi.
The intertrial interval was:s approximately eight seconds,
and the inter-block interval was of the order of several
minutes.

To familiarize him with the procedure, each 8 was
given nine practice trials naming the cotor of a small
square centrally located on each of three practice cards
(red, yellow, green) each presented thrice 4n a random
order.

Experiment I. Capital letters printed in Berling

~ Italics, 48 pts., were used (Letraset No. 317). Each §
was administered three blocks of trials, one block with
the distinctive symbols comprising the familiar set ABC,
one block with the distinctive symbols compfising the
unfamiliar set V¥BD, and.one block with the homolographic
symbols comprising the unfamiliar set PBE. Each of the
six different permutations of these three blocks was
randomly assigned to a different sixth of the S pool
(N = 12).

. Experiment II. A multidimensional design was employed.
Each S was administered two blocks of trials, omne bldck with
a familiar set of symbols DOG (or GOD), and the other block
with an unfamiliar set of symbois GCD. Half of the Ss was
given the familiar set first; half was given the uafamiliar
gset first. Half of each of these groups was told that the
letters of the familiar set comprised the word 'God the ather
half was told that the set comprised the word "dog". Half
of each of these gubgroups.was presentell rélatively distine-
tive symbols in the form of capital letters printed in
Berling Italics, 48 pt. (Letraset No. 317). The other half
was presented homoidgréphic symbols comprised basically
of a circle 13/16 of an inch in diameter. The 0 was a full
circle. The vertical upright of the symbol D was 1/4 inch in
length. The gap in the symbols C and G was, in each casd,
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1/8 of an ineh. The G included a 1/8 inch vertical

line beginning at the lower edge of the gap and extending
downward. The symbols were drawn in black ink with a
ball-point pen. Althcugh they could be distinguished,
the symbols were not readily discriminable from one
another.

Including the differences in the letters themselves,
Experiment II comprised a four-factor design: Letters,
Set-Familiarity, Symbol Distinctiveness, and Letter Order
(God vs. dog in the familiar set). The design was mixed,
with all values of the first two factors administered to
each subject, and each combination of values of the last
two factors administered to a different, randomly-
gelected quarter of the S pool (N = 48).

Results

Experiment I. The overall mean respornse latency
for naming the symbol B, the one letter which appeared
in all three trial blocks, use .43l sec. in set ABC,
436 sec. in set VBO and .472 sec. in set PBE. All
differences among these means are significant (Sign

test: p4 .05). :

Experiment ITI. Méaﬁ?response latencies for naming
the symbols D and G (the two letters which appeared in
both trial blocks) are shown in Table 1 as a function of
Symbol Distinctiveness, Set Familiarity and lLetter Order

(GOD vs. DOG). ’

" Insert Table 1 about here

. A four-way analysis of variance of the ¥s' mean
response latencies yielded four significant effects:
Symbol Distinctiveness, Letter (G vs. D), a first-
order interaction between Set Familiarity (GOD vs. GCD)
and Letter (G vs. D), and the hypothesized interaction
between Set Familiarity and Symbol Distinctiveness. The
mean response latency was shorter for the distinctive
symbols, .496 second, than for the homolographic

‘symbols, .607 second, (F = 53.93, df .= 1/44, p<.001.

The mean response latency to the symbol D, .547 secend,
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was shorter than the mean response latency to the symbol
G, .557 second, (F = 5.17, df = 1/44, p .05). The
interaction of Set Familiarity and Letter (F = 7.67,

df = 1/44, p. {.01) was such that the letter G was more
readily identified than the letter D in the familiar

set, .549 second vs. .552 second, whereas G was less
readily identified than the letter D in the unfamiliax
set, .562 second vs. .545 second. The interaction of
Set Familiarity with Symbol Distinctiveness (F = 7.39,
df = 1/44, p <.01) was such that for distinctive symbols,
mean response latency was shorter for the familiar set,
.486 second, than for the unfamiliar set, .507 second,
whereas for homolographic symbols the opposite was true:
the mean response latency was shorter for the unfamiliar
set, -.599 second, than for the familiar set, .614 second.

Discussion

The present results show that although Fitts and
Switzer's set-famiiiarity effect is genuing, the nature
of the effect depends upon the distinctiveness of the
symbol beirg nzmed: when the symbols are distinctive,
familiarity with the symbol set reduces reaction time,
as reported by Fitts and Switzer; however, when the
symbols are horolographic and difficult to distinguish,

. familiarity with the symbol set may increase reaction
‘time,

Although the familiar-set effect depends upon symbol
distinctiveness, the converse is not ‘true. Distinctive
symbols are named more rapidly thar. homolographic ones,
irrespective of the familiarity of the set of symbols
named (cf. Crossman, 1955).

