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ABSTRACT

THE EFFECTS OF TEST ANXIETY AND INSTRUCTIONAL TREATMENT ON
THE COGNITIVE PROCESSING OF INSTRUCTION

by

Howard T. Everson

Adviser: Dr. Sigmund Tobias

This study investigated the relationship between test
anxiety and level of instructional support on achievement
and cognitive macroprocessing. Aptitude x treatment inter-
action research suggests that anxiety affects achievement
indirectly by affecting the cognitive processes engaged by
instruction. This model of anxiety assumes the cognitive

component of test anxiety (i.e., worry) interferes with the

effectiﬁe-iﬁﬁut of instructional material, in addition to
affecting learning at other points. This "interference'
model suggests that supportive instructional treatments are
differentially bencficial to anxious learners because they

reduce the cognitive demands of the task and minimize the
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interference of worry. This model was tested by varying in-
structional support from high to low and examining the in-
teractions of test anxiety and ability on achievement and on
the use of a number of macroprocesses.

Individual differences in test anxiety, reading ability
and prior knowledge were examined for three trestment
groups: (1) text with inserted adjunct postquastions and
feedback; (2) text with inserted adjunct postquestions but
no feedback; and (3) a text only control group. Test anxzie-
ty was assessed using both trait and state measures. Read-
ing ability was measured using the Nelson-Denny Reading
Tésé. A pretest based on the instructional text measured
prior knowledge. Achievement was measured by a posttest
containing adjunct question relevant and incidental items.
The macroprocesses were operationalized as the number of
sentences previewed, the number of main and alternate text
sentences reviewed, the frequency of use of headings, and
the frequency of notetaking and reviewing notes.

Multivariate analysis of the posttest revealed main ef-
fects for treatment and prior knowledge on both the relevant
and incidental posttest items, as well as a main effect for
test anxiety on the incidental items. No anxiety x treat-
ment interaction effects on achievement were found. Analy-
sis of the macroprocessing data uncovered a main effect for
treatment on both the use of the alternate text and notetak-

ing, a main effect for test anxiety on the use of the alter-
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nate text, an anxiety x prior knowledge interaction for both
use of alternate text and use of headings, and a worry x
prior knowledge x treatment interaction for use of the al-
ternate text. These\results are discussed within the frame-

work of a limited capacity model of test anxiety with an em-

phasis on the prescriptive use of macroprocesses.
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Chapter I
THE NATURE OF THE PROBLEM

Ever since Freud (1936) identified its central role in
the development of the personality, the concept of anxiety
has been prominent in most subsequent theories of personali-
ty. For example, Sarason, Davidson, and Lighthall (1960)
stated... ''they are not aware of any systematic conception
of personality, particularly with regard to its development,
which does not give the concept of anxiety a role of great,
if not central, significance" (p. 5).

One specific type of anxiety that has received considera-
ble study in this country and elséwhere (van der Ploeg,
Schwarzer, and Spielberger, 1984) is test anxiety. For the
most part, this body of research views test anxiety as a
special case of general anxiety (Sieber, 1980) and includes
the phenomenological, physiological and behavioral responses
to evaluative stress and/or fear of failure.

The proliferation of research in this area is not sur--
prising. After all, test anxiety is not unfamiliar in our
modern day achievement oriented society. For those serious-
ly affected, simply the mere prospect of an exam produces an
overwhelming flood of worry and emotion (Wine, 1980). Con-
sequenfly, tests are fraught with discomfort for the highly

test anxious person and are events to be avoided.
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To some degree this fear of tests is justified. Typical-
1y, Qhen under stress, the highly anxious student does not
perform as well as the less anxious student, though it has
been demonstrated repeatedly that, in general, highly anx-
ious people are just as intelligent (Mandler and Sarason,
1952; Spielberger, 1966). What we find, then, is that test
anxious students are caught in a vicious cycle of poor per-
formance on exams, subsequent disappointment, and inadver-
tent reinforcement of the anxiety provoking aspects of test
taking. Precisely because test anxiety is so consistently
related to poor academic performance, understanding its role
in the cognitive processing of instruction is of considera-

ble importance.

The Problem

Current test anxiety theory suggests that the major ef-
fect of anxiety on learning is due to interference at the
cognitive processing level. For example, Wine (1980) has
formulated a cognitlve-attentional model of test anxiety
which asserts that attention in highly evaluative situations
is distributed between task-relevant and task-irrelevant re-
sponses. According to this view, for individuals with high
levels of test anxiety a significant amount of attention is
devoted to task- irrelevant responses (such asA worrying)
which results in decreased attention to the task at hand

and, consequently, reduced performance. In support of the



3
cognitive interference model, it has been suggested that
anxiety does not directly affect instructional outcomes,
but, rather, affects the cognitive processes engaged by the
instructional treatment, and these, in turn, affect perform-
ance (Tobias, 1980). |

This so called "interference model" of test anxiety has
been challenged recently by an alternative '"deficit model.
The dgficit hypothesis assumes tﬁat the poor performance of
highly anxious students is attibutable to poor study habits,
or to deficits in test taking skills rather than to inter-
ference by anxiety. This shift in perspective is pivotal
because it assumes that a skills deficit accounts for the
poor performance, not interference in cognitive processing
at either acquisition or retrieval as the information pro-
cessing view would suggest.

Recently, Tobias (1984) has attempted to reconcile these
alternative explanations in terms of a "limited capacity"
model designed to account for the effects of test anxiety
both in terms of cognitive interference and cognitive strat-
egy deficits. Working within an information-processing
analysis (J. Anderson, 1980; Biggs, 1971) framework, Tobias'
arguments focus on the 'micro' and 'macro' process levels.
The electronic computer serves as a useful methaphor for un-
derstanding the cognitive capacity model. A simply analogy
is drawn: (1) something goes into the individual's brain

(input data or perception); (2) a process occurs within the
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individual (execute programs.or thinking about perception,
cognitive processing); and (3) the individual acts (output
or performance).

In this way, then, learning is représented simply as the
extent to which output is improved or modified, in terms of
the instructional material presented as input and the opera-
tions the individual performs on the input, i.e., cognitive
processing. On a 'micro' level these processes include reg-
istering, storing, and transforming information;f- Théw:;;;;
ro' process level refers to those higher-order strategies
such as sorting, noting, reviewing and summarizing.

From a cognitive perspective, Tobias' (1977) information-
processing model assumes that anxiety interferes with the
effective input of instructional material, in addition to
affecting learning from instruction at other points (during
both the processing and the output stages, see, for example,
Figure 1. It follows, then, that instructional treatments
which provide high levels of support by inserting adjunct
questions or advanced organizers, or by providing feedback
will serve to decrease the cognitive capacity demands of the
learning task and, hence, will be selectively beneficial to
highly anxious learners. Moreover, by operationalizing spe-
cific processing dimensions (e.g., macroprocesses) assumed
by the model, the cognitive strategy differences of high and

low anxious learners can be examined objectively. The aim

of this study was to examine those ATI's.
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ATI Paradigm

Since the 1950's, many studies of test anxiety have been
conducted in an effort to understand the nature of the rela-
tionship between anxiety, learning, and instruction. For
the most part, these studies represent attempts at explain-
ing and treating academic performance differences in test
anxious students. Over the years, two distinct paradigms
for studying test anxiéty in an instructional context have
emerged. Although different methodologically, both para-
digms have addressed the need to attenuate the debilitating
effects of anxiety on academic achievement.

