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ABSTRACT

Evidence has accumulated indicating that high arousal
or activation facilitates long-term retention (LTR) but depresses

short~term retention (STR) relative to low activation in list
learning. The present study extended this research to the learning
and retention of text by children. It specifically investigated the
effects of questions inserted into prose material on STR and LTR. Two
hundred and ninety third to sixth grade students read two passages.
Subjects were randomly assigned to conditions and answered questions
inserted in both, either, or neither passage. Grades five through six
read more complex versions of the passages. Subjects completed a
25-item multiple-choice retention test immediately (STIR) and one week
later (LTR). An ANOVA and post-hoc pair-—-wise comparisons revealed the
group answering guestions in both passages scored significantly
higher on both STR and LTR than controls, indicating a facilitative
effect of adjunct gquestions. A text complexity and learner strata
interaction was suggested. The complexity of such activation research
with text was discussed in terms of the conditions of testing and the
nature of gquestions. (Author)
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Statement of Focus

The Wisconsin Research and Development Center for Cognitive L.earning
focuses on contributing to a better understanding of cognitive learning by
children and youth and to the improvement of related educational practices.
The strategy for research and development is comprehensive. [t includes
basic research to generate new knowledge about the conditions and processes
.. learning and about the processes of instruction, and the subsequent develop-
ment of research-based instructional materials, many of which are designed for
use by teachers and others for use by students. These materials are tested and
refined in school settings. Throughout these operations behavioral scientists,
curriculum experts, academic scholars, and school people interact, insuring
that the results of Center activities are based soundly on knowledge of subjcct
matter and cognitive learning and that they are applied to the improvement of
educational practice.

This Technical Report is from the Motivation and Individual Differences
in Learning and Retention Praject from Program 1. General objectives of the
Program are to generate new knowledge about concept learning and cognitive
skills, to synthesize existing knowledge, and to develop educational materials
suggested by the prior activities. Contributing tc these Program objectives,
the Learning and Memory Project has the long-term goatl of developing a theory
of individual differences and motivation. The intermediate objective is to
generate new inowledge of the learning and menory processes, particularly
their developmental relationship to individual diffarences and to motivation.
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Abstract

Evidence has accumulated indicating that nigh arousal or activation
factlitates long-term retention (LTR) but depresses short-term retention (STR)
relative to low activation in list learning,

The present study extended this research to the learning and retention
of text by children. It specifically investigated the effects of questions in~
serted into prose material on STR and LTR.

Two hundred and ninety grade 3-6 students read two passages. Sub-
jects were randomly assigned to conditions and answered questions inserted
in both, either, or neither passage. Grades 5-6 read more complex versions
of the passages. Subjects completed a 25-item multiple-choice retention
test immediately (STR) and one week later (LTR).

An ANOVA and post~hoc pair-wise comparisons revealed the group an-
swering questions in both passages scored significantly higher on both STR
and LTR than controls, indicating a facilitative effect of adjunct questions.

A text complexity and learner strata interaction was suggested. The complex~
ity of such activation research with text was discussed in terms of the condi-

tions of testing and the nature of questions. Important {ssues requiring further
examination were outlined.
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Introduction and Review of the Literature

Research on the relationship of arousal
to memory consolidation has suggested that
arousal may differentially affect short- and
long-term retention. It s hypothesized that
learning under high arousal produces a more
actively consolidating trace that is relatively
unavailable for short-term recall but is ulti-
mately better consolidated for long-term re-
call than learning under low arousal (Farley,
.1 press),

Kleinsmith and Kaplan (1963, 1964) have
reported evidence supporting the differential
effect of arousal on short- and long-term
memory. In the first study (Kleinsmith &
Kaplan, 1963} wotds and numbers were used
as stimuli and responses, respectively, in
paired-associates (PA) learning with arousal
defined in terms of galvanic skin response
(GSR) deflections to the words during learning.
High-arousal words were then separated in
the recall analysis from low-arousal words,
Five recall intervals were ysed: immediate,
20 minutes, 45 minutes, 1day, and 1 week.
Responses learned under low arousal were
recalled better at the immediate test, were
undifferentiated at the 20-minute test from
responses learned under high arousal, and
showed "classical forgetting” at all the re-
maining test intervals, whereas on the latter
tests the high-arousal material demonstrated
reminiscence. Kleinsmith and Kaplan (1964)
successfully replicated this finding using 0%
association value nonsense syllables rather
than words, and three retention intervals:
immediate, 20 minutes, and 1 week.

