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The construction of a self-instructional system can be seen as a work
process with three main phases: (1) System analysis: Preparatory
work; (2) System synthesis: Construction of a preliminary system
version; and (3) System modification and evaluation: Post-construc-
tion control and improvement. - While phases { and 2 in the program
construction process were dealt with in earlier reports {Didakometry,
Nos. 30 and 32), the present survey focuses upon phase 3, discussing
various aspects of post-construction control and improvement (such
as the polishing and checking phase, the general procedure of
successivé evaluafions, various evaluation criteria and evaluation
aids, compiling the program manual). - Terminological and biblio-

graphical appendices are included.
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12, POLISHING AND CHECKING PHASE

When the various instructional units have been constructed, a renewed
examination is made of the unit sequence. It is, of course, important to
check that nothing important has been forgotten, and tha. the various
parts of the program have been put togcther smoothly., But there are
many other factors that the programmer should consider before starting
empirical experiments with his material, In this clhapter, some of theae
points of view will be brizfly discussed, and various aids (designed to
help the prograramer in this checking phase) will be described.

We will first group our comments on checking around four problem
areas: (1) facilitation of communication (readability), (2) integration,
(3) retention, and (4) motivation. We will thereafter devote a special

section to various aids for systematic mapping and checking procedures.

12.1 FACILITATION OF COMMUNICATION (READABILITY)

Those responsible for planning and writing the study material do not,
perhaps, always notice the difficulties o ambiguities in their formula-
tions, On the other hand, someosne whe :as not been directly involved
is aware almost immediately of such thinge in his capacity as recipient
rather than dispenser of information, The final proof of the cfficacy

of the study program as a commaunication medium is, naturally,
revealed in its effect on representatives of the student group. Ordinari-
1y, however, considerable cffort can be saved by carefu examination
in advance.

Someone familiar with programming, but not connected with the par-
ticular project, reads it through, thercfore, with the purpose of simpli-
fying it and pinzointing obscurities. It is usually desirable that two
others take part in this preliminary study. An expert on the subject
makes a detailed examination of the factual material and also evaluates
how well the course material is covering the ground required. The ma-
terial ig then read for a language control by someone who has both a
gocd writing style and experience of the characteristic reading ability
of the students in the target group. I the program contains aspecial
types of ails (picturcs, sound effects, ctc.), it is often necessary to
call upon other experts to assure the best possible technical use of these
aids, In this section we shall briefly present some idcas -on one of these
aspects of revision, namely, the question of readability or - in more

general terms - communicability,
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Among the main questions the reviser should ask himself are these:
(1) Is the presentation of material as far as possiblce adapted to the spc-
cial qualifications of the students (student-adapted communication)? -

(2) Is the thought content expressed with an optimal degrce of precision?-

(3)Does the physical structurc facilitate as much as possible a meaning -

ful focusing of attention?

One study (Grace, 1963) indicated that programmed material differed

significantly from non-programmecd material in rospcct to several fac-
tors which are usually considcred to be connccted with readability. The
programmed study material uscd, on the whole, shorter words as well
as a higher percentage of the morc frequently used words in the language,
and new words were introduced at a slower rate. Even if the results of
this particular study may not be entirely reliable (since we do not know
much about the comparability of the two groups of texts used in other
respects), the indications arc that program writing as such tends to in-

fluence the author to a usc of words better adapted to the language abi-

lities of the student. This is quite natural, since the author, unlike the

writer of textbooks (and through the prescntation method itself with its
constant demands for an answer), is not allowed to forget that he is
speaking to a specialized audience with a claim to attcention.

The demand for student-adapted communication docs not raean, na-
turally, that a whole program can bc confined within the boundaries of
a minimum language area which all students at thc beginning of the course
can be expected to command, But it means that onc must start from that
level and must makc surc that new terms arc not introduced without an
explanation undcrstandable to the students (that is to say, an cxplanation
which uses for its definition language which can be undcrstood by the
students) and at a pace accomodated to their abilities (i. e., not so rapid-
ly that the students cannot, when tcsted, demonstrate their ability to
absorb the new words). In this connection good use can be made of the
original student analyses. For this purpose it may be desirabl« that the
student analyses contain recorded samplcs of the normal conversation of
the test group as well as sample results showing their vacabulary com-
prehension (passive recading comprehension). Although it may be difficult
in the first version always to kcep these factors in mind along w.th ideas
for presentation of the content, the final reviser can usually casily
observe and correct the morc outstanding violations of the demand for
adjustment to the language nceds of the students (when his attention is
directly fixed on this particular problem).
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In this connection it might be well to repeat our previous wiarning
against routine applicaticn of different readability formulac which deal
with average valuces (for word length, word frequency, cte. ). In a more
exaci and psychological sernse, readability can only be studied in rela-
tion to an individual. It is @n individual matter which, morcover, is in
a statc of flux. What is "rcadable' for onc student in the last phasc of
the program would in many casces have been "unrcadable' for that same
person at the beginning of the program. A routine, average appraisal
gives a rcelatively mreaningless rosult in these cases,

The question of the precigion of the cxpression uscd must always be
viewed in relation both to the students’ receptivity to a certain type of
information and to the goal which has been set. It is not always a case
of striving for maximum precision, but rather an optimum degrec of
precision in relation to the circumstances and to the objectives decided
upon. The risk for excessive accuracy (for example, scientific exact-
ness in @ case where it does not fill @ nced) is considerably less -
judging by published programs - than the danger of inadecquate precision
causcd by haste or poor linpuistic marksmanship. It is ¢ften a quecstion
of the hazy usc of cquivocal abstract words, wherc the simplest ling -
uistic revision is a transition to a greater concrection (and possible
exemplification).

At the present time we do not know cnough about the best n:cethods of
achieving a wecll-balanced focusing of cttention. Natura’ly, cssential
facts should not be allowed to disappcear in a cloud oi verbal mist. Long
didules arc often improved by cutting, but a routine pattern cannot be
used., Didules should be regarded as information units. It is not a question
of cutting an cxcess number of words, but of weeding out those which
are not important to the context: irrclevant and meaningless filler -
phrascs or details which do not coniribute to the final objectives. It is
possible to shorten long didules by (2) cutting down the amount of dctail
in the c:amples given, (b) replacing some verbal explanations with ,
pictures or diagrams, and {c) incorporating gsorr ¢ didules in the colla-
teral matcrial in the appendix, In many cases it becomes cvident after
a closcr look at the material that it is advantageous simply to divide a
longier didulce into scveral shorter ones.

Most likely, however, an extren:e condensation is not the ideal golu-
tion, The interaction between student and program can be regarded as a
play of alternating tension and relaxation, The relaxation periods nced

not be long, but they should not disappear cntirely. If every single word
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is loaded with meaning, the tcnsion can be unnecessarily tiring, and

the focal moment is not declincated as a clear figurc against a back-
ground. Individual differcnces in rcading habits for various types of
texts should have some bearing on this, and student analyses could
offer some insight into the problem. University students who change
from a scientific coursc to liberal arts or vice versa usually ecxperience
gsignificant difficulties in rcadjustment which, among othcyr factors,
should have some rclation to diffcrent ''density expectation',

In this play between tension and relaxation, the points of tension
should be represcnted by the cardinal points in the content and not be
language difficulties (expect possibly in regard to tecrms for just thesc
cardinal points in the content). Some idea of the density of content can
be derived from an analysis of the percentage of occurrence of
"structural words' (“'ron-significant'' words such as articles, con-
junctions, prepositions, etc.) and "“repeated words' ("significant"
words which have already occurrcd one or more times within a given
section). The lower thesc pcrcentages, the fewer the “'rest periods',
and thc greater the probability that the student will become tired be-
causc of the lack of balance in the relation of tension to rclaxation (too
grcat tension caused by too little word redundance). The cardinal
points and new terms should be allowed to stand out against a more
ncutral background of farmiliar material which does not invite tension.
Obviously this is a quecstion of general principles which can be difficult
to convert to specific rules for concrete examples without cxtensive
trials. We know hardly anything more cxact about the optimal values
for diffcrent ages and diffcrent material. In general it can be said that
an interesting field is opening up for teaching-related attention rescarch.

A language check should also cover accuracy and consistency (is the
sentence structurc effective, punctuation intelligible, use of abbreviation
uniform, etc, )? This aspect, however, is too self-evident to require
any further discussion.

Program writing demands a grcat deal of the author: He should be

able to think clearly on an abstract and complex level (in order to carry

out cffectively what has becen defined by means of the terminal de-
scriptions and clarified through the material analyses), and &t the samec

time he must communicate clearly on a concrecte and simplec level (to

rcach his students effectively). We scldom find anyone who has maxi-
mum ecffectivity on both plancs, and for this reason tcamwork and

checking should play an important rolec as correction factors.

o
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12,2 INTEGRATION

Writers of programs have oftcen been influenced by theories with a be-
havioristic tinge, where analysis of sub-ccmponents in observable be-
havior has played a leading role. Psychologists and educators who hold
different theories criticize the nrogram writers becausc they "atomize'
learning and because they take altogether too little interest in the
“cognitive structure' or "Gestalt! of knowlcdge, that is, in the inte-
gration of the parts into larger meaningful wholes.

These differences of opinion have been clearly expressed at some
intcrnational conferences devoted to problems of programmed instruc-
tion, On thc one side we oftcn find the American progra.-umers, many of
whom base their reasoning on a stimrulus-response thcory of pragmatic-
behavioristic type, sometinmcs considered to be fairly sclf-cvident, al-
though to some people somecwhat nazy in detail. To them the bechavioral
terminology is usually the natural mr.cans of cormnmunication, while
exprcsgsions like '"cognitive expcericnce', "comprehension', or
"'cognitive structuring' arc rcgarded as suspect remnants out of the
philosophical past of psychology, On the other sidc wc oftcn sec some
psycholngists from Central Europc, cager to learn the principles and
tecchnical design of programming, but oftecn with a ncgative attitude to
the "atomized" tecrminology, which to them sounds likc the old psychology
of association, oncc and for all - as they tend to think - jlown sky high
by the Gestalt psychologists.

Such disparitics are often intcresting, and it should be a dcfinite
advantage for the dcvelepment of programming technique if its
principles arc gradnally studied and worked over by persons with more
varying theorctical points of departure. Nevertheless, onc has the feeling
at times that the differcnces arc morc verbal than actual, If the debaters
can only be persuaded to climb down from the level of gencral and verbose
theorizing to the lovel of opcrational descriptions, they can often agrec
on facts. Thc differences reflected arce, in other words, in many cascs
more to be found in '"symbol cnvironment! and habits of thought than in more
signficant divergences of view about the essential bascs of facts,

Thies docs not mean, howcver, that programming in ccrtain forms
cannot run thec risk of giving an cntirely too "atomizcd" knowlecdge with
too few possi'bilities for the students to discover greater coherence and
to achicve a pcrspective on that which has been learned. The programmer
should undcr all circumstances be on his guard against thesc pitfalls

o (which ccrtainly can be found cven in other forms of instruction in our

EMC schedule-bound school world),
8
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In order to facilitatc "'integration' and “structuring' of knowledge
and to avoid that what has been learnt is experienced as unrclated pieces
of mosaic, the programmer can usc some of the following working me-

thods:

(1) Preliminary organization and other supplementary information

to cxplain procedurc (''mecta-didules'). When introducing a new topic,

it is often advisable to build a minor unit scqucnce into the program,

the function of which is to give thic student 2 preliminary idea of the
goal and of the scopc of the study matcrial. A mecthod of this kind can
also bc uscd for smaller task scquences. Ordinarily such organization
is of value both for the effcctivencss of learning and for the gencral
lcarning attitude. The student should know where he is going. The pro-
grammer can also "'spcak dircctly' to the student about the nature of

the work undcr process in othcr ways, for cxample, by rclating specific
lecarning points to thc ultimatec goal of the coursc, pointing out special
reasons for combining ccrtain learning units, ctc. Principally for what
seems to be '"puristic-esthetic' rcasons, such extrancous comments

to the students have sometimes been avoided, Of course, they can break
the continuity of the flow of information material (in about the samec way
as the actor’s aside to the audicnce can interrupt the rapid rcpartce on
the stagec). There is, howcver, good recason to assumec that the intro-
duction of such sccond-oider communications ('communication about
the communication' or "mcta-didules'') can have some bearing on the
experienced intcgration of the learning arca as well as on the work

motivation of the student,

(2) Successive linking of dctail (avoidance of discor cinuous jumps),

Onc important point in our checking phase is naturally a recnewed study
of instruction scquence, the individual micro-scquences (designed to
tcach speccial concepts or concept reclations) as well as the total macro-
sequence (with review of both the grouping of the subject areas and
posasibly the placing and character of branches). It is naturally important
to make sure here that no significant item nccessary to achicvement of
the goal is forgotten. But it is also of importance (especially with a view
to furthering integration) to determin~ whether the various parts of the
program are joined togcther smoothly cnough and without disconnected
jumps. In most typcs of courscs it is both desirable and possible to tie
dctails together to form a meaningful "aswociative net", This occurs

chicfly at the transition from didulc to didule and at the transition from

J
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onc mricro-sequence to another., By making surc that the new tasks con-
tain certain clements from the previous oncs (''connccting clements')
we get smoother transitions, greater probability of corrcct answers
and better-intcgrated knowledge. It is, however, difficult to give any

general rule of thumb for how this is best accomplished,

(3) Special assignments for furthering intcgration. Besides emphasis

on the successive linking together of single details, it can be fitting to
introduce from time to time special, more demanding reccapitulation
problems. Concepts and opcrations, which have becn introduced in diffe-
rent connections, can then be brought together in more comprehensive
assignments.

The possibility of working with program supplements, to which re-
fercnce is made in the separate didules and to which the student is
referred for information and compilations should never be forgotten.
Such "supplements' can, for example, consist of maps, diagrams,
tables or simply a summing up of verbal information. The assignments
which are given in this connection can be directly aimed at integraticn,

It can often be helpful with shorter test sections (assignment sc-
quences without new information and without aid -stimulation) at regular
intervals, perhaps after cverv 20th of 40th didule. If these are well
constructed, they can undoubtedly contribute to knowledge
integration. They can, mcrcover, perform othcr important functions.
They probably incrcase rctention and they give the student a feeling
that he rcally has learned somecthing (which he does not always believe

when progress is easy!)

(4) Didule patterns with integration-aim. Not only can the single

didule be so formed that it promotcs integration of component knowledge
derived from carlier didules, but it is often possible and cssential to
arrange thc singlec didules in an intcrnal sequence so that the integration-
aim is aided. Somec potential procedurcs for accomplishing this which
would be worth a more systcmatic testing for effectivity can be mentioned

briefly:

a. Counterpoint sequence. Two conteat units which are to be linked

together in the student’s bchavior rcpertoire are alternated systematically

during the practice phase,
Example: CX/CY/CX/C,/CX/CY ctc.
(Here and in the following the slanting line is used to indicate the didule

boundary and the letter C the basic subject-matter unit, )

19
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b. Supecrimposed sequence. Two subject-matter units which are to

be combined with each other in the student’s repertoire can be or-
ganized so that the latter unit is introduced just before that point where

discussion of the ecarlier unit is completed.

Example: cx/cx/cx/cx/cy/cx/cy/cx/cy/cy/cy/cy ctc,

c. Accumulated summary. When the material units arc part of a

larger complex (build a cohesive total structure), but still must be
introduced in stagcs becausc of the level of difficulty, every new didule
can be arranged so that the part-clements which have been introduced
carlicr can be rcpecated at the same time as a new clement is introduced,
That is: If the student’s terminal behavior repertoire is to contain the

complex C_ & C_ & C_ & C_, the didule scquence can look like this:
x y z u

c/C_&C /C_&C_&C /C_ & C_&C_&C_.
x X yo= z/ Tx y z u

y

d. Chronological accumulation of tcmporal behavior sequences can be

scen as a special application of the gencral principle of accumulative
summary, that is, the particular case in which a behavior chain based
on time order is succe ssively built up in chronological order, as
follows:

Ci/c1 & cz/c1 & C

&CB/CI&C & C, & C, etc.

2 2 3 4

Many behavior scrics are of typical temporal character, that is, they
form a definite chain of actions which occur in a characteristic order.
Examples are working with more complicated tools and machines as
well as fault localization on diffcrent types of apparatus. Instead of
first learning every part-subsection scparately and then trying to put
together the small bits to form a whole (''delayed integration'), it
should often be more natural to practise sequence from thc beginning

in thc manner described above.

e, Rcversed accumulation of temporal behavior sequences, The

temporal sequence should of coursc always be practiscd in the natural
direction of association, We train, in other words, C5 & C6; not C6 &
CS' On the other hand, it is quite fcasible to accumulate the sequences
"backwards' instcad for "forwards'. Instead of the didulec series:

C

1
CI&CZ
Ci&CZ&CB
CI&CZ&C3&C4’

11



in which C4 is thought to represent the natural end link in the behavior

chain, the following didule series would be used:

Cy

Cy&C,

C, % C,&C,
CL&C, % Cu & C,

The advantage of the latter arrangement can be that the student often
derives greater motivati- - from being allowed to perform the terminal
phase of a behavior seri. .t an earlier stage as well as to see each
practice series finished off with the goal clearly attained. Especially
in those cases where the terminal phase of the behavior scries is one
in which the result stands out clearly (gives a definite, even dramatic
demonstration of goal achievement) this type of sequence arrangement
can be of value. (This method or procedure has been particularly
advocated within the frame of the so-called "mathetical approach'' re-
presented by Gilbert and his disciples; sce, for example, Gilbert 1969;
Pennington & Slack, 1961),

(5) Adaptation of study material to divergent study behavior mo -

tivated by diverging initial rcpertoire or aims (with gains in integration

when used for review). Our ordinary textbooks and handbooks can be

used in many ways. Besides being successively learned as course 1j-
terature, they can be "skimmed" or "read diagonally" by someone who
has alrecady mastered the principal contents of the subject (in which case
""skirmming' provides a quick survey and the possibility of discovering
any new points), They can also be used as reference literature by those
who have a more specific end in view than that of learning thc subject

as a whole: by use of the table of contents or the index, it is easy to
look up a special part which is rclevant to the current object without
studying the other material in the book. One criticism of programmed
study material has been that the specialized form (for example, the
fixed arrangement of "small steps', arranged in "scrambled" order or
in horizontal "bands') makes it difficult or impossible to use the study
material in a flexible way, and that the recader is bound to using it for
only one single reading method - according to the rigid pattern of care-
ful memorization. This me ans too that those who want to brush up their
knowledge after a period of time and once more get a comprehensive
view of the material which has been covered have difficulty in doing so -
unless they take the time-consuming way of again going through all the

material in the prescribed order,
12
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Anyonc who trics to read through a finished program for a familiar
subject arca can casily be persuaded that these objections arc valid. It
is true cnough that the programmer can defend himself with the argument
that the program is decsigned for persons with a certain type of initial
repcrtoire and is meant for a certain type of goal, and that because of
this the programmer has no reason to take into consideration the fact
that persons with a differcnt initial repertoirc (greater knowledge) and/
or different goal (covering only ccrtain parts of the field) think that the
study material is not practical.

On the other hand, it can rcecasonably be argued that difficult survey-
ability, with the rigidity in usage which follows, is often greater than
necessary and that the writer could by rclatively simple mecans make
the total structurc considcrably morc transparent - to the benefit of,
among other things, later reviews for improving retention. Even though,
naturally, thec primary usagc should determinc the presentation and
arrangement, the secondary usage (as review or reference book, for
example) should not be made morc difficult than nccessary.

One technique which could casily be used to increasc the structural
survcyability is that of working out detailed tables of contents ith
references to didules as well as drawing up a list of essential terms
and idcas (also with refercnces to didules), and also printing the inte-
grating main sections (preliminary introductions and outlincs, for
example) in.i.talics, in another color, or emphasizing them by some
other mecans. Ordinarily it is an advantage if the main scctions (''chap-
ters') arc clearly scparated from onc another by page. It is usually
casicst to set up separatc chapter sections in programmed books with
vertical progression, but this can very wecll be done in programmed

books of other types.

12.3 RETENTION

The resistance to obliteration of that which has been learncd is naturally
affccted by many factors. Scveral of the points on readability and inte-
gration which werc presented above are also of importance in conncction
with retention. For example, the well-integrated material has - other
things being equal - greater resistance to obliteration than the not so
well -integrated, In this section wc shall confine ourselves to summari-

zing some bricf rules for repectition:
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(1) Avoid too little repctition! Many a programmer includes too

little repetition since the construction of recpetition assignments is

often boring for him and - sincc he himsclf is so familiar with the ma-
terial - may also scem unnececssary. The student, on the other hand,
who meets for the first time a number of new idcas and associations,

is normally in great need of repctition. Retention of that which has

becn learned depends, naturally, to no small degrec, on the 'over-
learning" which takes placc in the instruction set-up. In this connection,
however, the timec-lag between the instruction occasion and the termi-
nal situation must be taken into consideration as well as the student’s
opportunities for natural rcpectition or practice during the intervening
period. Any possible dangers of interfering factors ("competing behavior
patterns') must also be noted. As a guidc for these judgments, the initial
studentanalysis is of valuc and also the "expanded tcrminal chart” worked

out in conjunction with it(cf. discussions on initial system analysis).

(2) Vary rcpetition! Routine drill with direct repctition of the same

assignments is seldom dcsirable, partly because going through the
material in this manner can casily become boring, partly also because
the programmed sequences are worked out for those who have no ele-
mentary knowledge and when repeated must be assumed to function less
effectively. The practice should instead consist of illuminating and
applying the acquired conceptions in new contexts or with different
examples. It is often a good idca in this connection to integrate repe-
tition of old material with the introduction of new. In this way repetition
monotony is avoided, thc arca for meaningful associations is increased,

and desirable gencralizations are facilitated.

(3) Spread repectition! As has been noted above, it is true that a con-

centration of learning can be cffcctive from the point of view of specd
but at lcast in the casc of morc comprehensive instruction matecrial and
long rectention periods a certain sprcading out of repetition should be
desirable, It is thereby possible, for example, to treat the same idea
first in a scries of consecutive didules and later to allow the idea to
turn up again at certain intcrvals (pcrhaps shorter in the beginning and
successively with greater infrequency later on). A ‘'distribution plan"

could then take the principal form sketched below in Figure 12, 2 below.

(4) Individualize rcpetition as much as possible! Thec most usual

procedure, that of allowing thc student to pass from onc assignment

to the next whether he has answered correctly or incorrectly, without

14
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returning to it latcr, has ccertain disadvantages. As mentioned above

in our discussion of various '"flow modecls', a "re-dirccting'' to
diffcrentiated repetition (of assignments answevred incorrectly at an
carlicr stage) may somectimes be worth recommending. Skinner’s disc-
machine (also referred to above) functions in just that way, and Holland

& Porter (1961) were able to demonstrate that such a mecethod can improve
the final result of the student. Thesce methods arc especially suitable

for lecarning ''subject-matter items' (as, for example, in lcarning voca-
bulary in a foreign language), where this diffcrentiated rc-direction

does not break the continuity., Thosc types of machincs which function
according to the "skimming' -principle can be useful herc, but simple
card collections are often cqually effective. In these cases cvery didule
can be noted on an assignment card (with the answer on the reverse side).
Thosc qucstions which the student answers inccerrectly can be placed by
him in a special pile. He can then casily go through thesc once more

(or as many times as is nccessary until he has performed all assignments

correcctly),

12.4 MOTIVATION

Recading a leng, continuous text without '"built-in'' work assignments or
listening to an extensive oral exposition can be rather monotonous for
many students. The rcsult can be incrcased fluctuation in attcentiveness
with an accompanying reduction in the effcctivencss of the instruction.
Somec of the increase in cffectivity which in many cascs has occurred

in conjunction with the usc of programmed study matcrial secms to have

some conncction with the less mcenotonous work dynamics in the didule

system (rather than with the sometimes too greatly stressed reinforce-
ment effects of feedbnrck prescentation), The student cxpceriences a constant
task variation:

(a) he rads the information and the demand for an answer

(b) he works through to an answer

(c) he writes down the answer

(d) he checks his answer and prepares to go on to the next assignment.

The dynamic variation, the play betwcen tension and relaxation (which
we discussed in connection with rcadability), can herc perform an im-
portant function, and the diffcrences in the activities listed under a,b,c,
and d are probably of importance., It is a recasonablec hypothesis that
points a and b ordinarily signify a rising curve of tension (with the summit

at '_b_), while points ¢ and d represent a certain psychic relaxation during

15
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the phascs with more predominant motor activities (writing and machine
manipulation). Both thc subjective expericence of the dynamic alternation
and possible psycho-physiological consequences whould be worth a
special research effort.