One approach taken by researchers working in this area
represents an effort to treat test anxiety symptomatically,
and is characterized by the prototypical anxiety reduction
program (see Meichenbaum and Butler, 1980). Typically, this
research seeks an optimal program for reducing or diminish-
ing the physiological sensations associlated with elevated

levels of anxiety.

In contrast, the oéﬁer paradigm that has emerged attempts
to further our understanding of the nature of the interac-
tion between test anxiety and instruction. This body of re-
search aims at adapting instructional methods differentially
for high and low anxious learmers. As such, it reflects the
more general paradigm in psychology of studying the interac-
tions between learner attributes (e.g., aptitudes, traits,

etc.) and instructional treatments, otherwise known as at-
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tribute (or aptitude) treatment interactions and commonly
abbreviated as ATI research (Cronbach & Snow, 1977).

The logic propelling the ATI paradigm is straightforward:
no one instructional method i1s presumed superior. for all
pres of students. On the contrary, ATI research assumes
that students with one set of characteristics, say higher
abililty or increased motivation, may be taught optimally
using one instuctional method, whereas others with differentc
characteristics may be taught more effectively another way.
In an effort to advance test anxiety theory, ATI research
has attemptéd to demonstrate an interaction between anxiety
and those instructional methods assumed to be differentially
affected by anxiety (Tobias, 1980). From a theoretical per-
spective, such research holds the promise of clarifying both
the cognitive processes controlling learning, as well as the
ways in which anxiety affects learning from instruction. In
a more applied sense, the study of ATI's offers the poten-
tial for developing instructional treatments which would en-
hance the achievement of highly anxious students.. The ATI

paradigm guided the design of this study.

Research Design

The aim of the present research was to renew interest in
ATI research by 2xploring some hitherto neglected variables.
In addition to investigating the achievement x treatment in-

teractions of test anxious students receiving different lev-
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els of instructional support, this research also attempted
to identify the various types of cognitive macroprocesses
students employed while engaged in meaningful learning. In
that sense this study was designed to be exlporatory as well
as confirmatory. The study was conceptualized as a 3 x 2
factorial with three levels of instructional suppport (low,
medium, and high), and two levels of achievement (relevant
and incidental posttest items) with test anxiety represent;d
as a continuous variable in a multivariate multiple regres-
sion analysis design.

The level of instructional support was manipulated from
high to low by use of an adjunct postquesﬁion design. The
macroprocess construct was operationalized as those rela-
Eively molar cognitive processes students use, such as re-
viewing, previewiﬁg, seeking clarification, or notetaking,
when learning from instruction. More specifically, the mac-
roprocesses investigated included review (text lookbacks),
previews, use of a less difficult version of text, notetak-
ing, use of headings (text outline), and reviewing notes.

Operationally, this research used microcomputers to pres-
ent the varying instructional treatments and collect a host
of performance data. The computers were programmed to pres-—
ent the instructional treatments and provide feedback, as
well as store data on subjects' responses to adjunct ques-
tions and frequency of use of the macroprocesses. In addi-

tion to measuring individual differences in test anxiety,
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prior knowledge, and reading ability, achievement on both
the relevant and incidental subscales of an immediate post-

test was also assessed.

Goals of the Study

In general, prior research on anxiety and achievement
suggests that the cognitive component of test anxiety, i.e.
WOXTry, generates a form of cognitive interference which
serves to diminish the academic performance of anxious stu-
dents. This expectation derives from a cognitive model of
test anxiety (Tobias,l1984; Wine, 1980) which hypothesizes
that the negative self-preoccupations tyﬁically associated
with high anxiety absorb some portion of the individual's
information processing capacity. Consequently, it follows,
that only a reduced proportion of cognitive capacity remains
available for processing task related information. Thus, it
was reasoned that reducing the cognitive processing demands
of the task by providing instructional support should be
beneficial for high anxious learners. It also follows that
engaging macroprocesses such as review, preview, and note-
taking should be differentially beneficial for the achieve-
ment of highly anxious students when compared with their low
anxious counterparts. Presently, little or no data exist
which shed 1light on the nature of the interaction between

test anxiety and these processes.
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In an effort to provide an empirical test of the limited
capacity model of test anxiety, the following issues were
addressed in this study: (1) whether increasing instruc-
tional support serves to enhance the achievement of test
anxious students; (2). whether differences exist between high
and low test anxious students with respect to the frequency
of use of macroprocesses; and (3) whether frequent use of
the various macroprocesses serve to reduce the cognitive
processing capacity demands of the learning task and in-
crease performance of the highly anxious learners. In the
following chapter a review of the related research is pre-
sented to establish the theoretical framework for studying
between test anxiety and achievement. the dinteractions
among test anxiety, instructional support, cognitive macro-

processing, and achievement,



Chapter II
LITERATURE REVIEW

The research reviewed in this chapter is presented under
three broad categories: the first, theory and research on
test anxiety will serve to establish the cognitive perspec-
tive guiding the present research; second, a selective re-
view of the adjunct postquestions research will enhance un-
derstanding of the dinstructional support strategies
developed for this study; and third, research f&cusing of
éﬂg—ﬁéé bf study strategies will be reviewed in an effort to
set forth the need for operationalizing the "macroprocess"
construct.

This literature review is not meant to be exhaustive.
.However, the research in each area is reviewed selectively

with the aim of establishing the theoretical perspective

necessary, and so often absent, in ATI research.

Test Anxiety

Current interest in the construct of test anxiety can be
traced to the seminal work of Mandler and. Sarason (1952).
Their innovative work is generally credited with introducing
the construct of test anxiety into the psychological litera-
ture. For the most part their research focused on the role

of drive states in testing situations, and stemmed from the

- 11 -
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earlier work on drive states by Miller and Dollard (1941)
and Hull (1943). In that study 33 subjects were adminis-
tered a questionnaire intended to measure test anxiety,
known as the Test Anxiety Questionnaire (TAQ). The scores
on the TAQ were then compared to scores received on a stan-
dardized intelligence test. Results of the study indicated
that the variance of the intelligence test scores was sig-
nificantly larger for high-anxious compared to low-anxious
students.

Interestingly enough, Mandler and Sarson (1952) explained
their findings in terms of interference. This model pre-
dicts that highly anxious students will tend to exhibit
task-irrelevant responses 1in a stressful situationm, like

test-taking, while the less anxious will engage in task-rel-

evant responses. As a consequnece, a differential effect on

achievement as a function of anxiety level is expected. Al-
though Mandler and Sarason began from a drive state perspec-

tive, what emerged was an early version of a cognitive in-

terference model of test anxiety.

It is commonly accepted that academic performance is im-
paired by test anxiety. Although the literature in this
area has been reviewed exhasutively by Spielberger (1966)
and others (van der Ploeg, et al., 1984), a few brief exam-
ples will serve to underscore the relationship between test
anxiety and academic achievement. In a study using Duke

University undergraduates, Spielberger discovered that more
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than 207 of a group of high-anxious students who dropped out
of college cited academic difficulties as the reason, while
only 6% of the low-anxious group who dropped out cited that
same reason. Moreover,: the negative relationship between
anxiety and achievement was more striking among the lower
ability students, where the failure rate of high-~anxious
students compared to low-anxious students was roughly two-
to-one. Similarly, the relationship between anxiety and
grade point average was found to parallel the relationship
between anxiety and academic failure (Spielberger, 1962;
Spielberger & Katzenmeyer, 1959). These studies reported -
that, in general, highly anxious students had lower grade
point averages than low anxious students.