Walker and Tarte (1963), using homoge-
neous and mixed lists of high and low arousal
words, have obtained results comparable to
those of the Kleinsmith and Kaplan studies.
Farley (1969) has recently used the stimulus
words of the Walker and Tarte (1963) study in
a free learning experiment, He obtained re-
sults similar to those of Walker and Tarte

(1963) and Kleinsmith and Kaplan (1963, 1964)
with respect to the long-term recall measure,
but he did not obtain the crossover effect
between immediate and Icng-term recall,
However, in other studies, Farley and Gil-
bert (1970), Lovejoy and Farley (1969), Manske
and Farley (1971) and Osborne and Farley (1971)
have obtained the expected crossover effect,

Other experiments have attempted to
manipulate general arousal level rather than
stimulus-specific arousal. Alper (1948) at-
tempted to induce arousal by administering
"ego-oriented instruction." She tested for
recall immediately after learning and one day
later, Ego-oriented Ss not only recalled sig-
nificantly more new items on Day 2 than on
Day 1 but also recalled on Day 2 significantly
more of the same items they had recalled on
Day | than did the "task-oriented" Ss.

King and his associates (Harper & King,
1967; King & Dodge, 1965; King & Walker,
1965) have used a method of delayed auditory
feedback (DAF) to induce arousal. They found
that immediate retention of prose material
practiced under DAF of .2 to .8 seconds is
significantly poorer than that obta‘ned from
appropriate controls. However, on a long-
term retention test, material practiced under
DAF yielded greater retention relative to the
initial amount of material recalled in compar-
fson to the control group.

Berlyne, Borsa, Craw, Gelman, and
Mandell (1965) and Berlyne, Borsa, Hamacher,
and Koenig (1966) have induced arousal by
using white noise. They found that white
noise during presentation of stimulus and
response terms in training trials significantly
Increased recall in a test trial given 24 hours
later. They also found that during training
on Day |, white noise under all presentation
conditions had r.o detrimental effect on imme-~
diate recall.

Thus, the bulk of the foregoing stuaies
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employing arousal-producing stimulus terms,
frustrating tasks, and white noise suggest
that arcusal facilitates long-term recall,
while the results concerning the effect of
arousal upon immediate recall have been less
certain,

The present study attempts to investigate
the rcle of activation in the retentinn of prose
material, The specific question to be inves-
tigated is whetner a general rise in arousal
level induced by questions inserted in text
will differentially affect short- and long-
term retention. In an earlier study Natkin
and Stahler (1969) reported that questions in-
serted in text can produce the crossover
effect predicted by the arousal hypothesis
of Walker and Tarte (1963). Natkin and Stah-
ler (1969) posited that asking the § a question
produces an increase in arousal and thai this
effect can be controlled by use of a second
passage read prior to the learning material
in which the Ss are exposed to questions.,

It was assumed that any arousal effects pro-
duced by a stimulus would habituate with
frequent stimulus exposure. Natkin and Stah-
ler predicted that Ss asked to answer questions
inserted into learning material, who were not
exposed to questions in a passage read be-
fore the learning material, would recall less
on a short-term retention test than Ss who
either had questions in the pre-exposure
material plus learning material or who did

not have questions in the learning material.
They also predicted that the Ss in the high-
arousal conditions (questions in learning
material, none in pre-exposure material)
would do significantly better on a long-term
retention test., Natkin and Stahler's (1969)
results supported the predictions concerning
the effects of questions and the authors at-
tributed this to arousal-inducing effects of
the questions,