But even if the programmed study material becausc of this inhcrent
altcrnation of tasks is lecss monotonous than a running text or a con-
tinuous oral prescntation, it is quitc natural that the student can ex-
perience 2 certain monotony also in the programmed study matcrial
if, for a longer period of time or in several differcnt conncctions, he
works with the same type of small presentation units (as long as we
have only a few and/or short programs there is relatively little danger
of this). Several of the measurcs mentioned carlicr for promoting the
building of an integrated ficld of knowledge for the students can also be
useful in reducing the dangcrs of monotony: for cxample, work with
intcgrating supplemental matcrial in appendix form or going thorugh
built-in test scctions. Other methods of counter-acting monotony can
be to alternate types of answer (ccrtain scctions perhaps without demand
for an explicit answer), or to incorporate morc comprchensive student
tasks (directing the students to various source matecrial; a technique
termed above 'the intermittent model’’). Therc is a risk that, throuzh
cxaggerated respect for onc special method, we fail to try the united
cffect of diffcrent methods. We must keep in mind to avoid this risk.

That the expericnce of achicvement is of great importance for the
student’s motivation should be indisputable, but in rcality the problem
is morc complicated ‘than some programrners usually describe it. We
must takc into consideration the grcat individual variations of carlier
achievement cxpericnces and the currcnt aspiration levels as well as
some more stable pcersonality characteristics which may be of import-
ance in this connection (for example, what McClelland and others have
called "need Achievermnent'), The fact that such complications do not
requirce much attention in the world of rats and pigeons (and somc pro-
grammers always scem to think they will find the solutions to problems
of the psychology of learning right in the rat laboratory), should not
keep us from being aware of them in human learning situations.

We should consider at lcast to aspects of the problem complex. On
the onc hand we should note the fact that the learning effcctivity of an
instruction material is often grecater when there is a high frequency of
positive feedback. This was one of the chief viewpoints of the early pro-

grammer group inspired by Skinner, and it was usually assumecd that the

16
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crror frequency should be low (perhaps under 5 %). On the other hand,
the maintenance of motivation in the long run {consistence in work) also
seems related to whether demands arc high encugh in relation to ability.
Individuals with high "need Achievement'" and good lezrning technique
can, for example, find very boring a long series of all too easy tasks,
and this, rcasonably enough, may decrcasc their interest in efficiently
worlking with thc material.

In this event wec should pcrhaps try to make usc of a "multiple success

strategy', This can mean that while we work fairly constantly with a
high probability of correct answers to scparate tasks, we combinc that
procedure with "cextra success effects' - for example, the possibility
of rapid-track progression and/or the satisfaction of being able to an-
swer correctly withnut clucs (individualized offering of clucs as in
teaching machine Didak 508). Beccker (1963) who propoescs such a method
of procedurc compares this strategy with that which is uscd in certain
lotteries or chewing gum machines. For one’s '"contrioution’ (a coin)
one always reccives a certain '"prize' (a picce of chewing gum ), but
therc is also the chance of getting a larger ''prize' (an attractive objecct),
A play of this kind on two plancs of success should - mutatis mutandis -
be serviccable in tcaching material and might perhaps better do full
justice to the varying individual nceds.

The reviscr cannot, naturally, make too radical changes in the total
structurc (thcse should be allowed to wait until the empirical data also
arc available). But he should makec surc that nothing in the study
material which can cncourage boredom or discourage motivation is
allowed to pass. Any possible monotony can ordinarily be cased through
small changes in working mecthods. And if the reviser finds that the
primary matcrial provides all too little scope for the ambitious student
to fcel that he can achicve something on a par with his ability, then the

addition of "extra success cffects' should not be too difficult.

pod
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12,5 VARIOUS AIDS IN THE CHECKING PHASE

The fact that successive empirical try-outs of the nmn terials are the
final and most important steps in the evaluation process docs not mean,
of course, that we have to rush into premature data collection with
hastily produced and unpolished versions of the study matcrial. While

an arbitrary rcading through of the material may be fairly inefficient,

a systematic mapping of certain apparent characteristics of the mate-
rial, on the other hand, may be very fruitful. W. may call this examina-

tion of apparent characteristics, the mapping of the "phcno-structurc"

of didactic sequences (as distinguished from the mapping of the "effect-
structure' that might be carried cut during the empirical try-outs later
on),

In the present section several aids for this mapping process will be
described and discussed, including check lists, diagrams of the rela-
tions between terminal objectives and the single didactic units, and
various kinds of unit-charting protocols, It is fclt that the cxamination
is considecrably facilitated by summarizing aids of these kinds, The
risk of forgetting somec important aspects of the examination is reduced,
and a long serics of questions about the material can be answered much
more casily on the basis of a summarizing protocol than on the basis of
the non-aided perusal of a long scquence of material, in which the
diffcrent parts cannot be kept in sight at the same time,

It should be stated from the beginning that many differcent types of
aids are possible, of course, and that each programmer should design
his working tools to suit his own nceds. The following descriptions
should therecfore be looked upon only as illustrations of various possi-

bilities,

12, 5.1 Examination by Mcans of Check Lists

The simplest way of remembering the important aspects that should be
examined is probably to make up a fairly detailed list of questions to

be answered for each self-instructional study material and to use this
list for checking of systematically the answers for ecach scparate part of
the course matcrial. An example of such a list of questions is given in
Box 12,1, (It should perhaps be added that some of the qucstions in this
list are such that only the subscquent empirical try-ouf can give a
definitc answer. Nevertheless, it is often possible to make intelligent

guesses in advance, and thereby to save some steps in the revision

process. ) 185
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Box 12.1 Check list for prc-test examination: An illustration

Examination of goal relevance and contcnt:

Does the program contain all that it should according to the
initial goal statcments?

Has all irrclevant material been climinated? (Irrclevant mate-
rials arc thosec that are ncither included in the goal statements,
nor fill any clear-cut educational function as aids in thc proccss
of rcaching thesc goals,)

Have all those points been eliminated that, according to the tar-
get population analysis, the students have alrcady mastered?
Does the program avoid giving any single subjcct-matter aspect
a coveragce that, according to the goal statcments, could be
considered unrcasonably large or unrcasonably small?

Has all changeablc information becn checked, so that the
students arc given maximally up-to-date information?

in the judgment of subjcct-matter cxperts, is the content free

from factual errors?

Examination of the '"proccdural instruction' of thc program:

Arc the "procedural instructions' of the program to the student
(instructions about the ways of handling thc matcrial during
study etc, ) complecte, clcar and easy to follow?

Is the student given a sufficient amcunt of training in how to
give answers or handle the tcaching machine in the beginning of
the program (as wecll as in other places where perhaps a new

answering tcchnique is introduced)?

Examination of thc organization and sequencc of contcnt:

Docs the program try systematically to establish a connection
betwecen those expericnces or concepts that the students already
have in their rcpertoirces and the new knowledge that is intro-
duced ?

Is the program constructed to use - wherc this is possible and
appropriatc - the sequential approaches that arc usually re-
ferred to.by phrases such as "from the gimple to the complex',
"from the casy to thec difficult", 'from the concrecte to the

abstract''?

pod
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Are there sufficient exerciscs for application and repetition?

4 Arc the units with material for repetition adequately spaced

(in the beginning sufficiently near the first presentation to make
correct answers posgsible and after that with increcasing and
sufficient intcrvals to maintain retcntion over large cnough

periods of time)?

Examination of the stimule-function of the singlec didules:

Have irreclevant and distracting details been removed, so that
the attention of the student is clearly focused on the central
part of the information of the didule?

Is the communication prescnted in a sufficiently life-like and
concrete way? For instance, have picturcs and supplementary
demonstration matcrials been used where such aids can supply
the intended information morc cffectively than verbal descrip-
tion ?

Arc the examples given sufficiently varied so that the student
docs not get 2 wrong and onc-sided picturce of the principle or
conccepts being trecated?

Is thec position of information appropriate, so that, for instance,
important information has notl becen placed after the response
rcquest?

Have the prompting techniques used been sufficiently varied?
Has unnccessary prompting been avoided?

As a rule, has mcaningful prompting (by means of logical in-
duction, parallel cxemplification ctc. ) been chosen where
appropriate rather than unnecessary formal prompting of a kind
that may distract the student’s attention and divert it to unim-

portant aspects of the communication?

E:xamination of the respule-function of the single didules:

As a rule, can the qucstions be answered on the basis of the in-
formation that the student has received?

Asg a rule, have responsc requests been avoided that can be
answered without understanding of the content of the didule (by
formal-linguistic pattern completion ctc, )?

Has the responsc request been designed so as to give a reason-
able guarantce that the student has understood the essential
communication of the particular didule? In other words: Arc the
response requests relevant to the aim of the particular didule

(always assuming that each didule has a specifiable aim)?
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5.6

6.2

6.4

6.5

Docs the preozram activate varying types of responsc behavior
(writing, drawing, calculating, comparing, etc.)?

Do the alternatives of a multiple-choice question represent all
rcasonable, non-trivial sourccs of misunderstanding? In other
words: Is it difficult to think of typical student crrors not in-
cludced among the alternatives listed?

Arc the alternatives in a multiple-choice question so designed
that the student's choicc is not a pssudo-chaice (c. g., so that the
incorrect alternatives are not clearly absurd or formally in-
congruent with the main question)?

Does the program rcquest the student to give those types of
answers that the terminal situation will demand from him (so
that, for instance, thc program does not mcrely train the student
to rccognize correct decisions, if in the terminal situation the
student’s ability spontancously to make corrcct decisions in also

going to be tested)?

Examination of the integrative functic.. of the program:

Is the student given an opportunity of applying concepts and
principles, first rresented stepwise, to problem-solving of a
kind that forces him to activatc and operate upon several con-
cepts or principles at the same time?

Arc integrating matcrials in the form of refcrence tables, re-
ferencce diagrams, reference maps or reference texts utilized
where appropriate?

Does the progr m help the student to obtain an adcquate initial
organization ("Ges*talt in advance', "properly structured ex-
pectations') as well as an adequate final organization ('final
Gestalt", e.g., by mcans of "properly structurcd reviews')?

If a programmed textbook is usced, does the student get a table of
contents outlining the broad scope and structurc of the total con-
tents ?

Arc there adequate indices that make it easy for the student to
brush up his knowledge aftecrwards within specific arcas of infor-

mation, if he so desires?

Examination of the motivating function of the program:

Have the programmers tried to provide a sufficient degree of

variation in the review items?
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7.2 Docs the difficulty level of the program appear, throughout the
program, to be so adapted to the particular studcat group under
considcration that there is a fair probability that the students
will be neither bored nor discouraged?

7.3 Havec the cxamples and illustrations - to the extent that scems
possible - been made interesting and rclevant to the expericnces
and nceds of the particular student groups?

7.4 Do the possibilities of individualization within the program
(available branching arrangements) correspond cioscly encugh
to the results of the initial analyses of the target population, so
that, for instance, students with considecrable previous know-
ledge of the subject matter arc not forced to go through the

same matcrial as students without any previous knowledge?

8. Examination of thc c:iternal form of the program: Language

8.1 Do the level of vocabulary and the structurc of sentences seem
to be sufficiently well adaptecd to the linguistic habits of the
particular student group so as not to be an unnccessary barrier
to communication of the main contents?

8.2 Is the meaning of ncw terms definced or otherwisc demonstrated
clearly enough as soon as they are introduced?

8.3 is the language of the program always clear and unambiguous?

8.4 Docs the language always have an optimal degrec of precision
as judged from the goal statcments of the program (that is,
ncither with too low a degrce of precision, including sloppy
cveryday terms where precision is needed, nor with an un-
nccessarily high degrce of precision, such as various scientific
distinctions not to be further utilized in the desired terminal
behavior)?

8.5 Is the use of numbering, punctuation, abbreviation etc., both

correct and consistent?

9. Examination of the extcrnal form of the program: QOther aspects

9.1 Is the general lay-out of the program both educationally appro-
priate and economically defensible?

9. 2 Is the typography sufficicently clear for the intended student group
and also designed to emphasize points that should be emphasized?

9.3 Arc illustrations of various kinds, both within the program proper
and in possible appendices to be used as reference material, so

Q designed technically that they can be expected to result in the

ERIC best possible communication effect?
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12, 5.2 Examination by Means of "T-D Diagrams' Depicting the

Relations between Terminal Objectives and Single Didactic Units

Even during the writing process proper many programmers {ind that it
makes the work easier to draw simple diagrams of the relations be-
tween the terminal objectives as codified in the goal statements on the
one hand and the single didactic units (the didules) as appearing in the
written program on the other. Very often the program writer arranges
both the specific goal statements and the single didule texts on separate
cards in a card catalogue, This means that the diagrammatic survey
often takes the form of a series of relational diagrams, from which it

is easy to see which didule cards (D DZ’ etc, ) are related to each

)
single terminal card (Tl’ T,, ctc. ).1 During the post-writing phase it
is easy to examine, with the aid of diagrams of this kind, whether or
not certain parts of the total goal structure have been given too much
or too little attention in the program, Similarly, it can easily be scen
whether or not enough attempts scem to have been made to reach an
integrated structure of knowledge. Figure 12,1 shows an cxample of
such a diagram. The numbers of terminal objectives and didules in-
cluded in the figure (T- and D-numbers) refer to the program fragment
in Box 12, 2.

If we deal with a so-c1illed scrambled book, the diagram should in-
clude not only information about the main part of any particular didule
(the page with go-ahead signal and new information), but also informa-
tion about the error-treatment pages (the pages that explain errors and
refer the student back to the main pages again). As a rule, in these
cases the programmer should also use a separate ''‘pagination control
list” for checking off page numbers used, The reason is, of course,
that the programmer and the post-writing examiner have to keep an eye
on the scrambling system, somectimes fairly complicated, in order to
ensure a suitable sequence of pages, that is, a sequence which is in-
structionally adequate as well as cconomical with respect to time and
spacc. {No pages should be left empty; the student should not need to
turn too many pages each time; tasks that might make the answer easier
than intended or that vrould oterhwise interfere with each other should
not be placed side by side on the same two-page fold -up of the book,

23
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Box 12.2 Terminal descriptions (T cards) and didules (D cards)
from a program fragment on programmed instruction
(s supplemental material to the T-D diagram ‘n
Figurc 12.1)

Topic: Introductory coursc on programmed instruction
Subjccts: Tcacher students

Note: This fragmentary illustration contains 20 didules (D),
covering 7 spccific terminal objectives (T) - focusing, in turn, on
3 fairly basic "principles'’.

T 1, The student should be able to statc some acceptable reason
for the cmphasis on sclf -pacing in self-instructional ma-
terials,

(Principle 1)

T 2. The student should be able to recognize and rccall the term
“'gself -pacing''.
(Principle 1)

T 3. The student should be able to state some acceptable reason
\ for the cmphasis on "overt responsces' in sclf -instructional
matcrials.

(Principle 2)

T 4. Thc student should be able to recognize and rccall the terms
“overt response' and ''covert-responsc',
(Principle 2)

T 5. Given a set of instructional items, the student should be able
to differentiatc between items demanding "overt! and '"covert"
responscs.

(Principle 2)

T 6. The student should be able to state some acccptable reason
for the emphasis on low crror-rate in self-instructional
matecrials,

(Principle 3)

T 7. The student should be able to state some spccific charac-
teristics in self-instructional materials that make low error-
rate possible, including, at least, the two notions of ''small
steps' and ''careful sequencing',

(Principle 3)

D 1. In the classroom, the teacher most often works with the total
’ class, If so, all students have to go forward at the same
speed - for instance, at the speed nf the average child. This
rate often tends to make thc work (more/less) interesting to
the bright and quick-working chilA.

FRIC | CEN fr6s0/
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What would you gucss about the effect on the slow learners
of following the average student’s specd?

Probably, they (will/will not) grasp ecnough of the material
precsented in the time allowed.

(Cf T 1) /will not/

If the slow learner does not grasp enough of the material
prescnted, he will casily develop a (positive/neutral/negative)
attitude towards nlassroom lcarning,

(Ci T 1) /negative/

Students working at their own speed are said to follow the
principle of "self-pacing'’, :

Presumably, the slow lecarner would be able to grasp more
fully the material to be studied, if he were allowed to work
at his own speed., Conscquecntly, he would probably also
dcvelop a morc positive attitude toward classroom learning,
if the principle of werce used.

(CiT?2) / self -pacing/

Since the quick lcaracr is less likely to losc interest in the
work (less likely to get bored), when allowed to procced as
quickly as he is ablec to, the principle of also
favors thc bright and quick pupils.

(Cf T 2) /sclf -pacing/

D 6.

To sum up, then, therce is reason to belicve that ''teacher-
pacing' is (morc/less) likely to be a favorable lecarning con-
dition than ' "

(CET1 & T2) /less; self-pacing/

The student who actually works through a statistical calculation
is (more/less) likely to lcarn effcctively than a student who
merely reads a description of what to do.

(Cf T 3) /more/

When a student learns, he may make both overt and covert
rcsponscs. Thosc activitics we can easily obscrve (like : -
writing or manipulating a machinc) we call overt response.
Those activities we cannot obscrve (like thinking) we call
rcsponscs,

(Cf T 4) " /covert/

D 9.

Using our technical terms '"overt' and ''covert' responses,
we may say that the student of statistics who mercly reads a

discription of what to do, makes responses
to the text, whcre as the student who works out the calculation
in writing in addition shows rcsponses,
(Cf T 4) /covert; overt)

26
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D 10.

A housc-wife who trics to learn cooking from a book just by
rcading may be said to make only rcsponscs

to the text, Therc is rcason to belicve that this is a (more/
less) cffective way of lcarning cooking than actual practice.

(CET3 & T4) /covert; less/

D 11,

(Obscrvable/Non-obscrvable) reactions are, of course, a
better guarantee that the student has actively responded to all
the important aspects of the matcrials than arc (overt/covert)
rcactions,

(CIT3 & T4) /Obscrvable; covert/

D 12,

To sum up, then, covert responses are (more/less) likely to
be cffective in learning than arc rcsponses.

(C£T 3 & T 4) /less; overt

Look back to the thrce scutences of item 8 above., In which
scntence were you cipected to make an overt response?
Answecr: In the sentence,

(Cf T 5) /third/

D 14,

Look at the four items in Panel I. Put checkmarks in the list
below to indicate the kind of responsc expected in cach case
from the student.

Item Covert only Overt

A

B

C

D

Cf T 5) /Note. PanclIis cxcluded from the prescnt
( P
illustration/

D 15,

A student who is anxious or unintcrested in the work may not
bec motivated to continue working., A student who makes very
many errors may gct anxious or unintercsted in the work. A
student who makes very many crrors, therefore, (is/is not)
likely to be motivated to kecep on working.

(Cf T 6) /is not/

D 16,

If we make an crror, we tend to remember the crror, if it is
not corrected. If we give a correct answer, we tend to re-
member the corrcct answer, In the first case we have to ''un-
lcarn" the error. In the second case we "learn'" directly. Con-
sequently, learning might become more efficient, if we could
arrange the study material gso that the students made (many/
few) crrors,

(Cf T6) /few/
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If the student is going to rcach the goal we have set without
making many errors, we have to arrangc the study material
in (small/large) steps.

(Cf T 7) /small/

D 18,

If ITEM X is somcthing thc student necds to know beforc he
can learn ITEM A and ITEM B, we should begin his sequence
of items with ITEM .

(Cf T 7) /X/

D 19.

In order to make surc that the student makes few crrors
only, it would seem rcasonable to recommend the use of
steps and a carcful of items.

(CET7) /small; scquence/

D 20,

To sum up, if we usc smrall steps and a carceful scquence of
items, wec arc likely to get (more/fcwer) crrors. In that casc
motivation to kcep on working will usually be (higher/lower)
and the learning will procced (morc/less) efficiently.

(C£ET6& TT) /fewcr; higher; morc/
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12.5.3 Examination by Mcans of Didule Protocols

A didule protocol is a device which makes it casicr to make the examina-
tion both complcte and systematic, Examination by mecans of gencral
checklists aids the ecxaminer in covering many aspects, but it may not
by itsclf help him to cover cvery single part of the program ina
systematic way. As a rulc didule protocol includes, for cach didule, a
scparatc examination column, in which - depending on the particular

aim - various kiuds of questions may be answered when this particular
didulc is examined. Thrcc gencral types of such protocols may perhaps
be distinguished: subjcct-matter protocols, mcthodological protocols,
and combined protocols studying both subject-matter distribution and

the mcthodological approaches used,

12.5,.3.1 Subjecct-Matter Protocols

The main aim of the subject-matter protocol is to some cxtent similar
to the aim of the T-D diagrams described above, viz. to facilitate the
examination of the distribution of the subject-matter over the didule
sequence. A squarc-ruled paper may be a good starting-poini. The
numbecrs of the didules arc written in numerical order along the top

of the papcr. The various subjcct matter units that are to be examined
arc listed down thec left-hand margin, For instance, thcesc units may be
single conceptual units or conccptua'l rclations which have been listed
during the pre-writing phas'c as important key points to be covered in
thc program. Somctimes it is morec natural to usc psychological units
than logical units, that is, to start out from a serics of stimulus-
responsc conncctions rather than from concepts and conceptual rela-
tions. Whatcver the particular kind of units used, however, the genceral
examination process will be similar, By means of some kind of check
marks in the appropriatec cells, we report in which of the didules a
particular subject-matter unit is trcated (cf. Figure 12, 2).

Among the questions that may be answered with the aid of such a
protocol, the following may be mentioned: (a) Is cach single basic
subjcct-matter unit represcnted to a sufficient degrec in the program?
(b) Arc some of the didules totally irrclevant to the main subject-matter
to be covered? (c) Is thc trcatment of the singlc subjcct-matter units
appropriatcly distributed (for instancc, an intensive scrics of didules
at the first presentation, followed later on by scparatc repctition items

with gradually increcasing intcrvals)? (d) To what extent have attempts
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been made to integrate the scparate units into meaningful structurcs,
and arc thesc attempts made at optimal points in the sequence (for
instance, wherec the scparatc concepts arc sufficiently well treated
and practiscd)?

When answering the last question, for instance, the examiner will
study to what extent the same didule column contains check marks re-
ferring to several diffcrent subject-matter units, It is usually desirable
that this is the casc in many didules in order to facilitate intcgrated
structurcs of knowledge., At thc same time the examincer of the pro-
gram studics at what specific points in the didule scquence the new
subject-mattcr units arc first presented, As a rulc it is confusing to
the student, if scveral new subject-matter units arc introduced in the
samec didulec. An intcgrating didule thercfore usually contains cither a
scries of units introducecd carlicr in the program or onc ncw unit of
subject-matter in combination with onc or more units introduced
carlicer,

As mentioned above it is somectimes maintained that intecgration of
knowledgc may be facilitated by specific patterns of didules, such as
systematic alternation {"'countcrpoint'), systcmatic overlapping,
ckronological accumulation, or reverscd accumulation of temporal
bechavior scquences (cf. scction 12, 2). Further rescarch is nceded
on thesc and other patterns of didules recommended for integration
purposcs, In this experimcntation . it is, of coursec, valuable to be
able to cxaminc, by mecans of subject-matter protocols, the appcarance
of the various patterns under study, It is then easy for the examiner to
observe inadvertencies and to correct arrangements which have been
left in a less than optimral shape during the writing proccss, (A few
cxamplcs of typical patterns referred to by tac terms usced above arc

given in Figurc 12, 3.)

12,5.3,2 Methodological Protocols

The purpose of the mcthodological protocols is to facilitate the examina-
tion of various mecthodological approaches and make it possible to an-
swer systematically questions of “he following types:

(2) Has thec programmer got stuck in ccrtain working routincs with the
accompanying risk that the student finds the program monotonous ?

(b) Arc the cducational techniques used of such a kind that, besides
facilitating the student’s lcarning of certain subjcct-matter facts, they
also contribute to.cducationally desirable side-cffects (such as good

working habits, positive study attitudes, ctc.)?
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Figure 12.3 Examples of special types of didule sequences as
reflected in a subject-matter protocol

Note: In this figure, numbers have been given to subject-matter
units that make up a connected temporal chain, whereas letters
have been given to subject-matter units that are not temporally
related to each other. A small arrow below the didule number
shows in which order different parts appear within a single didule.

a, Systematic alternation (''counterpoint')
Dy| Do D3| Dy Pg i Dy
Vd Ve
Ca §< s
pa \\ // —
b | >
b Overlapping
Dy | Da| P3| Dy Dg| Dg| Dyl Dg| Dg|Dyy
ca ~J ,\\ \\ x //\
iR /7 /x‘ 4
Cb // HEaN / / N
c. Chronological accumulation
Dy D2l D3| Ta
1 . \X/ \
; C .. \x’._v' -,"/,/‘ -
(72 PN / -
3 S
C4 ~
d. Reversed accumulation

PP D3| Dy

Cyq /
. \.\\ P .
c, R




Qo

ERIC

Aruitoxt provided by Eic:

- 12.30 -

The protocol sheets will be similar to the ones used for subject-
matter protocols, that is, square-ruled papers with didule numbers
along the top., However, questions about the educational approach or
key-terms for different methodological categories (instead of subject-
matter units) are now written down the left-hand margin. If the question
is answered by '"yes' for a certain didule, the examiner puts a check
mark in the appropriate cell (where the didule column and the row of
the question intersect). Similarly, he inserts a check mark whenever
the didule under study can be classified under the methodological cate~
gory listed in the margin,

A very simple question that may be included for study in a protocol
of this type is the following: Wherc has the student to go in order find
a solution to the task set for him in the 2idule? Among the various
possible sub-categories representing different groups of conceivable
answers to this question, we may, for instance, mention the following:
(1) The solution can be found directly in the text of the same didule

("internal-explicit" source).