In a study using elemeﬁtary school children as subjects,
Lunneborg (1964) reported that high levels of anxiety were
associated with 1low levels of achievement in both reading
and mathematics. More recently, Gaudry and Spielberger
(1971) reviewed a number of studies relating anxiety to aca-
demic achievement and concluded that the most consistent
finding, at all levels of academic experience, was that high
anxiety was associated with low academic achievement. Along
these same lines research published recently on the achieve-
ment differences of high and low test-anxious Dutch school
children reported the detrimental effects of high test anxi-
ety on performance (van der Ploeg, 1984). Consequently,

since high levels of anxiety have been consistently related
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to poor academic performance, the construct of evaluative or

test anxiety 1s of considerable educational importance.

Theory

Test anxiety theory and research, as noted above, had its
beginnings with the work of S. Sarason and his associates in
the early 1950's. In their paper introducing test anxiety,
Mandler and Sarason (1952) presented a model based on two
types of drives: task drives and anxiety drives. Task
drives were viewed as learned drives which were a function
of the demands of the task at hand. Task drives, moreover,
were seen as including the need to achieve, about which more
will be said later, and the need to complete the thsk. Sim-
ilarly, task-relevant responses were defined as responses
which lead to a reduction of the task drive and to comple-
tion of the task.

Anxiety drives, on the other hand, were also considered
as learned drives which developed in response to anxiety re-
actions previously encountered in testing situations. The
development of these anxiety drives, then, was characterized
as resulting from prior testing experiences when anxiety was
aroused. Two classes of responses which serve to reduce the
anxiety drive were hypothesized. The first class included
responses which tended to reduce the anxiety drive by facil-
itating completion of the task. These were viewed as func-

tionally equivalent to the task-related responses discussed
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earlier. The second, and more interesting theoretically,
were a class of responses which Mandler and Sarason inter-
preted as self-directed. These included attempts to flee
from the testing situation, increased physiological arousal,
and reported feelings of helplessness. These responses do
not facilitate task completion.

In terms of test anxiety theory, the Mandler-Sarason
drive state model predicts that highly anxious students will
tend to engage in frequent task-irrelevant behaviors when
tested, while low anxious students will tend to exhibit
task-relevant, task-facilitating, types of responses during
testing. These task-irrelevant responseé to the anxiety
drive state were presumed to produce the achievement defi-
cits in highly anxious students.

A similar, yet somewhat contrasting, view of test anxiety
has been proffered by Atkinson (1964) and extended by Atkin-
son and Feather (1966). According to these investigators,
test anxiety and achievement motivation are interrelated.
For them, test anxiety is a manifestation of a motive to
avold failure, while achievement motivation is a manifesta-
tion of a motive to approach success.

Atkinson and Feather (1966) summarized their research
with adult learners and concluded that it provided support
for their basic hypothesis that people motivated more to
achieve success than to avoid failure selected tasks of in-

termediate difficulty, persisted longer in achievement ori-
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ented tasks, and, indeed, achieved more on those tasks than
more anxious persomns. Conversely, the more anxious individ-
uals were motivated more to avoid failure than to achieve
success and, therefore, selected either quite simple or ex-
tremely difficult tasks, with the latter chosen precisely
because they are so difficult and, consequently, somewhat
less threatening to fail.

In an attempt at extending the achievement motivation
view of test anxiety, Hill (1972) argued that evaluative
anxiety originates in early childhood. From this develop-
mental perspective, Hill argued that parental standards
serve to create motivation dispositions iﬁ the child which
operate to obtain praise aﬁd avoid criticism.

Specifically, Hill has suggested that as children become
more responsive to adult evaluations, guilt concommitantly
increases. Further, he argues that with increasing anxiety,
the drive or motive to receive praise becomes less dominant
and the need to avoid criticism stronger. In this way, low-
anxious children can be expected to exhibit comparatively
stronger motives for obtaining praise than for avoiding
criticism, while high—-anxious children are expected to dem-
onstrate the opposing tendency of a greater motivation for
avoiding criticism. Thus, as the child grows older the pa-
rents are replaced by teachers and other significant people

as the focus of evaluative criticism and feedback.
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Support for the developmental view of test anxiety has
been reported by both Hill (1972) and Crandall (1967). For
example, Crandall (1967) found that low-anxious children are
oriented more towards their internal evaluations of their
performance and, consequently, are more attentive to their
own performance in problem solving situations. In contrast,
high-aniious children wefe found to be more susceptible to
the evaluations of the adult experimenter. Moreover, both
Allen (1966) and Crandall (1967) repérted'chat lowQahxioué
children apparently are more attentive to the information
contained in the experimenter's reactions to their perform-
ance than to the social cues accompanying those reactions,
while the high-anxious children reacted in the opposite man-
ner.

A Cognitive Perspective. The cognitive view of test anx-

iety was advanced when Spielberger (1972) introduced the
distinction between state and trait anxiety. Cattell (1966)
also drew this distinction between what he referred to as
characterological or trait anxiety, and anxiety as an emo-
tional state. However, Spielberger (1966, 1972) presented a

more formalized version of the state~trait conception.
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According to Spielberger's model, A-Trait (trait anxiety)
"...refers to relatively stable individual differ-
ences in anxiety proneness, that is, to differences
in the disposition to perceive a wide range of stim-
ulus situations as dangerous or threatening, and in
the tendency to respond to such threats with A-State
reactions" (1972, p.39).

A-State (state anxiety), on the other hand, is defined as
"...a transitory emotional state or condition of the
human organism that varies in intensity and fluctu-
ates over time. This condition is characterized by
subjective, consciously perceived feelings of ten-
sion and apprehension, and activation of the auto-
nomic nervous system. Level of A-State should be
high in circumstances that are perceived by an indi-
vidual to be threatening, irrespective of the objec-
tive danger" (1972, p.39).

According to the state-trait model, then, the cognitive
appraisal of a stimulus as dangerous or threatening elicits
an A-State response. Thus, judging a stimulus as threaten-
ing i1s influenced, in part, by one's cognitive processes
(i.e., perceptions, beliefs, learned responses) and sensory
mechanisms.

Working from the fundamental assumption that state and
trait anxiety are theoretically distinect, Spielberger creat-
ed two scales to make them operationally distinct as well.
Collectively, the two scales are known as the State Trait
Anxiety Inventory (STAI). A complete description of the
scales can be found in Spielberger, Gorsuch and Lushene
(1970).

Another similar componential view of test anxiety has

been proposed by Liebert and Morris (1967). Like Spielber-
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ger, they conceptualized test anxiety as being separable
into at least two major components, worry and emotionality.

"Worry refers to the cognitive elements of the anxi-
ety experience, such as negative concerns about one-~
self, the situation at hand, and potential conse-
quences. Emotionality refers to one's perception of
the physiological- affective elements of the anxiety
experience, that is, indications of autonomic arous-
al and unpleasant feeling states such as nervousness
and tension" (Morris, Davis & Hutchings, 1981, p.
541).
This distinction has generated a considerable amount of test
anxiety research. A thorough review of this research can be
found in Morris et al., (1981).

