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PSYCHOLOGICAL PRINCIPLES INVOLVED WITH RULE GENERALITY
(DEGREE OF NONSPECIFICITY) AND PERFORMANCE CONSISTENCY IN
MATHEMATICAL PRESENTATIONS WERE STUDIED. SPECIFICALLY, THE
PURPOSES WERE (1) TO DETERMINE IF TEST BEHAVIOR CONFORMS TO
THE SCOPE OF A VERBALLY ADMINISTERED TEST RULE, (2) TO
EXPLORE THE INTERPRETABILITY OF VERBAL TEST RULES, AND (3) TO
DETERMINE WHETHER “WITHIN SCOPE* USE OF A RULE IMPLIES
"BEYOND SCOPE" USE WHEN NO INFORMATION 1S GIVEN AS TO WHEN A
RULE IS AND IS NOT APPROPRIATE. TWO EXPERIMENTS WERE
COMDUCTED. IN EXPERIMENT 1, 85 COLLEGE STUDENTS PARTICIPATED
IN A GAME OF NUMBERS, USING 1 OF 3 RULES (OF VARYING
GENERALITY) FOR WINNING THE GAME. IN EXPERIMENT 2, THE
VARIABLES WERE RULE GEWERALITY (3 LEVELS) AND EXAMPLE
AGIVEN-NOT GIVEN). THE MATERIALS, BASED ON ARITHMETIC SERIES,
WERE PRESENTED TO 1i4 JUNIOR HIGH SCHOOL STUDENTS. EACH
STUDENT WAS TESTED ON THREE PROBLEMS (1) WITHIN THE SCOPE OF
THREE SEPARATE RULES, (2) WITHIN THE SCOPE OF THE TWO MORE
GENERAL RULES,» AND (3) ONLY WITHIN THE SCOPE OF THE MOST
GENERAL RULE. FINDINGS WERE THAT (1) EACH GROUP'S PERFORMANCE
WAS AT ESSENTIALLY THE SAME LEVEL ON THE “WITHIN SCOPE"
PROBLEMS, ¢2) THE RULE TAUGHT FOR ONE PROBLEM TENDED 3O BE
USED BY THE SUBJECTS ON SUCCEEDING PROBLEMS WHETHER
APPROPRIATE OR NOT, AND (3) THE *"MOST SPECIF1C* RULE WAS
BETTER LEARNED THAN OTHERS. PRACTICAL IMPLICATIONS FOR
TESTING AND THEORETICAL QUESTIONS WERE DISCUSSED. (RS)
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ABSTRACT

Rule Generality and Consistency in Mathematics Learning

Joseph ii. Scandura
University of Pennsylvania

Brnest Woodward and Frank Lee
Florida State University

Two experiments were conducted. In experiment one,
51 college §3 were taught one of three rules, of varying
generality, for winning the game of NI, Two additional
groups of 17 s each served as controls. In experiment
two, the variables were rule generality (3 lavels) ané
example (given=-not given). The materials, based on
arithmetic series, were presented to 114 junior high
school 5s. Al)l 88 were tested on three problems, tle
£irst within the scope of each rule, the second witain
the scope of the two more general rules, and the third
only within the scope of the most general rule.

The results generally justify the categorization
of verbally presented rules as to generality. There was
positive transfer to an outside scope nroblem in only
one case and each group's performance was at essentially
the same level on the within scope protlems. In experi-

. ment one, the most specific rule was better learned than

the others: a similar, but weaker, effect was noted in

experinent two.




E ?l
;
3

2 third facet of the study dealt

with response coasistency. Lxcept for one case wiere
the effect was rather directly attributable to piior
learning, those Ss who used the rxruie taught on one
problem tended also to use it on succeeding problems
whether or not tue rule was appropriate.

Both practical implications for testing and

theoretical questions were discussed.




Rule Generality and Consistency in Mathematics Learningl

Joseph :i. Scandura
Univexrsity of Pennsylvania

brnest Woodward and Frank Lee
Florida State University

In many instructional situations, the guestion
often arises as to hcw general the presentation of
material ought t» be. Some proponents emphasize that
the more general a principle the more useful it will
be; others, that the more specific the principle, the
better the learning. There is a real need to better
understand the psychological principles involved but
previous stulies dealing with rule (or principle)
learning (e.g., Craig, 1956; Gagne and brown, 1961;
Haselrud and Meyers, 1953; Kersh, 1958, 1962; Kittle,

(5 ANDURA, 1964, 19645 5
1957;hw1ttrock, 1963), have dealt only indirectly with
thig guestion.

This study represents a first attempt to provide a
rigorous definition of principle (or rule) generality
and to contrast the logically detexmined behavioral
implications of this definition with the results actually
obtained. The definition of generality used is a natural

extension of a definition introduced earlier (Scandura,

1 This research was conduciad at the Florida State Univ-
exsity where the senior autior was formerly located and
was supported by the U.S. Office of Education.

“Although a legitimate distinction may be made between
ruléé‘anﬁ’gtinéiglen, the distinction is fine and was
not recognized until after the study was complaced., The
texrmg have been used synonymously throughout the papex
axcept in the concluding saction where the distinction
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1966a) as part of a new scientific Set~-Function Language
(5FL) for formulating research questions on Meaningful
learning. The denotation (i.e., observabie aspect) of
the principle, which is the basic behavior unit (as
opposed to the association) in the SFL, is defined as a
function--that is, as a set of ordered stimulus-rosponse
pairs, £ = [(S4, Ri)|i =1, ..., n, ...], in whirth each

stimulus is paired with a single response¢. T'lhen viewed

in terms of sets, principles are naturally orderable as

to generality; one set (principle) may be said to be

more general than another if it includes all instances

(S-R pairs) of the latter plus some of its own.

dore particularly, concern nere was with principle
gtatemerts of the form, “If A, then B" (see Gagne, 1965;
Scandura, 1966a, 19663), =--e.¢g., given some numerical
series, the zum may be determined by squaring the
number of terms in the series. The associated test
stimuli {¢.g., number series) and responses (e.g., sums)
were used to test for the acquisition of stated
principles.

In accordance with the above definition, the state-
ment of a highly genersl principle was expected to
induce appropriate performance on a wide variety qf
tasks. At theAséme cine, it was felt that ease of apply-

ing a presented principle might vary directly with its
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specificity. In sanort, tie generality of a principle
is a structure variable, §na wihose effacts on inter~
pretability and transfar we wanted to uaternine.
Principle geanerality was not viewed simply as an
empirical variable. %o the contrary, we‘feel, as do
Wittrock and Keislar*, that principle generality wmay be
a fundamental wvariable underlying the results of som=2
of the rule related studies citec¢ above. For illustra-
tive »urposzs, consider the Wittrock (1963) study. It
is recent and well designed, and so provices an zxcellent
case in point. The indzpendent varianles in Wittrock's
stuay were (1) rule (given-not given), (2) answer
(given-not given). Une treatments involvad presenting
(or not presenting) a rule along with a nroblem to whici
the rule applied wita (or without) th: answer. For our:
purposes, it will suffice to consider the resultant
performance on tne original problen(s) and on new problems
to which fhe rules appliecd. In view of tue proposed
dgefinition of principle generality, the answer given
groups ware c¢ffectively presented with a very restrictive
priuciple~-a principle applicable to exactly one stimulus.
The rule given groups were saown a more widely applicable
rule statement. When looked at in this way it is not at
all surprising that (1) the answer given groups did as
well as the rule givengroupéon tha learning test, (2)

the rule given groups did better on new problems to

—y <

*Parsonal conmunication.




v - - » -
s e o B Y
L e T ol S R
7 - itk s HYY
-~
<
4
——

widich the rule was applicable. Furtnermore, the
ralatively poor performance of the rul: and answer given
group, as comparad to tae rule given group, on tiz

latter measure, is suggestive of the relative ¢ifficalty
of lzarning principles of &Gifferent generality. The
ontained results could be explainad by postulating taat
the rule ane answer given Ss took tiwe path of least
resistance ana simply ramemodercea the anéwer whila
ignoring the rule.

Of course, tae results can be interprated agually
w2ll in tazrms of tuae variahles explicitly manipulated
in the Wittrock (1v63) stuay. In what sense is rule
generality more basic tnan the rule and answer variables?
The answer lics in what bota we and Wittrock and Keislar®
believe to n2 the yreater explanatory power of what might
 pe called geasrality laws (hypotheses)--e.g., a rule of
lesser generality is easier to learn and apply than one
of ygreater gencrality--as compared with those laws (results)
cbtained earlier by Wittrock--e.g., giving rules is hetter
than not giving rules.... The generality laws can be used
to explain these results, but ths rélaticnships found
(i.e., the results) cannot easily be used to explain the
proposad generality laws. It is to Wittrock's credit
tinat he emphasized the phenotypic nature of the rule and

answer variaonles and later helped to explicate one form of

tile generality hypothesis (based on an S-< mediation argument).

inotaer facet of this research concarns tne

*pPersonal communication.
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*Personal communication. In reacting to the wanhuscript
on whica this article is pased, wittrock called our
attention to another forw of the gensralization aypothesis.
In two recent studies (Wittrock, Keislar, & Stern,

Verbal Cues in Concgpt Identification, Journal cf
Lducational P§¥chology, 1964, 55, 195-200; wittrock &
Kaislar, Veroval Cues in the yransfar of Concaote,

Journal of Educational ngcholog‘, 1965, 56, 16-21.),

S5 were pretiaineéu on a hierarchically arrsnged associa-
tive structure, comosed of word or pictorial s+imuli,
and thza, during lzarniag, were civen cuzs at ore level
in tne nierarcuay. These cu2s wer: prasumed to facilitate
aiscovery of the coneepts and/or rules undorlying
aspropriate Hehavior om ths learning tasks., Thesa2
autihors,