(2) The solution can be indirectly deduced (throuch a process of
drawing conclusions ctc. ) from the new information that is given in
the same didule (“internal-implicit" source).

(3) The solution can be found in the information presented earlier in
the program ('external-proximal' source).

{4) The solution cannot be found within the program, but can be con-
structed in some way, usually with the aid of the student’s back-
ground expericnce and/or his ability to use logical reasoning (or
mathematical operations) ("'external-distal" source).

At first sight, a subdivision of this type may seem to repres nt an
unnecessary and pedantic cagerness for box-sorting. However, the
observation cf "response sources' is a very important part of the didule
examination, and many existing programs would probably have looked
quite different and been more effective, if the programmer had been
made aware early enough of one-sided techniques utilized, The special
terminological labels used ("internal, explicit etc. ) should not, of
course, be taken too seriously, but a brief and handy term may be use-
ful in writing out thesc protocols as well as in discussing these pheno-
mena. '

Some of the categories mentioned above can be further subdivided,
if desirable. The third category, for instance, may be divided into

maximally proximal cases (when the answer is to be found in the
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immediately preceding didule) and other cases (when the answer is
found carlier in the program). Scparate '"appendices'(or ''panels'') as
response sources can, when appropriate, be listed as a separate cate-
gory, ctc.

Such simple mapping gives the examiner quick information about the
possible monotony of a sequence, showing, for ingtancc, whether or
not the programmer has used exclusively "internal-explicit' sources
(which seems very often to be the case in some published programs),
Each technique may serve an important function. The internal -explicit
approach focuses the attention of the student on the kev points in the
immediate text and seems to be of particular value when new terms
and concepts are introduced. The external-proximal method contributes
to the gradual training of rctention and may also be used in the process
of integration. In order to cnsure valuable educational side-cffects
(good working habits ctc. ), the programmer will probably often find it
most profitable to use ecither an internal-implicit or an external-distal
technique.

Other guestions that can be studied in a similar way, arc: What
type of activity is expected from the student {for instance, copying,
guessing, analogous exemplification, induction from own cxpericnces,
logical conclusions)? What kind of prompting is used? How is the an-
swer related to earlier answers and to the key-points of the didule?
What is the linguistic structurce of the didule? (For instance, how high
is the '"density" of information-loaded words?) Etc. etc. (For further
illustrations, cf, Figurec 12,4.)

In certain cases it might be desirable to calculate some index score
covering the '"educational variation' (the distribution of didules with
respect to a series of sub-categorics related to a certain methodological
question), or some index score covering the proportion of didules in-
cluding certain educational fecatures probably resulting in desirable
side effccts (when some of the sub-categories belonging to a certain
methodological question are thought to be educationally more desirable
than the other sub-groups). Such calculations should not, of course, be
uscd too routinely, nor with too great a confidence in the exactness of
the scores derives. Nevertheless, they can serve an important function
as general warning signals, telling the examiner, in fact, '""The program
ought not to look like this, Revision urgently needed!’ The methodolog-
ical protocol can then show more exactly which particular points

34
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Figure 12.4 An example of a methodological protocol (didule protocol,
type B)

Methodology: 112 313 1;4 5 '6 E’; 8 9 :}10

1. Response sources:

: . % [
1.1 internal-explicit Y S ‘: /< PaN
1. 2 internal-implicit ,
1. 3 external-proximal 4
. v RS
1, 4 external-distal

2. Types of prompting:

T 2\\ / . r\\ N A /,'
2,1 word -form prompts { /( X \( \'\

. - N AN AN S 7 ‘-
2, 2 formal emphasis ) P A A< \
. \.“‘ y \\\ /)‘ | . e

2 . . ' N L S T }." !
. 3 syntactic controls P X /x\i,"/ P “ X

2.4 parallel exemplification i

2,5 induction from experience

2, 6 logical conclusion

Reading key: In didule 1 the student can obtain the information needed for
his answer directly from what is said within this didule ("internal-explicit"
response source), and the answer is facilitated by strong formal prompting

(word -form prompts, emphasizing the key words, and syntactic controls),
Etc, '

Comments: The example shows a one-sided use of "internal-explicit" response
sources as well as formal prompting. In two cases, however, there is no
prompting at all, but the student is expected to recall material from earlier
didules (no. 6 and no, 10), In no case is use made of parallel exemplification,
induction from experience, or logical conclusion, If the one-sidedness
illvstrated here continues over a larger material, there is the risk of both
monotony and less adequate side-effects (lack of training in appropriate study

techniques).
o
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12,5.3.3 Combined Protocols

Combined protocols register both subject-matter distribution and par-
ticular methodological approaches in some kind of combination, In
many cases it is not enough to see whether the subject-matter is
suitably divided over the didules, and whether the methods used are
sufficiently varied, We also want to make sure that the various methods
enter at the most approp.riatc points in the subject-matter sequence,
Sometimes we congider certain methodological #nproaches more
suitable when a new concept is introduced than when the concept is al-
ready relatively well incorporated in the behavior repertoirc of the
student, The types of prompting techniques that we are perhaps reluctant
to accept whe1 we deal with a terminology that is well known to the
student (for instance, prompting of a wholly formal-mechanistic type),
we may sometimes find acceptable, or even natural, when we introduce
a new term. In addition, we sometimes want to make surc that we do
not connect @ certain subject-matter area too closely with a certain
method in the student’s behavioral repertoire. Not only do we want to
have an overall mcthodological variztion, but now and then we also

have to check that we usc a rncthodologically varied techrique in the
treatment of cach single subject-rnatter arca.

In some respects, the combined protocols are very similar to the
subjcct-matter protocols: a squarc-ruled arrangement with didule num-
bers along the top and subject-matter units listed down the left-hand
margin, Howecver, instcad of the simple check-marking process, we
now usc a scries of differecnt symbols for various mecthodological cat. -

gories (cf. Figure 12.5).

12,5,4 A Final Note

It should be mentioned that protocols and diagrams of thesc types may
often be good training instruments for persons wanting to train their
ability to observe educationally important differences between various
published programs. Hence, in courses about seclf-instructional materials
and programming, protocols of these and similar types secm to be

well suited to make the practical training of the study group more
effective and efficient. However, the main aim of thesec protocols is,

of course, to be an aid in the process of constructing a program making
the programmer or an independent examiner aware of possible faults

in the program even before the first empirical try-out, As stated above,
it is hoped that this will reducec the work and cost involved in the final

phase of successive revision,
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Figure 12,5 An example of a combined protocol (didule protocol,
type C)

Subject- Didules
matter

units | 3 1 2 1314 |5 |6

o G| L

~4

LHEd s

LI s

D]

° [ HoD

Unrel.

Reading key:

Symbols for response sources: Symbols for prompting types:
O = internal-explicit W = word-form prompts

\J = internal-implicit M = formal emphasis

D = external-proximal 1 = induction from experience
LJ = external-distal 1. = logical conclusion

X

i

parallel exemplification

The protocol is read in the following way: The subject matter unit C, is treated
in the didules 2, 3, 4 and later on also in numbers 8, 11 and 15. In éidules

2 and 3 the student obtains his answer within the same didule (first with the

aid of word-form prompts, then with the aid of formal emphasis). In the other
cases with Cl the astudent has to rely cu memory. Etc.

Comment:

The didule sequence seems to be well constructed. The micro sequences go

from fairly easy tasks (with prompting) to more difficult ones (without prompting),
non-formal prompting is frequently used, and the sequences contain problems
that ;:o)ntribute to the integration of knowledge as final elements (number 8, 11
and 15).
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As our scientific knowledge of the self-instructional learning process
is gradually increased, the questions studied by means of these check
lists, diagrams and protocols will be more specific, and the evaluation
will be more securely founded on hard facts. This will probably rnean
that the careful study of "pheno-structures' by means of aids of these
kinds will gradually become more important and more ecconomical.

The empirical try-outs with subsequent revisions will probably always
remain an important final control process, but the amount of work in-
volved in it will decrease, and at the same time it will be possible and
natural to pay increased attention to the post-writing, pre-testing exa-

mination.
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13. THE PROCENURE OF SUCCESSIVE EVALUATIONS

13.1 INTRODUCTORY VIEWPOINTS

A comparison between different types of instruction (for example,
lecture, conventional classroom instruction, group work, private
tutoring, and programmed instruction) using a systernatic examina-
tion of various characteristics (for instance, prescnce or absence
of disturbance effects, the degree of data storage, and the degree of
feedback from student system to teacher system) secems to give se-
veral points of departure for a discussion of educational effective -
ness (cf. Figure 13.1). Especially notable seems to be that the pro-
grammed instruction is the only situation which combines (1) con-
tinous feedback from student system to educator system with (2)
complete data storage.

Among other things this mecans that the response residuals in the
used-up programs give good starting-points for revisions (cf. also
Figure 13.2). Usually, therefore, the construction of self-instructional
material is a pragmatic proccdure in which one considers and acts
upon the feedback information. That which functions well is retained,
but that which does not function satisfactorily is taken away or changed.
Another way of stating the basic characteristic of this way of acting
in the system control phase: A program is not really a program until
it works. Or even morec drastically: One should not be surpriscd that

programmed instruction works. It works per definitionem!

The examination of the actual interaction between student and pro-
gram is therefore of basic importance. This means, on a small scale,
a Copernican revolution in the way of looking at student achievement.
Traditionally many pcople look at student achievement in the first place
as a measure of student ability, and thosc students who do not seem
to achieve much are sorted out from the system of the school. In the
evaluation of self-instructional materials, on the other hand, student
achievement is considered primarily as a measure of the effectiveness
of the teaching materials, and instructional units which do not scem to
lead to good student achievement are sorted out or replaced. (Of course,
probably nobody believes that all students are able to learn everything.
But a program evaluation with successive revisions based on feedback
information means a serious attempt to adapt the method to the individual,
thereby trying to reach more individuals in a more effective way.) Pro-
grammed instruction has been one of the major influences behind the
increased interest in what is now often called mastery learning (cf.

Bloom, 1971). 39
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Figure 13. 4 The role of fecdvack and data storage in various types

of instructiona\ svstems

Symbol explanations:

>> = the function of subject-matter presentation

(normal educator functior.)

= continuous feedback from educand (student)

—————> = partial educator function
N
=

to educator (teacher or machine and/or instruc-

tional material with instructor function)

_________ > = partial feedback
>~ = continuous data storage 1)
-
_________ = = partial data storage )
————————— ‘ _ . : 1)
=tz = rudimentary data storage
Pttt e = disturbance effect

1) Quantitative values for what is hereby to be considered "continuous",
"partial", or "rudimentary'" can hardly be given, but most judges
will still be able to agree on the classification of the typical cases

over this rough scale.

A. "Lecture" Educator -’
(No feedback; no data system
storage via the educator 43./ \‘1; \A\ ‘
syatem; no obvious disturb- l:l] . [3:‘
ance effects) Educand systems

B. "Classroom instruction" Educator _;__ | Data I
(Partial feedback from educand system |7"7) storage '

. A\~ | system |
to educator; rudimentary data Jll &;‘ A .
/ \

storage via the educator system; m .

disturbance effects between the

educand systems) "+ Educand systems
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"Group work!

(Partial feedback from educand

to educator; rudimentary 1)da.ta.

gtorage via the educator system;
disturbance effects, but also
partial educator effects between

educand systems)

In certain forms of group work
with succes.iive work reports,
the term ''partial data storage'
may be more adequate.

"Private tutoring"

B Y Rk ] ot amany
Primary | Data !
educator -'——'2':-'l>l atorage |
system | system T
4 P o ¥ s N e ¥

'; '»]_;: l

Educand systems =
secondary educator
systems

(Continuous feedback from educand to educator; educator systems

highly flexible and different from each other in an unsystematic

way; partial data storage; no disturbance effects)

Educator | >'b§.t; s}o;a—gej
system A |7 7 7 system A II
[Educand |

system 1

"Programmed instruction"

| Educator NG I Data storage '
system B | _System B
Educand !

system 2

(Continuous feedback from educand to educator; educator systems

ciien with no or low flexibility, either totally identical or identical

in case of identical educand reactions; total data storage; no

disturbance effects)

.Educater
system A

Data storage
system A1

Educend
system 1

—_—
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Figure 13.2 The three main phases in the interaction between student
and program and three types of feedback effects

PREPAQATION PROSESS PROI(J:UC T
(INTERACTION)
S8 - (1) T N
I. Educand | Individual * Individual
system preparation, - ' product
(student) | "initial : "terminal"
repertoire'', ‘\\ ; repertoire"
experience | L"\\ _ | ‘
residuals ; ‘\ AANANANA
\'\ Interaction ‘
\ between
/ student and \
program y
1I. Educand Program e """.‘/"V\/; \ . Used
system preparation: 4“ \; program
(program) planning \\ (2) ; with
and \ f response
construction \ \ f residuals
N
> (3) TN

~ o m -

Three feedback effects:

(1) "individual effect": addition to or change of the experience residuals
of the individual, which means that.the initial repertoire is different
‘when confronted with a new educator system

(2) 'feedback to the prc;gram": in adaptive educator systems the infor-
mation on the individual’s responses influence the program's con-
tribution to the next phase of the interaction

(3) 'feedback to the programrer'': the response residuals in the used-
up program give indications of where and/or how to revise, that is

lead to reconstruction in the preparation phase.

ERIC 1z
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13.2 THE MAIN STAGES OF THE EMPIRICAL EVALUATION

Revision work and the final testing can of course be carried out in many

different ways. The main principle is an alternating scqucnce of em-

‘pirical tests and revisions. Thc following arc some of thc most usual

work stages.

13.2.1 First Phasc: Explorative Testing of Program Scctions on
Individual Students

The {first testing stage is usually considercd onc of the most cxciting
moments in programming. The program is tried out on individual stu-
dents, It is onc of thosc moments when the programmer’s sclf-csteem
can receive the most unpleasant jolts, namcly, if it is shown that
working sequences, on which he has dcvoted a grecat decal of intensive
work and which he himself believes to be well night perfect, do not in
fact work at all. In order not to be kept in suspense for too long many
programmers consider it appropriate not to keep back this explorative
and individual try-out until ti.c whole program is rcady. Instead, it
may prove good strategy to tcst out small scctions during the actual
work of composition, before going any further.

The students sclected for this first try-out should, from a knowledge
and intelligence point of view, be fairly typical of the group to whom
the program will subsequently be dirccted, but prefcrably they should
not be too docile and timid. Studcnts who arc not afraid to criticize
and proclaim their opinion are those who will prove most valuable in
this first tcst stage. The intention herc is not that the matcrial should
nccessarily be gone through undcr ''ficld conditions', Thc most impor -
tant aim is to get as dctailed an idca as possible of the student’s way
of rcacting to the dctails of the program. For this rcason the try-out
will preferably take place with onc student at a time. As a preliminary,
onc ought - possibly with spccial tests - to make ccertain that the stu-
dent docs not know thc material in advance. Onc should also make clear
to the student that the try-out applies to the study material not to him.
Such a frank dcclaration usually crecates favorable conditions for free
and untrammelled communication without unnccessary anxicty. A quict
testing room and plenty of time are also reccommended.

The first try-out is often made orally with student comments for
cach didule and with a detailed follow-up intcrvicw. However much the
programme?t values his own program, hec must take carc not to bec on

the defensive during thesc interviews., His task is not to dcfend himsnlf,
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but to collect reaction data. Should we begin to argue, we risk the stu-
dent becoming unwilling to express his points of view. If we are dealing
with adult students, the comments can sometimes be given in writing,
The student, for instance, is given the instructional units in the shape
of a collection of cards, and he writes his responses on a response-
sheet, on which therc is also space for marginal side-comments

(e. g., a shcet with two columns, one for rcsponses and one for notcs).
Moreover, the student can possibly fill in a special questionnaire. As
soon as the instruction has been tested with one or more students, the
first revisions can be made. Ambiguities arc removed, better cxamples
are chosen, illustrations arc made clearcer, extra units are added, and
so forth. At this stage the number of students is less important than
the detailed analysis of how well the communication "penctrates'. A
small number of carcfull, studied students is olten a greater valuc than

a larger numbcr whose rcactions are morce superficially studied.

13.2.2 Sccond Phase: Successive Testing of the Entire Program on

Larger Groups of Students

When we consider that most of the obvicus obstacles have been cleared
away, the testing of the total program is begun under normal educatio-~
nal conditions (and with presecntation aids intended for use in the field).
A sufficiently large group is used so that a certain amount of fairly

recliable information can be obtained concerniny

o

for instance, the per-
centage of mistakes in the individual instructional units. Pre- and
posttests of knowledge are cavried out in order to assess the total
learning effect. The program is revised on the basis of analysis of mis-
takes within the program and the t2rminal effects. Individual units arc
discarded, additional tasks are inserted, the sequence of units is al-
tered. Perhaps it is shown that extra branchings are necessary. After
revision a new try-out on a new group of students is made. The pro
procedure can be repeated several times. In principle, the group try-
outs should be continued, until those values of error data and, above

all, of terminal performance data have bcen attained that are considered
desgirable and agree with the objectives of the course. In-order to fore-
stall confusion and, in addition, in order not to give a false impressican
of having a fully adequate material, the program versions, which arc
used in these preliminary try-outs, should have suitably unambiguous
headings such as "Experimental edition 2", '""Experimental edition 3"

or somcthing similar. (A more detailed discussion of evaluation criteria
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13.2.3 Third Phase¢: T :rminal Ficld Testing

When revisions arc no longer considered necessary, the time is ripe

for the final ficld testing. In this the demands on the represcentativencss

of the student groupé and on thc '"'mormality' of the ficld conditions arc

morc scvere, Exhaustive data on pre-knowledge, intelligence, time
spent and final results arce collected. Pre-knowledge and final results
arc often measurcd best by parallel tests. In view of the student be-
ing able to lvarn somcething also from the prce-test, and taking into
consideration that the student can learn a greaf deal from: the study ma-
terial without on that account attaining the same level of knowledge as

a student taught by another matcrial, it is often desirable to usc the
prc- and post-tests, for the sakce of comparison, also in a control
group (with a corresponding student group, but taught in a diffcrent
manner). Anothcer rcason to usc a control group for the pre-test is

that this test can have a certain motivating cffect, in that the student
gains advanc. information about his own futurc possibilitics after the
cnd of the coarsc. (A comparison between the first and the third testing
stages is given in Box 13.1; an c¢xample of the planning schedule is
shown in Box 13.2.)

Aftcr this ficld test no alteration of the program should occur.
Data of this test’s conditions and results will, namely, constitute an
esscential part of the basic information about the pfogram's character
for tcachers and administrators, This information should normally be
publishcd in the forr of a spccial '"program manual', which can be
said to be the program producer’s '"declaration of ingredicents" for po-

tential program consumers.
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Box 13.1 A comparison between the first and third main stage in the

successive try-out work

First Stage

Third Stage .

Aims

Explorative tests of the
ability of the program
to communicate and

tcach

Collection of data for

' final ""declaration of in-

gredients' for program

consumers

Time

Several times during

developmental work

Not until entirc program

is in terminal state

Main
resronsibi-

lity

Program constructor

Expert of investigation
Mcthods in behavioral

sciencces

Test

persons

A small number of
persons typical of the

target population

A larger number of per-
sons, an unbiased
sample of the target

popuiation

Test con-

ditions

Fairly informal with
good prospccts for re-
laxed communication
and intensive obscrva-

tion

Strictly reproduceable
conditions, demands for
detailed informacion re
student charactcristics,
dernands for the situation
to corrcspond to the con-
ditions under which the

program will be used

Follow-up

mecasures

Revision of program

Tabulation and analysis
of data re program’s

effect; no revision
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Box 13.2 Planning and realization schedule: An example

Note: Preparation, construction and follow-up work demand exhaustive
planning. Here 2 planning schcedule can be of great use. It should- in
addition to the designations for th: different work stages - include the
names of those responsible for the different work stages as well as

the date when the stage’s work should be finished (PT = planned time),
and when it actually was finished (AT = actual time). The latter de-
tails can give a sounder ground-work for the planning of the next pro-
gramming project.

Project ... vovvvennnnan . Projectlcader ......... e reee

Task: Responsible: PT AT

i{. Main dircction of goal
analysis is established

2. Goal analysis, inclu-
ding detailed terminal
descriptions and ter-
minal tests

3. Studcat group identi-
ficei and analyzed

4, Enlarged terminal
chart and modified
tests

5. Situation analysis

6. Subject-matter ana-
lysis: logical struc-
turing

7. Subject-matter ana-
lysis: psychological
cupplementation

8. Choice of prescntation
media -

9. Points {-8 arc co-
ordinated and tabu-
lated in the form of
de tailed directives
to the program azuthor,
supplemented with T-
catalogue, C-catalogug,
etc.
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Task: Responsible: PT AT
10, Examination of al-
ready cxisting didac-
tic material, Possible
decision on project
alteration,
11. Preparatory sequen-
tial decisions: Choice
of “"flood model"
12, Preparatory subject-
matter structuring, l
possibly in the form ! {
of a didactoplan ! :
T: &
13. Version 1 ia com-~ ;
pletéd i i
i
14. Version | i8 re-examined :
15. Version i is revised §
L
!
16. Version 2 is subjected i
to prenmiinary try-out
with individual obser-
vations
17. Version 2 is revised
18. Decision on further pre-
liminary try-outs
19. Version x is group-
tested
20. Version x is revised
21. Decision on further group

tests for revision pur-
poses

1Y
X3

P
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Task:

Responsible:

PT

AT

22,

Editorial final examina-
tion

23,

Printing (or the like)
of final version

24,

Field testing

25.

Writing of program
manual with data from
field testing

49
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14, EVALUATION CRITERIA AND EVALUATION AIDS: SOME
EXAMPLES OF RELEVANT VARIABLES AND SYSTEMATIC
MAPPING DEVICES

14.{ INTRODUCTORY POINTS OF VIEW: DIFFERENT TYPES OF
EDUCATIONAL MEASUREMENT

In general, educational measurements can be made of conditions before,
during, and/or after a particular inst ictional sequer ce, and they can

aim at an evaluation both of the individual and of tne instructional system

(as is oullined in Figure 14. 2).

In the past, work on educational measurement has above all dealt
with problems concerning cell 3 in our figure: how one constructs
measurement instruments that give as reliable and valid a picture as
possible of the final competence of the individual, mostly in com-
parison to some '"norm group'. This is, of course, an important as-
pect. However, other measurement aspects have by comparison been
underdeveloped. First, it should be of interest not only to assess the
status of the individual but also to c¢valuate the instructional system
he is confronted with, How good are our systems (constructed to bring
forth an optimal sequence of behavioral changes in accordance with
given goal descriptions among the largest possible number of relevant
students)? Second, it can well be said that so far we have been too
often satisfied to obtain evaluations afterwards only (cell 3 and 6), in
which case we primarily get comparisons between individuals or com -
parisons between systems, while 2 combination of measurements
during and after the instruction (2+3 or 5+6) would often give more
"'ugeful' information, By useful information we then mean such data
that directly serve to localize weak links in the instructional system:
single parts that should be improved.

Programmed instruction is one of the fields of recent educational
interest that have served to turn the interest of educational measure-
ment specialists in new directions and broaden the focus. When succes-
sive revisions of the material are made, one is guided both by the be-
havior of the students in the instructional situation (to what extent the
student succeeds and how he reacts to single didules) and by their ter-
minal achievements (their ability to reach the goals as measured by

terminal tests).

514
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Before During After
instruction instruction instruction
Focusing on (1) (2) (3)
a single Establishment Stepwise test- Establishment
individual of initial level ing for succes- of terminal

sive feedback,
e. g., to guide
choice of in-
structional

alternatives

level; report

on "com~-~

petence

Focusing on

the "system"

(4)

Studying
relationship
between actual
student level
and difficulty
level of the

system

(5)
Localization
of defects in
function;
control of
relevance of
branching

system

(6)
Assessment of
total effectiv-
cness and
efficiency of
system in re-
lation to goal

catalogue

Figure 14,1

measurements

General examples of various types of educational
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14,2 TERMINAL VARIABLES: FINAL ACHIEVEMENTS

The terminal achievements are naturally cnough the most important
indicators. If we get good final results, then we nced not bother so
much about the previous behavior during the instructional situation.
However, should we obtain & less satisfactory final achiecvement, then
this is an important indicator that something is not in order, but this
piece of information usually gives the programmer rather little specific
guidance on where and how improvements should be made. In this case,
then, study of the didule behavior (correct and incorrect reactions on
single instructional units) is far morc inforrnative,

The character of the final tests is obviously very important. If the
test is unsatisfactory (unreliable or not representative as far as the
goal of the course is concerned), then we are severely misguieded when
we try to assess the effectivity of our study material, The final tests
should therefore always be worked out in close cooperation with experts
in psychological and educational testing and with reasonable attention paid
to usual mecasurement criteria (including demonstrations of recliability
and validity).