For the most part, reviews of the test anxiety literature
show the negative correlations between test anxiety and per-
formance to be in the low to moderate range (-.10 to ~.40).
Positive relationships, however, have been reported, sug-
gesting that test anxiety may, at times, facilitate perform-
ance or achievement. This inconsistency has been interpret-

ed as an important basis for distinguishing between the

cognitive and emotional or affective components of test anx-

iety. More clearly, su;;ma distinction helps explain the
'facilitating' or arousal argument proposed in earlier work
by Sarason, Mandler, and Craighill (1952) and Spence and
Spence (1966). For example, Sarason et al. (1952) asserted
that increased levels of anxiety do not necessarily lead to

poor performance:

"When a stimulus situation contains elements which
specifically arouse test or achilevement anxiety,



this increase in anxiety drive will lead to poorer 2
rerformance in individuals who have test-irrelevant
anxiety responses in their repertory. For individu-

als without such response tendencies, these stimulus
elements will raise their general drive 1level and
result in improved performance." (p. 561)

More recently, worry and émotionality have been theorized
to be independent in the sense that they have differential
effects on intellectual and/or academic performance. The
literature generally supports this position. For example,
worry is the component of test anxiety reported as more con-
sistently and more strongly related (inversely) to academic
performance, whether examination scores or course grades are
used as the dependent.variable (Morris, Finkelstein, & Fish-
er, 1976; Morris, Kellaway, & Smith, 1978; Morris & liebert,
1970).

Emotionality, at times, has beeﬁ positively correlated
with achievement, especially when situations are perceived
as challenging rather than threatening (Schwarzer, van der
Ploeg, and Spielberger, 1982). In this circumstance, emo-
tionality has been interpreted as productive arousal (or mo-
tivation) rather than debilitating anxiety. In contrast,
the cognitive or worry component of test anxiety appears to
be a better predictor of academic achievement, particularly
poor achievement, than the affective component of emotional-
ity.

Deffenbacher (1977) reported a study of the performance

differences of graduate students on the Miller Analogies
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Test. In that study, emotionality interacted with worry to
produce debilitating effects in the high-&orry group. In
another instructional context, one using computer-assisted
learnigé, 0'Neill, Judd, and Hedl (1977) found worry to cor-
relate much more negatively (r= -.45 to -.60) with perform-
ance than either emotionality or state anxiety. These re-
searchers concluded that the five-item state anxiety scale
is a better index of perceived stress, but that the worry
scale is a better predictor of academic performance.

Data reported from studies employing laboratory-like in-
tellectual tasks (such as anagrams, standardized IQ scales,
etc.) also indicated the presence of diffeéential effects of
worry and emotionality on performance (Morris & Perez,
1972). For example, Holroyd, Westbrook, Wolf, & Badhorn
(1978) reported that the percent of time spent worrying cor-
related (r = -.80) with performance on an anagram task,
while emotionality was uncorrelated with performance.

Deffenbacher (1978) employed the worry-emotionality dis-
tinction when examining the performance on an anagrams task
under conditions of high and low-stress. Subjects were di=-
vided into high—anxious and low-anxious groups on the basis
of their scores on the Test Anxiety Scale (I. Sarason,
1972). High-anxious individuals in the high-stress condi-
tion solved significantly fewer anagrams than high-anxious
individuals in the low-stress condition (x = 3.29 vs x =

5.65). Although both worry and emotionality were related to
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performance decrements, worry was reported to be the most
debilitating factor. More important, the results reported
by Deffenbacher (1978) and the others mentioned earlier are
typical of the findings reported by a host of other investi-
gators (e.g., Bloch & Brackenridge, 1972; Morris, Smith, An-"
drews & Morris, 1975; Morris & Perez, 1972; and Holroyd et
al., 1978). ' |

Deffenbacher's (1980) review of the worry-emotionality
literature concludes by ideatifying a consistent pattern of
emerging results: (1) worxry and emotionality are signifi-
ﬁantly correlated; (2) worry consistently forms a negative
or inverse relationship with performance; A(3) emotionality
is not as consistently related to performance as is worry;
and (4) worry is the more important variable, accounting for
more of the variance in relationships with performance.

More recently a cognitive-attentional reinterpretation of
the Mandler-Sarason theory of test anxiety was proposed by
Wine (1971, 1980). Wine's formulation explains the perform-
ance differences between high and low test anxious people by
referring to the different ways in which these people are
assumed to deploy their attention. According to Wine,

"...the low test anxious person is foéused on task-

. relevant variables while performing tasks. The
highly test anxious person is internally focused on
self- evaluative, self-deprecatory thinking, and
percetion of his autonomic responses. Since the
difficult tasks on which the test anxious person
does poorly require full attention for adequate per-
formance, he cannot perform adequately while divid-

ing his attention between internal cues and task
cues" (1971, p. 92).
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High-anxious students, then, are thought to be dividing
their attention between internal cues, such as self-derrogo-
tory thoughts and the perception of autonomic responses, and
the cues derived from the task itself. Since the low-anx-
ious students suffer lower levels of cognitive interference,
their attention can be directed more fully toward the exter-
nal task cues, thereby enhancing performance.

Subsequent to Wine's (1971) cognitive-—attentional rein-
terpretation of test anxiety theory, I. Sarason (1972) pub-
lished a review of a number of studies in which he reached a
similar conclusion. Like Wine, Sarason noted that

"...what distinguishes the high test anxious indi-
vidual are (1) the manner in which he attends to the
events of his environment and (2) how he interprets
and utilizes the information provided by these
events" (1972, p. 383).
He noted that evaluative or achievement-oriented environ-
ments seem to have a negative effect on the performance of
the high-anxious subjects, but a positive effect oﬁ the per-
formance of low-anxious subjects.

Sarason (1972) argued, further, that low-anxious people
in an achievement oriented situation are motivated to per-
form at high levels and tend to focus their attention more
fully on the task at hand. In contrast, the high—anxious
individual personalizes the situation and misinterprets in-

formational cues and/or may experience attentional blocking.

Sarason also noted that pre-performance variables (e.g., in-
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structions, informational cues, and observations) may play a
role in the way high-anxious people perform.

Thus, beginning with the work of Spielberger (1966) and
developing further in the work of I. Sarason (1972) and Wine
(1980), we see the eﬁergence of cognition (attention and in-
formation processing abilities) as central to the formula-
tion of test anxiety theory. It is generally agreed, for
example, that people have a limited capacity as information
broéessbr§~23;oéd5ént, 1958). Working on this assumption,
cognitive theorists have argued that during task perform-
ance, distracting thoughts concerning failure are channeled
from long~term memory to those parts of the processing sys-
tem dealing with the task at hand. Cognitive worry, then,
competes with the task-relevant cognitive activities for
space and time in a limited capacity system (Tobias, 1984b).
Consequently, the degree to which test anxiety disrupts per-
formance may be a product of both the amount of worry and
the information- processing requirements of the task at
hand.

Further support for this view of test anxiety can be
found in the research on attention (Gopher & Kahneman, 1971;
Keele, Neill, and deLemos, 1978), which suggests that indi-
viduals differ in the speed with which they switch atten-
tional focus. Such reséarch provides limited support for

individual differences in attention that may, in fact, be

related to individual differences in anxiety.
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Research designed specifically to examine the cognitive-
attentional view of anxiety was conducted by Sacks, Everson,
and Tobias (1982). In this study the relationship among a
number of components of test anxiety (e.g., state/trait and
worry/emotionality) and attention was investigated using a
dichotic listening task paradigm. Their results provide
limited support for the cognitive—attentional view by sug-
gesting that the cognitive component of test anxiety, worry,
interfered with the ability to disperse and/or focus atten-
tion across li;tening tasks.

Cognitive Capacity Model. In general, the research dis-

cusseq above, from the state-trait conception of Spielberger
(1966) to thé cognitive-attentional views of Wine (1980),
has argued for a cognitive interference interﬁretation of
the performance decrements associated with test anxiety. As
noted earlier, this cognitive interference view has been
challenged recently by researchers emphasing a skills defi-

cit hypothesis.