"hypoth:sizad that in a problemn-solvirg tect
wiere tazre was a low probability of cuccess
without cues, transfer would e raelatad to thne
type of cue useu eariizr during instruction.
Tha c¢lass cue should producs the graatest
transfur to new instances of the zame class;
the spacific cue should procuce tha greatect
initial learning; and¢ tihe general cue should
produce the jyreatest remote tranzfer or
transfer to n2w concepts (Wittrock & izislar,
1965, 15)."

| e Shpport was obtained for the first two hypotheses,
but not the last. Sinca the prior training was common
to all Ss, the cues presumably actad as munhk to induce
an appropriate responding set as to nodify “what was
learned.” To the extent, then, that word and prctorial
cues, pretraining on hizrarchically arranged associative
structuras, and einstellung effects or learning by
discovery, can ke aquated with rule or principle
statements, the prior learning had by the colleye 8s
used in this study, and what is learned by expositlon,
respectively, the hypotheses proposed by flittrock and
Keislar and those proposed here are very similar.
lon2theless, the presant hypothevas were derived
in a wanner quite distinct from the way in which
Wittrock and Keislar derived theirs. For one thing,
transferability was equated with the logically determined
scope of principles~-the inclusiveness of its denotativa
set of instances (ordered 5-R pairs). The interpratabil-
ity hypothesis, howaver, was originally based simply on
intuition. 1It was only after a post hoc analysis of the
experimental results led to a mors complete formulation
of tiie SFL that a formal rationale was proposed. Wittrock
and reislar based their hypotheses on 5~R mediation theory.
In addition to being vased on the principla, rather than
the association, tihe SPFL seems to be leadirg to guite a
different szt of theoreticai assumptions than those
underlying S-R theories. In varticular, (continuous)




generalization gradients, base« on responsa strength
(see footnote in Discussion Section), do not apozar

necessary in S¥L formulations,.

‘e  Purther discussion is bayond the scope of tails
paper. Somz related issues aave oeep d:zalt witl. i
more fully eilscwarve {(Scandura, 13500, LIFEEY pund .
throretical woil is still in pregrassz. Cb

o g

emmia s




P
o let e T

BN

_"1::«";{.&"—»; Pt

R IsEL Ly T AR
st v e T A s - e

o

congistency with which a presented principle (or concept)
iz applied. In an earlier study?, Greeno and Scandura
(1966) found, in a verbal concept learning situation,
that after learning a coimon response to one or more
stimulus exenplars of.a concept, $ either gave the

correct response the first time he saw a transfer stimulus
(i.e., a new exeunplar of tae concept) or the transfer
item was lecarned at the same rate as its vaired cohtrol
in a (transfer) pairec-associate list. Scandura (1$66a,
1966¢c, 1l966d) later reasoned that if transfer obtains

on trial one, if at all, tnen responses to addicional
transfer items, uncder appropriate conditions, should be
contingent on the response given to the first transfer
stimulus. The results of a pilot study were revealing
(Scandurs, 1966¢c). In 47 of'52 cages, in which the

first test response indicated that a concept had been
acquired, the concept also provided the basis for
responding to a second test (i.e., transfer) stlmulus.

Similar piiot results obtained when the test resgponses

were based on principles of the form, *"1f the stimulus

object is large, then the response is the name of its
color" (Scandura, 1966a, 19664).
The primary purpose of this research was to deter-

mine whether test behavior conforms to the logically

2 conducted during the summer of 196Z.
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determined scope of a verbally stated principle. Assum-
ing no g_gggggg.knowledge of related principles, appropri-
ate responding is to be expected only within the scope
of the principle. lowever, the ;e sould be no systematic
within sccpe differences--all stimuli within the scope
of a principle shou.d be of approximately the same
difficulty. A secondary purpose of the study was to
explore the question of interpretability. When and way
do verbally stated principles differ in ease of learning
as determined by performance on within scope items?
Originally, it was thought that generality itself might
be the sole crucial factor. The final purpose of this
regearch was to obtain further data on Scandura's (1966a,
1966c, 1966d) response consistency hypothesis in a moxe
complex situation. does within scope use of a rule imply
beyond scope use when no information is given as to when
a rule is and is not appropriate?

To obtain evidence on these points two experiments
were conducted concurrently, one with college S8 and the
other with junior high school Ss. Mathematical materials

were used in both experiments.

N
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EAPERIMENT ONE

Method

iMaterial and Subjects. The material consisted of a

variant of the number game, "NIM® (Banks, 1964, 55-58).
In the game, two piayers alternately select nunbers
from a specificd set of consecutive integers (including
1) and keep a running sum. The winner is the one who
picks the last number in a series having a predetermined
sum., If this sum is 31 and the set consists of the
integers 1-6, the players select numbers from 1~6 until
the curulative sum is either 31 or above (in which case
no one wins).

Each game of WIli can be characterized by two
integers, an ordered pair (n, m) where n is the largest
integer in the selection set and m is the predetermined
sum,

Rules are available by which the perscn making the
first selection can aiways win. Some of these rules
are particular to specific games whereas others are
moré general. The wost specific (8) rule referred only
to (6, 31) games, It was stated:

"phere is a pattern to the game which will enable
you to win whenever you are allowed to make the first
selection. You must, however, make an appropriate first
gelection and then proceed in a precise manner. In

ordex to win the game you should make 3 your first
selection. Then you should make selections so that the




sue corresponding to your selections differ by 7.°

The rule of intermudiate (8G) generality referred to

all games of the form (6, m) and was stated:

“ ..In order to win the game, the appropriate
first selection is determined by dividing the desired
sum by 7. The remainder cf this division is precisely
the selection which should be made first...."

Trhe most general (G) rule referred to games of the form

(n, m) and was stated:

v ..In order to win the game the appropriate first
selection is determined by adding one to the largest
nunber in the set from which the selections must come
and dividing the desired sum by this result, The
remainder of this division is precisely the selection
that snould be made first. Then you saould make
selections so that the sums corresponding to your
selections differ by one greater than the largest
number in the set from whicih the selc=tions must come.”

All of the materials were reproduced by mimeograph
and were combined into four 8 1/2" x 11" booklets;
introduction, treatwent (i.e., rule), test material,

and answer sheet. 'The in.roductory booklet contained

six pages. Page 1 simply indicated that the experimental

results would be made available to the §s and asked that

they not divulge information about the experiment to
others who might be participating. The nature of the
(6, 31) game was explained and an example given on page
2. Pages 3 and 5 consisted of two different (6, 31)
games and required § to compute the running sum in each
in accordance with a specified seguence of selections.

This was done to ensure that the Ss knew the objective




of and how to play the game. Knowledge of resulis on
these practice games was given on pages 4 and 6.
Nothing was said about tue game winning procedures, but
it was mentioned that there are many variations of WIM.
There were five different treatment booklets.
Three included ore of the game winning rules and a

common (6, 31) game to which the rule was applied. The

other two booklets served as controls. 'The C treatment

booklet consisted of a shoxt topic on divisidility with
questions about divisibility on the second page. Booklet

E consisted of the divisibility topie¢ and the (6, 31)

example. In ¢his common gawme, the running sums were 3,
5, 10, 13, 17, 23, 24, 25, 31. Those numbers in italics

resulted directly from the hypothetical winner, By

remembering these sums it would be possible to win any
new (6, 31) game.

The test booklet consisted of seven pages, the first
of which explained how to use the booklet. § was tolda to
make a selection on the answer sheet and then turn to one
of the remaining six pages in the materials booklet for
the opponent's selection. This order was scrambled for
each of the three problems presented. Problem one

conaisted of a (6, 31) zame, prcblem two a (6, m) game

with m = 25, and problem three an (n, m) game with n = 4

and m = 22,




% ?? The 88 were 85 Florida State University under-

§ ?; graduates enrolled in a‘ﬁathematics education course for 3

€ §f elementary teachers. Participation was a class require- %}

9;» ment.

%‘W‘ Design_and Procedure. The $s were assigned randomly to %W

3 three treatment groups and two controls so that each %;

fs; group contained 17 Ss. Group S was given the (6, 31) ff
rule and example, group SG the (6, m) rule and ocxample, . *Ef

group G the (n, m) rule and example, group E only the
example, and group C nothing reievant. The experimnent

was run in groups of 17 or fewer §s witn all but group

E represented in approximately equal numbees., Group E
was run at one sitting shortly after the other Ss were

run to determine whether the example itself had a

significant effect on learning.

At the beginning of each experimental session, the
Ss were presented with the common ingtruction wocklet
andon§~8f the five treatment booklets as indicated
above; They were told to read the maﬁerial carefully.
After these bocklets were completed, they were collected
and S was given the test and answer booklets. The

experiment was self~-paced. 7ime for completion of the

entire experiment varied between 15 and 40 ninutes.
' Two binary criterion measures were used, use of

appropriate pattern (AP) and use of the rulu (UR) taught.
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S was given ocrecit for using the AP if he won the game
and employed an appropriate game winning strategy.
Credit was given for UR regardless of whether or not the
strategy used was appropriate for winning the game in
« westion (e.g., UR credit was given to the & group $s
for applying rule § on test game 2 and/or 3).3

All of the tesis conducted were applied to 2 x 2
contingency tables (with no pooling over treatment groups
or test proolems). When the measures were independent,
the exact Fisher-Yates test was usecd'; when correlated, a
different nonparametric test, based on‘x{ was used
(McNemar, 1954, 358-~359). Alpha levels, for the former
test, may be obtained airectly from tables prepared for
this purpose (Finney, 1948; Latscha, 1953). One-tailed
tests were used in conjunction with the stated hypotheses

with an alpha level of .JU5.