Earlier evidence that inserting questions
into text wil; facilitate retention of material

that is not question specific has been reported
by Hershberger and Terry (1965), Rothkopf
(1966), Rothkopf and Bisbicos (1967), and
Frase (1457, 1968). This research has re-
vealed two important results: (a) questions
facilitate learning even without knowiadge

of results, and (b) questions have a general
facilitative effect as well as a specific fa-
cilitation upon question-specific information.
These effects have been explained by Roth-
kopf (1965) and Frase (1968) in terms of the
“mathemagenic" hypothesis. This analysis
stresses that the acquisition and retention

of information from printed material can be
related to a variety of ongoing responses,
summarized by the term "mathemagenic" — they
give rise to leaming. These responses can be
brought under control of test-like events (such
as questions) which occur in conjunction with
the reading materials. In the above series of
studies the groups who have received questions
in the material have in almost all cases per-
formed better than the controls on short-term
retention tests, contrary to the Natkin and
Stahler (1969) results. The following study
was initiated because of the inconsistency

of the research reported concerning questions,
as well as the desire to extend the present
first author's investigations of the effects of
activation in list learning to learning from
text, and to investigate the prose learning

of children. The experiment was designed to
study the effects of putative increases in
arousal induced by adjunct questions inserted
into text upon short- and long-term retention
of non-question-specific information within
prose material. An experimental procedure
similar to that of Natkin and Stahler (1969)
was employed with necessary adaptations due
to the change in the age level of the sample.
The specific hypothesis to be tested was that
increased arousal due to adjunct questions
inhibits short-term retention but facilitates
long~term retention,
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Method

Sample

The Ss were 342 elementary school chil-
dren from Sussex, Wisconsin. Table ] gives
the distribution of the Ss by grade.

Table 1. Distribution of Subjects by Grade

arade Number of Subjects
3 101
4 80
5 86
6 75
Total 342

An attempt was made to test all the Ss in these
grades in one school,

Materials

The materials for the study were two pas-~
sages of approximately 500 words each. The
first passage was about the plants and animal
life in the swamps of the Everglades. The
second one contained information about life
styles of two forest animals, the sloth and
the wild pig. The first passage served to
control the habituation reaction to questions
and the second one was used as the learning
material. Two versions of each passage were
prepared. Version A had short, simple sen~
tences and was administered to the 3rd and
4th grades, Version B, administered to the
Sth and 6th grades, had the same content but
with more complex sentence structure. The
materials were prepared with the help of read-
ing experts and teachers to insure a grade-~
related level of complexity of content and

vocabulary. For the 4th, Sth and 6th grades
two forms of each version were stapled sepa-
rately into two booklets. The first form had
experimental questions and the second one
none. The swamp material (pre-exposure
material) contained nine adjunct questions
inserted approximately every 55 words. The
learning matertal had six adjunct questions,
f.e.,one question after every 85 words. The
experimental questions were short-answer
type covering one detail of the information
presented on the previous page. Each ques-
tion to be inserted was randomly selected out
of four questions originally prepared. The 18
questions not selected as experimental (ad-
junct) questions for the learning passage were
combined with seven additional questions to
form a 2S-item criterion or outcome (retention)
measure. Each question on the criterion test
was presented as a four-distractor multiple
choice {tem. None of the items on the post-
test overlapped with those used in the text,
and the {tems covered different details than
the experimental (adjunct) questions,

The procedure was slightly different for
the 3rd grade in that there were four torms of
each version of the learning material. The
basic booklet consisted of six pages of ap-
proximately 85 words each. The other three
booklets had questions inserted after every
85 words, 170 words, and 255 words. The
adjunct questions were always on a separate
page inserted as another page in the text.
The pre-exposure material was the same as
for the 4th, Sth, and 6th grades (i.e. , con-
taining either zero or nine adjunct questions).