The deficit and interference models of test anxiéf;fﬁavéi
been viewed as mutually exclusive by some researchers. For
example, Kirkland and Hollandsworth (1980) suggested that
the deficit view should be posited as an alternative to the
interference model. Analysis of the research in this area
(see Tobias, 1984a) indicates that it may be premature to
place the skills deficit and interference models in opposi-

tion or to characterize them as mutually exclusive.
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It has been suggested (Tobias, in press) that a limited
cognitive capacity model may provide a useful account of the
effects of both test anxiety and study skills. According to
this view, the cognitive répresentation of test anxiety
(i.e., worry) must absorb some of the student's information
processing capacity, leaving only a reduced portion for han-
dling the cognitive demands of the task at hand. In turnm,
this diminished’ capacity leads to less effective processing
of the instructional input and, in terms of the anxiety mod-
el (Tobias, 1977, 1979) shown in Figure 1, reduction of out-
put or achievement. High levels of anxiety make further de-
mands of the cognitive processsing capacity by dividing the
attention of test anxious students between task-relevant and
task~irrelevant concerns (I. Sarason, in press; Zatz & Chas~-
sin, 1983). In evaluative situations both the cognitive
representation of anxiety and the anxious student's division
of attention absorb a relatively large portion of cognitive
capacity and produce performance and achievement decrements.
The cognitive capacity model (Tobias, 1984b) suggests
that test anxiety and study/test-taking strategies have in-
verse effects. That is, high test anxiety is expected to
increase the demands made on cognitive capacity, while ef-
fective study or test-taking skills are assumed to reduce
the capacity demands of the task. Thus, optimal performance
is expected of students with efficient study skills and/or

test-taking strategies and low test anxiety, since they are
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expected to have greater proportions of the cognitive capac-
ity available for processing task-related demands. Students
with high levels of test anxiety and ineffective study
skills, on the other hand, have a diminished capacity for
dealing wifh the task.

As Tobias (1984b) recently suggested, there are a number
of advantages to reconciling both deficit and interferen;e
models of test anxiety din terms of cognitive capacity.
First, the effects accounted for by these competing theories
can be viewed as complementary rather than contradictory.
Second, as noted earlier, such a view suggests a fruitful
area of research using the ATI paradigm to investigate these
phenomena. That is, from the vantage point of cognitive ca-
pacity, students high in test anxiety are expected to profit
from instructional treatments that provide external means
for organizing and processing instructional material, since
it is assumed that such treatments, like other effective
study strategies, will decrease the capacity demands of the
instructional task and enhance the performance of highly
test anxious students. A brief review of selective ATI re-
search focusing on the interaction between achievement and
instructional method follows below., This presentation will
clarify the role of instfuctional support as it has been

conceptualized in this study.
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Anxiety~Treatment Interaction Research

The study of the interactions between learner attributes
and instruction can be traced to Crombach's (1957) call for
detente between the experimental and correlational camps in
psychology. The study of attribute treatment interactions
(ATIs) is important to education from both a theoretical and
a practical point of view. Theoretically, further clarifi-
cation of how individual learner attributes interact with
instructional methods will contribute to effective instruc-
tion. More pragmatically, an instructional prescription
suggesting that that one individual should be instructed one
way while another individual with differing attributes is
instructed another way implies the existence of well.estab-
lished ATI's. The study of ATI's has been seen by some as
an important element in a science of instruction (Tobias,
1979).

In general, research on the interaction between anxiety
and instruction has wused two distinct instructional con-
texts: - (1) - individualized instruction - using programmed
instru;tion, computer-assisted instruction, or computer-man-
aged instruction; and (2) classroom-based instruction. The
overall research strategy includes assigning high- and low-
anxious students differentially to a number of instructional
treatments (either individualized or classroom=- based) which
" vary along the dimension of "support" (e.g., requiring overt

responses, providing feedback, allowing for review, etc.)
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provided the learner. The presence of main effects and/or
interactions is determined using multiple regression tech-
niques or analysis of variance.

Although elusive, reports of anxiety x treatment interac-
tions are found in the literature. In studieé using class-
room~based instruction (Dowaliby & Schumer, 1973; Domino,
1974) it has been shown that well organized, teacher led in-
struction produged ﬁigher levels of achievement for high-
anxious students when compared to more loosely organized,
student-centered instruction.

Peterson (1977), in an extension of the work of Dowaliby
and Schumer (1973), and of Domino (1974), randomly assigned
ninth grade students to a 2x2 matrix of instructional treat-
ments with two levels of structure and two levels of student
participation. Level of structure was defined as the degree
of explicitness of the 1lesson, while student participation
varied from high to low. In addition to anxiety, other in-
dividual difference measures (e.g., achievement via conform-
ity or independence, and verbal ability) were included in
this research design. The dependent measures, a multiple
choice test and an essay, were designed to assiess recall of
the material presented in the lesson. The tests were admin-
istered immediately after the lesson, and again three weeks
later. |

Peterson (1977) reported a number of significant interac-

tions among anxiety, ability, and the instructional treat-
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ments. For example, students who were either high or low on
both ability and anxiety performed most poorly in the low
structure/ low participation treatment. However, students
who were high on one attribute variable and low on the other
performed best under that treatment and most poorly when as-
signed to the high structure/low participation treatment.
No significant interactions were reported for student atti-
tudes. Retention tests administered three weeks later pro-
duced reduced interactions.

In a replication of her study, Peterson (1978) used the
same research design on four classes of éollege students en-
rolled in a five week psychology course. The replication
was unsuccessful. Strikingly oﬁposite interactions were re-
ported for the ninth graders and the undergraduates. Al-
though the low structure/low participation treatment pro-
duced the highest achievement £for both groups, in the
college sample the low structure/low participation treatment
resulted in the highest achievement for students either high
or low on both ability and anxiety. In contrast to the
ninth graders, the college students high in ability and low
in anxiety, or vice versa, performed poorest in the low
structure/low participation treatment. These somewhat para-
doxical findings were attributed to the overall higher abil-
ity levels of the college sample.

A study by Porteus (1976) provides limited support for

the interactions reported by Peterson (1977). Porteus stud-
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ied the achievement of high school students (N=56) in two
subject areas: Economics and Philosophy. Two instructional
treatments were included in the design: a teacher-centered
and a student-centered method. Although a number of iﬁdi—
vidual difference measures were used, for present purposes
the anxiety measure (the TAS, see Spielberger, 1966) and the
verbal ability measure will be discussed. The achievement
measures included three multiple choice tests given through-
out the course and an essay test. Not unlike the ninth
graders studied by Peterson (1977), the students in Porteus'
study who were high on both anxiety and ability or 1low on
both did best in the teacher-centered treatment. Students
who were high on one and low on the other tended to do well
in the student-centered instructional method.