Results
Table 1 shows the number of Ss in each group who

used the AP on problems one, two, and three.

3 There were two exceptions. One S summed incorrectly
.once but otherwise established an appropriate pattern
and was given credit for a successful execution. Another
S made the first four selections appropriately, dGeviated
on the fifth, but still won the game; this person was
also credited with a success.

Rule use wzs determined from the first and second test
selections only. fThis was done because it was impossible
for the Ss in groups S and SG to continue using their
rule beyond that point in test problem three without
choosing a number outside the celection set.




Table 1

 Number of Appropriate Patterns

| Provlem One Problem Two Problem Three
(o, 31) (6, 25) (4, 22)

Group C 17 (0] 0 0
sroup & 17 3 0 1
Group S 17 13 0 1

-

Group SG 17 5

Group G 17 5 5 4

The three treatment groups performed “according to

prediction. Thirteen of 17 §s in group S were able to

apply the (&, 31) rule to within scope problem one, but

none discovered tue more general (6, m) pattern and only

one discovered pattern (n, a). The differences between

problein one and problemgtwo and three were both highly

reliable (p < .001;. as hypothesized, the SG £3 also

used an AP only on those problems within the scope of

the rule taught. Significantly more 3G Ss solved problem

one than problem three (p < .02); th: corresponding

problem two-problem threé difference attained thne .05

level. There were five successes on problem one and four

on pxoblem two but none on problem three. In addition,

three cof the E Ss did‘use the game winning-(ﬁ, 31)
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pattern on proolem one after having seen it used on the
(6, 31) example but none of the small differences in
performance on the three test problens was significant
in either of the control groups (i.e., C and E).

Equally important, there was essentially no differ-
ence in within scope performance. Of the five SG 8s who
used an AP on problem one, four did so omn problem two.
The same five G §s used an AP on within scope problems
one ani two; only one of these Ss failed to use an AP on
problem three. Even the two minor dGeviations noted
coulé conceivably have been classified as AP.

 Table‘1 also provides a wasis for comparing differ-
ent treatment groups as to ease of learning. Again, 2 X 2
contingency tables were used with groups and success-
failure being the dimensions. Cell entries were the
number of Ss in each category on a given problem.

Prior to conducting the experiment, it was counijectur-
ed that performance may pe enhanced most by stating a
rule in as specific a form as possible so loag as the
criterion is within the scope of the rule. This general
hypothesis Ieads to the following predictions: {1)
problem one, § > 8G > G, (2) problem two, S < SG > G,
and (3) problem three, § = S6 < G.

The results oniy partially confirmed these expecta-
tions. On pioblem one, group S perforned better than

groups SG and G {p < 005 in both cases), but groups SC
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ané G performed at essentially the same level., Oa problem

two, group SC performed better than group S (p < .05);

but again, groups SC and G did not differ appreciably. ;
On problem three, there was essentially no S-5G difier-
ence but the G-SG difference was in the expected direction
(p < .05). Representing nonsignificant differences by
equal signs, these results may be suwmmarized: (1) problem E
one, § > 8G = G, (2) problem two, 8 < SG = G, and (3) ;
problen three, S = £G < G.

Cousistency was based on the UR measure. In each
case, rule users and non-rule users on a given problem )
were compared as to rule use on succeeding problems. é

Table 2 siiows that tie rules taught were used cn . ,5
all problems to about the same degree. A more intensive u

Table 2
Use of Rule Taught

N Problem One Problem Two Problem Three

Group § 17 13 9 8

Group 5G 17 1 7 5

Group G 17 6 6 6

individual analysis indicated that, in general, rule
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users on problem one were rule users on problems two
and tliree. Non~rule users on problem one tended to be
non-rule ugsers on the remaining problems., There were
four Ss in group S who used the rule taught on problem
one, but not on problem two; there was one who used the
rule on problem two, but not oa problem three. In group
SG, the corresponding numbers were zero and two; in
group G, they were zero and zero. In all, there was a
total of five cases in which non-rule users later used
the rule taught. Of these, three were Ss in group § who,
for some unknown reason, failed to use the rule on
problem two but did so on problem three.

in group S, significantly more rule users on problem
one were rule users on problem two than was the case with
non-rule users (p < .02). The same relationship held for
problems two and three (p < .04). The corresponding
significance levels, in group 5G, were beyond .00l and
.01 and, in group G, were beyond .001 and .001,

respectively.

Discussion
These results certainly provide sirong support for
our original hypotheses: (1) performance on within-scope
probleﬁs did not differ appreciably, even though the

common example was more similar to problem one than the

others, and successful problem solving was limited almost




exclusively to within-scope problems, (2) rule & proved
eagsier to apply than rules SG and G, and (3) the rules
taught tunded to be used consigtently on all problems
whether they were appropriate or not.4

Abouat the only major uranticipated result in experi-

ment one was that Rule G proved as easy to interpret as

4 The first mentioned result has particular relevance for

the psycinologist since it tends to cast doubt on the

typically made assuiaption that there is a generalizZationgaced ow o)
gradientpassociated with 8-R generalization. According pvespubiSe Slreng
to this assumption, performance on the first test problem,

which was similar to the common example, (both were (6,

31) games), should have been superior to that on the other
problems. Even S=-R associationists (e.g., Berlyne, 1965,
171-174) are generally agreed that the lack of such an
effect provides indirect support for a rule or principle
interpretation,

Even if a generalization gradient is eventually demon-
strated, S-R thecorists will need to consider the possi-
bility that such a result is simply an artifact of averag- temptral
ing individualydifferences in perceptual discriminationA”m>9m9°“)
over continuous daimensions. o the extent that the vari-
ables involved in meaningful learning are discrete, a
rule interpretation may prove more useful.

The consistency results also deserve comment. The
observed consistency probably was due in no small part to
the lack of information indicating when a presented rule
was and was not appropriate. The unfamiliarity of the
material anc the lack of negative feedback also may have
been important contributing factors. These boundary
conditions were siwmilar to those obtaining in the pilot
studies cited in the introduction., It would appear that
S will continue to respond as instructed unless confronted
with an inappropriate stimulus or feedback otherwise
indicates that the rules have changed.

The generalization of the pilot results to a more
complex setting lends further credence to our belief
that consistency of responding is a basic rule of behavior
which has far-reaching practical as well as theoretical
implications. These and other related issues have been
discussed more fully elsewhere (Scandura, 1966a, 1966c¢c,

19664) and need not be repeated here,
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Rule S83. Since tnese groups were not nerforming signifi-

cant.ly vetter than control group & on problem one, we
were tewptea to attribute tie lack of an anticipated
56-6 difference to scale insensitivity anad thereoy not
be forced to accept a “no difference" hypotihegig--

especially sinde tae wowersof our tests were unknown.

EEPLRIVIEIT TWO
Jdethod

Jdaterials. ohe :aterials were based on aritanmetic serieg - -

i.e., nunber series, of the form a + (a + d) + (a + d)

+ «0e + (B + N3) where a, ¢, anc n are integers. Ly

Three types of aritimetic series were considered: (1)

Pt

geries (8) oeyinning with 1, ending with 99, and naving

a cormoan difference of two, (2) series (5G) beginning

with 1 and having a common aifference of two, anéd (3)

et sl et NPT
P A e
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aroitrary arithmetic series (3)., These categories were
ordered in the sense that all 5 series were also SG

series and all 5G series were also G geries.

Rulus are availzbls for finding the sums of S, SG,

anc G series. These rules were stated as follows:

S - The sums of soume aritinetic series may be obtained
by multiplying 30 x 50U;

SG= ... Ly multiplying the number of termas in the series
by itself;

G « .o Dy adding tne first number in the series to the
last number in the series, dividing the resulting
sum by 2, and tien multiplying the nuuber you get
by the nunber of terms in the series.




211 of the materials were reproduced hy mimeograph
and were combined into a single 5 1/2" x 8 1/2" booklet.
On page 1, 5 was introduced to the symbols used (e.g.,

“ « " for multiplication) and was then asked to compute:
€9 - 74, (57 + 95)/4 « 27, and(X + YT « W where X = 3,
Y=5,T7T=4, and W= 6., Arithmetic series were defined
on page 2, with examples, and the use of dots, as a
labor saving device in writing number series, was intro-
duced and i‘tlustrated. Finally, S was asked to £ill in
the missing terms in the series 7 + 10 + __ + 16 + __+
__+ 25. Page 3 differed according to the treatment but
always included one of the rule statements and‘soﬁétimes
the gseries 1 + 3 + 5 + ... + 99 illustrating its use.

The first test series was identical to the example and

was presented on page 4. Test series two, 1 + 3 + S+...+

79, was presented on page 5, and test series three, 2 + 4
+ 6 + ... + 48, cn page 6.

Subjects and Design. The 8s were students at the Florida

State University Campus School. There were 29 Ss in grade
gix, 76 in grade seven, and 79 in grade eight.
wo variables were independently manipulated, rule

generality (S, SG, G) and example (given, not given).

The §s were assigned at random to the six treatment

conditions so that ecach treatment was as nearly egually

represented in each of the seven classes {one sixth,

three seventh, and three eighth) as possible.




Since a large number of 3s did poorly on botu the
pretest (pages 1 and 2) and the three post-test series,
data were piesented only for those 114 S§s who got at
least three of the four pretest problems correct. The
post-test results of the poorer students were in the

same direction as the others but so few were successful

on the test series that the overall power of the statisti-

cal tests used would have been reduced.