Since there are many books on these topics, we will not enter into
any description of these general rules here, but refer any recader who
feels that he does not know cnough about these matters to common text-
books on educational measurcements.

Besides these general criteria, we would like to emphasize three
desirable characteristics of our measurement instruments. They should:

(a) be so designed and so related to the specific instructicnal system
that {hie results obtained in using them will have clear and meaningful
consequences for further planningj

(b) have a broad coverage, rather than be one -~sidedly perfect,

(c) be clearly goal-related, rather than content-reclated or norm-
related.

The first condition mentioned was already touched upon above in our
brief discussion on Figure 14. 1, and we will return to concrecte examples
of this below. The second point may secem seclf-evident, but neverthe-
less is sometimes too casily forgotten. One should keep in mind the
total goal areca of a course, so that one does not rest satisfied with too
narrow a test instrument. The temptation to do this often derives from
the fact that certain behaviors are more easily tested than others. If,
for example, retention over louger periods of time or a certain kind of

transfer effect are important parts of the goal area, one should try to

0z
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assess these things, even though they may be difficult to mecasurec,

Our measurement techniques are comparatively advanced as long
as we deal with the cognitive ficld. Nevertheless, there is a risk that
we rest satisfied with tests dealing primarily with simple recall of
separate items of knowledge (since such tests arc so casy to construct),
in spite of the fact that we really want to cover more complicated abi-
lities (such as application, analysis, or synthesis of knowledge items).
In order to help us remember to cover those aspects that we intend to
cover it may often be worth while to use test construction matrix of
the kind presented in Figurc 14, 2, In the hecadings of the columns the
various cognitive functions we want to deal with are entcred (for cxamplc,
using the terms of the well-known taxonomy of thc Bloom group; Bloom,
1956), while.the rows reprcsent the various subject-matter areas.

Such a simple cell system may be 2 good aid for the test constructor in
not forgetting any important type of test item. (Cf., for cxample, Payne,
1968.) This docs not mean, of course, that it is always casy to con-
struct items which correspond to all the cells of such a matrix. We may
find it especially difficult when we arec interested in including not only
cognitive, but also non-cognitive functions. In spite of attempts to con-
struct taxonomies in non-cognitive ficlds also (sce, e.g. Krathwoh},
1964), we still have very few good test instruments available in these
areas,

In our third and last poiit on desirable characteristics we touched
upon the frame of reference of the cvaluation or the critera used for
comparison when we make our assessment, We may distinguish three
main categories of such assessments:

(a) Goal-oriented assessments, The assessment of the instructional

result in then related to a specific series of goal descriptions, (" Qut of
the available test items, dcsigned to cover the demands of our goal
descriptions, Student S1 has been able to pass 90 %. ')

(b) Process -oriented (or content-related) assessments. The asscss-

ment of the instructional resultis rclated to some specification of what
has been presented during a course. (M"Out of ti - available test items,
designed to be a representative sample of the content of the coursce -
as this is scen from a particular book or summary of lectures, Student
S, hac been able to pass 89 %. ')

(c) Product-group oricnted (or norm-related) assessments, The

asscssment of the instructional rcsult is related to information about

results of other individuals. ("On the tcsts used Student S, has obtained

03
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a result which places him in the best 25 %. ")

All thrce methods can give valuable information in some situations -
and somctimecs, in addition, rather similar information. In other cascs,
however, the similaritics arc less niarked, and then it is rcasonable
to ask which of thc mcthods is most meaningful for onc’s particular aim.
It might first be noted that the third typc of assessment is most clecarly
different f{rom the othcr two in being morc relative in character. Thus,
we may talk about "absolute' or ''criterion-related" assessment on the
onc hand (and to this group we may then refer both the a and the b type)
vs. ''relative'' or "norm-rclated" asscssments on the other (the ¢ type;
cf. for examplec thec dichotomy in Glaser, 1963).

Earlier educational measurcment was usually dominated by norm -
relatecd measurements. Theun the main aim was to differentiate among
individuals, for example, in ordcr to make individual predictions of
future study success. Test rcesults arc thus mainly secn as prognostic
instruments (wec predict from cell 3 - cf, Figurc 14,1 - at time 1 to
cell 3 at time 2 ctc. ). But for many other purposes, espccially when
we arc interested in the cffectivencess of a particular instructional ma-
tcrial, this type of inforniation is not speccific ¢nough. It is not very
infor ativec to know that a ccrtain person has passcd through a s.:dy
material A and done somecwhat better than the average student. It would
often be much more intercsting to know what he is able to do.

If this is what we want, the two «ther criterion-related as.c~"aen’
typc 2 and b, comec into focus. The diffecrence between them s some -
times not vary large, and the distinction is often ovcrlooked. If the
particular coursc has started from and closecly kept to a given goal de-
scription, then the diffcrence should usually not be of imposrtance, (if
thc main goal is not quitc outsidc the scopc of the subject-matter; there
may be courses, wherc the subject-matter is morc or less irreclcvant,
but where the goal is to teach the students a particular study technique,
for example; this may not cxplicity be seen from the particular coursec
material used). Thc reason why it is important to distinguish between
type a2 and typc b is, hovrever, primarily that many courscs lack a
clear relation betwcen a spcecified goal description and a closcly related
course content. It may be casy and tempting to choosc a textbook of a
course and''make a test on it" without pondering upon the rclation of the
book to a given goal description or a goal conception bchind it. Then,
however, we will lose our possibility of detecting defects in the goal-

relatedness of the course.
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In general then, goal-oriented asscssments are in many cases to be
~refcrred to the other two types: they arc definitively morc informative
than thc norm -related oncs, and they are often more relevant than the
process-oriented ones. When we dcal with programmed instruction, it
is quite obvious that we should usually prefer to work with goal-oriented
assgessments, very closcly connected with the terminal analyses started
from. This statement may secem rather sclf-cvident, but it has certain
conseguencces thatlmay not be so obvious and even seem a little unusual
to a person used to the routincs of cducational measurcments.

The fact is that some of the mcasurement routinces that have been
built up arc closcly rclated to thic aims of norm-related mcasurenzents,
and that these are not cqually meaningful in the construction of goal-
rclated instrumentis, For instance, when we deal with norm -related
tests, it has often been natural to incrcase the discriminatory power
of the items by screening away such test items that show an espccially
high or cspccially low frcquency of cerrect solutions. If onc has the ge-
neral aim of obtainii.g a clear dispecrsion in one’s group, this is a natural
proccdurc. In a goal-relatced test, however, onc’s main demand is that
a test item should be clcarly releva ¢t to a specific sub-goal of the goal
catalogue, and that thec test item should differcntiatc between those who,
in a terminal situation, arc ablec to rcach this narticular sub-goal and
those who are not. Let us supposc that wec have a test item which ful -
fils the demands just mentioned. Should such an item get a very high
frequency of corrcct solutions, then this cannot be an arguemnt to re-
move it: the high frequency shows only that the instruction has been
effcctive in this respect. Should the item get a low frequency of correct
solutions, on thc other hand, then this fact cannot be a reason for
screening it out either: this may rather be an important indicator that
the instruction on this point has to be improved. The discriminatory
power of the items in the particular product group is thus not an adequate
basis for scrcening out items, when we deal with goal-oriented tests;
it is morc important that the items discriminate between groups about
which one knows, {rom other sourccs of information, that they have/
do not havc abilities which correspond to the goal description {cf. Glaser,
1963 and Marton, 1969).

In general, then, we do not choose test items with gencral predictive
symptom value, but items which are closely related to sgecific goal de-
scriptions; and we do not nccessarily weed out itcms which most students

are ablc to solve after going through the couirse.
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14,3 MEDIAL VARIABLES: BEHAVIOR IN THE INSTRUCTIONAL
SITUATION

The behavior in the instructional situation is studicd in dctail during the
explorative, individual try-out phasc and from certain points of view
(for example, with respect to correct vs. incorrect respongse behavior
on individual instructional units) also during thc group try-outs and in

the final ficld study.

14, 3.1 Mecdial variables of achievement character: Analysis of correct

and incorrect rcsponscs during the work with the program

Among the most common aspects of the examination of student behavior

in working with programmed materials, is error analysis. This is very

rcasonable both from a common scnse point of view and from the view -
point of Skinnerian theory. The risk is that the programmer strcsses
thc counting of errors more than the analysis of crrors.

Instructional micro-units ("'didules') that have causcd many errors

should not be discarded without further investigation (in some cascs and

for certain purposes a somcwhat higher percentage than usual may be
acceptable and educationally meaningful), but thesc error-causing units
should always bc carefully cxamined, so that thc programmer can come
to as rcalistic conclusions as possiblc about the reasons for the increased
error frequency. Some of the most common reasons are, of course, that
the rcegponse demand has becn ambiguous, that the languagec has becn
poorly adapted to the particular student group, or that the background
behavior, built up earlicr in the program, has not been trained to a
sufficiently high level of stability and precision to ensurc a correct
solution in the specific task uander study. In all these cascs a revision
seems to be the appropriate next step for the programmenr,

Even though the study of crrors is important, we should never forget
that the crror rcaction alonc doc not nccessarily tell us very much
about the cffcctiveness of the specific didule where the error occurred.
Onc of the reasons is, of course, that the correct answers are usually
given as feedback., We have no simple one-to-one correspondence bet-
ween the dichotomy '"correct versus incorrect response' on the one
hand, and the dichotomy '"understanding of the task versus lack of under-
standing' on the other hand.

During the first individual try-out phase, at least, it may therefore
be advisable (Gordon, 1963) to have the students mark off the units that
they do not quite undcrgtand (whether they have answered the questions

9
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involved correcctly or not).. A simple question mark in the margin of
the text or on a spccial sheet of comments would usually be adequate.
This gives us four categorics of student reactions: (1) "error with re-
mmaining doubt!", (2) "error without remaining doubt", (3) 'no crror,
but doubt', and (4) "aeither crror nor doubt!'', It is obvious that didulcs
of the first type have to k2 reviscd. On the other hand, the sccond type
may sometimes be educationally fruitful, (Once in a whilc the most
cffective instruction may rciult from the student’s being allowed to
make an incorrecct responsc and having it clearly classified as wrong;,
this may be the casc when we arc dealing with a ""'spontaneous error
tendency', causcd by strong intcrference from carlicr rcsponse
patterns. ) The main advantage of this analysis probably lics in the fact
that we can identify those units where the student have answered
correctly, but where they nevertheless register lack of understanding
(the third category above). In thesc cases the programmer may, for
instance, have used too strong prompting techniques, a fault that a
simplec crror analysis unfortunately cannot demonstrate. Such units
should usually be revised, too.

This kind of analysis is uscful not only for lincar programs, but also
for the crror-treatment program of the scrambled book type. The lack
of corrcspondence between understanding and correct answers may be
quite frequent in some of thesc programs, if no extra checks arc made.
It is quite possible that the student chooses the correct answer imme-
diately in a multiplc-choicc situation, without undcrstanding the correct
answer (the other alternatives may be too obviously wrong, for
instance). There is also no guarantcc that the final correcct answer
given by the student is connected with understanding. It may simple be
the only altcrnative left aftcr the student has passed through all the
error branches (without having understood enough of the crror treat-
ment given),

If we try our program on onc student at a time and simply cxtend the
number of steps at cach point wherc errors osccur, there is 2 consider-
able risk that we end up with a very large (and inefficient) program.

On the other hand, if we fcel content with overaill crror percentage
(making no revisions at all if thesc percentages fall within ccrtain pre-
established limits), we do not fully utilize the information collected.
The first approach places too much weight on the behavior of single
individuals which may or may not be atypical (and is too much influenced

by chance), whereas the second approach gives us too little information

08
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about individual items. Instead, a systematic mapping of crror distri-
butions and crror types would usually be preferable, and as a rule this
mapping should also include subject reports on undcrstanding. A natural
starting point is then a simrple survey table, including both errors and
reports of lack of understanding. A square-ruled background grid with
students as row headings and didule numbers as column headings would
be a simple, but adcquate design (cf. Figurc 14. 3). This survey table
should be supplementcd with a frequency list of deviant responscs.

These aids are good starting-points when the programmer has to
answer questions of the following types: (1) Do the crrors concentrate
on certain specific didules {''column comparison')? (2) Is therc any
good educational reason for this, or is it simply an indication that these
particular units or some immediately preceding units should be revised?
(3) Do the crrors concentratc on specific individuals ("row comparison')?
(4) Arc these crrors of such a systematic character that some prepara-
tory additional coursc (remecdial branching after a filtering test) would
probably rcduce their number considerably? (5) Do the same crror
types occur repeatedly for some individuals? (?) Could this best be
avoided by more complete information in the main program or by utilizing
special branching for remedial instruction?

For a summary discussion on the rclation betwecen item difficulty and
learning effect we may refer to Jacobs (1963). The main thesis of
Jacobs is that many variables influence the degree of difficulty without
influencing the learning effcct and vice versa, and that it may thercfore
be mislcading to concentrate the study onecsidedly on item difficulty (in
terms of error frequency) as the only evaluation criterion. Our cxamples

above peint in the same dircction.

14.3.2 Medial Variables of Expcricnce Character: Analyses of

Attitude Development and the Degree of Subjective Difficulty

In addition to such evaluation variables that decal with the final lecarning
result (the terminal behavior) and such that deal with correct vs. in-
corrcct behavior during the study process, it is often also desirable to

examine the development of attitudes in the instruction situation (or, to

use anothcr word, the gencral "climate of work'). Successive observa-
tions of the study behavior during the course as well as direct attitude
questioning at certain points of time are natural mcthodological
approaches. Among questions in which one would usually be interested
Qo in such studics are: How does the student cxperience the self -instructional

EMC work situation? Is this felt to be rmore or less stimulating than the
09
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Units
Ul U2 U3 U U“
[Students
Sl E?
3
S2 E? E E E
?
S3 E 7
S4 E
5
S5 E¢
Se
S E
n

Reading key:
E

<

error
lack of understanding

nn

Figure 14.3 Typical structure of a simple survey table

("Error-and-doubt distribution")

In this simple hypothetical example we find a clear error concen-
tration on unit 3 on the one hand (for almost all subjects) and for
Subject 2 on the other hand /for almost all units). We also find

a relatively large number of question marks for unit 5 in spite

of the fact that this unit has not actracted any errors at all.
These kinds of information are obviously better starting-points
for revision than overall error percentages for total programs.
For more detailed discussion, cf. the text.
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traditional teaching the student is used to? And if it should be ex-
perienced as more stimulating: Is this only a temporary phenomenon,
some kind of novelty effect, or is it more stable, observable during a
longer period? What attitudes to the particular subject-matter do we
find under the particular conditions of programmed instruction? Can
we find any influence on the students” attitudes towards studying in
general?

In the debate on programmed instruction, particularly during the
early years, many participants seemed to have clearcut and general
answers to such questions. Unfortunately, however, they were often
more emphatic and certain than unanimous. Probably such questions
can only to a very limited cxtent be given general answers., The answer
for a given situation will depend both on the particular study course
under work (therc arc stimulating and dull programs just as therc are
stimulating and dull textbooks) and on the other expericnces of the par-
ticular student group (thc “'comparison' criteria), It should be no
hindrance to our study of attitudes, howecver, that the answers only sel-
dom can bc¢ gencralized. On the contrary: it will be so much more im -
portant to cvaluate the specific course matcrial, as cxpericenced by a
particular target group, not only from the point of vicw of achicvement
but also from the point of view of attitude development.

Side by side with the attitude variables propcer, it may sometimes
be of value to study other "expericince variables', cspecially the "sub-
jective difficulty level™ of the iten:s. When constructing tests one
commonly define the difficulty of an item in terms of frequency of correct,
solution, but difficulty defined in this way is obviously not meaningful
in the individual casec. Lect us supposc that the calculating tasks
(1)2x2t=; (2)3x34=; (3)11 x13 =, and (4) 145 x 112 =, for the

four students A, B, C and D rcsult in the following distribution of correct

and incorrect solutions:

correct solution
error

it

C
E

it

Jaow»

aaoaa =
Haoaoa ©
BEHOO W
HEEHO =

We note that Task 1 is solved correctly by all. Hence, it has the p-

value of 1. 00 and is then, using common “est-construction terminology,
an "easy' task. But is it equally ecasy for student D as for student A ?
Q If we define difficulty level in terms of frequency of solution, the answer
Rl S

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

- 14,13 -

is ‘yes’ - or rather: then the question is meaningless. But very pro-
bably the degrec of "subjective difficulty' is greatecr for student D than
for student A. Wec might get some idea about whether or not we are
corrcct in making this guess, by cxamining the amount of time for so-
lution and/or by means of dircct student ratings on difficulty, and it
should be of interest to rclate such variables to both achievement va-
riables and commmon attitudc variables. (Our discussion of this point

follows idcas in Jacobs, 1963).

14. 3, 3 Spccial Aids: Didactograms

If the program is non-lincar (for instance, using parallel tracks, re-
medial loops, by-pass arrangements, etc. ), the simple survey table
is somctimes not the best possible starting -point for a study of crror
frcquencies on various items. There are two main reasons for this:
(1) Error frequencics should usually be considered in close connection
with their position within the branching system, and (2) we also need

information on frcquency of usc for the various tracks or branches in

the system, Hence, in these cascs, it is often useful to draw spcecial
diagrams.

The basic outlinc of such a diagram will be stable for a particular
program version, irrcspective of the student rcacfions, and will show
the scquence of the didules, including all available branching possibi-
lities, As starting-point for thesc diagrams it is often suitable to use
the "didactoplan' constructed carlicr during the precliminary decisions
on sequence (cf. above). On this background diagrawr we rray fill in in-
formation about the individual’s actual working routc as wecll as his
working results on the single units (corrcct and incorrcct rcsponses
symbolized, for instance, by means of plus and minus signs). Such a
program outline, filled in with student behavior registrations, might be
called a "'didactogram!', and it gives us a relatively surveyable map of
the interaction between the instructional system of the program and an
individual (cf Figure 14.4), '

Data frorm. several individual diagrams can be brought together in a

"group diagram', on which information about the percentage of correct

solutions for ecach single resnonse demand, as well as information about
the number of individuals using various possible tracks within the branch-
ing system, can be registered (cf. Figurc 14.5).

Such a diagram can be uscd by the programmer for many different

kinds of decisions. To take only one example; if may often be shown

€2
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that some of the branching possibilities have not been used at all. If so,
it is natural task of revision to get rid of these tracks or give them
some other form. Such an analysis is important, for instance, when we
work with multiple-choice arrangements and subsequent error instruc-
tion connected with tie various possible error choices. Perhaps some
of the error choices never attract the attention of the students, and the
special error instruction included within the program is then dead wood.
Unfortunatcly there is seldoim any evidence that the productive authors
of scramblcd books have cxarrined their often very bulky crror instruc-

tion in this way.
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1 2 3 4 5 6 1 8 9 10 1 12 13 14 15 16 7T 18 19

Figure 14.4 A diagram of branching use and response correctness
for a single student
("individual didactogram!): An example

Background symbols:

(The background structure is the same in all diagrams representing
the same course version)

filter function

terminal testing function
a didule that all students should go through

a didule in a gpecial, additional course with remedial function

a didule in a special, additional course containing optional
"enrichment"

a didule in a parallel branching system

1

o pDgO am
n

a didule with connected error treatment (two error alternatives)

Working symbols (individual data):

the route followed
correct solution
incorrect solution

P+

{1 | B

':E‘l}e diagram is read in the following way:

The subject gives a wrong answer to the introductory filter unit
(no. 1) and is then directed to go through the special remedial items
2-4, the response demands of which be answers correctly. Since he
also gives a correct response to unit 5, he does not need any further
remedial treatment, but is allowed to proceed directly to no. 8.
Among the possible parallel tracks (covering units 10-.12) he chooses
the one called Alternative B. He makes one error choice in each of
the multiple-choice tasks (15 and 16). He chooses to go through the
optional enrichment sequence (17-.19). After that he solves the ter-
minal test item correctly. :

c4
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Figure 14.5 A gvoup diagram of branching use and response

correctness ("'group didactogram'): An example

Background symbols: See Figure 14. 4

Working symbols: Figures without pareathesis give the percentage

of correct responses ("'freauency of correctness'). Figures with
parenthesis give the percentage of students who have used a speci-

fic passage ('frequency of use').

The diagram is read in the following way: 50 per cent. of the students
answer unit { correctly, and these students are directed to go for-
ward directly to number 5. The rest of the students go through the
remedial items 2-4 (in which the resulting correciness percentages
are respectively 85 90 and 95 per cent.) On item 5, correct an-
swers are given by 60 per cent of the students; these students are
allowed to go directly to number 8. The remaining 40 per cent. pro.
ceed through numbers 6 and 7, etc.

Comments: The correctness percentage is fairly high for most of the

units. An exception is number 11 in Alternative B; this unit should
therefore be given special attention. The units with filter function
(i and 5) have a moderate correctness percentage, which usually
can be considered to be adequate (if all students should answer a
filter unit correctly, the appended remedial sequ nce would be un-
necessary). The error-treatment units 15 and 16 give uneven values
(D 15 has few correct answers, and D 16 has uneven distribution
between error alternatives) and should therefore be especially
examined. Finally, it is, of course, a good sign that the terminal
unit with testing function (20) has a high correctness percentage. -
Frequency of use: The optional choice of parallel sequences gives
an uneven distribution (almost all students choose Alternative B).
Here revision is probably indicated. The distribution in the choice
of enrichment courses, however, does not seem to give any reason
for revision.




14.4 ANALYZING RELATIONSHIPS BETWEEN STUDENT BEHAVIOR
VITHIN AND OUTSICE THE PROGRAM

The final critcerion of the effectivencess of a program is, of course, the
student’s tcrminal behavior., As was stated above: If this reaches accept.
able levels within rcasonable time periods, we nced not be so concerned
about the details of the behavior within the prograrn. However, when
tirc terminal behavior is not fully adequate or when the time used szems
too long, an analysis of the student’s bchavior within the program is
necded to shiow us the place wicre revision is most indicated. About - .
these genceral ideas there scems now to be a fair degrec of agreement
among programiners. However, two deficiencies stand out in many re-
ports on program deveclopment. Sometimes the programimers arc so
exclusively interested in the error percentages within the program that
all other considerations, cven those concerning the terminal behavior,
scem to be forgotten. In other cascs attention is paid both to final tests
and to the crror frequencies within the program, but the programmer
does not carc to study any particular rclationships between student be-
haviors within and outside the program, cven when these rcelationships
should pive him important additional infor: .ation {sucih as, for instance,
would ofteu be the casc in branching programs). In the following we

will give a fcw brief illustrations of rclationships between student be-
haviors within the progrem and outside the program that shiould be of

intcrest to the programmer.

t4.4.1 Information Dcnsity and Information Spced of a Program

As has bcen pointed out (Bjésrkman, 1963) the information value of a
unit of information can be defined as the difference between the pro-
bability of corrcct answer before and after the communication. Since
the single units (didules) of a program often do not contain complete
terminal recactions, however, but have other purposcs as steps on the
way towards, such terminal rcactions, it is often unrewarding to study
the information valuc (in this sensc) of the single units. (This valuc
may be maximal in the stated operational meaning without any gurantce
that we have come closcr .o any of the terminal recactions. ) On the
other hand, it should be quite mcaningful to study the spccial tasks,
somctimes called "criterion problems", which test the student’s ter-
minal behavior after he has gone through an instructional scquence
of rclated units. Even when formally built into the program proper,
o these criterion problems arc cquivalent to test items and may be
ERIC $13!
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considerced to represent "behavior outside the program™ in the scnsc
intended liere. If we examine the ability of the students to solve thesc
critcrion problems before going through the instructional sequence
(error percentage A) as well as their ability to solve them in their na-
tural context, that is, after going through the scquence (error percentage
B), wec shall obtain morc meaningful measarcments of Yuncertainty
reduction' {crror percentage A - crror percentage B).