Using programmed instructional treatments, Crawford
(1976) investigated the effects of a number of variables on
achievement, among them were anxiety, motivation, and scho-
lastic aptitude. An instructional program on physiological
psychology was presented to undergraduates in a form requir-
ing either constructed responses with feedback, or a reading
only format. In addition, the program was designed to use
three levels of difficulty for constructed responding, and
two difficulty levels for the reading only mode. Half the
students were given a pre-task designed to familiarize them
with the instructional material and the other half received

no pre-task.
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It was reported that students high in test anxiety and
low in achievement motivation achieved the_highest post—-test
scores in the less difficult version of the material. Stu-
dents high in achievement motivation and low in test anxie-
ty, 1in contrast, achieved best on the more difficult ver-
sions of the material. However, when the interaction
between test anxiety and instructional treatment was exam-
ined withouf regard for achievement motivation, no signigi-
cant interactions were found. Conversely, when the interac-
tions between achievement motivation and instructional
treatment were studied in the absence of test anxiety no
significant interactions emerged. This study lends some
support to the Atkinson and Feather (1966) perspective on
test anxiety discussed earlier and, further, it suggests the
utility of studying the effects of test anxiety on the cog-
nitive processing of instruction.
The 1literature also contains a few studies examining

ATI's directly related to Tobias' (1977) information-pro-

céésing model of test anxiety (see Figureil). For example,
Oosthoek and Akers (1973) reported that the performance of
anxious students who could rewind an audio tape was facili-
tated compared with students assigned to a treatment without
the rewind capacity. More importantly, the anxious students
in this study tended to use the rewind option more frequent-
ly than the less anxious students. This suggests, in con-

trast to Wine (1980), that the highly anxious students in
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this study had an awareness of their ineffective processing
of the instructional input and attempted to reprocess the
material by frequent use of the review option.

In a serles of related experiments, Mayer (1976) studied
the interactions between anxiety and instruction that varied
the sequence and the pacing of the experimental treatment.
In one particular experiment (#3), Mayer studied forty (40)
subjects in a design that incorportated self-paced versus
experimenter-paced groups. Subjects performed both rote
memory tasks and cognitive tasks. Unlike his earlier studv,
in this study the low-anxious.students outperformed those
with high anxiety. However, the same pacing by anxiety in-
teraction was found. Thus, the performance of the high-~anx-
ious students was greater in the self-paced condition com-
" pared to the experimenter-paced condition. No differences
between experimental conditions were reported for the low-
anxious students. With respect to the different tasks, an
anxiety x task interaction was reported in which the low-
anxious students outperformed their high-anxious counter-
parts on the cognitive tasks, No differences were reported
between high and low-anxious students on the tasks for rote
memory.

Deutsch and Tobias (1980) studied the ATI's in the rela-
tionship between anxiety and an instructional method which
permitted a rewind or review of a video tape. In this

study, 112 undergraduate students drawn from five classes in
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Educatiénal Psychology were assigned to either: (1) a group
presentation of four video models without the option to re-
viéw or replay the videotape; and (2) an individualized
presentation of the same four video modules with the option
to review the videotape freely. The results reported lend
‘support to the hypothesis that being able to review instruc-
tional content is especially beneficial to students high in
anxiety. Moreover,, these findings imply that highly anxious
students may benefit from instructional methods that serve
to reduce the cognitive capacity demands of the task by pro-
viding students with a number of macroprocessing options
such as reviewing, previewing, use of headings, etc.

In a study of the effects of test anxiety on learning at
varying levels of processsing, Weinstein, Cubberly, and
Richafdson (1982) reported a significant interaction between
test anxiety and level of processing on a paired associate
learning task. Ninety (90) female students were classified
as either high or low test anxious on the basis of their
scores on the Test Anxiety Scale (I. Sarason, 1978) and then
randomly assigned to either a superficial or deep level pro-
cessing group. The superficial processing group used a
learning strategy in which they associated words within a
pair by using only one aspect of the physical structure of
the two words. In contrast, the deep processing group em-
ployed a strategy in which they associated the words in

terms of meaningful similarity between them, or by using an



35
additional word that related the two words in each pair.
The posttest consisted on a paired-associate learning task.

The mean performance of the subjects in the deep process-
ing group (X = 16.95) was significantly higher than the per-
formance of the subjects with superficial processing (X =
4.83). Moreover, the interaction of anxiety level and pro-
cessing level was also significant, with the regression
lines crossing within the range of level of processing (a
disordinal interaction). The shape of the interaction sug-
gests that the performance of the high~-test anxious students
using a deep processing strategy was significantly better
than the performance of similar students using the superfi-
cial processing strategy.

In addition, the achievement of the low test-anxious stu-
dents using a deep processing strategy was significantly
greater than their high test-anxious counterparts using the
same strategy. The performance of the students wusing the
shallow level of processing, in contrast, was not signifi-
cantly different across anxiety levels. Again, these re-
sults provide confirmation of the hypothesis that providing
anxious students with instructional methods or processing
strategies that serve to effectively reduce the cognitive
capacity demands of the learning task will lead to increased
achievement (Tobias, 1979, 1984a).

Achievement-Treatment ATIs. Most ATI researchers seek

interactions between instructional methods and cognitive ap-
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titudes such as intelligence or verbal ability. Tobias
(1977a) suggested that examining the interaction between
prior achievement, rather than aptitude, and instructional
method may be more relevant to instructional research for a
number of.reasons. First, correlations between aptitudes
and achievement from instruction vary dramatically over
time, a finding most recently demonstrated by Federico
(1983) and by Burns (1980). ATIs found at the beginning of
an instructional program, then, may be irrelevant once the
instructional sequence is underway. Second, it may be dif-
ficult to construct alternative methods of instruction by
relying only on aptitude differences. Third, the specific
psychological processes engaged by a particular content area
can be sampled using an achievement oriented pretest, where-
as more general aptitude measures may not provide such po-
tentially useful information.

These concerns, among others, led to the hypothesis that
the level of prior achievement is inversely related to the
amount of instructional support required to facilitate
achievement. That is, students with low levels of prior
achievement in a particular content area are expected to re-
quire substantial instructional support to accomplish objec-
tives. Conversely, those higher in prior achievement are
expected to need little instructional support. Operational-
ly, prior achievement is readily defined by students' pre-

test scores. Instructional support can be defined as the
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assistance provided to the learner in terms of organizing
the instructional content, eliciting responses, providing
feedback regarding thqse responses and so on (Tobias, 1979).
There is considerable research support for this hypothesis
(Tobias, 1977a; 1981; 1982).

For example, it has been demonstrated that students with
limited prior achievement lecarned most under conditions of
maximal instructional support, whereas.this effect was less
marked for students with higher ié&aiéwggﬂﬁiia; achievement.
Ott and Macklin (1975) studied the interaction between in-
structional method and prior achievement on achievement in a
college level Physics course. A pretest designed on course
content along with a measure of mathematical aptitude were
used as an index of prior achievement. Instruction consist-
ed of an audio-tutorial, mastery based method or the tradi-
tional lecture/recitation/laboratory method. Interactions
were reported for the math aptitude measure and the pretest
such that at the upper levels of aptitude and achievement
the traditional lecture/recitation method 1led to superior
achievemeﬁt. The mastery based strategy was superior for
students at the lower end of the aptitude-—achievement scale.

Further support for the achievement x treatment hypothe-
sis comes from a study by Skanes, Sullivan, Rowe, and Shan-
non (1974). These investigators reported interactions be=-
tween pretest and the amount of instructional support in the

form of type of practice on a letter series reasoning task.
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Lower ability students performed better when training and
posttest were identical when compared with a treatment in
which similar but not identical training was provided; the
opposite was found for higher ability students.

Additional support was provided by Tobias and Ingber
(1976) 1in a study of the interaction between prior achieve-
ment and instructional support in prorgammed instruction. A
linear program requiring constructed responses that had to
‘ do with Jewish rituals was given to a sample of 104 students
from both Hebrew and Catholic schools. Instructional sup-
port was varied by assigning students to two treatments:
(1) a constructed response with feedback; and (2) a reading
only group. An interaction between pretest score and in-
structional support was found in which the superiority of
constructed response treatment over the reading only treat-
ment decreased with increases in pretest score. A more de-
talled review of this literature can be found elsewhere (see
Tobias, 1977a; 1981).