Procedure. The experiment was conducted in classrooms

during periods scheduled for mathematics instruction.
The regular teachers administered the materials in their
respective claszses under the direct supervision of Frank
Lee. Five minutes was allowed on each of the first two
pages in the booklet, two minutes on page 3, and three
minutes on each test problem, 21 minutes in all. To
insure uniformity, the teachers consulted with Lee and
were given a page of explicit directions to follow. The
teacher read a prepared note urging the Ss to do their
best and telling them that they would be informed of the
experimental results. The teachers were given a report
of the results, for dissemination, as promised.

The Gependent variables were correctness of sum and
use of the rule taught. Fischer's exact test was
supplemented with xzwtests when marginals were greater

than 20 and beyond the scope of the available tables

(Finney, 1948; Latscha, 1953).




20 o
AT
Results %”‘3
The results & .own in Pable 3 for the no-example Ss ?» |
¢losely parallel. those inexberimentone. Only three é i
of 59 £s solved an extra scope problem; that S S who i ;
was successful on test series two used the appropriate ;‘ﬁ
rule, 40 x 40, Scrutinizing the test papers suggested vi‘s
that tie two S Ss who correctly determined the series %f;
tiree sum did so by brute force methods. A fast adder | 25 ;
could probably have succeeded in the time allowed «ié{
(series tarce was considerably shorter than the others-- iv?
4s was the largest term as opposed to %2 and 79). 1In E'
group S, the performance differences between problem E
ore and problens two and tiree were significant (p < .0l ;;j
and .02, respectively). Also as in experiment one, sig- L ;
nificantly more £G Ss solved probiem\one than problem ! it
>;€ three (p < .02); the corresponding problem two-problei ;f,
&;% three aifference was also significant (p < .05). iéj
{ﬁg Performance on within scope problems, again did not ii:
ié differ appreciably. ;N'
,:r On problem one, the nc example groups were ordered |
_Qi S » 86 > G, but only the $-G difference was significant o
T?% (p < .05). On problem two, groups 5G and G (proportion- :
:g; ately) did not differ appreciably, but groups SG and G {fz
,ii were more successful than was group S (p < .05 and .01, |
é% respectively). Lione of tae groups differed appreciably
‘;ﬁf in their ability to solve problem three due to the poor
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 ; performance of the G gp on this problem. f
;; The availability of an illustrative series, however,
ff not only improved overall test series one performance ?
j (p < .005), but contrary to expectation, improved group ?
é’ S performance significantly on problem two (p < .01). f
E Table 3 f
; number of Correct Answers Bk
, i Y ér
g§ f Pulc - uo Exanmple Rule =~ Example
e N1 oz 3 i1 02 3 -
= s 20 8 1 2z 21 20 9 3 -
= S§6 20- 5 4 © 15 11 8 1 5
I G 19 3 5 2 19 18 14 3 2
| i
E”} Another result was also unanticipated. Whereas 18 L;~
§ ; of 19 S8 in group G-with-example were successful on test ; 
E_" series one and 14 were successful on series two, only b
;“ three found the correct sum of series three. There were g

proportionately more successes on series two than on
series three (p < .003).

In experiment two, consistency was more difficult

———

{ tc determine since many of the Ss apparently did some

or all of the calculations in their heads. Nonetheless,

what modi operandi could e identified were relatively
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? consistent between problems in groups SG and G. It was
Z also noted that inappropriate attacks also tendéd to be
; ? used consistently in tﬁese groups. |

- } Table 4

fﬁly Use of Rule Taught

C o ‘

JVA& "

1 Rule -~ No Example Rule = Example

N1 o2 3 N oL o2 3

: Growp S 20 8 1 1 21 20 0 0

( Group 86 20 5 5 15 12 9 6

| 5 7

~

Group G 19 19 18 16 15

;;f The major exception was group S. Only one of those ; ;

.(“i 28 Ss in the two S groups who used the rule taught on ‘i;

. series one also used it on the other problems. Apparently, ;{f
the same reluctance to respond to test series one, with ??

the answer shown, which characterized those Ss shown

only rule S, was magnified on problems two and three.

Discussion

Although the results of experiment two paralleled

those of experiment one in most respects, there were

several important differences. First, the presence of
the example (problem one) along with Rule S resulted in

significantly better performance on problem two than

when Rule S was shown alone, the only case in either




expecinent w..cre non~hegligible success was noted on an

extra scope proolem., This effect may have been due to
the form of 'the combining operation, “50 x 50," in tihe
Rule S statement. “50 x 50" is clearly an instance of
the most genreral SG combining rule, "W x N = N2,

Presumably, tha statenent of Rule S, together with the

common example, 1 ¢+ 3 + 5 +,,..+97 + 99, provided the

succegsful S Ss with'enough cues to generalize. In

particular, they may have discovered that this series

had 50 terms. An analysis of the test papers tended to

substantiate this interpretation. At least three of
the nine successful § $s8 squared 40 to get the answer.
Two more Ss multiplied 30 x 30.% Hindsight suggests
that this Jdifficulty might have been overcome by simply
stating tae sum, 2500, of the illustrative series

rather than "50 x 50.°%

Second, only three of the ninetecn G-with-example
S5 solved problem three whereas 18 solved problew one
and 14 solved problem two. The reason for this differ-
ence was not immediately apparent espccially since 15
of these Ss applied Rule G to the third problem. A

more intensive post hoc analysis of the situation,

5 Note that there are 10 odd integers between 99 (last
term in series one) and 79 (last term in series twe) and
that 50 - 10 is 40. 50 - 20 (the difference between 99
and 79) is 30. Three other S$s apparently found the
correct series two sum by subtracting the sum of the odd
integers between 79 and 99 from 2500 (sum of series one).




however, sujygasted that the result may nave been due to
a difference in ease of determining N, the number of
terins, for use in the G combining xule, [(A + L)/2]}4.
N could be determined from problem series one and two
by taking the averagé of the first and last terms
(i.e., A and L). A careful examination of the test
papers suggestec that this led to an incorrect value
(25 rather than 24) for W in the third series, ¢ + 4 +
6 +...+ 46 + 46. In short, the difficulty was not inu
the rule itself but in finding the correct value of H.
Such difficulties may be circwavented in future euperi-
mentation by controlling for such unwanted cifferences.®
Thira, although the results of experiment two were
in the hypothesized direction, only the overall effect
of scope on interpretapbility was significant. This led
us to wonder whether the interpretability of a rule
statement depends solely on its generality. Could the

rule statements have also differed as to the

difficulty of interpreting the actual terms or symbols

& At least 7 of tiue 15 §s who made an attempt to apply
Rule ¢ determined the number of terms in series three
to be 25. This was a reasonable selection in view of
our results concerning cousistency, Eingtellurg if you
will, (A + L)/2 = (2 + 48)/2 = 25,
It may be desirable to think of properties, such as
N, as being derived from lower order (i.e., more easily
discernible) stimulus properties. Thus, the rule,
(A + L)/2, worked for problems one and two whereas L/2
was required for problem three.
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used?’ After consideration of this possivility, it was
rejected as an important factor in =2xperiment two since
a recheck convinced us that we had succeeded reasonably
well in stating eaca principle as clearly as possible.
Perhaps a more likely interpretation is tnat the §s' werc
sufficiently familiar witil thic terms usad to compose rules
86 and G to reduce the effects of statement generality.
Fourth, only onc of the Ss who was shown the rule,
50 x 50, applied it to problems two and three. This
result can probably also be attributed to an interfering

effect due to familiarity with addition probleme. The

7 Whereas "W," for example, might suffice for one 5,
another might require, "the number of terms ir a series.”
Both have the same referent, but the former at once
symbolizes the referent more succinctly and requires
more specialized knowledge for interpretation. Similaril,,
one S may be able to interpret "compute [(A + L)/2}u"
whereas another could not, requiring instead a statement
like, "add A to L, then, divide the resulting sum by 2,
and finally, multiply the guotient so determined by i.*
The latter rule statement simply makes clear the sequence
of steps and binary operations implied by the algebraic
statenent.

Why one way of symbolizing a statement is more in-
terpretable than another, rather than vice versa, is a
difficult question to answer, but it probably relates
to the order in which symbolizations are learned. Ordi-
narily, shorter statements are substituted for longer
ones as their use becomes more frequent. Perhaps this
is a natural process resulting from man's tendency to
recode information into a manageable number of “chunks"
(e.g., Miller, 1956; Scandura & Roughead, 1966). At
any rate, the senior author has recently completed a
study which demonstrates that shorter symbolic repro-
sentations are more easily learned and remembered,
whether or not they are familiar, but that the ability
to apply them depends critically on the ability to
operationally use the constituent symbols and the
grammatical schemas relating them in the principle
statement (Scandura, 1946d).
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Ss may simply have mistrusted Rule S. How could a rule,

like 50 x 50, having only one answer, be the sum of all
three problem series? ilost junior high school Ss would

find it unreasonable that the series 1 + 3 +...+ 99

(problem one) and 1 + 3 +...+ 79 (problem two) have the
same sum (50 x 50). Some such reluctance may also have
obtained on problem one with group S-without-example.

Nonetheless, we were surprised that only 8 of those 20

Ss, not presented with the example, gave the correct sum

(2500) for problem cne.8

Implications and Theoretical Comment

The results of these experiments demonstrate, in a

rather conclusive fashion, the behavioral relevanc: of

principle generality. For the most part, successful

performance was noted only on tasks within the scope of

verbally stated principles. When principles are present-

| ed in an expository fashion, it is normally too much to

i expect generalization to problems to which the principle
- does not immediately apply.
3

Of perhaps even greater practical significance were

jgf the lack (there was one exception) of performance differ-

ences on within scope problems and the consistency resulis.