Lot us assume that, for cach new concepts we introduce we have
at lcast onc instructional scquence, and at lcast one criterion problem.
The uncertainty rceduction of the cri. <ion problem divided by the num-
ber of units (didules) included in the scquence then gives us a measure
of the "information density' of that particular sequence. The infor-
metion density of the total program may then be defined, in principle,
as an average of the density of tihe scparate 1micro scequences:
Ai"Bi AE'BZ A3-53 A -B

+ + + 4

3 ™
D?. I"3 n

Dy

n
Ai = tiec crror percentage of the student group under e:zamination on
criterion problem i before the relevant instructional mat~arial has
becen studicd.
B. = the error percentage of tne student group under examination on
criterion problem i after going thorugh the instructional material.

number of units {didules) in the micro sequence that lcads up to

v}
u

criterion problem i (and the purpose of which is to tcach the stu-
dent the concept Ci).
C. = basic concept (represented in the program by thci_ﬂl critcrion
problem and the Et_h instructional scqucncec).
n = numbcr of basic concepts included in the program.
‘Notc. Obviously a formula of this type only gives onc aspect of the
complexr plicnomenon of information density as intuitively conceptualized.
For instancec, it docs not consider the fact that various conceptual units
can make widely differing demands on the "intcrmediary processces'. If
these demands could be cipresscd quantitatively {(and average jndgments
from a group of raters might perhaps be uscd in this conncction - at
lcast for a first approximation), a weighting of cach quoticnt (Ai-Bi)/Di
with respect to the demands on the intermediary processes might
vimprove! the formula, that is, mecan that onc more possible criterion
o of step sizce hias been taken into consideration.
LRIC 67
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If we exchange the information about the number of units (didules)
in tiic micro sequences (Dl‘ D,, Dy, v l)“) acainst the time the micro
n)‘ vie would obtain a mceasurc of
vinformation spced' instead of o micasure of "information density!'',

sequences take (Ti' TZ’ T., ... T
2

Since ono of the most basic criteria of educational clfectiveness is how
much information the student absorb per unit of time (not how much
information hac beoen pourced oul {rom the mouth of the teachoer or
otherwisce been potentially cvailcble for absorption!), such a formula
would pive us onc starting-point in our assessment of the cducational
cffcctiveness of the program. [n any casc it ought to be of interest to
be able to compare tais measure with other data about a program, It
is hoped that comparisons between different operational program
characteristics will gradually give us & clearer picturc of what is

essential and what is less essenticl in program construction.

14, 4,2 Choice-FPoint Relationships (Survey Tables of the Distribution

of Achicvement Patterns in Filter Units)

The measurce of "infermation sneed' just mentioned combines informa-
tion about time uscd (a2 "imcdial" variable) with information about pro-
babilitics of correct responses before and after tac study ("initial' and
"terminalt variables). Another combined evaluation criterion will be
of interest when cxamining branching programs wherce the students,; on
the basis of their achicvement at a choice-point (in a filter unit), arc
led different ways through the program. Simple crror frequency data
for these filter units axe, of coursc, insufficient as a basis for the re-
vigsion, since we are not here concerned merely with minimizing the
number of crrors, Instead, in these casces the aim is to lead the student,
by means of tiic diarnostic indications given by the filter unit, to the
particular study matcrial that is most appropriate to him., This mecans
that the student’s achicvertent on initial test (pre-test), filter unit,
and terminal test have to be ei:amined together. It is obvious that cer-
tain combinations (“achievement patterns®) arc ceceptable, whereas
others show faults in the program and, hence, indicate where rcvisions
arc nceded. (A demonstration of this was given by Markle, 1963. Some
of Markle's ideas will be incorporatced in the following illustration, )

As an 2id in this cxamination the programmer can utilize a survey
table of the general kind demonstrated in Figurei4. 6, The cight possible
'l'nclu'cvcmcnt patterns' are placed as row headings, and the filter units

v
FRJCthe program as column headings. The distribution of the students
65 :
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over the various achievement patterns is then built up within the table
by cntering tally marks.

Let us take a brief loolk 2t some typical achievement patterns when
the program contains filter units of the general type that sort the stu-
dents into two sub-catcgories at cach choice-point, onc of which passes
thiough only part of the total number of units included in the. total pro-
grams. This formulation is a very gencral one, describing a formal’
branching structurc, and it therefore covers at least two main situations
that the educator will often consider to be quite different, Ia the first
of these, the main gioup of students goes through all units, while a
smaller group of students is found at the choice-point to know already
some of the material that will be treated and is therefore directed to
skip some part of the program (“shortening of learning scquence for
high-achievement group!). In the other situation‘, the main group of
students goes through the shorter sequence, while a smaller group of
students is found at the choice-points not to know enough a;bout materials
covered in some carlier program and is therefore directed to go
through an additional "“reraedial loop' (Vlcngthening of learning scquence
for low-achiecvement group'). The pattern symbols used in the following
arc cxplained in Figure 14, 6. Only some of the patterns included in
the figure will be commented upon here, and, for the sake of brevity,
only faults of the program proper arc rrentioned (th t is, we assume
that pre- and post-tests arc reliable and valid):

AL FDr Tr

In this case the student answers correctly (r) both in the filter unit
(FD) within the program and in the corrzsponding parts of initial test
(I) and terminal test (T). Students with this pattern will skip the special
part of the program immediately following the particular filter unit.

In other words, they go on the quicker track {(whether this is considered
to be the main track or a track for sclected minority of high-achicvers).
No criticism can, of coursc, be dirccted against the fact that this
pattern appears. Onc indication for revision raay come up, howecver.

If the number of students with this pattern approach 100 per cent in a
representative sample of the target population, the additional part of

the program in superfluous.
C. I, FD_ T
T w 'r

If the tests are assumed to be valid (an assumption we made above

for brevity of discussion), this particular pattern indicates that we have

69
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Achicvement| ¥h rn, D, Fl

patterns

A LPD. T
r X 1)

B.l FD_T
T v AAY

C.l rp_T
r W v

v

D.tL FD_ T
r wow

E. 1 FD T
W T

F.1 FD T
w row

G. I\v lT‘D\v Tr

H. 1 FD_T
W w A%

Reading key:

I = initial test

FD = filter unit (filter didule)
T * = torminal test

r = right

w = wrony

Figure 14,6 Possible table arrangement in analyzing the
distribution of achievement patterns in filter

anits (""choice-point relations table!)
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had an inadcquatc filter unit which dirccted the student through an

cxtra part of study matcvial that he did not nced. The responsc demands
in the filter unit may have been formulated in such a way as to lcad the
student astray, or the filter unit may simply be too difficult for its
purposc. Hence, in this casc the revision should focus on the filter

unit.
F. IW FDr TW

This combination can bc an important indicator of inscnsibility on
the part of the filter unit. The studcent who docs not know the pertincent
facts from the beginning is not corrcctly sorted by the filter unit and,
hence, does not get the additional study he nceds. This may happen
quite often, for instance, if the filter unit uses multiple-choice tech-
niqucs with less adequatc alternatives (or if, in the filter unit, the
student is tested on discrimination bchavior only, whercas he is tested
on construction bchavior in the terminal tests), As was the case in
pattern C, the revision should be directcd at the filter unit, but in
pattcrn F the revision has the opposite purposc of increasing the diffi-

culty of the filter problem.

G. I FD_ T

w w r

This combination is usually a good sign. The student shows error
in thec initial test and in the filter unit, but he can solve the terminal
problem after the additional training supplicd by the extra part of the
program. Onec possibility of revision should, however, bec kept in mind.
The programmer should ask himself whether or not the "additional"
prograra part ought to bc incorporated within the main part of the pro-
gram. If the number of students with G patterns approaches 100 per
cent. in a represcentative sample, such an incorporation is clcarly
indicated.

The tabular and diagrammatic arrangements demonstrated in the
present section should be considercd only as cxamples. Many other
typcs are possible and suitable to aid the programmer in his attempts
to deal systematically with the data from thc try-out phase, and each
programmer should, of course, dcsign his aiding devices to fit his par-
ticular needs in cach specific situation. Our main purposes have becn
(a) to emphasizc the relative complexity of the evaluation task and the
risk of using one-sided criteria in the try-out process, and (b) to show

Q some of the possible ways in which the programmer can cquip himself
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with simple aids in ordcer to make his evaluations more systematic,
complcte, and ecfficient. It is fclt that a more widesprcad usc of such
systecmatic and comprchensive cvaluation schemes would also consider-

ably enhancec the accumulation of basic knowledgc in the programmed

learning ficld.
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15, EXAMPLES OF PROCEDURES IN REVISION OF PROGRAMS

We have alrcady discussed a scrics of steps in revision, arising from
different test results, when we werc dcaling with the various evaluation
criteria above. In the present section we shall briefly review different
combinations of critcria which to a greater or lesser degrec call for
revision and also mention a fcw special measures which can occasion-

ally be indicated.

15,1 SURVEY OF PRELIMINARY INDICATIONS FOR REVISION FROM
CERTAIN COMBINATIONS OF CRITERIA

Figure 15.1 gives a simplified survey of the extent to which different
combinations of criteria indicate revision. Such a survey must obvious-
ly be fairly schematic. In practice, it is not always casy to determinc
what are 'high' or '"low' error rates or decide, for example, how a
"limited revision' should be designed. But as a theoretical outline such
a schematic survey can perhaps nevertheless give a lead and counter-
balance the one-sided consideration of a single criterion of which some
programming theoreticians arc guilty.

Let us comment briefly on some of the criteria combinations. (For
abbreviations used, sce thc explanations in Figure 15.1.)

All combinations with a high terminal error rate (TE, ) obviously

n
definitely indicate revision In these cases the goal set has not been
attained. The program is, to use very obvious terminology, simply not
"finished*, If, in addition, we consider the student’s attitudes, we get
yet another indicator, and the differcnce made in the survcey between
"maximal' and ''strong'" indication for revision is directly dependent
on the difference between programs as expericnced by students with
negative and positive attitudes rcspectively.
A program which not only misses its performance goal but also
created an unpleasant study situation doecs not justify its existence. In
this case it makes no differencc whether the error ratc is high (as in
the first criteria combination) or low (as in the second). Programmecrs
who discuss revision only on the basis of the students” errors during
the course of the program risk accepting a prbgram of the type
MElAnTEh' which is here shown as indicating a maximallnced of revision.
Everyone would agree that criteria combination 8 (MEIAPTEl)is
advantagecous, and that a program with these characteristics scarcely
needs rcvising. (For the sake of simplicity, we arc disregarding certain
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other variables, c.g. tcaching time, which is in many cascs important,
but which is less so comparcd to the final pcrformance and working
climate. ) We have also accepted criteria combination 7 (MEhApTEl)'
The crror rate during the working of the program is admittedly high,
but this has resulted neither in bad perfoimance nor a ncgative attitude.
The difficulties can have resulted from a low degree of support stimula -
tion or a tcaching method which failed to explain ¢rrors satisfactorily,
but thesc difficulties are not such as to have an overwhelmingly de-
terrent cffcct. It is possible that this combination is comparatively
rare, but when it does occur, it should hardly be rcjected, despite the
MEh factor.

Finally, combination. 5 and 6 arc characterized by a negative attitude
together with a good final result. In onc case, (MEhAnTEl), the negative
attitude is probably connccted with the crror-rcaction frequency. Here
it is possible that a limited rcvision to reduce the crro: rate would aldo
producc a better attitude climatc. In the other casc, it s more probable
that the negative attitude is rclated to the fact that the program is
cxperienced 2s monotonous and uninspiring. In this situation, an attempt
should be madec to increase motivation and reduce monctony {(c{. our
discussion on motivation above).

In a particular situation, thc occurrcnce of diffcrent combinations
dcpends not only on the character of the program, but also on the ge-
ncral working climate of the classroom or school and on the student as
an individual. Some programs probably givc rise to widely different
criteria combinations for differznt individuals which may bec of interest,
for example, from the point of view of personality recscarch and social
psychology. From the point of view of cducational technology, however,
the general aim must be to construct the program or system in such a
way that as many of the target students as possible come up with com-

binations 7 or 8.

74



- 15,3 -

Figurc 15.1 Outlinc of principle indications for revision in certain

criteria combinations

i Criteria

| combination: Prelirminary indication:

1. MEhAnTEh Maximal revision indication |;
2. ME A TE, | Maximal rcvisior:indication o
3. MEhApTEh Revision strongly indicated
4. MEIApTEh ! Rcevision strongly indicated
5. MEhAnTEl Limited revision indicated
6. ME A TE ‘ Limited revision indicated
7. MEhApTEl Revision not indicated
| 8, MElApTEl ! Revision n;t indicated

Syrabols:

ME = medial crror rate (% of errors during the instructional program)
TE = terminal cerror rate (% of crrors in final test)

A = attitude

h, 1 = high, low.

p, n = positive, necgative

~J
(o
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15,2 SPECIAL PROCEDURES

15. 2.1 Thec Question of the Student’s Capacity for Independent Work

and the ossiblc Altcration of the Boundary betwcen Educand -

System and Educator-System

As is shown in Figure 15, 2, thc changc from onc type of teaching situa-
tion to another often involves a shift of the boundary betwecen the edu-
cator system and the cducand system. An extended cducator system may
be valuablc for the rapid lcarning of a certain subject-matter, On the
other hand, when it is a question of developing the capacity to cope in-
dependently with subject-matter which is hard to learn, a comprechensive
educator system would often be a hindrance, If the try-out shows that
the learning of certain subjecct-matter takes morc time than is desirable,
one should consider changing over from a less detailed lcarning process
to a morc rigidly controlled one. If the aim is to inducc the ability to
treat subject-matter indcpendently, and if the try-out scems to indicate
that this goal is not being rcached, a shift of thc boundary between the
cducator system and the cducand system in the opposite direction would

be indicated.

15. 2.2 The Question of How the Student Accustoms Himsclf to Active

Cognitive Handling of Subject-Matter and Possible Limitation

of the Number of External Responsc Rceactions

External rcsponsc rcactions are considered valuablc as a guarantee that
the student actively handles the subject-matter presented to him, Is
therc a possible risk that the student accustoms himself to the special
working technique in sach a way that he avoids active cogaitive working
when there is no explicit rcsponsc demand? Can the technique some-
times involve an unnecessary loss of time (for thosc with alrcady
established habits of study)?

If the try-out indicates a positive answer to one or both of these
questions, onc should possibly try a technique which is a compromise
between the program’s continual dermand for external rcsponsc reactions
and the ordinary text-book’s lack of such a demand. The program can,
for example, bec so constructed that a response which generally need
only be mental ( implicit) is demanded of the student. From time to
time (at irregular intcrvals), howcver, a demand for an extcrnal state-
ment occurs. Cook (1962 a), who suggested this type of technique,
thinks that by this means the individual might be forced to kcep his
covert responses alert and so save time,
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Figure 15, 2 OQutline sketch of the varying boundary between educator

system and educand system

Teaching aids:

U L

—

A. No aids, only
source material

- b

Educand .

| system |

B. Survey books

C. Intermittent
___teaching program

D. Programmed work-
book

E. Teaching machine
with successive
answer presentation

F. Teaching machine
with automatic
evaluation of
answers
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A schcematic diagram of the rcaction between student and program
when using such a technique (with partial demands for c¢xplicit statemient

of rcsponses) is given in Figure 15, 3.

15.2 3 Spccial Mcasures against '"Borcdom!"

We discusscd above some gencral steps which could be taken to reduce
monotony and incrcasc motivation. Should investigation show that thc
students find the program monotonous and boring, thc rcvision should
aim at an cven greater usc of thesc tactics to give varicty., In this sec-

tion we shall give a fcw bricf hints on other possibilitics.

(1) Adaptation to the studcnts’ previous knowlcdge has perhaps not

been worked out with sufficient care, As illustrated in Figurc 15, 4, the
student’s attainment of the skills rclevant to a certain goal is secen as

a continous proccss, which has al: :ady gonec on, to some cxtent, before
he is facced with the particular study matcrial., If hc is awarc that he is
being taught about things he alrcady knows, he will very often experience
borcdom. In this casc a morc thorough student analysis should form the
background for a rcvision of the program.

It may become apparent that the previous knowledge of the target
population has becen seriously underestimated, and then the program
should be shortcned - cither by cutting out cecrtain scctions in the more
clementary parts of the program or by 'incrcasing the sizc of the steps"
(reducing the number of application- and practicc-tasks). But it can
also happen that the undercstimation applies only to part of the target
population and in that casc considcration should be given to changing
from a linear to a branching program.

The most effective teaching should, in theory, be that which starts

out from an individual analysis of the initial repertoire, i.c. which

begins by testing and analyzing the individual’s previous knowledgc and
tendency to errors and then tcaching only those points which arc shown
to be lacking - with emphasis on individual difficulties, The fact that

the programmer for practical reasons finds it difficult to follow such a
procedurc completely does not prevent him approaching this technique,
since the number of individual variitions important for tcaching is rela-
tively limited in most groups of students. (Onc works then with a number
of "streams' in which the students are placed after an initial {ilter test.)

It may be thought that student analysis is troublesomec and timecon-

suming, and it is often neglccted in preparing the contents of the curri-

\‘1 . .
E lCC‘ﬂmn- However, the amount of work that one imagines onc saves by
‘ .
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Figure 15. 4 Theoretical illustration of relation between initial repertoire

and contribution of the program

For the individual student S:

100%
already in initial to be supplied by
repertoire the program '/./'//\
; //
i - Relevant
T skills
/
// // /I
acquired behav1or S 0%
In the total group of students Z:
already in initial already in certain not in any
repertoire of all students’ repertoire initial repertoire 1009
| ~
| //
3 L
| /,/.
/”/ '
L -~ Relevant
_(/"" i i skills
4 o
'/
acquired behavior N 0%
?
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omitting this procedurc will be lost over and over again, partly in
lowcred motivation among the students, with the conscquent lower
cffort they put into their work, partly in an unnccessary cxpenditure of

time and study-matcrial when one tcaches what the students already know.

(2) Altcration of tempo of presentation. As far as the tempo of pre-

sentation is concerncd therc are thrce main possibilities: student-
controlled speed, machinc-controlled specd and the combination student-
and -machinc -controlled spced. Studcnt-controlled spced is the most
usual, and it has thc obvious advantage that each student has as much
time as he nceds to think. Howecver, one can irnagine (espccially when
it is not a question of concept-lcarning or problem-solving activity,
but of a motor skill) that the student-controlled tempo involves a risk
that the stud ent will stay too long at a low level of skill. This is likely
to lcad to boredom, sincc clcarly incrcasing demands arc not con-
tinually being made on thc student. 3hould 2 try-out show this to be the
casc, a situation should be considered in which the student is spurrecd
on to grcater cefforts by a machinc-controlled incrcasc in speed, or
which uses a student-machinc system where the average speed of the

machinc is regulated by the student’s skill (cf. SAKI).

(3) Variation of didulc components. We normally work with a fixed

series of didule components and studcnt responses: information or
"stimule" (5), rcsponse-demand or ''respule' (R), student responsc or
"response' (r), feed-back of correct answer or 'corrule' (X). This in
itself, as we pointed out above, gives a good dynamic varicty (S-R-r-K,
S-R-r-K etc, ), with greater variation than the usual text’s monotonous:
5-5-5-5-S ctc. However, if we work only with series of the type S-R-r-K,
even this can naturally gradually beccome monotonous and boring. There
is a particularly great risk that this will happen when, in addition, there
is a great number of consecutive didules which contain very similar S,
which is often necessary in the training of skills (e.g. in languages),
where the student, by persistent practice, has to get as close as possible
to the ideal pcrformance (e.g. perfect pronunciation). I investigation
shows that boredom is expcricnced by the students, one should consider
interrupting the working sequencc at suitable places with differently
arranged component sequences. If, for example, in training of skills, we
occasionally intensify the r-K combination by "extended!' sequences, this
can serve a uscful purpose both for cffective work (thc ideal performance
is attained more casily perhaps when the whole task nced not be repeated)
and for the students” need of "somcthing different", This type of sequence
-e.g. S-R-r-K-r-K-r-K- is of course only one of many possible .

variations. 81
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16. COMPILING THE PROGRAM MANUAL

Program consumecrs nced certain information from the program pro-
duccr to help them choosc their study material, As we have already
pointed out, this information should be readily available in a program
manual. The writing of this manual should be the final task of the pro-
gram constructor.

It is naturally not a grcat deal of use to describe in detail what such
a manual should contain. Thec most suitable »9ice will vary greatly
from program to program. DBut ccrtain catc; ies of information arc

usually nccessary in onc form or another:

(A) Dcscription of goal and students

Thec aim of the program and the usc planned for it should be clearly
gstated. An attempt to attract customers among a wide and varying
public by using vaguec and all-embracing headings is casily scen through
and is not a good advcrtisecment for the vendor of the program. The
prcvious knowledge nceded is stated an prefcrably specificd by means
of a pretest. Similarly, thc purposc of the course is clearly defined by

the final test. (For pre- and post-tests, sce E below. )

B) Character of development work

a) Those responsible for the programming and testing should be named.

b) The goal analysis on wiich the program is bascd should be presented.

(
(
(
(

c) A summary of the other stages of the prcliminary work can give

valuable information. (To what extent has a thorough student ana-
lysis becn carried out? Etc.) P

(d) The revision and try-out processes should be given in outline, .. '

(C) The structural characteristics of the program

should be briefly described and illustrated with cxtracts from the pro-
gram. It is possible that in time a standard sect of descriptive categorics
may bc used as a basis for such a description. Fry (1963, p. 199 ff.)
cxzemplifics a scrics of possible bascs for classification. Some of thosc
it would be of intercest to give are:

(a) scquence characteristics, including main flow structurc,

(b) general didule characteristics, and

(c) special characteristics of the components, i, c. of stimules,

rcspules and corrules,

(D) Characteristics of the subject-matter

It should be stated herc to what degrce the program concurs with the

8
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curricula concernedd, and also how far and in what way it differs from

alrcady existing te:tbooks (or programs) in content.

(E) Program cffects

This is, in a way, the most important category of information. It is
here that the intending purchascer of the program is informed of the
demonstrated teaching ceffectivity of the program and of the conditions
under which this empirical demonstration was carried out. In other
words, the manual should contain the foll:wing information:

(2) Scope and conditions f the ficld try-out. This should be stated

in some detail and comprise not only information about the rescarch
sample (its size, age of students, intelligence, previous knowledge etc. ),

but 2lso external circumstances basth as regards the teaching situation

(e.g., howtime was allotte, possible teacher co-speration) and as
rcegards the test situations.

(b) The preliminary and final tests used in the field try-out should

be described in thie manual and in 2:diti n the complete tests sikould
be available from the c.nstructors or the publishers if desired. (Tests
arc scmetimes sold together with scelf-instructional material. Accord-
ing to "Frograms "63" therc were then final tests for 46% of commer-
cially available programs, but preliminary tests for only 14%. Were
the publishers afraid that the tests might show that the student did not
necd the program in questi n?)

(c) The final results of the field try-out should obviously be clearly

stated. It would be an advantage to give this both verbally and in the
form of adequatc statistics. It should be possible to compare the stu-
dents” final performance with their previous knowledge, and there
should be supplementary information about the amount of study time
uscd. If other aims than simply the learning of subject-matter have
been mentioned in the description of the goal of the course, the manual
should also give an account of results of the try-out which confirm that
these aims have been attainced. Otherwise, the manual should clearly
state that these points in the general goal description have not yet been
confirmed by empirical results, and that thereforec the effect of the pro-

gram as far as they are concerned is, for the time being, hypothetical.

The task of producing a program manual is the responsibility of the
program producer and publisher. This can hardly be considered an

Qo excessive burden, provided that the program constructor has really
E lC developed his program ernpirically and carried out 2 proper field-test.
"

8o
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Unfortunatcly, this kind of account is at present supplied with very few
of the commercially available programs. This is not just due to an un-
willingness to do the extra work involved in preparing the manual. It
is mainly because many of these programs have obviously not had a
thorough try-out in the field, a fact which may wecll be obscured by a
flood of sales-talk about continuing research and delighted students,
but which would look bad in print. When, in onc enquiry, publishers of
programs in the USA were asked about the size of the groups on which
the programs had been tried out, over 80% avoided answering precisely
that question! (Cf. "Programs '63" . xiii.) In an examination of
about 700 programs in 1967 at Northcastern University, it was found
that only about 30% werc accompanied by any information about field-
tests. (Cf. Markle, 1968, p. 17.)

So it is important that program consumers are aware of the demands
they should make, and that they do not hesitate to make them. Reviews
such as “Programs’()Z“ and "Programs ‘63" arc undoubtedly useful in
this respect, in that they give - without further evaluation, it is true -
the nature and scope of the try-out. Publishers who are forced to leave
a blank as far as this is conerned can scarcely avoid wondering what
it will mean for theixr sales if their competitors can give fuller informa-
tion. In addition to such survey lists, a standard forum for regular
reviewing would be desirable. To take an cxample from a somewhat
different field, one can point to the influence which Buros’ "Mental

Measurements Ycarbooks', with their persistent pointing out of lack

of reliability and validity checks, have had.