It should be noted, though, that support for the prior
achievement-instructional support hypothesis has been accom-
panied by some conflicting evidence (Tobias, 1982) suggest-
ing that other, more subtle variables may be involved. This
disparate evidence suggests that external differences be-
tween instructional methods may be less important than the
way students process the instructional material. These

findings led to a reformulation of the ATI hypothesis.
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It was reasoned that for novel content all forms of in-
structional support would probably enhance students' active
attempts to comprehend and organize the subject matter. For
such contenf, providing support should enable students to
process the content more deeply than they otherwise could.
In such situations instructional support, such as providing
objectives, advance organizers, or similar techniques may
improve the ability of students to organizg the material.
Other support, such as eliciting overt responses, providing
feedback, and using adjunct questions may facilitate
achievement by making it easier for students to fix their
attention on complex, novel content.

On the other hand, on familiar material high levels of
instructional'support may be unnecessary for a variety of
reasons. It is assumed that familiarity reduces the diffi-
culty of the material to be learned, despite its intrinsic
complexity. Support to improve the organization of easy ma-

terial may then be unnecesary, since students' knowledge of

tﬂé subject matter may impose an organizational structure.
Similarly, the high degree of attention required for novel
materiai is unnecessary when students' have had considerable
prior experience with similar or related content areas. For
these reasons instructional support is not expected to im~-
prove achievement for students with high levels of prior
knowledge. Such an analysis suggests that external differ-

ences in instructional methods are significant only to the
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degree that they influence the cognitive processes wused by
students while engaged in instruction. As noted earlier, if
external differences in instructional methods serve to re-
duce the cognitive capacity demands of the task, the
achievement levels of highly anxious students should be en-
hanced. |

Research examining the interaction between the 1level of
instructional support and use of macroprocesses may shed
light on this issue. Tobias' (1977a) review of ATI research
revealed few replicable interactions between instructional
variations and anxiety in individualized instruction. How-
ever, main effects for anxiety were generally found, indi-
cating the achievement of low-anxious students was greater
than for those higher in anxiety. Tobias (1977b, 1980) not-
ed, though, that many of the experiments reported instruc-
tional variations that may not have been as directly rele-
vant to anxlety as originally assumed.

Summary. The findings of the ATI research reported above
are somewhat contradictory with respect to the information-
processing research model presented by Tobias (1977b, 1980).
In those experiments that manipulated variables not unlike
those proposed in the model, the results were generally sup-
portive. On the other hand, when the experimental manipula-
tions were at variance with, or unrelated to, the parameters
of the model, the results generated were non-significant.

Not surprisingly, for those experiments examining a host of
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individual difference measures and/or achievement variables,
some related to the model and some not so relevant, the
meaningfulness of the results was difficult to establish.
Consequently, Tobias (1980) recommended the design of future
ATI studies include methods for systematically varying the
parameters of his research model.

Progress in ATI research, as the studies reviewed above
clearly demonstrate, has been hampered by the absence of
sound theory relating anxiety specifically to instructional
treatments. Interference theories, introduced more than
three decades ago, are re-emerging within a more cognitive
framework which uses the language of the information pro-

~cessing theorists. Similarly, the current componential view
of test anxiety (i.e., state/trait and worry/emotionality
constructs discugsed earlier) has served to enhance test
anxiety theory and provide useful empirical methods to fur-
ther research in this area.

Contemporary research efforts in the area of test anxiety
must avail themselves of these emerging constructs. The
present research, based on a limited capacity model, will
incorporate the componential view of test anxiety into an
ATI paradigm. Within this design, the level of instruction-
al support provided to the learner was varied using a com-
puter-based instructional program. As noted earlier, this
was accomplished by manipulating the use of adjunct ques~

tions inserted in the text, and by allowing subjects to ex-
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ercise a variety of macroprocessing options while engaged in
meanignful learning.

In the following section a brief review of the research
examining the use of adjunct questions in learning from
prose will be presented and discussed. Indeed, the abbrevi-
ated nature of this review is stressed, since a more thor-
ough review of the hundreds of studies on the use of adjunct
questions is beyond the scope of this study. However, the
more contemporary issues iﬁ adjunct question research will
be discussed and prototypical studies will be presented in
an effort to develop the conceptual framework for using ad-

junct questions as an instructional support variable.

Adjunct Questions Research

Experimental investigations of the effects of questions
on learning from text date back more than fifty years (Wash-
burne, 1929) and represent, perhaps, one of the most widely
studied areas in educational psychology (see Anderson & Bid-
dle, 1975; Rickards, 1979). In general, the adjunct ques-
tion paradigm consists of interspersing questions in a pas~—
sage of text contiguous to the material to which they
relate. In a typical study one or two adjunct questions are
inserted either before (prequestions) or after (postques-
tions) a’segment of text - usually one or two pages of text.
Adjunct questions and the related text segments are present-

ed separately; and the reader is usually not permitted to
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review the text once it has been presented. Upon completion
of the entire passage, a posttest is administered to deter-
mine the amount of questioned (relevant) and non- questioned
(incidental) material retained by the readers.

For the most part, studies of this sort have consistently
reported that the prequestion group rétains about the same
amount of material directly questioned (relevant) as the
postquestion group, and that both adjunct question groups
retain more of the questioned material than a reading only
control group (see Anderson and Biddle, 1975 for a more
thorough review). This has been called the '"direct instruc-
tive effect" (Rothkopf, 1966) or the "direct effect" (Ander-
son & Biddle, 1975). More important, however, these studies
have demonstrated consistently that a postquestion group re-
calls more of the text material not actually questioned (an
indirect effect) when compared with a prequestion group or a
reading only control group.

From the standpoint of instructional sdpport, a design
using adjunct postquestions, as opposed to prequestions, was
expected to reduce the cognitive capacity demands of the in-
structional task by facilitating more intensive cognitive
processing of the text. Specifically, it was reasoned on
the basis of both theory and research on the use of adjunct
postquestions that postquestions would induce the 'macro'
level processes of reviewing, sorting, and organizing the

instructional material. By virtue of inducing these hypoth-
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eslized macroprocesses, adjunct postquestions would reduce
the cognitive demands of the task and facilitate achieve-
ment.,

Support for this aspect of the experimental design comes
from Frase (1967) who reasoned that the direct and indirect
effects of adjunct postquestions were the result  of either
"backward" or 'forward" processing. For example, Frase
wrote...

"The first (backward) hypothesis states that placing
test questions after passages requires S's to review
implicitly content which has just been read, there-
fore retention of the preceding material is facili~
tated. This hypothesis asserts that questions work
in a backward manner, organizing and repeating pre-
vious prose content... The alternative hypothesis
asserts that questions act in a forward manner opti-
mizing mathemagenic behaviors on passages following
the questions" (p.270).

Subsequently, Frase (1970) revised this position and sug-
gested that both a backward and a forward process might be
produced by adjunct postquestions. Nonetheless, including
adjunct postquestions in the experimental design provided a

means for manipulating instructional support levels and in-

duced the use of macro level cognitive process strategies.

Theogz

The theory surrounding the use of adjunct questions was

‘based initially on a behavioristic view (Rothkopf, 1965).

For Rothkopf and others (Frase, 1968a, 1968b; Rothkopf &
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Bisticos, 1967) the mathemagenic hypothesis proposed that
adjunct questions function as discriminative stimuli for at-
tentional responses to text, and the effects of selective
attention account for the observed differences in reading
outcomes. If the reader correctly answers an inserted post-
question, it functions as a reinfo?cer with respect to the
reader's prior processing (mathemagenic) activities.