8 It should be emphasized that Rule S, in experiment two,
was conceptually different from the others used in experi-
ments one and two. Rule S applied to only one stimulus
(series) whereas each of the others applied to a set of
stimuli. The fundamental nature of this difference has
been discussed in detail elsewhere (Scandura, 1966a, 19664).
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The former result demonstrates that (almost) any stimulus
within the scope of a principle is equally as difficult
to respond to correctly as any other. Furthermore,
coupled with the consistency data cited in the introduct-
ion, the obtained consistency results suggest that only
onz (new) test stimulus is needed to determine whether,
in fact, a statcd principle has been learned (i.e.,
correctly interpreted). No more information is gained

by using additional test instances. These results could

have far-reaching implications for the development of

highly efficient measuring instruments.

In addition, the pronounced tendency of thé Ss to
attack all of the test problems in the same way, irre-
spective of whether the procedure used was appropriate,
suggests that the ability (i.e., knowing how) to solve
problems and knowing when to solve them are quite
distinct. Testing for the latter ability necessarily
must involve the presentation of extra-scope problems,

More important than the results of these explora-

tory experiments were the post hoc analyses they made

both necessary and possible. In particular, the precea-
ing discussion strongly suggests that the roles played
by various aspects of a principle statement need to be
more clearly specified. The form, "If X, then B* does
not detail all that appecars relevant. For one thing,

it was not possible in this study to distinguish between

the roles played by A, L, and N (the stimuius variabies
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entering into the rule [(A + L)/2]d jand the algebraic
expression, [(x + ¥)/2]2 (the form of the comvining |
operation of the rule by which the appropriate response ’ §
sums are determined), The variables relate to properties -
of arithmetic series stimuli, while the algebraic ﬁ %
expression represents a ternary opzration by which ‘j
another property (e.g., sums) may ke derived. X, of 'f;
cours:, while it played ne role in this study is also
critical. It tells when a rule can and can not be appliad.
Thus, tie rule, Nz, is appropriate whenever an arithmetic *\I
series consisits of tae odd integers beginning with 1 |
while [(A + L)/2]i works whenever there is a common
difference batwe:sn adjacent terms.

These obscrvations suggest that a principle state-

®

ment may be reppesented more appropriately by the form,

“"If I', then 0' (D') = R'," where I' refers to the set of

stimulus properties wnich indicate when the rule, denoted

0' (D'), should be applieG, D' refers to the set of those

propertias which determine the responses, and 0', to the

operation from which the responses, denoted by R', may be if;

derived from the properties referred to by D'.? That ER1

part of a principle statement represented by 0' (DY)

corresponds to what is typically called a rule.

9 similarly, a principle, that internalized representa- Y
tion which determincs a learner's responses to stimuli, G
may be characterized by an ordered four-tuple (I, D, O,

R). Primes, of course, have been used to distinguish

between the referents (e.g., O0) and the symbols used to
represent tihem (e.g., C', 0%, etec.). These definitions,

along with that given in tne introduction, form the hasic
elements of the Set~Function Language (Scandura, 196%a, 1966d).




Although the actual asymbols used in a statement
may e an important factor, as suggested above, the
hypothesis advanced in this study to the effect that
rule generality and interpretanility are inversely
related finds a formal rationale in the nature of the
characterlzing elements. .iaking operational use, for
example, of the arithmetic series property (i.e., dimen-
sion), "the diiference between adjacent . terms is some
common value," necegsarily presumes that, “the differ-
ence between adjacent terws is 2," "...3," "etc.,” can
all be correctly interpreted. The converse does not
necessarily follow. A similar relationship exists with
respect to tiw rules, 50 x 50 and W x ¥. To correctly
apply the latter, more general, rule to any particular
series requires the ability to determine any vaiue of
the dimension N, including 50. Being able to apply 59
X 50 does not.

It would appear that tine more general the principle
the more is expected of the learner, Whether such
differences will be reflected in behavior, however, may
depend on not only rule generality but the population

involved, particularly on whether the Ss have the

necessary requisite abilities (Gagne, 1962; Scandura,

1966b) .
In effect, differences in ¢enerality appear, on

analysis, to be equivalent to differences in abstraction
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L P level, Thus, the number 2 is more abstract than the

property tw~ oranges because the former applies to a

- collection cf sets only one of which has the latier
property. For the same reason, the property repregented

by the placeholcer X is more abstract than the number

2 since it refers to a still higher order ccllaction,
Unfortunately, we have not yet conducted a study desgign-
ed to provise definitive information on these points.

For the present, this analysis remaias hypothetical.
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BACKGROUND

In many instructional situations, the question
often arises as to how general the’presehtation of
material ought to be. Some proponents emphasize that

the more general the presentation the more useful it

will be; others, that the more specific the presenta-

tion the better the learning. There is a real need to
better understand the psychological principles involved
but previous studies dealing with rule or principle
learning have dealt only indirectly with this question.

A related problem concerns the consistency with
which a learned principle is appiied. In an earlier
study, Greeno and Scandura found that after learning a
common response to one or more stimulus exemplars of a
concept, § either gave the correct response the first
time he saw a transfer stimulus (i.e.; a new exemplar
of the concept) or the transfer item was learned at the
game rate as its paired control. Scandura later reasoned
that if transfer obtains on trial one, if at ail, then
responses to additional transfer items, under appropriate
conditions, should be contingent on the response given
to the first transfer stimulus. 1In short, having learned
a concept (or principle), S should respond in a consist-
ent manner.

OBJECTIVES

This study represents a first attempt to provide a




rigorous\dgfinition\of principle (or rule) generality
and to contrast the logically determined behavioral
implications of this definition with the results
actually obtained. The definition of generality used
is a natural extension of a definition introducud
earlier as part of a new scientific Set~-Function
Language (SFL) for formulating research questions on
meaningful learning.

More particularly, concern here was with principle
statements of the form,"If A, then B"--e.g., given some
numerical series, the sum may be‘degermine& by squaring
the number of terms in the series. The associated test
stimuli {e.g., number series) and responses (e.g., sums)

were used to test for the acquisition of stated rules.

The statement of a highly general principle was expected

to induce appropriate performance on & wide variety of
tasks. At the same time, it was felt that ease of
applying a presented principle might vary directly with
its specificity. Principle generality was not, however,
viewed simply as an~empirical variable., To the contrary,
principle generality may be a fundamental variable:
underlying the results of some of the rule related
studies cited above.

The primary purpose of this research was to deter-
mine whether test behavior conforms to the logically

determined scope of a verbally stated principle.
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Assuming no a priori knowledge of related principles,

appropriate responding is to be expected only within the

scope of the principle. however, there should be no b
systematic within scope differences--all stimuli within : L
the scope of a principle should be of approximately the ﬁ ?W

| B

same difficulty. A secondary purpose of the study was

to explore the question of interpretability. When and [
why do verbally stated principles differ in ease of ?},;
learning as determined by performance on within scope - j
items? Originally, it was thought that generality |
itself might be the sole crucial factor. The final ; f
purpose of this research was to obtain further data on f
Scandura's response consistency hypothesis in a more ; )
complex situation. Does within scope use of a rule
imply beyond scope use when no information is given as
to when a rule is and is not appropriate?
PROCEDURE

To obtain evidence on these points two experiments
were conducted concurrently, one with college Ss and
the other with junior high school Ss. Mathematical
materials were used in both experiments.

In experiment one, the material consisted of a

variant of the number game, NIM. In the game, two

players alternately select numbers from a specified set

of consecutive integers (including 1) and keep a running

sum. The winner is the one who picks the last number




in a series having a predetermined sum, If this sum is

31 and the set consists of the integers 1 - 6, the players
select numbers from 1 - 6 until the cumulative sum is
either 31 or above (in which case no one wins). Bach
game of NIM can be characterized by two integers, an
ordered pair (n, m) where n is the largest integer in

the selection set and m is the predetermined sum.

Rules are available by which the person making the
First selection can always win. Three rules of varying
generality were considered. The most specific (8) rule
referred only to (6, 31) games. Th: rule of intermediate
(SG) generality referred to all games of the form (6, m).
The most general (G) rulewréferredito~games of the form
(n, m).

All of the materials were combined into four
booklets; introduction, treatment (i.e., rule), test
material, and answer sheet. The introductory booklet
introduced the Ss to the experiment, explained and
jllustrated a sample (6, 31) game, ané provided téo
practice (6, 31) games to make sure that the Ss could
play the game (but not necessarily win). There were
five aifferent treatment booklets., Three included one
of the game winning rules and a common (6, 31) game to
which the rule was applied. The other two kooklets
served as controls. Three problems were included in the

test booklet. Problem one was a (6, 31) gawe; problem




two a (6, m) game with m = 25, and problem thres an
(n, m) game with n = 4 and m = 22, ‘

The 85 experimental Ss (college undergraduates)
were assigned randomly to three treatment groups and two
controls so that each group contained 17 Ss. Group S
was given the (6, 31) rule and a (6, 31) example, group
8G the (6, m) rule and the example, group G the (n, m)
rule and the example, group E only the example, and
group ¢ nothing relevant. The experiment was run in
groups of 17 or fewer Ss.

At the beginning of each experimental session, the
Ss were presented with the common instruction booklet
and one of the five treatment booklets. After these
booklets were completed, they were collected and S was
given the test and answer booklets. The experiment was
self-paced.