Design
The 3rd grade had eight groups of Ss dif-

fering in the number of questions they received,
The questions were the results of various com-
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Table 2, Treatments Acce.ding to the Number of Questions

r—

Group Number of Questions
Pre -exposure Material Learning Material
1 9 ' 6
2 9 3
3 9 2
4 0 6
S 0 3
6 0 2
7 9 0
8 (Control Group) 0 0

binations of the versions of both the passages.,

The treatments according to number of ques-
tions in each booklet are given in Table 2,

All the Ss received an immediate recall
test and a long-term recall test (one -week),
both of which were administered at the same
time of day and by the same E.

The 4th, 5th, and €th grades were ran-
domly divided into two groups each, one re-
ceiving the questions and the other not for
each passage (i.e., the pre-exposure and
the learning passages). Similar to above,
each S received two tests of retention.,

Procedure

Testing for the 3rd grade required ran-

domly dividing the class into eight groups.
The materials were first randomly distributed
and then E read a standardized set of instruc-
tions, after which the §s were asked to begin
reading, The Ss were instructed to continue
reading on to the second booklet after read-
iny the pre-exposure material. A short-term
retention test fcllowed the learning material;
a long-term retention test was administered
one week later. In addition, a retention test
covering the pre-exposure material was given
after the long-term retention test of the learn-
ing material,

Testing for the remaining three grades
was similar to the above except for differ-
ences in the number of groups in line with
the research dzsign outlined earlier.




Results

The 3rd grade data were analyzed separate-
ly from the data for grades 4, 5, and 6. Table3

provides the mean retention scores for the 3rd
graders in the various groups.

The data from the three retention measures
were analyzed employing a univariate-multi-
variate analysis of variance technique. The
multivariate F-ratio for STR-L, LTR-L was not
significant (F = .8253, df = 14/184, p < .6410).
The univariate F-ratios for STR-L and LTR-L
were 8TR-L: F = .7689, df =14/184, p < .6410;
LTR-L: F =1.0381, df =14/184, p < .4l02.

Further analyses i:‘dicated that although
the univariate test ‘or ¢t ‘erences between
STR-L and LTR-L w#+ sigr. ficant (E = 22.8793,
df =1/93, p < .000]), e univariate test for
treatment effects on the difference scores was

not significant (F = .7393, df =7/93, p< .6392).

The analysis of the retention scores of
the pre-exposure material indicated a signi-
ficant main effect for the experimental treat-
ment (F = 3.8945, df = 7/93, p < .00]).
Scheffé's test for post hoc pair-wise compar-
tsons was utilized to find which experimental

Table 3.

groups were significantly different from each
other on the long~term retention measure.
Table 4 presents the results of this analysis.
Scheffé's test indicated that Group 2, the
group which answered nine questions in the
first booklet and three questions in the second
booklet, scored significantly better than both
Groups 6 and 7 on the retention test. Group 6
answered zero questions in the first booklet
and two questions in the second booklet,
while Group 7 answered nine questions in the
first booklet and zero questions in the second
booklet. None of the remaining mean differ-
ences were significant at the .05 level or
better.

Where grades 4, 5, and 6 are concerned,
Table 5 presents the mean number of correct
responses on the two retention measures (im-
mediate and one week) for the experimental
conditions independent of grades.

A univariate and multivariate analysis of
variance revealed significant effects due to
experimental treatments. The multivariance
test yielded F =1.811, df = 6/456, p < .09.

Mean Retention Scores for 3rd Graders

by Groups for both the Short- and Long-term Tests

Group Learning Material Pre-exposure Material

STR-L LTR-L LTR-E
1 14,25 12,17 6.25
2 14,75 13.00 9.17
3 14,31 13.62 7.08
4 12,55 10.36 6.18
5 15.00 13.64 8.14
6 13.46 13.23 5.92
7 13.31 11.62 5.69
8 11.84 10.46 7.92

it




Table 4. Summary of Scheffé's Post Hoc
Pair-Wise Comparison of LTR-E (Grade 3)