But apart from this, every buyer of a program naturally has the
right to demand detailed information from the secller. Advertising ge-
ncralisations arc not much usc to the consumer. The Bulletin of the
National /issociation of Secondary School Principals (Belton, 1962)
gives examples of a number of questions which a head teacher should
put to a program salesman who has no program manual to show. Their
tone and general tendency can be scen from the following (considerably
shortened and modified) version:

"We thank you for your offer to demonstrate at our school the pro-
grammed study courses which your company is at present marketing.
Our study material committcc will be glad to see you next Monday at
3:30 p. m. Our time, however, is limited, and we should appreciate it
if, when you visit us, you would be prepared to answer briefly the
following guestions about each of the programmed courses you intend
to demonstrate:

{. Is there a teacher’s manual or guidebook with instructions for using
the course?
g4
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2. Arc the goals stated in detail in a description of the course?

3. Has thc course matcrial becn producced as a result of a series of
try-outs and recvisions? If this is the case, where can we find a
description of this devclopment work?

4, Who were thosc responsible for the development and trying out of
the course? What arc their qualifications?

5. To what extent has the complected coursc been tricd out in the field,
and where can we find an account of how the ficld trial was arranged
and the results of it?

6. Which schools or organizations can we ask about thcir experiences
in using the course?

7. Is the course accompanicd by a prc-test and a post-test, or can
such pre- and post-tests be ordercd scparately from your company?
Where can we find out about the construction and evaluation of
these tests?

8. What is the approximatc average time taken for a student to complete
the wholc course?

9. Is thc study matcrial avialablc both in book form and for machine
presentation? Is the study material consumable, or can it be used
again?

10. What is the cost of the matcrial per student hour? Does your com-
pany allow a discount for a first purchasc to try out the material?

When we have this information, wec should be in a better position to

decide on purchasing. "

If, after receiving such a letter, programs salesmen with deficient
programs fail to turn up for the propsed demonstration, no harm will

have been done.

O
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17. ASSESSMENT AND COMPARISON OF EXISTING PROGRAMS

We have previously studicd sclf-instructional material mainly from the
point of view of the constructor and how the teaching program is success-
ively re-examined, tricd out and revised. Finally, we shall trecat the
program in its {inished state, above all with the following question in
mind: How can we decide whether a teaching program fulfils rcasonable
demands and fits into a certain teaching situation?

This is mainly the program consumer’s concoern, but the question is
also onc for the prugram constructor. It usually turns up when the pro-
gramming group has rcached the point when analysis of pre-reguisites
has bcen made, i.¢. when one is clear what the goal is and what type of
students one will be dealing with. The questions one should ask oncself
at this stage (but scarcely before arce: Is there already a program on
the market which corresponds to the goal which has been specified and
which is aimed at the samc gronp of stulents? Is there nevertheless a
sufficient rcason for a ncw program?

(Figurc 17. 1 shows schematically some factors in the situation about
which the programming group has to make a decision. )

In the evaluation of a program, two kinds of judgment have to be
madc: (1) judgments based on the program’s "pheno-characteristics™
which can be observed by a visual examination and (2) judgments based
on the program’s "functicnal charactcristics', i.e. on expcrience of
how the program works in practice.

Quecstions about '"pheno-criteria' in their turn arc cf two typcs:

(2) Has the content of the program just those qualities which make it
fit for thc teaching purposc in question? (b) Does the structurc of the
program conform with the "“thcory' of programmed tcaching (or with
our knowledgec of the principles of human learning)?

Obviously, in judging a program, one can casily come to certain
conclusions by looking through it onesclf. A new program should always
bc examined as throughly as a new textbook and primarily with regard
to its conteunts and scope.

On the other hand (as Rothkopf, 1962, among others, has emphasized),

one should beware of the idea that a program can be adequately judged

merely by a visual examination of its structural characteristics. There

are sevcral reasons for this, {a} Firstly, therec is scarcely a “theory"
of what a maximally cffective tcaching program should look like, reliable

enough to enable us to come to any definite conlusions. We have a certain
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body of general principles, but empirical investigations have given
contradictory results on many points of detail. (b) Secondly, even if
such principles were relatively clearly established, they cannot be a
sufficient basis for an evaluation, since there arec a whole series of
other factors (c. g. organization of material) which affect effectivity.
{c) Thirdly, cven if the principles of programming were both clearly
@stablished and could in some way be shown to outweigh all other rea-
sons for variation, a visual cxamination would still give insufficicnt in-
formation about the value of a program, for the simple reason that many
of these principles cannot be directly observed. A low percentage of
¢rror is an cxample of a programming variable which can only be de-
termined by empirical mecthods. (The cxpert in a subjcct often guesses
wrongly about this. Preciscly because of his expert knowledge, he con-
siders the steps to be extremely '"'small' and consequently estimates
the percentage of error as 'lower!' than empirical methods show it to
be.)

Instead of discussing whether the teaching matcrial conforms to cer-
tain programming principles, the experiment has been made of getting
experienced tcachers to judge its probable effectivity. One must, how-
ever, allow for the fact that, because of lack of training in judging
these new typces of material, they can go seriously astray. In onec study
(Rothkopf, 1963) the results cven showed a negative correlation (-0.75)
between teacher-cstimated and rcal cffectivity!

To sum up, wec can say, then, that while a visual cxamination is al-
ways of intcrest, it must not be the only basis for the consumecer’s eva-
luation of a tcaching program. He must rely primarily upon how the pro-
gram has been shown to work in practice, not upon what it looks like.
Possibly, in the future, we shall know so much morc about the factors
which produce an cffective program that we shall not always reed to
proceed via empirical demonstration. But in the present state of pro-
gramming techniquec this is the only complectely reliable way.

When the consumer wishes to examinc a program thoroughly, both
visually and by studying thc information given in thc manual, it is ad-
visable to use somc form of check-list. This makes the task ecasier and
also avoids a once-sided examination, The contcnts of the list can vary
according to the nceds of the particular teaching situation. We shall now
give examples - partly basced on an American "Checklist for sclecting
programs' (NSPI Journal, 1963) - of qucstions onc often finds it
necessary to put (cf. also e.g. Cox ct al., 1962; Traccy, 1963;
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Wark, 1963; and Vanderschmidt, 1964): The question: are so formu-
lated that the answer "“yes'' usually gives the better alternative, In
other words, a large numbcer of positive answers is a better indication
than few positive answers. However, some questions arc obviously
more important than others. Tlicse must naturally be given the greatest

weipght in drawing the final conclusion.

1. Goal and curriculum:

1.1, Doecs the publisher or constructor give a clearly formulated de-
scription (in the form of obscrvable behavior changes) of what the
course is intended to tecach?

1.2 Does a visual examination show that the description of the goal is
fully covered by the course?

1.3 Does the goal of the programmed course (as it appears in points
1.1 and 1. 2) coincide in-all essential respects with the curriculu:n
or general goal for your special teaching Bitua'.tion—?’

1.4. If there is any divergence, is it of such a character that it is pe-
dagogically advantageous and would therefore be accepted as a
meaningful change in the course?

1. 5. Is there reliable information about the time taken for the course
by students of the type you mecet in your tcaching situation?

1,6, Will your students be able to get through the course, or as much
of it as is desirable, in the time at your disposal?

To sum up: Docs the gcncral.goal of the course sufficiently coincide

with the demands of your teaching situation?

2. Student characteristics:

2.1. To get the best out of a course, certain skills and previous know-
ledge are often needed, Are these "starting requiremert s clearly
described? .

2.2. Is there a Pre-test, which can show whether a student has the
required skills and knowl edge to start the coursc?

2.3. Do these starting requirements coincide with what you could rea-
sonably expect of a student in your tcaching situation?

2.4, Is there a pre-test which will show how much a student alrcady
Iknows of the matcrial the course is intended to teach?

2.5, Is the coursc matcerial so organized that the student with such
previous knowledge can start the cours'e at some other point than
the beginning or otherwise go through the material in a way suited

to his specinl qualifications?

8J
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To sum up: Docs the general design of the coursc reasonably suit the

group of students you arc tcaching?

3. Speccific instructional effectivity of the study matcrial:

3.1. Is therc a detailed and rcliable report of the ficld try-out of the
matcrial in its finished statc on represcntative groups of students
(including prc- and post-tests)?

3.2. Arc the results of this ficld try-out satisfactory?

3.3. Werce the conditions in the try-out sufficiently like those of your
own tcaching situation for you to be able to assumec a similar rec-
sult in your own casec?

3.4, Has a tcst been published with which you can check, by 2 satis-
factory mecasuring procedurc, whether the goal of the course has
bcen achicved?

3.5. Arc therc grounds for assuming that the knowledge and skills
acquircd during the coursc arc rctained for 2 rcasonable time
aftecrwards (i. e¢. has the try-out also studicd rctention after a cer-

tain interval, with satisfactory rcsults)?

To sum up: Arc therc both (a) good grounds for supposing that the study

matecrial gives the desired specific results with typical groups of stu-
dents and (b) the possibility of caiccxing in your own tcaching ozituation

(suitable final tests)?

4. General cducational character of study matcrial:

4, 1. Docs the matcrial give the student training in desirable study be-
havior {c.g. does it involve more logical rcasoning and induction
from expericnce than copying and formal mechanical working)?

4. 2. Docs the matcrial give the student sufficient opportunity for varied
repctition (as against both insufficient and routinc repctition)?

4,3, Docs the material give the student sufficient opportunity to inte-
gratc his knowledge (c. g. by problems which promotc intcgration,
work with supplemecntary and sourcec material ctc.)?

4.4. Is therc a tcacher’s handbook which gives cxamples of how to inte-
gratc the sclf-instructional matcrial with other tcaching methods?

4,5, Arc there interim tests built into or accompanying the course
which will be a good basis for possible additional help or teaching
during the coursc?

4.6. Arc there grounds (as a rcsult of the ficld try-out or rescarch)

for supposing that thc matcrial crcatced an intcrest for the subject?
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To sum up: Has the study matcrial such cducationally desirable
charactecristics that, in addition to its spccific instructional cffcct,
it also promotcs such '"fringc benefits'" as pood study technique,

positive attitude to further study ctc, ?

5. Economic qucstions:

5.1, Is thc cost of the complete material, including the nccessary
accessories such as teaching machines and/cr printed forms for
answers, covered by available resourcces?

5.2, Will it be casy for you to attend to the storape and upkecp of the
matecrial?

5.3, If an cxpcnsive machine is nencssary for the prescntation of the
matecrial, will it be possible for you to usc it for other courses?

To sum up: Is the purchasc of the coursc matcrial cconomically de-

{fensible ?

In certain cases the consumer may consider it desirable to try
out the matcrial himseclf. This is perfcctly legitimate, if the program
is thought to fulfil all the consumers’s requirements, but has becen
tried out on a group cof students which differs csscntially {from thosc
for whom the tcacher intends to usc it. In such a case, it is good
stratcgy to try it out on a smaller group before the program is in-

troduccd on a large scalc.
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APPENDIX I

THLE TERMINOLOGY OF PROGRAMMED INSTRUCTION AND EDUCA -
TIONAL TECHNOLOGY: A SELECTIVE LIST
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Some terms within the arca of cducational technology and programmed
instruction arc listed with bricf definitions. Naturally, complcte coverage
is not aimecd at. Instecad, somc attcmpt has becen madec to include the
major terms used in thc present survey and/or that together form a rcla-

tively consistent frame of refercnce.

Adaptive instructional system An instructional system which can adjust

itself to varying student behavior by, for cxample, giving simpler
tasks if the student has not been successful, and more difficult tasks

when the student _'1_s_succcssful.

Algorithm Gencral and non-ambiguous prescription for solving problems
within a spccific problem arca. Part of the subject-matter analysis
(as onec step in the pre-writing phasc when constructing sclf-instruc-
tional study material) may be focused upon the questions: to what
extent is it possible to formulate algorithms for the subject-arcea in-
volved, and to what cxtent can and should thesce influence the instruc-

tional scqucence and method?

Amplificd T-tabulation A "T-tabulation' (scc that term) to which, be-

sidcs the usual data from the goal analysis, has becen added a list

of items of information about the target population with point of de-

parturc from thc student analysis. Rec ports on the special preliminary
knowledge and existing skills of the students have then been added, as
wcll as possibly a judgment as to how the ordinary occupation of the
students after their specific cducational training can affect the re-
sults of the instructional program in the long run. An influencc of

this kind can maturally bec both a support and a hindrance; hence, an
appraiscment in this respect can modify the programmer’s treatment
of the question of repctition and overlearning. (For illustration, sce.

chapter 6 above.)

Anschiitz diagram A diagrammatic method (devcloped by H. Anschiitz) .

for the cevaluation and comparison of instructional programs, utilizing
an examination of the distribution of concepts over the instructional

EMC micro-units. (For dctails, scc Anschiitz, 1965.)
9’;7
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Branching model A coursc lavout which makes it possible for different

catcgorics of students (for cxample, students with diffcrent prepara-

tory knowledge) to take scparatc paths through the study matcrial.

C-catalog A collection of fundamental concepts (C) in a certain subject
arca. Systcmatizing thesc logical Y"basic units' within a hicrarchical

system results in a V'structurcd C-catalog!. (A caxrd file with the

scparate units on scparatc cards is often a practical sct-up for such

a catalog. )

C. C-catalog (or "CxC-catalog") A collcction of instructionally intcrest-
ing rclationships between the logical Ybasic units!' (C) within a cer-
tain subjcct arca. A catalog of this typc (which in concrete form is
ordinarily sct up as a card file) can bc made up with the help of a

"C-matrix" (scc that word).

Chain modcl ("'convcrsational chaining'') A course layout in which the

individual instructional units arc linked togcther in such a2 way that
thc fcedback componcent of the preceding instructional unit is incor-
poratcd as a part of the stimulc componcent of the following unit. In
othcr words, the key answer is not given a scparatc presentation,
but is embedded in the next unit, ordinarily as onc or more words

printed in italics.

C-matrix An aid in mapping the instructionally intcresting relationships
betwcen various fundamental concepts within a certain subjcct arca.
In principlc it consists of 2 squarc-ruled diagram, the row and column
hecadings of which are the key words for the various "basic units!
in the C-catalog, and cvery cell in the matrix is thought to symbolizc
all possible rélationships between two such units. The constructor
can, for cxamplec, go through the matrix ccll by cell and ask himseclf
qucstions of this type: What connection is therc bet'scen these two
concepts, and is this conncction such that it can and should be usecd

pecdagogically? (For illustration, scc chapter 7 above. )

Computcr-assisted instruction Usually a spccial casc of programmed

instruction, viz, the casc when a computer handles information
storage, rcgistrcring, responsc comparison and fcedback, during

a highly individualizcd instructional program.

Corrclative stimuli Information, instructions and cvaluations, which in

an instructional situation are precscnted in closc conncction with the

y principal points of thc content but are not themselves mcant to be
\‘ .
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lcarncd. When these corrclative stimuli have the chicef function of

facilitating the lcarning of certain other items, they can be called

’

"prompts". (Comparc '"Focal informativc stimulit. )
Corrulec Scc "Didule",

Crowder modecl A coursc layout which combines a branched flow-modecl

(in which the student’s working path is succcssively detecrmined by

his accomplishments) with usc of multiple-choice responses. The

modcl has been realized partly in book form (scc the term "Scrambled
book!"), partly in the form of mecchanical presentation (c.g. Auto-
Tutor, Mark II). Crowder’s most frequent usc of the branching tech-

nizuc scems to be for cxplanation of an crror just made.

Density of information A mcasurc of the cffective communication of

information (''reduction of uncecrtainty!' for the student; comparc

this word) in reclation to somec quantitative charactecristic of the

study matecrial, c.g., thc number of instructional units. For cxample,
the fewer '"didules'" (scc that word!) which arc used to present a cer-
tain amount of information to the student, thc grcater the density of

information can bc said to be.

Didactogram A diagram (uscd during the empirical testing of instruc-

tional programs) showing onc or scveral students’ progress through

8 programmed study material. /s background pattern for the didacto-
gram, the previously worked out '"didactoplan'' may somectimes be
uscd (sce word "Didactoplan'), after the neccssary rcvisions and
specifications have been incorporated. On such a p: :tern (showing

the basic structurc of the study material) arc presented the behavior
data: in part, information as to the study routes uscd; in part, in-
formation as to right and wrong performances. (For illustrations,

scc chapter 14 above; cspecially Figures 14. 4 and 14.5.)

Didactoplan A graphic visualization (mainly madc usc of during the prec-
writing phasc) of the internal order in which one plans to bring up
diffcrent subject-matter units (c. g., concepts) in the auto-instruc-
tional study matcrial. By the usc of spccial symbols, it can be shown

1

on the -’ .rt which points in tlic matcrial will be gonc through by all,

and which will bec presented only to certain students.

Didule Thec fundamental instructional unit in programmed study matc-

1 rial, ordinarily consisting of threc componcnts: the "stimule" (the
LS
E lC information component), the "rcspule' (the response rcequest), and

ES
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the “corrule" (thc fcedback component). The didule can be said to
rcprescent the contribution of the program to the fundamental unit

of intcraction between the pupil and the program, which ordinarily
has the temporal scquence: s-r-R-c. (The letters 5, rand ¢ recfer
here to the threce components mentioned above; capital R symbolizes
the student”s answer rcaction or “responsc'). - The didule is an

instructional unit in programmed study matcrial, that is, it is not

identical with a presecntation unit. (The most ncarly equivalent ter n

nframe" has the disadvantage of being uscd both for the concept

»instructional unit' and for the concept ’prescntation unit’.)

Didulc protocol An aid in the cxamination of an instructional program.

The protocol consists of a chart in which cach scparate dididle has
a matching review column and the differcnt revicw points arc cn-
tered as row headings. (For illustrations, sce chapter 12 above,

cspecially Figures 12.2-12.5.)

Educand The individual who is subjected to cducational influcnce (in-
struction, attitudinal influence ctc. ). The ''receiving'' component in
an cducational procecss. In school, '"educand' = “student', but

ticducand! is 2 morc ;iencral term.

Educator Somcone or something which causcs cducational influence
(instruction, attitudinal influence etc. ). The "sending! component
in an cducational process. In school, “educator' often = “tcacher",
but “educator' is sometimes usced in a morce gencral sensc, rc-
ferring also to non-personal scurces of influcnce (sclf-instructibnal

matecrials-and mecthods systems ctc. ).
LEgrul Scc '"Ruleg'.

Error rate The percentage of incorrect responscs on a single instruc-
tional unit or a set of such units when tested on a group of students.
Loow crror rate during work on program has often been considered
desirablc, but can also bc obtained by non-desirable design (such as
overprompting) and cannot therefore be ﬁscd as an cvaluation cri-

tcrion by itsclf.

Fading Succcessive diminishing of the number of clements in a stimulus
complex, In programmed tcaching the term is usced in two contexts.
(1) = Successive C\itting down of prompts {so that the student gradually

“can give a corrcct answer without help, while he was able to give

the correct answer in the beginning only with the help of certain clues;
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"fading of correlative stimuli'). - (2) = Successive disconnecting of
scparate parts of a larger stimulus complex, which is meant to be
learned as & whole ("fading of focal stimuli'). Example: The student
lcarns a poem by repeated recitations. As a support for his memory
he has a text for usc in recital, which successively is cut down as
words and sentences arc deleted. - For meaning (2) the term 'vani-

shing' is sometimes used.

Fcedback technique The interplay between the student and the study ma-
terial, which tells the student how far he has succeded with each
separate task. Ordinarily the fcedback takes the form of a key an-
swer presentation, but simple information as to whether the student
response was right or wrong, or morec detailed error explanations
occur in some arrangements. It is typical of programmed instruction

that fcedback is almost immediate and very frequent.

Filter didule A unit in the study material which informs us as to the
best possible working track (branch) for the individual student. Dec-
pending on what the more specific purpese is, we can speak of '"pre-

controlling™ or '"post-controlling' didules (sce these words).

Focal informative stimuli The main points in the content which in an

instructional situation arec presented to a student to be "learned”

(compare "Correl ative stimuli').

Formal prompts Stimuli, which provide knowledge about the form of

the expected »esponse and thereby make it ecasier for the student to
give the correct answer. The student can, for example, be allowed
to sec the first letter of the correct answer word or to know how
many letters arc in the word. (Since overuse of this type of clue
technique can promote thoughtless answering with an inadequate

direction of attention, it should as a rule be used sparingly.)

Goal adjustment Successive changes of ecarlier goal descriptions guided

by empirical controls of the recalism of the goal level {in concrete
cases where the initial behavioral repertoire of the target group and
certain resources are defined). Is sometimes considered to be the

final phase of a completc goal-analytic process (cf. "Goal seeking"

and "Goal focusing").

Goal analysis Analysis of instructional objectives. A carcful and de-

tailed review of which knowledges and gkills the students should be

Q able to display after going through a certain study material. (Compare
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"Terminal behavior repertoire'’’.) Sub-components: ''goal secking',

""goal focusing', and ''goal adjustment''.

Goal focusing Decisions about and formulation of the specific components

of a goal description. "Goal focusing' can often be regarded as an
intermediate link between ''goal seeking' and '"goal adjustment' in

a total goal-analytic procedure.

Goal-related assessment Sce '""Norm-related assessment'’,

Goal sceking Collection of data as a basis for goal decisions and goal
formulation. Normally, the goal seeking should involve empirical
data collections, be as many-sided as possible, and also give starting-

.points for priority ranking among various sub-goals.

Horizontal panel-book A programmed textbook in which the pages are

divided into panels which are not rcad in the usual reading secquence
(from top to bottom) but from page to page (or from sheect to sheet).
The student reads, in other words, the top part of the pages through
the whole book {or a large part of the book) before he goes over to
another section of the same pages. The key answer for a given task
does not usually appear in the same section or on the same page, but
separately on the back of the section or in connection with the next

information unit.

Instructional effectivity Some measure of the instructional result in

rclation partly to a specific goal, partly to instructional tirne ex-
pended. An effective instructional situation is, therefore, a situat.on
in which an optimal balancing of behavioral products (as defined by

the goal analysis) is achicved with the minimum cxpenditure of time.

Integrator A teaching aid which offers the student a constantly alter -
nating scquence of (a) presentation of material and (b) the possibility
of response reaction. Programmed textbooks and teaching machines
are typical examples. An integrator, through this double function, is
different from the much more usual aids in conventional teaching,
which cither have just the function of ""presenting' or only give the
only give the student an opportunity for a responsc rcaction. The
term "presentator' describes an aid in teaching, the chief task of
which is to precsent to the student a stimulus-sequence prepared in
advance (an ordinary textbook or educational film would be typical
examples). The term ''rcactor, on the other hand, refers to a

teaching aid, the chief function of which is to offer the student

102



O

ERIC

Aruitoxt provided by Eic:

- 19.7 <

opportunitics to give responsc rcactions. (Example: Question lists. )

Intermittent model A layout of the auto-instructional matcerial which

demands a fairly independent trcatment of the material by the student.
Hec is prescented with a “guidc-book! containing a detailed study plan
and sclf-correccting part tests, but the main material is collected by
the student from differcnt sourccs outside the guide-book, If the re-
sult of a test is good, the student is directed to new matecrial. If it

is not good, he is scnt back to the same source (or one parallel to it).
This shifting between instructions, independcent study, and diagnostic
rcview tests places the intcrmittent model somewhere between a
completely programmed coursc and Pressey’s Utzil model" (sce that

word).

Itc: ition model A course layout in which the student clweys goes through

thc various instructional micro-units in a pre-cstablished order, the
samec for all students, but where he is dirccted to repeat singzle units

{or groups of units) under certain achicvement conditions.

Lincar modcl A coursc layout with the same task scquence for all stu-

dents.

Mathetics A systematic approach to the analysis of instructional compo-
nents and the construction of instructional units and sequences, de-

vised by T. Gilbert.

Micro-branching model A 'branching model" in which a certain amount

of studcent diffcrentiation may take place within the separate instruc-
tional unit (c.g., different crror cxplanation), while thesc units as
a whole are taken in the same order by all students. Most scrambled
books, for instancc, arc of this type. (Sec "Branching modecl" and

“Scrambled books'".)

Multiple success strategy An attempt to create a dual motivation

(possibly for different catcgorics of students simultancously). This
can racan, for cxample, that on the onc hand the student works

through the study matcrial with a high probability of getting the corrcct
answer to scpaz —cc tasks (“sure winner"), while on the other hand he
is offercd "cxtra sU;cccss possibilitics" (for ecxample, possibilitics

for fast-track procedurc and/or the satisfaction of answering corrcct-

ly without clues, "individualizcd cluc fceding').

103



- 19.8 -

Norm-related assessment An assessment of the instructional result in

which the single student’s result is related to information about

other students’ results. (For example: "On this test, student A has
obtained a result which places him in the best 25 % of group G. ")

In contrast, "goal-rclated assessments'' relate the instructional re-
sult to a specific scries of goal descriptions. (For cxample: "Out of
the items of this test, designed to cover all relevant goal descriptions,

student B has mastered 80 %'.)

Objective A statement describing the behavior the student is expected

to acquire from a course.

Parallel track arrangement A branching model (sce that word) which

allows two or morec scparatc categorices of students to go through
differently designed study plans with the same final goal. The same
principle or group of problems can, for example, be treated from
various points of view, depending on the varying preliminary attitudes

of the different students.