Two binary criterion measures were used, use of
appropriate pattern (AP) and use of the rule (UR)
taught. 3 was given credit for using the AP if he won
the game and employed an appropriate game winning
strategy. Credit was given for UR regardless of whether
or not the strategy used was appropriate for winning the
game in questipn (e.g9., UR credit was given to the S
group Ss for épplying rule S on test games 2 and/or 3).

In experiment two, the materials were bhased on

arithmetic (number) series. Analogous to experiment

TS T IR T




one, three types of arithmetic series ware considered.
These categories were ordered in the sense that all S
geries were also SG series and all SG series ware also
C series. Rules are available for finding the sums of
S, SG, and G series.

All of the materials were comkined into a single
booklet. The first page consisted of a short pretest,
Arithmetic ecries were defined and illustrated on pagé
2. Page 3‘differeé acoording to the treatment but
always includad one of the rule statements and sometimes
the common series illustrating its use.

Twenty-nine sixth grade, 76 seventh grade, and 73
eighth grade pupils participated in this experiment.

Two variables were independently manipulated, rule
generality (8, $G, G) and example (given, not given).
The 8s wzre assigned at random to the six treatment
conditions so that each tra2atment was as nearly equally
represented in each of the classes as possible. Since

a large nuwber of §s did poorly on both the pretest and
th: three post-test series, daté were presented only

for thogse 114 3s who got at least three of the four pre-
test preblems correct.

The experiment was conducted in classrooms during
periods schezduieda for mathematics instruction. The
regular teach2rs administered the materials in toneir

respective classes under the direct supervision of




Frank Lee. Each class took twenty minutes to complete
the experiment. To insure uniformity, the teachers were
given a page of explicit directions to follow and were
closely supervised.

The dependent variables were correctness of sum and
use of the rule taught.
RESULTS

The results of experiment one provided strong
support for the original hypotheses: (1) performance on
within-scope problems did not differ appreciably, even

thcugh the common example was more similar to problem

one than the others, and succassful problem solving was

limited almost exclusively to within-scope problems, (2)
rule S proved easier to apply than rules SG and G, and
{3) the rules taught tended to be used consistently on
all problems whether they were appropriate or not.

About the only major unanticipated'result in

experiment one was that Rule G proved as easy to interpret

as Rule SG. Since thase groups were not performing
significantly better than control group £ on problem one,
we were tempted to attribute the lack of an anticipated
£G~G dirference to scale insensitiviti»and thereby not
be forced to accept a "no difference" hypothesis--
egpecially since the power of our tests were unkngwn.
Although the results of experiment two paralleled

those of experiment one in most respects, there were




~re

several important differences. First, the presence of
the example (problem one) along with Rule § resulted in
significantly better performance on probiem two than
when Rule S was shown alone, the only case in either
experiment where non-negligible success was noted on an
extra scope problem. This effect may have been due to
the form of the combining operation, "50 x 50," in the
Rule S statement. "50 x 50" is clearly an instance of
the more general SG combining rule, "n x n = n2," Pre-
sumably, the statement of Rule &, together with the
common example, provided the successful S Ss with enough
cues to generalize. An analysis of the test papers
tended to substantiate this interpretation. Second,
only three of the nineteen G-with-example Ss solved
problem three whereas 18 solved problem one and 14 solved
problem two. The reason for this difference was not
immediately apparent especially since 15 of these Ss
applied Rule G to the third problem. A more intensive
post hoc analysis suggested that while it was no more
difficult to apply the rule itself to the third problem
series, it gég_mﬁre,diffieult to determine the appropri-
ate value of one of the variubles (i.e., n) entering
into the combining operation (i.e., [(a + 1)/2]n).
Third, although the results of experiment two were in
the hypothesized direction, oaly the overall effect of

scopz on interpretability was significant. Fourth, only




one of the group 8 Ss applied rule S to problems two

and thrae. This result can probably also be attributed
to an interfering effect due to familiarity with addi-
tionproblems. The s may simply have mistrusted Rule S.
How could a rule, like 50 x 50, having only one answer,
be the sum of all three obviocusly different problem
series?

CONCLUSIONS AND IMPLICATIONS

The results of these experiments demonstrate, in a
rather conclusive fashion, the behavioral relevance of
principle generality. For the most part, successful
performance was noted only on tasks within the scope of
verbally stated principles. When principles are presanted
in an expository fashion, it is normally too much to
expect generalization to problems to which the principle
does not immediately apply.

Of perhaps even greater practical significance were
the lack (there was one exception) of performance differ-
ences on within scope probléms and th2 consistency
results. The formey result damonstrates that, under
certain specifiable conditions, any stimulus within the
scope of a principle is equally as difficult to respondA
to correctly as any other. Furthermore, coupled with
the consistency data cited in the introduction, the

obtained consistency results suggest that only one (new)

test stimulus is needed to determine whether, in fact,
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ﬁ a given principle has been learned., No more information ‘ ? G
; is gained by using additional test instances. These ? |
;; results could have far-reacning implications for the ; I
’j developmént of highly efficient neasuring instruiencs. | ﬁ
| In addition, the pronounced tendency of tha Ss to ? j
4 attack all of the test problems in the same way, irre- i y
| spective of whether the procedurs used was appropriate, 3
i ﬁ suggests thaﬁ knowing how to solve problems and knowing %
when to use this knowledge are quite distinct., Testing f
2 for tihe latter ability necessarily must involve the ?
“;;g presentation of extra-scope problems. é
: | HMore iusportant than the results of these exploratory i
1 experiments were the post hoc analyses they made both | }
i necessary and possible. 1In particular, the proeceding i
? discussion strongly suggests that the roles played by ;
}{ various aspects of a principle statement need to be more 5
I clearly specified. The form "If A, then B" does not L
Ec‘ detail all that appears relevant. For one thing, it was }
‘ not possible in this study to distinguish between the !
ﬁf; stimulus variables entering into the rule and the ;
;:l combiﬁing operation of the rule by which the appropriate g
&‘J responses are determined. With the arithmetic series,
;i for example, the variable referred tc such things as the
%ﬁ; | number of terms in the series while the G combining ?ff
4 _operation was of the form, [(x + y)/2)Jz. Ths variables ;
{ ,relate to properties of arithmetic seriesg stimuii, while




the algebraic exprussion represents a ternary opzration
by which another property (e.g., sums) may be derived.
The A, in "If A, then B," while it played no role in
this stad& is, of course, also critical., It tells when
a rule can and can not be applied. Thus, the rule, n?2,
i5 appropriate whenever an arithmetic series consists
of the odd integers beginning with 1 while [(a + 1)/2]n
works whenever there is a common difference between
adajacent terms,

These observations suggest that a principle state-

ment may b: represented more appropriately by the form,

"If I', then O' (D') = R'," where I' refers to the set

of stimulus properties which indicate when the rule,

denoted 0' (D'), should be applied, D' refers to the

set of those stimulus E;operties which determine the

responses, and 0', to the operation from which the

responses, denoted by R', may be derived from the proper-

ties referred to by D'. WNotice that that part of a

principle statement represented by O' (D') corresponds

to what is typically called a rule.

Although the actual symbols used in a statement nmay
be an important factor, as suggested above, the hypothesis
advanced in this study to the effect that rule generality

and interpretability are inversely related finds a formal

rationale in the nature of the characterizing elements.

Making operational use, for example, of the arithmetic




series propurty (i.e., dimension), "the difference

between adjacent terms is some common value,"” necessar-—

ily presumes that, "the differences betwean adjacent
terms is 2;% "...3," “"etec.,” can all be correctf&
interpreted, The converse does not nccessarily follow.
A similar relationship exists with respect Eo the rules,
50 x 50 and n ¥ n. To correctly apply the latter, more
general, rule to any particular series requires the
ability to determine any valuz of the dimension n,
including 56, Being able to apply 50 x 50 does not.

It would appear that the more general the principle
the more is expected of the learner. Whether such
differences will be reflected in behavicr, however, may
depend on not only rule generality but the population
involved and, particularly, on whether the Ss have the
nacessary requisite abilities.

in aeffect, differences in generality appear, on
analysis, to be equivalent to differences in abstraction
level. Thus, the number 2 is more abstract than the

propertv two oranges because the former applies to a

collection of sets only one of which has the latter
preperty. For the same reason, the property represented
by the placeholder X is more abstract than the number 2
since it refers to a still higher order collection.
Future studies should be designed to provide definitive

information on these points.
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*  known to your instructor and he may pass this information on to you.

GFNERAL DIRECYIONS

This experiment is sponsored by the Mathematics Education
Department of Florida State University. It is designed to deber-
mine how well you can relate and generaligze certain mathematical

pattorns. You will be given some material tc learn and then be

tested on this materisl. The resultes of this test will be made

Cther people may be participating in this experiment at a
later date, &9 please do nob spoll the experiment by talking to
anyone about it. Your cooperation is appreciated.




Common o all Subjects

As a participant in this experimeant, you are going to be asked to
learn to play a game. The game 18 a nuwber game playsd between two people.
The game has many varistions, but at present we will examine only one of
the possibilities. In order to learn to play. you must read very carefully.
The game is initlated by one person making a selection of a number
from the vet {3., 2, 3, by 5, 6} . Participants then make alternsting
soloections tmm this set and a running sum is kepb. A muber may be selected
more than once. The object of the game i8 to mmke the selection which makes
the sum exactly 31.

. EXAMPYE 1
Johia 45 playing against Mary

John selects L h

Mary selects 2 6 (from L4 + 2)
John selects 5 11 (from 6 + 8)
Mury selects L 15 (from I + 11)
John selects 6 21 (£rom 6 + 15)
Hary ‘ﬁeleeks 6 27 (from 6 + 21)
John selects L | 31 (from 4 + 27)

John wins since his last selection made t-h‘os‘ sum 31,

Note that John and Mary make altermting selections.