Group

(Rank Order) 2 ) 8 2 1 9 6 7
2(9.17) - NS NS NS NS NS p<.05 p<.025
5(8.14) - - NS NS NS NS NS NS
8(7.92) - - - NS NS NS NS NS
3(7.08) - - - - NS NS NS NS
1(6.25) - - - - - NS NS NS
4(6,18) - - - - - - NS NS

6(5.92) R <.05
7(5.69) R <.025

Table 5. Mean Retention Scores for Grades 4, 5, and 6 Collapsed

Groups Treatment STR-L LTR-L
1 QQ 16.30 14,67
2 NQ 15.05 12.97
3 ON 14.98 13.58
4 NN 13.71 12.28

Table 6, Mean Retention Scores by Groups for Both
Short- and Long-term Tests at Grades 4, 5, and 6

Grades Group Treatment STR-L LTR-L
4 1 aQQ 16.26 14,47
4 2 NQ 16.18 12.81
4 3 QN 15.63 14,05
4 4 NN 13.55 12.45
) 5 1 QQ 15.71 14.38
5 2 NQ 13.81 12,29
) 3 QN 15,23 14,09
) 4 NN 11.89 10.63
6 1 QQ 17.00 15.19
6 2 NQ 15.11 13.94
6 3 QN 13.88 12,31
6 4 NN 15.60 13.70
The univariate Fs for STR-L, LTR-L, and F = 2,915, df = 3/229, p <.035). This indi-
STR-L + LTR-L were significant (STR-L: F= cates that there is a significant main effect
2.852, df = 3/229, p < ,038; LTR-L: F= for treatments. A post hoc analysis was un-
2.641, df = 3/229, p < .050; STR-L + LTR-L: dertaken employing Scheffé's test for pair-
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wise comparisons. The results of this analy-
sis indicated that Group 1 had performed sig-
riificantly better on both the short- and long-
terii measures than the control Group 4
(STR-L: F =10.49, df =3/229, p < .02;
LTR-L: F = 8.83, df = 3/229, p < .05), while
all other contrasts were not significant.

The ANOVA indicated no significant dif-
ferences between grades and also no signi-

ficant grade x treatment interaction.

A univariate analysis of the difference
between STR-L and LTR-L indicated that a
significant amount of forgetting had occurred
over one week (F = 84.312, df =1/229, p <
.0001), but that no differences were present
due either to grade or experimental treatmen:t.
Table 6 presents the retention scores by
grade and group.
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Discussion

The present results did not verify the
prediction that questions inserted into the
second of two prose passages would induce
a high level of arousal and cause inhibition
of short-term retention test performance and
facilitation of long-term performance when
compared with a group having no questions
and a group having questions in both passages.

The results did indicate that there ex-
isted a significant main effect for the exper-
imental treatment and that the difference was
the result of Group 1 (questions in both pas-
sages) scoring higher than the cuntrol group
on both short- and long-term retention tests.
In light of previous research by Rothkopf
(1965) and Frase (1967, 1968) this is not a
completely unexpected result, as will become
apparent later.

A point that needs to be considered is
that although the analysis indicated Group 1
to score significantly better than the control
group (Group 4) when the results are looked
at across grades, a close analysis of the
means by grades (Table 6) reveals that most
of these differences occur in 5th grade., Al-
though the mean scores in yrade 4 tend to
appear in agreement with those of grade 5,
in grade 6 the only agreement with the other
grades is the position of Group 1 relative to
the remaining groups.

At this juncture it should be noted that
much of the ensuing discussion is not based
on statistically significant findings but upon
data which only approach traditional levels
of significance.

One possibly important feature of the
present data seems to be a trend indicated
by the performances of similar groups across
grade levels: grade 4 scores higher than
grade 3, grade 6 groups score higher than
similar groups in grade 5, with the partition
at Group 3 on both retention measures. A
seemingly important consideration is that
groups in 4th grade score higher than the

5th grade groups on STR-L and equal or better
on LTR-L. It might also be noted that the
rank order of groups is the same for grades 3
and 5, and that grade 4 {s more similar to
grade 6 than grades 3 or 5 when one considers
the relative position of groups. The appro-
priate question seems to be whether this pat-
tern suggests some form of interaction be-
tween characteristics of the learner (grade)
and the complexity level of the material
which has an effect on retention. Rather
than speculate what might cause this pattern
to exist, it will only be suggested that fur-
ther research might investigate this interac-
tion between sentence complexity, experi-
mental manipulation, and the information
processing capacity of the learner.