Passage criterion The lowest possible point which the student can be

allowed to reach with reference to a certain terminal behavior. In
goal analysis it is important to fix specific values of this kind, as
soon as we are dealing with a continuum of skill within a certain area
of behavior. Without a clearly defined '"riinimum for acceptability™
it is impossible to judge how well the goal set by the course has been
rcached. The passage critcria can suitably be included in the "T-
tabulations". {Compare "“Goal analysis', " Terminal behavior", and
T _tabulation®', )

Post-controlling didule A unit in the study material which attempts to

ascertain whether the student has learned carefully enough what has
just been studied. If his responses show that this is not the case, the
student is directed back tc a2 scction which has alrecady been gone
through or to an alternative repeat section (with similar, although

not identical content).

Prec-controlling didule A unit in the study material with which an attempt

is made to determine whether the student has sufficient preparatory

knowledge to be able to skip a certain section of the coursc.
Precsentator See '"Integrator!':,

Programming Construction of auto-instructional study-material accord-

o ing to a threce-phase procedure consisting of (a) preparatory work
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("prc-writing! phasc) with, among other things, emphasis on goal
analysis and subjcct-matter analysis, (b) composition of a prelimin-
ary version utilizing certain psychologicul principles of learning and
{c) a '"post-writing phasc", including successive empirical try-outs
and revisions in th e preliminary versinns until the goal determined

in advancc has been renched.

Prompt Somc stimulus added to the terminal stimulus to make a correct
response more likely during a learning process. Approximate syno-
nyras (at least in some texts): Cuce and hint. Sometimes two major
types arc d“inguishcd: "Formal prompts" and "Thematic prompts*'

(sce these words).
Reactor Sce “Integrator'.

Reduction of uncertainty A measure of the average effectivity of an

instructional material, expressed as a reduction of the number of
errors (within a specific student group). If we examine the ability

of the students to solve a related terminal test item before going
through the material ("'ecror percentage A"), as well as their ability

to solve the problem after going through the material ("'error percentage
B"), then the measure of reduction of uncertainty would be "error per-
centage A - error percentage B'". (Compare terms nSpeed of informa-

tion' and '"Density of information'.)

Responsc request That part of an instructional micro-unit which pre-

sents the student with the task of giving an active responsc reaction
(to solve a problem in mathematics, to fill in a word which has been
left blank, choosc the right alternative {from scveral which have been
presented, ctc.). It is typical of the programmed instruction that
these response requests arc very frequent and continually altcrnate

with the presentation of new material.

Resgpule Sce "Didule'.

Reverse accumulation A system for practising a temporal bohavior

sequence as follows: the final phasc of the scries is practised first,
after this the next to the last plus the last, ctc. Besides the fact that
the student practiscs gequencces (instead of separatc phases only), the
advantage of this arrangement is that the student experiences a mo-
tivation in being able, at an early stage, to perform the final phase

in a behavior scries. This is especially truc if this final phasc has

Q the character of a desirable goal.
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Ruleg (1) A scquence in programmed study material in which new in-
‘rmation is introduced according to thc formula: first general rule
(law, principle, definition or the like), then a complete example,
then an incomplecte example for the student to work with. That is,
the "ru" (rule) precedes the "eg’s" (examples). (2) The term is also
uscd (and originally) for a special system of constructing sclf-
instructional study material, developed by Evans, Homme & Glaser
(1962), in which the use of the sequence type metntioned above is an
important part, but that also has a scries of other typical character-
istics. - The term "Egrul" is sometimes uscd for the more inductive
sequence (leading the student through some examples before letting

him try to formulate the rule h mseclf); hence, the opposite of Ruleg
(1)-

Scramblcd book A programmed textbook characterized by branches in-

corporatcd for the purposec of explaining crrors. /.fter going through
the first information unit, the student must answer a multiple-choice
qucstion as control. The answer he chooscs determincs the page to
which he is directed next. If he has choscen the right _nswer, the new
page presents new information and a new task. If his choice has

becen wrong, oa the other hand, ke is given an cxplanation of his error
on the new page and as a rule is dirccted back to the original task

page with the instruction to choose a better unswer.

Skinncr model A coursc layout which combines 2 non-branching flow

model (linear model where all students go through the same study
material in the same order) with a demand for self-constructed respon-
ses. The name derives from B. F. Skinner but is somewhat mis-
leading, since Skinner worked with other modecls also (among them

models with extreme individaalization of the repetition procedure).

Spced of information A meceasure of the effective communication of in-

formation (“"reduction of uncertainty" for the student; compare this
word) in rclation to the period of time necded for learning. A measurc
which indicates, in other words, how much effective information the
students assimilate per tim ¢ unit in going through a certain instruc-
tional program, and which thereby gives us one meaningful point of

departure in evaluating the effectivity of the program.

Spiral progression A sequence of material set up in such a way that the

student goes through diffcrent subject-matter arcas at 2 lower grade

Q of difficulty before going on to these differcent arecas of material at a
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higher level of difficsulty.
Stimulce Sce ''Didule!

Student-pa :cd flow of information The fact that in programmed instruc-

tion the student himsclf most often decides when a new information
unit shall be presented to him (as opposecd to lesson anl lecture

tcaching wherce the flow of information is directed by the teacher).

Surplus lcarning An extra dividend in the learning rcsult, over and

above the specific knowledges and skills. Acquired study techniques,
attitudes to a certain ficld of knowledge and the like may be considerced

"surplus lcarning'.

System analysis A gencral term for various tvpes of studies on the

different componcnts of a2 system. A system analysis is usually a
very important preparatory phase of work in constructing an instruc-
tional methods-and-matcrials system and then includes such things
as goal analysis, studcnt analysis, situation analysis, subjecct-matter

analysis and media analysis.

System synthesis A gencral term for putting together the components

of a system. In constructing a methods-and-matcrials system for
instruction, wec usually start with an analytic phase (studying the pre-
rcquisites onc by one) and follow up with a system synthesis in con-

structing a prcliminary version.

"Tail model" A layout of auto-instructional material which presupposcs

that the student has alrcady in some other way acquired thc main

points of the study matcrial (for instancec, in an ordinary textbook).
The auto-instructional material functions then as post-study control
and remedial teaching where nceded. The forcmost advocate of this

partial type of auto-instruction has been S. L. Pressey.

Targcet population That group of students to which a certain study matc.

rial is directed.

Terminal behavior or tcrminal behavior rcpertoirc The knowledge and

skill which the studcent should be able to display after going through
a certain study material. A careful mapping of the desired terminal
bchavior is an important part of the preliminary work in drawing up

a programmea coursc. (Compare "Goal analysis".)

Tcrminal stimulus The unprompted question or problem to which the

Q@  student is taught to rcspond. (Compare the word "prompt!'. )
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Terminal test An cxamination which makes it possible to ascertain

whether a student who has gonc through a given study material can
derronstrate the knowledge and skill which arc specified in the goal

description of the coursc. (Also: 'critcrion test!.)

Thematic prompts Stimuli which with the help of meaningful (content-
related) associations make it casier for the student to give the
correct answer., Examplcs and logical deductions can be counted

as belonging to this group of hints.

T -tabulation :\ tabulation (uscd as an aid in goal analysis), with the
help of which the programmer gets a survey of (a) the specific "ter-
minal bchaviors" (scc that word) which the student should display
at the ond of the coursc as well as (b) under which dctailed conditions
this is to take place. The T-tabulation consists of 2 cross-classific-
ation chart of specific terminal bchaviors on thec onc side and a list
of "specifications' (which describe approved aids, acceptable mini-
mum speed, maximum tolcrance of error ctc.) on the other. (For

illustration, sce chapter 5 above.)

Tutofor A gencral term for an aid in presenting a tcaching program to
a student. This aid, or tool, can take the form of a printed book,
which we then refer to as 2 'programmed textbook' (or "tutoprint'),
But it can also be of mechanical character, and we then speak of a

"teaching machine" (or "tutomat').

Vertical pancl-book A programmed textbook, in which the pages arc

divided into panels which (in contrast to the case of the '"horizontal
pancl-book!", compare that word) are read in the usual reading se-
quence (from top to bottom of the page). Each panel usually contains
a short information unit to which is linked a responsc request. A
key answer is also usually part of the instructional micro-unit, and
this can be placed in the same pancl ('simple marginal-key"), in
conncction with a later pancl (“'dclayed marginal-key'), or also on

the back of the information page.

Weltner technique A technique for assessment of the instructional

effect of a particular program, utilizing the differcnce in subjective
information of a basic text before and after the instruction. The
differencec is cstablished by means of a speccific technique of text
predictions, similar to one introduced by C. I. Shannon. (For de-

tails, see Weltner, 1966.)
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Zig-zag book A programmed textbook in which the pages are divided

into cut sections which can be turned forward and backward inde-
pendently of ecach other. This provides a better stimulus situation
than that offercd by the ordinary formis of horizontal and vertical
panel-books. That is, the key answer is not in the visual field when
the student answers the problem, but both the problem and the key
answer are in the visual ficld after the student has answered. (For

illustration, scc chapter 8 above, cspecially Figures 8.7 and 8. 8.)
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PROGRAMMED INSTRUCTION AND EDUCATIONAL TECHNOLOGY:
A SELECTIVE BIBLIOGRAPHIC GUIDE

Introductory note

The present bibliographic guide 15 selective, that is, it does not at all
aim at being comgprehensive. Insteac, we have tried to cover a number of
basic topics and, within cach of these, to list a sample of pertinent
references. For some of the categories we have also attempted to give
some further guidance by means of brief comments.

Outline of contents

Survey publications

Integrated surveys in book form
Survey articles

Introductory films and film strips

— e e e .
N S I S

Inventory-type surveys

N

Collections

.
o

Collections of articles in book form
2.2 Journals and bulletins with continuous interest in programmed

instruction and educational technology

3. Special-topic publications

3.1 The pre-writing prccess: Introductory analyses and decisious
("'System analysis'')
3.1.1 Analyses of terminal objectives, target populations, and

subject-matter structure

3.1.2 Deccisions on prescntation media

3.2 Problems reclated to the writing process (""'System synthesis')
3.2.1 The problem of "flow structure"
3.2.2 The characteristics of the single educational units

3.3 The post-writing process ("System modification and evaluation_"):
Supplementary examination, step-by-step try-outs, revision, and
evaluatiuti of<inal program products .
Theorctical discussions

3.5 Programming activities in various countries

3.6 From the discussions and rescarch on programmed instruction

in Sweden
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1. SURVEY PUBLICATIONS

1.1 Integrated Surveys in Book Form

s,

Becker, J.L. A programed pguide to writing auto-instructional programs.
Camden, N.J.: RCA, 1963.

Bernmalm, S. Programmerad undervisning: En granskning och samman-
stillning av amecrikanska forskningsrapporter. Goteborg: IPU, 1965.

Bjerstedt, A. Programmecrad undervisning, spréklaboratorier och grupp- .
dynamisk kartldggning. (4th cd.) Lund: Glecrups, 1968.

Bjcrstedt, A. Sjilvinstrucrande studiematerial. (Rev. ed.) Lund: Uniskol,
1969.

Brethower, D. M. Programecd instruction: a manual of programing
tcchniques. Chicago: Educational Mcthods, 1963.

Brethower, D. M. Programed instruction: a manual of programing
tcchniques. Arbor, Mich.: Ann Arbor Publishers, 1965.

Dodd, B. Programmed instruction for industrial training. London:
Heinemann, 1967.

Espich, J.E. & Williams, B. Dcvcloping programmed instructional
matcrials. Palo Alto, Calif.: Fearon, 1967.

Filby, Y. Teaching machines. A review of thcory and rescarch. Copenhagen:
Munksgaard, 1961.

Fry, E.B. Teaching machines and programmed instruction. An introduction.
New York: McGraw-Hill, 196\3.

Garner, W.L. Programed instruction. New York: Center for Applied
Research in Education, 1966.

Green, E.J. The learning process and programmed instruction. New York:
Holt, 1962.

Hughes, J. L. Programed instruction for schools and industry. Chicago:
Scicnce Rescarch Associates, 1962.

Kay, H., Dodd, B. & Sime, M. Tcaching machines and programmed
instruction. Harmondsworth: Penguin Books, 1968.

Leedham, J. & Unwin, D. Programmed learning in schools. London:
Longmans, 1965.

Leith, G.O.M. et al. A handbook of programmed lecarning. (Rev. ed.)
Birmingham, England: Jniversity of Birmingham, 1966.

Lecith, G.O.M. Seconds thoughts on programmed lecarning. London: NCET,
1969.

Lysaught, J.P. & Williams, C.M. A guidec to programmed instruction.
Necw York: Wiley, 1963.

Markle, .M., Eigen, L.D. & Komoski, P.K. A programecd primer on
programing. Vol. I. Principles. New York: Center for Programed
Instruction, 1961.

Markle, S.M. A programed primer on programing. Vol. II. Practical
problems. New York: Center for programed Instruction, 1961.
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Markle, S.M. Good framecs and bad. (Rev. ed.) Ncw York: Wiley, 1969.

Oficsh, G.D. Programed instruction: A guide for management. New York:
Amecr. Management Ass,, 1965.

Rowntrce, D. Basically branching. A handbook for programmers. London:
MacDonald, 1966.

Schicfcle, H. & Huber, G. L. Programmierte Untcrwcisung -
programmicrt. Miinchen: Ehrenwirth, 1969.

Schramm, W. Prograred instruction today and tomorrow. Ncew York:
The Fund for the Advancement of Education, 1962.

Shirlcy-Smith, K. Programmecd lcarning in integratcd industrial training.
London: Gower Pr., 1963.

Silvern, L.C. Fundamcntals of tcaching machine and programmed
learning systems. Los Angcles: Education and Training Consultants,

1964.

Skinncr, B.F. Thc technolopy of tcaching. Ncw York: Applcton-Century-
Crofts, 1968.

Sticrnborg, M. Programmcrad undcrvisning - analys och dversikt.
Stockholm: Dept. Educ., 1966.

Stolurow, L.M. Tcaching by machinc. Washington: U.S. Government
Printing Office, 1961.

Taber, J.I., Glaser, R. & Schacfcr, H.H. Lcarning and programmed
instruction. Rcading, Mass.: Addison-Wcsley, 1965.

Thomas, C.A. et al. Programmecd lcarning in pcrspective. A guide to
programme writing. Barking, Essex: Adelphi, 1963.

Undcrvisningsmaskiner och programmerat studiematcrial. Kungl. Skol-
dverstyrelsen: Utredningar i skolfrdgor i1, 1963,

Zielinski, J. & Schdler, W. Mcthodik des programmicrten Unterrichts.
Ratingen: Henn, 1965.

Ziclke, W. Programmicrtc Instruktion in der Wirtschaft. Miinchen:
Verlag Moderne Industric, 1970.

Notc: Some of these books arc very elementary and popular in style;

whercas others - for instance, thc publicatior. by Filby and Stolurow -

arc morc adapted to readcers with somec familiarity of the terminology

and stylc of scientific psychology. In some cases thc prescatation form

is that of a programmed textbook and, hcence, functions both as introduction
and illustration (for instance, Becker, 1963; Brcthower, 1963; Markle

et al., 1961; Schicfele & Huber, 1969). Those who arc most interested

in the program construction proccss will find Fry (1963), Lysaught &
Williams (1963), and Marklc (1969) to be somec of the important references.
The aspects of learning theory are given special emphasis by Green (1962).

1.2 Survey Articles

Holland, J.G. Rescarch on programming variables. In: R.Glaser (Ed.),
Tcaching machires and programmed learning, II. Washington, D, C.:
NEA, 1965. Pp. 66-117.

Klaus, D.J. An analysis of programming techniques. In: R. Glaser (Ed.),
Tcaching machines and programmed lcarning, II. Washington, D.C.:
NEA, 1965. Pp. 118-161.
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Leib, J.W. et al. Teaching machincs and programmed instruction.
Psgychol. Bull., 1967, 67, 12-26.

Lumsdaine, A.A. Instrumcnts and media of instruction. In: N. L. Gage
(Ed.), Handbook of rcsecarch on tcaching. Chicago: Rand McNally,
1963. Pp. 583-682.

Morrill, C.S. Teaching machincs: A review. Psychol. Bull., 1961,
58, 363-375.

f_,' Skinncr, B.F. Why wec nced tecaching machines. Harvard cduc. Rev.,
'.. 1961, 31, 377-398.

Skinncr, B.F. Reflections on a decadc of tecaching machines. In:
R. Glascr (Ed.), Teaching machines and programmed lecarning, II.
Washington, D.C.: NEA, 19065. Pp 5-20.

Spaulding, S. Advanced cducational tcchnologics. Prospects in Education
(Uncsco), 1970, 1 (3), 9-19.

1.3 Introductory Films and Filmecirips

. "Examplc of a teaching machinc program'. Filmstrip prcparcd by
; D.H. Luxton & R.E. Corrigan. Color, 69 framcs. Pasadcna,
< alif.: Basic Skill Films.

"'"Lecarning and behavior'. Intervicws with B. F. Skinncr and R.J.
Herrnstcin at Harvard’s Psychological Laboratory (CBS). B & w,
16 mm sound, 27 min. Ncew York: Carouscl Films.

i R

"Onc step at a time". Produccd by D.Klaus et al., Amecrican Institutc
for Rescarch. Color, 16 mm sound, 28 mu. Pittsburgh, Penna.:
AIR.

"Programming is a process'. Filmstrip (color, 80 framcs) and sound
tapc. Produced by S.M. Marklec and Ph. W. Ticmann. Chicago:
Ticmann Associates.

J
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“"Sclection and use of programmed materials". Filmstrip (color, 64
framcs) and sound rccord, 16 min. Washington: NEA.

'"Tcaching machines'., Filmstrip prcparcd by W.H. Allen. Tcchn.
] advisor: A.A. Lumsdainc. Color, 62 framcs. Pasadcna, Calif.:
y Basic Skill Films.

"Tcaching machines and programmed learning'. Demonstrations and
comments by B.F. Skinncr, A.A. Lumsdaine, and R. Glaser (NEA).
B & w, 16 mm sound, 29 min. Washington: Norwood Films.

: 1.4 Inventory-Type Surveys

Notc: Many biblicgraphical survcys have appcarcd, but thecy too often
have the disadvantage of bccoming obsolescent almost before lecaving

thc printing press, due to the rapid incrcasc in litcraturc. Only some
cxamples arc thercforce listed here. For information about the most
reccnt publications, the rcader should consult the latest issues of the
journals in the ficld, where surveys and reviews often appcar. - As is
apparcnt from the titles, thc inventories cover different things. Inventorics
of machincs (not quitc up to datc any longer, of coursc) arc given by
Finn & Pcrrin and by Ross, whercas program inventorics arc prescnted
in "Programs, '62'", "Programs, '63" ctc. and in Hendershot., Finished
rcscarch is presented in Schramm. A more gencral bibliographic aim
is represcnted by Gee.

Bjerstedt, A. Thec terminology of programmed instruction. Didakomctry,
No. 13, 1v06.
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Cavanagh, P. & Jones, C. (Eds.) Programmes in print 1Y06. London:
Association for Programmecd Learning, 1966.

Cavanagh, P. & Jones, C. (Eds.) Ycarbook of cducational and instructional
tcchnology 1969/70. London: Cornmarket, 1969,

Center for Programecd Instruction. Programs, '62. A guidc to programed
instructional inatcrials available to cducators by Scptember 1962,
Washington: U.S. Government Printing Ofrice, 1962.

Ccnter for Programed Instruction. Programs, '63. A guide to programecd
instructional materials available to cduce*nrs by Scptember 1963,
Washington: U.S. Government Printing Office, 1963.

Center for Programecd Instruction. Programed instruction matcrials
1964-'65. A pguidc to programecd instruction matcrials available for
usc in clementary and sccondary schools as of April, 1965. New York:
CPI, Columbia Univer., 1965.

Centrc de Documentation sur 1’Enscignement Programmée. Bibliographie
sur ’cnscignement programme ct les machines d enscigner. I-I1.
Paris: Institut Pedagogique National, 1966.

Centre de Documentation sur 1’Enscignement Programmé. Cataloguc
analytique decs cours propgraramés. (Languc frangaisec.) Paris: Institut
Dcdapgogique National, 1967.

Committee for Out-of-school Education, Council for Cultural Co-opcration.
Propgrammed instruction: Institutions and their activitics. Strasbourg:
Council of Europe, 1970.

Dcutschsprachige Lehrprogramme. Stand: Mai 1969. Berlin: Piddagogisches
Zentrum, 1969.

Finn, J.D. & Pcrrin, D.G. Tcaching machincs and programcd learning.
A survey of the industry. Washington: U.S. Government Printing Office,
1962.

Gee, R.D. Tecaching machines and programmed lcarning. A puide to the
litecraturc. Hatficld: HERTIS, 1965.

Gescllschaft fiir programmiczrte Instruktion. Kontakt-Register der pddago-
gischen Technik. (3. Aufl.) Quickborn: Schnelle, 1970.

Hcndcershot, C.H. Programmed lcarning: A bibliography of programs and
prcscntation devices. (4th cd. & suppl. 1-6.) Bay City, Mich.: Author,
1970.

Hintcrmaicr, R. Ed.) Lernprogramme '’68. Minchen: Ehrenwirth, 1968.

Hintcrmaicr, R. (Ed.) Lernprogramme ’’70. Minchen: Ehrenwirth, 1970.

Milicr, D.D. Jahreskatalog: Kybcrnetik, Automation, Programmiecrter
Unterricht, Grenzgebicte. Berlin: Elwert und Mcurcr, 1968.

National Society for Programmecd Instruction. Dircctory of members.
San Antonio, Texas: NSPI, 1971.

Programmed instruction guide. (21.1d cd. ) Newburyport, Mass. : Entelek,

1968.

Programmecd lcarning and tcaching machincs: Bibliopraphical references.
Antwerpen: international Audio-Visual Technical Centre. (Undated issucs.)

Ross, VW .L. m.fl. Teaching machincs: Industry survey and buyers’ guidec.
Ncw York: Centcr for Programecd Instruction, 1962.

114



- 20.6 -

Schramm, W. The research on programed instruction. Washington: U.S.
Government Printing Office, 1964,

Spaulding, S. Programmed instruction: An international directory. Paris:
Unecsco, 1967.
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2. COLLECTIONS

2.1 Collections of Articles in Boolk Form

Aagaard, I{., Dohn, H. & Marckmann, W. (Eds.) Konfcrcncc om program-
mecret undervisning. Copenhagen: Laercrforeningernes Matcrialudvalg,

1968.

Bung, K. (Ed.) Programmecd lcarning and the lanpguage laboratory (1).
London: Longmac, 1968.

Coulson, J.E. (Ed.) Programmed lcarning and computer-based instruction.
New York: Wiley, 1962.

Dahllsf, U. & Wallin, E. (Eds.) Liromedelsforskning och undervisnings-
plancring. Stockholm: Nord. utrecdningssecrie, 1969.

DeCccco, J.P. (Ed.) Educational tcchnology. Readings in programmed
instruction. New York: Holt, 1964.

Dolmatch, Th.B. m. fl. (Eds.) Rcvolution in training. Programecd instruction
in industry. New York: Amecrican Management Ass., 1962.

Dunn, 17.R. & Holroyd, L. (Eds.) Aspects of cducational technology.
Vol. 2. London: Mcthucn, 1969.

Filep, R.T. {Ed.) Prospcctiv:s in programing. New York: Macmillan,
1963.

Frank, H. (Ed.) Lehrmaschinen in kybernctischer und piddagogischer
Sicht. 1-4. Miinchern: Oldenbourg, 1963-66.

Galanter, E. (Ed.) Automatic tcaching: The statc of thc art. New York:
Wiley, 1959.

Gescllschaft fliir Programmicrte Instruktion. 8. Intcrnationalcs Symposion
iibcr Programmiecerte Instruktion und Lehrmaschincen: Kurzfassungen,
Berlin: GPI, 1970.

Glascr, R. (Ed.) Teaching machincs and programmed lcarning, II: Data
and dircctions. Washington: NEA, 1965.

Goldsmith, M. (Ed.) Mechanisation in the classroom. An introduction to
tcaching machines and proprammed learning. London: Souvenir Pr.,

1963.

Goodmin, E.H.-(Ed.) Automatcd cducation handbook. Dctroit, Mich.:
Automatcd Education Center, 1965.

Hughcs, J.L. (Ed.) Programecd lcarning: A critical cvaluation. Chicago:
Educational Mcthods, 1963.

Lambert, Ph. (Ed.) The tcacher and the machinc., Madison, Wisc. :
Dembar, 1962. .

La recherche cn enseignement programmeé. Paris: Dunod, 1969.

Lchnert, U. (Ed.) Elektronische Datcnverarbeitung in Schule und Aus-
bildunpg. Miunchen: Oldenbourg, 1970.