Comwon to all ‘Sub,j echs

EXAMPLE &
You f£i1l in the blanks
rnnngng sum

John salects 3
Mary selects 3 é
John selacts 6

Mary selects L 16
John selects 5

Mary melects 2 23
John scleciis L —

Mary selects 31
wins the game.

Turn to the next page to check your answers.

S

.




Common to all Subijgcts

SOLUTINN FPOR EXAMPIE 2

running sum
John selecis 3 3
Mary selects 3 é
John ecelects 6 pr {from 6 + 6)
Mary selects L 16
John selects 5 21 {from 5 + 16)
Mary selechs 2 23 |
John selects L 27 (from L + 23)
Mary selects Iy 3

wins the game. (Because che made bhe selechion which resulbed
{n the sum of 31).
After you have completed checking your anewers, go on to the next page.
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EYAMPLE 3 V o . “
Fi1l iu the blanks

ruming sum
- Mary sslects 6 |
John selects 6
Mary selacts © . - .
' John selects 3
Mary sslects 2
; dohn selects |

Mary selects &
 wing tae game.

Twn to the nea:b page to check your answers.




Common to_all Subjects

SOTZTION YOR EXAMPLE 3

Mary selects & “ -
John selacts 6 a2
Mary selects 5 | .
John selecis 3 20
Mory selects 2 | | 22
John selects I 2
Mary selects 5 3
ﬂarg” _wins the goms.
-."3"
- So farwe have discussed only the {1,2,3,11,5,6' and sum 31 gamo;, As
suggested on page 1, the game has man, - “tations. These varlations come
mm vaz_‘ylnq the allowablc selschions and 4lsyr the desired svm, Thus, ifr

B we allow selections £rom the set . ﬁt’,"*i,‘ 3,4, 5’} and allow the desived
#sum tc be 28, we get a gawe similar to the ons described.
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. Gorsrol (C) Treatment

LEVEL 1

One of the important mathematiczl operations is division. let us
restrict division hers to division of whols mumbers. What does division
mean? In elementary school you were probably taught that di.vi.aion indicated
bhat. you ware to £ind ouwh how rany of one nurber was in ancther number. For
‘example, 12 3 L probably meant that you were to find how meny 4'a there
were in 12. A more spphisticated approach can be developed, however..

How did you check long division? By mulbiplicatinn? Probably! Then
vhy mot define division in terms of mmlbiplication? That is exactly what
methemat i¢lans do. They say thats

(1) 12 & § = 3 because L x 3 = 12 or

(2) u36 S 9 = | bucause 9 x L = 36.

Thus, in order to divide effactively, you must be able to multiply.
| Let us examine divieion involving O. In order to do this, we must

first exammé mlMpMcnb'lbn involving 0. What is 9 x 0?, 12 x 07, 4 x O?
How about O x 97, O x 127, O x 4? The answer to all these questions is O.
In general then, if you are mulbiplying two numbers sund one of the numbers
is 0, the product will be 0. WhRG abov’ division inwlving 07 Remember
what we mean by division. Look back to (1) and (2). Now consider:

0l | .
Is 0 & h equal to 1? Yo, becavse by x 1 = i, mot 0. weu, what will work?

0L =O0becauss 4 x 0= 0,




Yoavel 1

There ien't & munber which will work. Hence L < O is mot defined.

Conbrol, (C) Treatment

That wasn't bad. Now, try this ones
b0

Ts ‘hl-E- 0 eqeal to 0? No, ‘bedmaa 0x0=0, Well, how about 4?
Is i <0 equal to 4? Nu, because O x I = 0. What will work?

Now trys 0 =0 |
Is 0 -{- 0 equal to 07 Well, certalaly 0'x G = O. Bub what about 17
Is 0 <= © equal to 1?7 Well, O x 1 = 0. How sboub 2?7, 32, h? . « « .
Yos, each mber will wor:, Hence mathemtiehns consi.der 0 < 0 to be
undefined. - |

In general then, wheasver t.tw divicor is 0, mthematlciana say the
diviston is mot defined.

You ehould now be ready for the test. Cloze your booklet and ralse
your hand. A proctor will bring your test to you, You mst turn in this
boaoklet when you recsive your test.




EXAMPLE L

7 - Sum
You seloct 3 | | | 3
Your opponent selects something, say 2 | 5

You select something to make the sum 10,
~ in this case, 5 : | 10

Your opponent =elects sousbhing, say 3 13

- You select something to make the sum 17,

in this case, L 17
Your opponent selects something, say 6 . 23

You select somebhing t¢ maks the sum 2},
in this case, 1 B |

Your opponent selacts something, say 1 25

V'Yoh‘ selsct somsthing to ﬁlko the sum 3], ' .

“in this case, 6 B |

You win!

¥hon you think you anderstand how to win the gane, close the booklet
and reise your kand, and you will be given the test. You mst turn in

~ thiz booklob when you get yowr test. s



' Pals 8 Treatwent

LEVEL 2

There is & pattern to the game which will enable you to win whenever

’ yoﬁ are allowad to meke t.h@ first selection. Yoa muﬁt., hmmver s make an
appropriate £irs selection and then: proceed in & precise mamner. In order
%o win the game (sece example L - vext page), you should make 3 yowr first

selaction. Then you should make selectione so t'.hab the sums corresponding
to your Jaelscbioha aitfer by 7.

oy




You select 3
Your opponent solects something,

You selact somsthing to make the
in this case, 5

Your opponent. selscts somsthing,

!bu select somebthing Yo ke the
in this case, ls

Your opponent solects something,

You #elect smemething to meke the
in this case, 1

Your opponernt selects iond‘.hing,

You select aonothln% to make the
in this case

Tou win!

say 2

say 3

sun 17,
say 6
sum 2&,

syl

Bule § Troatment:

\r.

Whon you thivk you understand how to win the gams, closs tho booklet
and raine your hand, and you will be given the test.
this bovklet when you get your test.

V‘!o'u gast twen in




TEVEL 3
There iz a pattern to the -game which will enable you to win whenever
you a.ié allowad to make the flrst sslection. You must, howsver, make an
appropriate firsi selection and then procaed in a preciss manner. In order
to win the. game (see example 4 - next page), the appropriate first selection
is determined by dividing the dssired sum by 7. The remainder of this
division is precisely the seiection which should be made first. Then you

ehould make ssleciions eo that the eums corresponding to your selections

differ by 7.

\

J




You select 3
Jour oppenent selects somebhing,

You select something to make the

Your opponens ‘selechs somsthing,

Tou eelect something to meke tho
in this caee, L

Your opponent sslects somsthing,

You select mmething to make the
in this oase, 1

Your opponent selects something, '
You select scmething to make the

in this case, 5

' %hen you think you uderstand how to win the gane, cloge the bookleb
and zti@a your hxmd, and :mu will be given the test. You must turn in this

booklet wvhen you get your test.

g "‘"’&ﬂ

'EXAMPLE )

Bals SG Treatment

Sum

10
13

23

2k
25
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Rale @ Treztment

LEVEL 4

There is a pattern to the game which will emable you to win whenever
you are allowed to maks the first selsction. You wast, however, make
an appropriste first seleciion and then proecsed in a preciss munner. In
crder to win the gams (see axample i « next puge), the appropriate firsy
selection is determined by adding ons to the largest number in the set frem
which the selections must come, and dividing the deaired sum by this result.
The remainder of this division is precisely the dele‘ction that should be
made first. Then you should mks sslections so that the sms corx;ézspomdtnﬁ;:
to your selections differ by one greater than the largest number in Ghe
set from which the selections must come.
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You select 3
Your opponent selects sowething,

You select something to mmke the
in this case, 5

Your opponent selects something,

You select something to mke the
in this case., L

Your opponeut sslects something,

You select something to make the
in this case, 1 \

Your opponent: selscts something,

You select something tv make .ths
in this case; 6

You win!

Vhen you think you understand how to win the game, cloee the booklet
and raise your hand, and you will be gilven the test.

ray 2

sam 10,

eay 3

sum 17,

sy 6

sy 1

sum 31,

this booklet when you get your test.

10

17
23

2l
25

31

You must twrn in
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: @ , ~ Common to all Subjects
TEST DIRECTIONS

You are now going to be tested on your ability to play and win the type
of gams previously described. You will bs playing against a person merely
i described as "your opponent.® You will be allowed to make the first selsction
& in each game, and you will be given instructions on hoi- to dstermine your
opponent 's selection. Look at the aoccompanying Avswer Sheet, Page 1. Do not

write anything on that sheet until you have read and understand the directions. 4
X Blanks are left to indicate your selections. Also, blanks are left to indicate
the sum. Afier your selection has been mide and the sum computed and entered, |
you are told to turn to a certain pags to determines your opponent's selection. |
That page is pert of this Test Directions booklet. His selection should be ;

indicated by you in the prescribed blank and the sun should be calculated and 1
entered. The process is then continued until ynu win the game or your opponent

' wins or makes a selection which will make the sum larger than 31. You must 5
£111 in all the blanks until the game is completed, but there will probably A

be some extra blanks at the bottom of the page. Play the game in order, ana

N do not determine your opponent's selection until you have made your selection
| which m'oceéda his. If you don't understand, raise your hand and a proctor S
| will help you.

No erusures or mark outs are allowed, 8o be sure of your entry before

; you merk it down. Now direct your attenmtion to the answer sheet. x

| Print your mame in the blank provided for it and begin the test.
- “:v ' "'
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Common t0 all Subjects

Your opponent seleots 1.
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Your oppon:nt selects 2,




Corwon to all Subjects

Your opponent selscts 3.