Rothkopf (1965) and Frase (1969) have
reported that an important factor to consider
concerning the effects of adjunct questions
upon nonadjunct question-specific retention
is the amount of material between adjunct
questions. If questions are inserted too
frequently their generally facilitative effect
disappears and they may even.have an inhib-
iting influence. There is a strong possibility
that this situation was present in this study,
which would account for the nonsignificant
results when other groups were compared with
the control group. It would appear logical
to assume that as the reading skill of the §
increased the optimal amount of material
between questions would increase, therefore
causing these Ss to be inhibited by a ques~
tion every 25 words, while fora § at a less
efficient level of information processing, a
question every 85 words might serve to facil-
itate incidental retention. This reasoning
might possibly explain the performance of
Group 4 in 6th grade. The control Group 4
scored from 3.0 to 3.5 points betow Group 1
in the other three grades, however in 6th
grade the difference is only slightly over
1.0. In addition, Group 4 scored lower than

9
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Groups 2 and 3 in grades 3, 4, and S but
above these groups in grade 6,

Since the results tend to agree with those
of Rothkopf (1965) and Frase (I267) rather than
supporting an a-ousal x retenticn interval in-
teraction hypothesis, the question as to why
adjunct questions prodiice a general factli-
tative effect on retention remains unclear,

An arousal hypothesis of question effects is
not entirelv disconfirmed, however, as there
is reason .y believe that in prose learning
contexts arousal will have facilitative effects
on both short- and long-term retention tests
(Farley, 1971), Also, Farley (1969) has re-
ported that when high-arousal word lists are
compared to low-arousal word lists, perfor-
mance is undifferentiated on an immediate
test but the high-arousal words a:e better
recalled on a long-term test, whereas when

a mixed list (high- and low-aiousal words)

is used, high arousal words are better re-
called at both retention intervals. This find-
ing suggests that putative "arousal events"
in prose (e.g., adjunct questions) within the
"low-arousal context” of the prose passage
will facilitate retention test performance at
both short- and long-term intervals, Such

an interpretation suggests parallels between
the role of adjunct questions and the Von
Restorff effect that might reward closer exam-
ination. It is also possible that the temporal
parameters of short-term retention in the
prose learning study are so vastly different
from the one-trial list learning research that
no short-term inhibitory or interference effects

of arousal can be detected, because :n the
prose research both short- and long-term re-
tention tests are tapping long-term memory.
Thus, facilitative effects of arousal would
be expected on both tests, Clearly the prob-
lem of studying short-term memory in connect-
ed discourse is complex and will require con-
siderable revision and/or refinement of pres-
ent approaches, with one promising possi-
bility being the use of probes,

Some further basic questions need to be

investigated: What types of cognitive pro-
cesses might a question stimulate? What 15~

the important function of the behavior follow-
ing exposure to a question which can either
facilitate or inhibit retention of non-question-
specific information? How do the arousal,
interest, topicality, and imagery-abstractness
characteristics of the information interact with
the type and frequency of questions to affect
retention? Is there some interaction between
reading efficiency, memory capacity, content
characteristics, and spacing of questions
which can account for the vast individual
differences that exist in the data? May some
of these individual differences be intrinsic
{Jensen, 1967) to learning and memory pro-
cesses or might they be extrinsic and identi-
fiable in terms of intelligence, personalit:
and so on? Would it be valuable to investi-
gate the units of information in prose utilizing
the same techniques as prior list learning
studies (Maltzman, Kantor, & Langdon, 1966;
Farley, 1969) concerned with the arousal-
inducing power of individual units?
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