The present finding of a shorter response latency for
the letter D than for the letter G may be attributed to a
difference in their phonetic labels, "D" is a harder
phoneme better suited for detection by the voice key.
Hence, this difference; also noted by Fitts and Switzer,
_ appears trivial ‘

What does not appear trivial, however, is the interactiOn
of the variables Letter and Set Familiarity, for it: i1iustrates
further the significant effect of symbol distinctiveness upon ,
symbol Identification. The letter G was more readily identified
in the familiar set, GOD (of DOG), where it was the only open
figure than in the unfamiliar set, GCD, where it was one of
two open figures. Conversely, the letter D was more readily
identified in the unfamiliar set, GCD, where it was the oiily

a o~ -
~
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cloged figure than in the familiar set, GOD (or DOG),
where it was one of two closed figures, Not only are the
symbols of a distinctive set more rapidly identified than
those of a homolographic set, but the more distinctive or
unique a symbol is within its own set, the more rapidly
it is identified, relative to the other members of its
8et.

Apparently the information prerequisite to accurate
symbol naming of the type investigated here depends not
8o much upon the number of verbal responses (letter
categories) involved, but upon the number of alternate
groups of homolographic visual symbols comprising the
stimuli being identified. The S appears to scan
mentally the letters from which he is to select his
response not as individually printed symbols but as
members of a hierarchy of generic sets and subsets of
symbols, the subsets at each successive level of the
hierarchy being composed of symbols which are relatively

more homolographic than those of previous levels. It

is as if he processes his stimulus information through

a sequence of mental sorters with each sorter assigning
the input to a progressively finer homolographic category
until only one letter remains. Symbol,identification time
depends evidently upon the number of sorts required.
Reducing the number of symbols to be identified reduces
the numbe: of sorts required, particularly when a) the
symbols a. distinctive from each other, and b) the
symbols comprise a set easily remembered, thereby prevent-
ing irrelevant sorting. Where the symbols are very
similar te each other, however, it should ve time consuming

to deduce, from a knowledge of thé symbols to be identified,

the particular ‘sorter which would distinguish%setween
those specific symbols. As a consequence, naming time
may be lengthened as well as shortened by such a deductive
process; such appeared to be the case in Experiment II.

However, the present results s.ggest also that an individual
is predisposed to use a deductive procedure disadvantageously

only if the symbols being named comprise a familiar set.
If the set of symbols is unfamiliar and difficult to
remember, he abandons any deductive tactic as obviously
impractical. Fitts and Switzer's Ss appear to liave
behaved in this fashion for when they were confronted with
the unfamiiiar. homolographic set EBP, they responded to
the symbol B as they weuld to any individual character of
the alphebet rather than as an element in a smaller set.
E~-8
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‘That the process of symbol idehtifiuation'investigated

“here involves the scanning of homolographic symbol~

categories rather than verbal response categories is
evidenced further by the absence of an interaction involv-
ing the factors Letters (G vs. D) and Letter Order (G-D
vs. D=G). If verbal response categories were being
scanned one could expect the response latency to the
symbol D to be shorter for the se’ .D-G than for the

set G-D, and the latency to the symbo. G to be shorter
for the set G-D than for the -gset D-G. However, no
interaction ‘involving these two factoxs proved to be
statistically significant (p € .05). Of course if the
scanning of response categories were exhaustive as
'suggested by Rappaport (1959)and Sternberg (1966)

then no such interaction would be expected, but neither
would one have -expected the obtained interaction of
Letter and Set-Familiarity, Clearly, the present
results imply ‘that symbol naming of the type investigated
here involves scanning one's repertoire of visual-symbols
ratlier than verbal responses.




Footnotes

1 The work reported herein was supported in part by a
grant from the U.S. Office of Education, Department ol
Health, Education, and Welfare. The authors thank
Harold Taylor for preliminary work on the project.

E-11




Table 1

Mean Response Latencies to the Symbols ™ and G

as a Function of Stimulus Distinctiveness,

Set Familiarity and Letter Order.

(Data in Seconds)

Stimulus .
Familiar Set Unfamiliar Set
Distinctiveness
Letter G | Letter D Letter G | Letter D
Distinctive:
Letter Order:
G - D 0492 0484 0518 0503
D~-G 482 487 .503 .501
Homolographic:
Letter Order:
G - D 0619 0623 0618 0581
D-~-G .613 .601 .607 . 594
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