Your opponent selecte L.




g_a_‘!gon to all

Your oﬁpom selects 5.
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Your opponen’s selscts 6,
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NAMY, N
L
ANSWER SHERZ

Toad the Yest Directicn Cheet before ynu begin. No erasures or mavk outs are

gllownd.
TES? 1

The game is the one wiich allows zelschions from the &sb

snd vhers the desired cum is 31.
I selact . The

AR

Purn to page L for your opponent's selection.

Eis meiection is . The
I select . The

Twm Lo page & for your opponent's selection.
His selsction ia . The

I selact . The

Turn to page 5 for your opponent's selection.

His selection is — The
I soloct e The
Tarn to pege 2 for your opponsnt ‘s selection.
His selection is — The
Teelect The

murn S0 page 3 for your opponent 's selection.
Ble uleeuon ie ,_ . | The

I aetlub - e , ~ The
l‘nm to page 2 for your amomt 'n selection.
‘Hia ulocbipn is —_— The
Toesleck . S o The

o ?m to ‘page 3 tor ywr opponent: 'I uuetiou.n
nm selection s __ The

‘ 1'&&

sun is then

sun 1o then

asun is then

 prai

L
.

_ . "

sun is then .
sam is then .
s is then .
sum is then .
guan 18 then .
sun is then .
on ie thgnk, .
m is ﬂ}@n .
oum iy then __ .
anm 1a then .
oy 1 then .
sun 15 then




Common %o all \Supgacta

TEST 2
The game is the one which allows selections from the seb ﬁ., 2, 3, by 5, 6}
and where the depired sum is 25. Remenber nu erasures ox merk outs are allowed.

"

T seloct . Phe sam is then .

Turn to page 6 for your opponsnt ‘s selection.
His selection is - . The sum is then .
I selecht . The sum {s then .

Tarn to pege S for your opponent 's selsction.
His selection is | . The sunm is then .

ensmsven

I select : . The sum is then .

RSN L

Turn to pege 7 for your opponent's gelection. |
His selection is . The sum i85 then .
I select C . The sux i then B

L=

Tarn to page 2 for your opponent ‘s selection.
Pig selection is | . The sum le theun .
I select . The sum i{s then e

Turn to page 3 for your opponent's selsction.
His selection ie . The gun is then .

I selech . The sun is then .

Turn to pege € for your opponent 's selection.
His selection is ™. . The oun 12 then .

T salect g The som 1s then __ .

‘Twrn to page I for you- oppoient 's selection, |
His selection is . The sum is then .

I selsct R The sun is then ___ .
Go to the next: page. |




Gomnon to all Subjects

TEST 3
The gume is the one which allows select.ions from the set é;l, 2, 3, .l;} and
vhere the desired sum 15 22. Remember no eragures or mark outs are allowed.

I selact . The oum 18 then .

Turn to page 5 for your opponent's sclection.

Hie selection is . The zun {8 then .
1 select —t The sum iz then .

Turn to page 3 for your opyonemt's selsction.
Hir selection is . - The sum is then .
I snlech . The sun i then

Turn tn page 7 for your opponent‘'s selection.

His pelection is — The sun {8 then __ ,
T select —_— Ths sum is then __ .
‘l'urn to page 3 for your opponent's selection.
His sslection is The

I sslect . The sum is then .

sun 1s then

Turn to page 2 for your opponent 'es selsction.
His seloction is | . The sum is then .

I sdiadb . The sum is then .

L

Turn to page 2 for your opponent 's selection.

His selection is . The zum is then .
e iy —
T select: . The som is then .

Turn to pege 7T for your opponent's sslection.

His selcotion is . The sum is then .
I select . The sum is them .

Whan yon have completed this page, hand an Vyonr tost booklet and you will be
oxcused.
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(Ploase study before handing out the experimental materials.)

Your assistance in conducting this experiment is deeply appreciated.

From the experimental point of view, it is extremely important that
the students work solely with the materials and instructions given them in
the test bookleb. DO NOP ANSWER ANY QUESTIONS concerning these mterials,
as this might seriously alter the effects of the experiment. After the

oxperiment has been concluded, we will inform you of the purpose and results.
First, please read the attached general instruction sheet to the
gtudents. If there are questions, you mey repsat, but no: add to, any rart
of the attached sheet.
Second, di.shrlbute the booklets face down. Tell the students not to
turn the booklets over until told to do &c.

when all have received booklets, tell them to turn over their booklets

and start work.
defore directing them to turn to the next page, allow them exactlys
S minutes on page 1,
S minutes on page 2,
2 minutes on page 3,

3 minutes on page lk,
3 minutes on page 5,
3 mtm&m on page Se~then direct them to stop work and close
their booklets. | ‘
Collect all the booklets r.d place them in the envelops iu which
they were recej.nd. .
Thank you.
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GENERAT, DIRECTIONS

This experiment is sponsored by the Mthemtics Fducation Department .f“

of Florida State University. It is designed to determirs huw well jyou
can relate and generslize certain mathematical patterns. You will be |
given some mberial to learn and then b tested on this material. The
| results of this test will be made known to your instructor and he may U
pass this informstion cn to you. - f‘?\\;‘:

Other people my be participating in this exporiment at a later date, A
so please do not spoil the experiment by talking to anyone about it. Your ‘

cooperation is appreciated. %
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NAME

Print your name in the space provt@ad ot the upper right corner of
this page.

Tn this booklet you will be given some problems to solve. You may
have o add, mulbiply, or divide nusbers to get the solutions. The signs
for adding, mltiplying, and dividing are shown in these axamples:

1 + 3 means to add 1 and 3. 2 + |} means mulbiply 2 by k.
’3(?' means divide 6 by 3.

Would you £ill in the blanks with anewers for the following problemss
(Use this page for any written work you bave to do bo obtain the answers.)

a) 89« 7h= {Answer).
b) (57.+95) -27= (Answer).
c) .L.X_.‘.f.I).-W" (Anewor), 1£X = 3, Y=5,T = kL, and W = 6.

Tou will be asked to give the sum of nunber series in which each
number is larger than the number it follows by the same amount... The serles
3+5+7+«9%______,and W +8+12 .00 + L0+ Ly =, are exarples
of such series. Notice that when there are many terms (that is, numbers)
in the series, we ues dots to save us from writing all the terms. We can
do this because Lie first threes terms show the awount by which each term is
larger than the term it follows. In the exanple given above (4 + 8 + 12
+ ..o + N0 ¥ Llt) we use the dots to save us from writing 16 + 20 + 2} etc.
gince we are somewhal;, but not too, lagy. These number series are called

arithmetic serlea. Before we¢ go on, would you £ill in the blanks to complete

the follow!.ng ‘aritbhmetic series:
T+ 10 + L G N + 25,

DO NOT TURN THIS PAGE UNPIL TOLD TO DO S0. -
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Problem 1

|

Write the sum of the following arithmetic series in the space

provided for it. Use this page for any written work you have to do to

obtain this sum.

1"'3*5"‘7"‘-00*97*99.“ .

s e e

DO NOT TURN THIS PAGE UNPIL TOLD TO DO So.
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Problem 2

I Write the sum of the following arithmetic series in the space X ;:;f:

e provided for it. Use this page Zor any written work you iave to do to
o obtain this oum.

; l+348+ ..o ¢+ Hau — »

" .

DO NOr TURN THIS PAGE® UNPIL TOLD TO DO SO.




Problem 3

Write ths sum of the following arithmetic series in the space
vrovided for it. Use thie page for any written work you bave %o do to

obtain this sum.

2+h+64 ... + U6+ )8 = .

WHEN YU PINISH, CLOSE THIS BOOKLER AND WAIT UNTIL TOLD TO TURW IT
IN. DO NOT LOOK BACK AT OFHER PAQGES,

R T e T T B g T A T i ey 4 e
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Hule §

L

?he sum of some arithmetic series may be obtained by mulbiplying
50 by 50.

DO NOP TURN THIS PAGE UNTIL TOLD TO DO SO.




Rule S and Pxample

The sum of some arithmetic series may be obtained by multiplying
50 by %0. One such aritimetic series is:

1"‘3""5"‘7"'00'!“"97"99“___‘50’50‘2500

DO-NOT TURN THIS PAQGE UNPIL TOLD TO DO SO,




The sum of some arithmetic series may be obbained by multiplying the
namber of terms in the series by itself.

¢ DO NOP TURN THIS PAGE UNPIL TOLD TO DO SO.
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giule 5@ and Example

The sum of some arithmetic series may be obtained by multipiying the
number of terms in the series by iaslf;
One such arithmetic sories iss

1+#3+5+7+.,.497+9 = 50+ 50 = 2500

L

DO NOr TURN THLS PAGE UMCIL TOLD TO DO So.

ST S




Rule G

The sum of some arithmetlc series may be obbteined by adding the
first nurber in the series to the last number in the series, dividing the
resulving sum by 2, and then mulbiplying the number you get by the wmmber

of terms in the series.

DO NOF TURN THIS PAGE UNI'IL TOLD TO DO So,
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Rule 1\ and Exg_xgggﬁ

The sum of some arithmetic series may be obhained b adding the firet
numbeir in the series to the last mmbér in the seriss, dividing the resulting
sum by 2, and then multiplying the nunber you geot ‘br the number of tems in
the series.

One guch arithmetic series iss

1+ %)

14348+ 7+ .00 #97+99a™ ¢ 50 = 2500

DO FOr TURN THIS PAGE UNTIL TOLD TO DO 30.
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