Lumsdaine, A.A. (Ed.) Student rcsponse in programmed instruction.
Washington: National Academy of Scicnces, 1961.

Lumsdaine, A.A. & Glaser, R. (Eds.) Teaching machines and programmed
lecarning: A source book. Washington: NEA, 1960.
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Lysaught, J.P. (Ed.) Programmecd icarning. Evolving principles and
industrial applications. Ann Arbor, Mich.: The Foundation for Rescarch
on Human Bechavior, 1961.

Mann, A.P. & Brunstrom, C.K. (Eds.) Aspccts cf cdacational technology.
Vol. 3. London: Pitman, 1969.

Margulics, S. & Eigen, L.D. (Eds.) Applicd programecd instruction.
Necw York: Wiley, 1962.

Oficsh, G.D. & Mcicrhenry, W.C. (Eds.) Trends in programmed
instruction. Washington: NEA, 1964.

Praxzis und Perspcktiven des programmicrten Unterrichts. (Referate des

3. Niirtinger Symposions itber Leh»maschinen. ) Quickborn: Schnelle,

1965.

Praxis und Pcrspcktiven des programmierten Unterrichts, Band II.

Recfcrate des V. Symposions Uiber Lehrmaschinen. ) Quickborn: Schnelle,
1967.

Prograrnmicrter Unterricht und Lehrmaschinen. Bericht. Internationalc

Konfcrenz., Berlin: Piddapg. Zentrum, 1964.

Rollctt, B. (Ed.) Praxis und Thcoric decs programmicrtcn Unterrichtes.
Stuttgart: Klett, 1970.

Rollctt, B. & Weltner, K. (Eds.) Perspcktiven dcs programmiertes
Untcrrichts, Wicn: Osterrcichischer Bundesverlag, 1970.

Rollctt, B. & Weltner, K. Fortschritte und Ergcbnissc dcr Unter-
richtstechnologie. Minchen: Ehrenwirth, 1971.

Roucck, J.S. (Ed.) Programme:-i tcaching. New York: Philosophical
Library, 1965.

Schestakow, A.W. (Ed.) Programmicrtes Lernen und Lehrmaschinen.
(Transl. fr. Russian.) Berlin: VEB Verlag Tcchnik, 1965.

Smith, W.I. & Moore, J.W. (Fds.) Programmecd learning: Thecory and
rescarch. Princeton, N.J.: Nostrand, 1962

Tcal, G.E. (Ed.) Programmecd instruction in industry and education.
Stamford, Conn,.: Public Scrvicc Research, 1963.

Tobin, M.J. (Ed.) Problems and mcthods in programmecd lcarning, 1-5.
Birmingham, England: The National Centre for Programmed
Learning, 1967.

Unwin, D. & Leedham, J. (Eds.) Aspects of educational tcchnology.
Vol. i. London: Methucn, 1967.

Vanh, J. & Tollingerovid, D. (Eds.) Programovant utcni. (Programmed
lcarning and teaching machines, I-II. From thc Liblice Conference,
1965.) Praha: Pedagogicky 4stav JAK CSAV, 1966.

Wallin, E. (Ed.) Undcrvisning - konst eller teknik? Stockholm: Almqvist
& Vikscll, 1968, -~

Zifrcund, V/. (Ed.) Schulmodeclle, programfniertc Instruktionen und tcch-
nische Medien. Miinchen: Ehrenwirth, 1968.

Notic: Among the many collections of articles available, the early onc

by Lumdainc & Glaser (1960) is probably still onc of thc best sources

for anyonc who wants to have a survey of the bricf history of programmed
instruction and to recad somec of thc most important carly articles by the
originators in the ficld: Presscy, Skinncr, Crowdcr, and others. This
book is also a good bikliographic source for 'old'" publications (up to 1960).

117



-20.9 -

A continuation volume, containing among other things a retrospectivs

esscay by B.F. Skinner, is Glascr (1965). The devclopment in Great

Britain can be followed in, for cxample, Unwin & Lecedham (1967), Dunn

& Holroyd (1969), and Mann & Brunstrom (1969). Thc dcvelopment in
German-speaking countrics is mirrored in the many rcports from the
symposia of Gesellschaft fiir programmicrte Instruktion, for examplec:
Frank, 1963-66; Praxis und Pcrspektiven des programmicrten Unterrichts,
1965 and 1967; Rollett, 1970; Rollctt & Wcltner, 1970 and 1971.

2.2 Journals and Bulleting

AID: Auto-Ingtructional Decvices. Has been published by Institute of
International Rescarch and Development, Lubbock, Texas.
(Cf. NSFI Journal below)

Audiovisual Instruction. Ten issucs per ycar. Department of Audiovisual
Ingtruction, NEA, Washington.

Automatcd Education Letter. Monthly (since 1965). Automated Education
Center, Dctroit. (Supplements E. H. Goodman (Ed.), Automated Education
Handbook. Dectroit: AE Centexr, 1965.)

AV Communication Revicw. Quartcrly. Dcpartment of Audiovisual
Instruction, NEA, Washington.

Bibliopgraphic: Programmicrter Untcrricht. Berlin: Piddagogisches
Zcentrum.

Dcutsche Lichrprogramme fiir Schule und Praxis. Has becen published
quartcrly by Manz Verlag, Minchen, Germany.

Didakomectry. Mimeographed bulletin. Department of Educational and
Psychological Research, School of Education, Malmd, Swecden.

Educational Technology. (Formerly: Tecaching Aids News. ) Monthly.
Educational News Scrvice, Saddlc Brook, Ncw Jecrscy.

Enscipnecment Programmé. Quarterly. Published by Centrc de Documentation
sur ’Enscignement Programme, Paris.

Journal of Educational Tcchnology. Published threc times a year (since 1970)
by thc National Council for Edu-ational Technology, England.

Journal of Programmed Instructicn. Quarterly. Has been published by

Center for Programmed Instruction, Tcachers College, Columbia
University, New York.

La Cybcrnctique ¢t la Pédaropic Cybernétique. L’ Association de
Pcdagogic Cybernétique, Paris.

I’Enscigncment Programmé. Quartcrly. Institut Pédagogique National,
Paris.

NSPI Journal. Ten issucs pcr ycar. The National Socicty for Programmed
Instruction, USA. A combination of AID (cf. above) and the earlicr
NSPI Necwsletter.

Programmred Instruction. Ninc issucs per year. Has bcen published by
Center for Programmed Instruction, Teachers College, Columbia
University, New York.

Programmed Learning and Educational Technology. Association for

Programmed Learning, London.

Programmicrtes Lerncn, Untcrrichtstechnologie und Unterrichtsforschung.

Quarterly. Corneclsen, Berlin.
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Visual Education (Incorporating "Programmed Learaing News'') Monthly.
London: National Committec for Audio-Visual Aids in Education.

Zentralblatt der Gesellschaft flx programmicrte Instruktion. Abstract
journal. Published by GPI, Berlin.

Note: As is obvious from the titles, "AV Communication Review'' and
“"Audiovisual Instruction'' arc designed to cover the total audio-visual
field, but these journals have published much material of interest in the
arca of didactic programming. Scveral differences in style of presentation
are scen in the group of journals mentioned above. For instance, "AV
Communication Review'', and "Progran.med Learning" favor strict
scientific reports, whereas "NSPI Jcurnal", for example, has the style

of an information bulletin, in which news and brief notes of various kinds
take up more space. The journal activity has been very lively, but it has
also shown signs of instability. Several of the "early' journals have already
been discontinued (e. g., AID, Automated Teaching Bulletin, Deutsche
Lehrprogramme, Journal of Programmed Instruction, and Programmed
Instruction). - For more dectailed information on U.S. periodicals within
the arca of ecducational technology, sce: Assmann, I. Bibliographie
amerikanischer Zeitschriften aus dem Bereich der Bildungstechnologie.
Programmiertes Lernen, 1970, 7, {74-179.
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SFECIAL-TOPIC PUBLICATIONS

G

3.1 The Pre-Writing Process: Introductory

Analyses and Decisions (""System Analysis'!)

3.1.1 Analyses of terminal objcctives, target populations, and

subject-matter structiurc

Bjerstedt, &. Goal secking, goal focusing, and goal adjustment.
Propr. Learn. educ. Technol., 1970, 7, 268-279.

Bloom, B.J. (Ed) Taxonomy of educational objectives. New York:
Longmans, 1956.

Boeckmann, X. Basaltext und opcrationale Liernzicldefinition - Eine
vergleichende Betrachtung ihirer Mbdglichkeiten. In: B. Rollett &
K. Weltner (Eds.) Fortschriite und Ergebnisse der Unterricbtstechno-
logie. Minchen: Ehrenwirth, 1971. Pp. 17-25.

Bullock, D.H. Strukturanalys av en undervisningsenhet. In: E. Wallin (Ed.),
Undervisning - konst eller teknik? Stockholm: Almgvist & Wiksell, 1968.
Pp. 74-87.

Davies, I.K. The mathetics stylec of programming. In: K. Bung (Ed.),
Programmed learning and the language laboratory (I). London: Longmac,

1968. Pp. 29-50.

Evans, J.I., Homme, L. E, & Clacer, R. The Ruleg system for the
cunstruction of programmed verbal learning sequences. J. educ. Res.,
1962, 55, 513-518.

Flechsig, K.-H. Probleme der Entscheidung tiber Lernziele. Programmiertes

Lernen, 1970, 7, 1-32.

Frank, H. & Graf, K.D. ALZUDI - Beispiel einer formalen Didaktik.
Z. erziehungswiss. Forsch., 1967, 1 (1), 27-34.

Gagne, R.M. The analysis of instructional objectives for the design of
instruction. In: R. Glaser (Ed.), Teaching machines and programed
learning, II. Washington, D.C.: NEA, 1965. Pp. 21-65.

Glaser, R. Some research problems in automated instruction: instructional
programming and subject-matter structure. In: J. E. Coulson (Ed.),
Programmed learning and computer-based instruction. New York:
Wiley, 1962. Pp. .7-85.

Hartley, J. Factors affecting the efficiency of learning from programmed
instruction. (I). Visual Education, 1971, May, 33-35.

Kibler, R.J., Barker, L.L. & Miles, D.T. Behavioral objectives and
instruction. Boston: Allyn & Bacon, 1970.

Leith, G.0O.M. Learning and personality. In: W.R. Dunn & C. Holroyd
(Eds.), Aspects of educational technology, Vol. 2. Methuen, 1969.
Pp. 101-110.

Mager, R.F. Preparing objectives for programmed instruction. San
Francisco: Fearon, 1961.

von Mentzer, C.H. Studier i empirisk mdlanalys. Stockholm: School of
Education, 1968.

Miller, R.B. Task description and analysis. In: R.M. Gagne (Ed.)
Psychological principles in system development. New York: Holt,
1962. Pp. 187-228.
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Popham, W.J. et al. Instructional objectives. Chicago: Rand McNally,
1969.

Riedel, H. Psychostruktur: Psychostruktur und Lehrprogrammicrung.
Quickborn: Schnelle, 1967.

Roe, A. & Moon, H. Analysis of course content for individual learning.
Automated Teaching Bulletin, 1960, 1 (3), 3-11.

Weltner, K. Zur Bestimmung der subjcktiven Information durch Ratetests.
In: Praxis und Perspcktiven des programmierten Unterrichts, Band II.
Quickborn: Schnelle, 1967. Pp. 69-74.

Weltner, K. Information theory and programmed instruction. Rev. educ.
Cybernetics & appl. Linguistics, 1969, 1 (1), 25-41.

Weltner, K. Informationstheoric und Erzichungswissenschaft. Quickborn:
Schnelle, 1970.

Weltner, K. Lernziele unter dem Aspekt der Informationstheoric. In:
B. Rollett & K. Weltner (Eds.), Fortschritte und Ergebnisse der
Unterrichtstechnologie. Miinchen: Ehrenwirth, 1971. Pp. 26-35.

Zielke, W. Stichwortschaubild und Faktenanalyse als Hilfsmittel rationellercr
Lehrprogramerstellung. In: Gesellschaft fiir Programmierte Instruktion.
8. Internationales Symposion ...: Kurzfassungen. Berlin: GPI, 1970.
P. 20.

3.1.2 Deccisions on Presgentation Media

Ahlstrom, K.-G. & Amcoff, §. Feedback functions in teaching machines.
Scand. J. Psychol., 1967, 8, 243-249.

Atkinson, R.C. Learning to read under computer control. Progr. Learn.
cduc. Technol., 1968, 5, 25-37.

Bjerstedt, A. Schw1erigkcitch und beobachtungstechnologische Moglich-
keiten in der Lehrerausbildung. Z. erziehungswiss. Forsch., 1968, 2,
59-82.

Brown, J.W. Student response systems. Audiovisual Instruction, 1963, 8,
214-218.

Bung, K. Programmed learning and the language laboratory (2): Collected
papers. London: Longmac, 1967.

Bushnell, D.D. The role of the computer in future instructional systems.
Washington: DAVI, 1963.

Goldstein, L.S. & Gotkin, L.G. Tecaching machines vs. programed
textbooks as presentaticn modes. Journal of programed Instruction,

1962, 1, 29-36.

Hayes, A.S. Language laboratory facilities. Washington: U.S. Government
Printing Office, 1963.

Hocking, E. Language laboratory and language learning. Washington: NEA,
1964. -

Holling, K. The fecedback classroom in use. In: D. Unwin & J. Leedham (Eds.),
Aspects of cducational technology. London: Methuen, 1967. Pp. 275-306.

Lewis, B.N. & Pask, G. Thec theory and practice of adaptive teaching
systems. In: R. Glaser (Ed.), Teaching machines and propramed learning,
II. Washington, D.C.: NEA, 1965. Pp. 213-266.
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Malmgquist, E. & Grundin, H.U. Olika former {f6r bjudning av programme-
rat undcrvisningsmaterial. Forskningsrapporter fridn Statens Forsdks-
skola i Link8pirz, Nr 8, 1966.

Pask, G. Teaching machincs. In: 2nd International Congress on Cybernetics,
Sept. 1958. Namur, Belg.: Assoc. Intern. de Cybernetique. Pp. 962-978.

Pask, G. Thc teaching machine as a control mechanism. Transactions of
the Society of Instrumecnt Tcchnology, June 1960. Pp. 72-89.

Richter, H. Lehrautomaten - Beispicle und Entwicklungstendenzen. In:
B. Rollett & K. Weltner (Eds.), Tortschritte und Erpcbnisse der Unter-
richtstechnologie. Miinchen: Ehrenwirth, 1971. Pp. 173-192.

Ryans, D.G., Bushnell, D.D. & Cogs .ell, J.F. A computer-based
laboratory for automation in school systems. Santa Monica, Calif.:
System Dcvelopment Corp., 1962.

Stolurow, L.M. & Davis, D. Tcaching machines and computer-based
systems. In: R. Glaser (Ed.), Tcaching machincs and programed learning,
II. Washington, D.C.: NEA, 1965. Pp. 162-212.

3.2 Problems Related to the Writing Process ('System Synthesis')

3.2.1 Thec problem of ""flow structurc"”

Chapman, B. Phases of mathetical procedure. Programecd Instruction,

1963-64, 3 (3-4), 6-9.

Coulson, J.E. et al. Effects of branching in a computer controlled
autoinstructional device. J. appl. Psychol., 1962, 46, 389-352.

Crowder, N.A. On the differcnces between linear and intrinsic programming.
Phi Delta ¥ .ppan, 1963, 44, 250-254.

Davics, I.K. Mathetics - a functional approach. In: D. Unwin & J. Leedham
(Eds.). Aspects of educational technology. London: Methuen, 1967.
Pp. 205-216. '

Evans, J.L., Glaser, R. & Hommec, L.E. An invcstigation of '"'teaching
machine'" variables using learning programs in symbolic logic. J. cduc.
Res., 1962, 55, 433-452,

Gilbert, Th.F. Mathctics: An cxplicit theory for thc design of teaching
programmes. (Rev. educ. Cyberneties & appl. Linguistics. Supplement 1.)
London: Longmac, 1969,

Graf, K.-D. Algoritmische Zuordningsdidaktik und Dialog-Didaktik. In:
U. Lehncrt (Ed.), Elektronischc Datenverarbeitung in Schule und Ausbildung.
Miinchen: Oldenbourg, 1970. Pp. 64-73.

Holland, J.G. & Porter, D. Thc influence of repetition of incorrectly
answered items in a teaching-machine program. Journal of the experimecntal
Analysis of Behavior, 1961, 4, 305-307.

Jiven, L.M. & Oreberg, C. Thc IMU Project: Prcliminary plan for investi-
gating the cffects of a system for individualized mathematics teaching.
Didakometry, No. 22, 1968.

Larkin, T.C. & Leith, G.O.M. Thec effects of lincar and branching methods

of programmed instruction on lcarning and rctcntion of a topic in elemen-
tary science. Programmed Learning, 1964, 1, 12-16.

Leith, G..O.M. Conflict and intcrference. Programmed Learning, 1971, 8,
41-50.
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Mager, R.F. & Clark, C. Explorations in student-controllcd instruction.
In: G.D. Ofiesh & W.C. Mcicrhenry (Eds.), Trcnds in programmed
instruction., Washington: NEA, 1964. Pp. 235-238.

Pennington, D.F. & Slack, C.W. The mathetical design of effective
lessons. In: S. Margulics & L.D. Eigen (Eds.), Applied programed
ingtruction. New York: Wiley, 1962. Pp. 298-310.

Presscy, S.L. Basic unresolved tcaching-machine problems. Theory into
Practice, 1962, 1, 30-37,

Pressecy, S.L. Autopresentation vs. autoelucidation. Propgramecd Instruction,
1963, 2 (4), 6-7.

Roe, A. A comparison of branching methods for programmed learning.
J. educ. Res., 1962, 55, 407-416.

Schroter, G. Das zweistufige Programm als integricrender flbergang vom
lincarcn zum verzweigten System. In: B. Rollett (Ed.), Praxis und
Theoric des programmicrten Untcrrichtes. Stuttgart: Klett, 1970.

Pp. 32-36.

Shettel, H.H. Individual diffcrences in subject matter knowledge and pro-
fgrammed instructional format. Pittsburgh: AIR, 1963.

Silberman, H.F. et al. Fixed scquence versus branching autoinstructional
mecthnds. J. educ. Psychol., 1961, 52, 166-172.

Smallwood, R.D. A decision structurc for teaching machines. Cambridgec.
Mass.: MIT Pr., 1962.

3.2.2 Thec characteristics of the sinpgle instructional units

Barlow, J.A. Conversational chaining in teaching machinc programs.
Psychol. Rep., 1960, 7, 187-193.

Bascscu, B. Morc on multiple~-choicc frames. Programecd Instruction, 1962,
2 (1), 3.

Bascscu, B. & Horn, R.E. A rcsponsc analysis systera. Programed
Instruction, 1964, 4 (3), 6-9.

Brcthower, D. M. et al. Programmecd learning: A practicum. Ann Arbor,
Mich. : Ann Arbor Publ., 1965.

Eigen, L.D. & Margulies, S. Rcsponsc characteristics as a function of
information level. Journal of propramed Instruction, 1963, 2 (1), 45-54.

Ferraro, D.?. et al. Somc considerations on thc main features of
programmed instruction. In. G.E. Teal (Ed.), Programmed instruction
in industry and education. Stamford, Conn.: Public Scrvice Research,
1963. Pp. 43-67.

Goldbeck, R.A. & Campbell, V.N. The cffects of rcsponsc mode and
responsc difficulty on programed lecarning. J. educ. Psychol., 1962,
53, 110-118.

Grace, H.A. Frogramming and rcadability, Calif. J. cduc. Res., 1963,
14, 164-166.

Klaus, D.J. The art of auto-instructional programming. AV Communication
Revicew, 1961, 9, 130-142.

Krumboltz, J.D. & Kiesler, Ch.A. The partial rcinforcenient paradigm and
‘programcd instruction. J. progr. Instr., 1965, 3 (2), 9-14. -
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Krumboltz, J.D. & Weisman, R.G. The effect of overt versus covert
responding to programed instruction on immediate and delayed retention.
J. cduc. Psychol., 1962, 53, 89-92.

Ludwig, E.H. Dic Tcchnik zur Herstellung von Lehrprogrammen. Ratingen:
Henn, 1965,

Margulics, S. Some general rules of frame construction. In: G.D. Ofiesh
& W.C. Mcicrhenry (Eds.), Trends in programmed instruction,
Washingten: NEA, 1964. Pp. 185-188. .

Roe, A. Automated tecaching mecthods using linear programs. J. appl.
Psychol., 1962, 46, 198-201.

Schacfer, H.H. A vocabulary program using "languagce rcdundancy'.
Journal of programed Instruction, 1963, 2 (3), 9-16.

Trittipoe, W.J., Trittipoe, T.G. & Hahn, C.P. Thc cffcctiveness of three
programed-learning frame styles. Journal of programed Instruction, 1963,
2 (1), 35-43.

3.3 The Post-Writing Process (!'System Modification and Evaluation')

AERA-APA-DAVI Joint Committeec on Programed Instruction and Teaching
Machines. Criteria for assessing programed instructional materials.
Audiovisual Instruction, 1963, 8, 84-89,

AERA-APA-DAVI Joint Committece on Programmed Instruction and Teaching
Machines. Recommendations for reporting the effectiveness of program-
mecd-instruction materials. NSPI J., 1966, 5 (3), 3-9.

Bjerstcdt, A. Mapping the cffect-structurce of sclf-instructional materials.
Programmed Learning, 1965, 2, 99-109. o

Bjerstedt, A. Mapping the pheno-structurc of sclf-instructional materials.
Progr. Learn. educ. Technol., 1967, 4, 87-102.

Bjerstedt, A, Phédno-Struktur und Effckt-Struktur didaktischer Scquenzen:
Beitrdge zur Analysc und Beurteilung von Lehrprogrammen. In: H. Frank
(Ed.), Lchrmaschinen in kybernctischer und pddagogischer Sicht, 4.
Stuttpart: Klett, 1966. Pp. 17-39.

Bloom, B.S., Hastings, J. Th. & Madaus, G.F. Handbook on formative and
summative cvaluation of student lecarning. New York: McGraw-Hill, 1971.

Cook, D.A. Studying the performance of a program. Programecd Instruction,
1962, 2 (2), 4-8.

Cox, A. ct al. Suggested criteria for sclection of programed materials.
In: Summary Report of the Eipghth Lake Okoboji Audiovisual Leadexrship
Confcrence. Iowa City: State Univer. Iowa, 1962. Pp. 80-88.

Geis, G.L. Some considerations in the cvaluation of programs. AV Com-
munication Review, 1962, 10, 64-69.

Glascr, R. Instructional technology and the measurcment of learning
outcomes: Some questions. Amer. Psychologist, 1963, 18, 519-521.

Gordon, J.M. The evaluative response: A ratc problem. AID, 1963, 3, 240.

Holland, J.G. Evaluating tcaching machines and programs. Tcachers College
Rccord, 1961, 63, 56-65.

Jacobs, P.I. Item difficulty and programed lcarning. Journal of profgramed
1963, 2 (2), 21-38.
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Jacobs, P.I., Maicr, M.H. & Stolurow, L.M. A guidec to cvaluating scli-
instructional programs, New York: Holt, 1966.

Lumsdaine, A.A. Some problems in assessing instructional programs.
In: R.T. Filep (Ed.), Prospectives in programing. New York:
Macmillan, 1963. Pp. 228-262,

Lumsdaine, A. A. Asscssing the cffectiveness of instructional programs.
In: R. Glaser (Ed.), Tcaching machines and programed learning, II.
Washington, D.C.:NEA, 1965. Pp. 267-320.

Markle, S.M. Faulty branching frames: A modecl for maximizing fecedbacl
to the programer. Programed Instruction, 1963, 3 (1), 4-8.

Markle, S.M. The lowest common denominator: A persistent problem in
programing. Propgramed Instruction, 1963, 2 (3), 4-5.

Rollett, B. Untersuchungen zur semantischen Transinformation. In: B.
Rollett & K. Weltner (Eds.), Pcrspcktiven des programmicrten Unter-
richts. Wien: Osterreich., Bundesverlag, 1970. Pp. 70-76.

Rothkopf, E.Z. Criteria for the acceptance of seli-instructional programs.
In: A.E. Traxler (Ed.), Improving the efficiency and quality of learning.
Washington: Amer. Council on Educ., 1962. Pp. 30-38.

Rothkopf, E.Z. Some obscrvations on predicting instructional effectiveness
by simple inspection. Journal of programed Instruction, 1963, 2 (2),
19-20.

Silverman, R.E. The evaluation of programmed instruction: A problem in
decision making. Psychology in the Schools, 1964, 1, 74-78.

Standards Committec of the NSPI. Checklist for sclecting programs. NSPI
Journal, 1963, 2 (6), 4.

Vanderschmidt, H. Validatiown data for programmed texts: A ch:cklist for
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