Studies attempting to test the mathemagenic hypothesis
aimed at identifying the processes initiated by a variety of
adjunct question treatments. Verbatim questions were shown
to influence general attention to text and to mediate selec—-
tive attention to specific features of the-text. Inspection
time data and eye movement studies (Corrozi, 1970; Morasky,
1972), for example, provide objectiﬁe data that adjunct
questions affect attentional responses to text.

Numerous studies have reported support for the conclusion
that mathemagenic positive and negative outcomes with verba-

tim prequestions are consitent with the effects of selective

attention. For example, iﬁ te; of the fourteen adjunct pre-
question studies reviewed by Anderson and Biddle (1975),
prequestion groups scored higher than a control group, pro-
vided the test items tapped information directly related to
the adjunct questions. Verbatim prequestions, it has been
reasoned (see Frase, Patrick, & Schumer, 1970), serve to in-
crease attention to questioned items while inhibiting re-

sponses to 1ncidental content.
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Verbatim adjunct postquestions, in contrast, hava been
associated with a general facilitation of text retention
(Rickards, 1979). These postquestions may function as
"test~like events'" which focus attention to the text and fa-
cilitate both backward and forward text processing. Frase
(1968) has proposed that backward review is initiated in or-
der to answer a postquestion. Moreover, since the postques-
tion confirms the use of appropriate reading activities, it
also exerts a forward influence on subsequent text process-
ing.

As Rickards (1979) mnoted in his review of the adjuncé
postquestions literature, the paradigm shift to a more cog-
nitive view of learning has served to modify the earlier ne-
obehaviorist notions of mathemagenic activities and the as-
sociative model of learning. This paradigm shift 1is
evidenced in the number of studies that have used adjunct
postquestions to assess the ''depth of processing" or concep-
tual level necessary to respond correctly (Duell, 1974
Rickards, 1976, and Rickards and DiVesta, 1974).

Initially proposed as a framework for understanding human
memory (see Craik & Lockhart, 1972), the depth of processing
methaphor has come to represent a useful way of analyzing
reading comprehension. Within this framework, the "deeper"
ki.e., more semantic) the processing, the better the compre-
hension. Thus, one sees the emphasis shifting to the pro-

cesses underlying learning from prose, and a decrease in the
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manipulation of variables such as position, frequency, and
response mode that characterized earlier studies in this
area, A more thorough discussion of this paradigm shift,
including a review of those studies aimed at identifying the
cognitive processes engaged by adjunct questions is present-
ed by Rickards (1979).

Again, with respect to the present study the research and
theorizing on adjunct questions is quite clear on their gen-
eral role of facilitating a more intensive processing‘of the
instructional text. Building on that body of research, ad-
junct postquestions were employed in the present study to
enhance text processing and to permit manipulation of the
cognitive capacity demands of the learning task across in-

structional treatments.

ATIs & Adjunct Questions

Despite the relative abundance of studies using adjunct
postquestions, few investigations have been directed at the
effects of individual differences on the effectiveness of
adjunct postquestions inserted in text. For the most part,
those adjunct question studies that have examined individual
differences employed the ATI paradigm. Rothkopf (1972), for
example, reported that low ability students (i.e., those
with ineffective reading skills) achieved more under the ad-
junct questions conditions when compared to the no adjunct

question group. The less proficient readers, he argued,
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were aided in terms of increased inspection rates (attention
to text) produced by the insertion of adjunct postquestions.

Hiller (1974) varied two sets of inserted postquestions
designed to have significantly different levels of readabil-
ity. Hiller also examined individual differences in verbal
ability, anxlety and self-confidence as they interacted with
four treatment levels: (1) relatively easy inserted post-
questions; (2) relatively difficult inserted postquestions;
(3) passive reading; and (4) idiosyncratic study. The
scores on the immediate retention test for the difficult
postquestion group reading the difficult lesson were corre-
lated significantly with self-confidence. In contrast, sig-~
nificant negative correlations for test anxiety and the im-
mediaté retention test score for the same group of subjects
were reported. Thus, learning was correlated with anxiety
and self-confidence for the two treatments in which the text
had lower than average readability, but not in the average
readability level treatment.

Two factors have been advanced to account for these re-
sults: (1) immediate retention achieved by the difficult
question group studying the moderately difficult lesson was
significantly related to intellectual self-confidence; and
(2) the deficits might be attributable to the fact that stu-
dents experiencing difficulty with the postquestions may
have attended more to the material directly related to the

postquestion. This latter explanation suggests that diffi-
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cult postquestions may serve to increase the cognitive ca-
pacity demands of the task and diminish achievement. Such
an account is at least plausible given the reported negative
correlations between test anxiety and achievement for this
group in Hiller's study. /

éhavelson, Berliner, Ravitch, and Loeding (1974) attempt-
ed to extend the study of the interactions between individu-
al differences in aptitudes and instructional treatments by
manipulating the position and type of questions inserted in
prose material. Five aptitude measures were administered:
(1) vocabulary; (2) hidden figures test for general ability;
(3) 1letterspan or recall for letters; (4) Taylor Manifest
Anxiety (Taylor, 1953); and (5) memory for semantic implica-
tions. To determine if aptitude x treatment interactions
were present, total and incidental learning scores were re-
gressed on the aptitude measures. No interactions between
memory ability, as measured by the letterspan and semantic
implications tests, and treatments were found. Moreover,
anxiety and the hidden figures test did not interact with
the treatments. The vocabulary score did interact with the
treatments on both the immediate and the delayed retention
test indicating that higher order adjunct questions placed
after the text facilitated the performance of subjects with
low vocabulary scores.

The majority of studies using adjunct questions have in-

cluded instructions to the subjects not to review the text.
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However, Gustafson and Toole (1970) permitted review and al-
lowed their subjects to study a passage for as much time as
they wished. Their results were, in general, consistent
with the basic findings of a mathemagenic effect reported by
Rothkopf (1966, 1972). The ability to attend selectively
to, and presumably review, the questioned material produced
a substantial improvement in intentional learning and a
small improvement in incidential learning for the adjunct
question group. R

The selective attention dimension of adjunct postques-
tions was investigated in a series of studies conducted by
Reynolds (see Reynolds, Standiford, and Anderson, 1979; Rey-
nolds and Anderson, 1982). In the most recent investigation
(Reynolds and Anderson, 1982), college students were asked
varying types of questions after every four pages of a for-
ty-eight page text on oceanography. The authors assumed
that adjunct postquestions cause readers to selectively at-
tend to question-relevant information. In addition to in-
vestigating attention, a pacing vs no pacing factor was ex-
amined as well.

Two operational measures of attention were used: (1) the
amount of time a subject spends reading segments of the
text; and (2) reaction time in a secondary task (i.e., while
reading, the subject was instructed to depress a particular
key as quickly as possible whenever a predetermined tone was

sounded). Each of the twelve 4-page zones was divided into
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24 segments of about 33 words in length. The text was re-
written so that each segment contained information that di-
rectly pertained to only one type of question. In other
words, if a segment introduced a technical term, it did not
contain any proper names. The text was edited so that each
zone contained the same number of segments relevant to each
type of question. Each zone was arranged so segments con-
taining the same type of target information were always sep-
arated by segments with information of other types.

Probe reaction times were found to be significantly de~
layea when subjects were reading segments of the text con-
taining question— relevant information. Furthermore, in the
self~-paced group, reading times were significantly longer on
text segments containing question-relevant information.
They concluded that readers were allocating more attention
to the targetted information. Again, the reaction time par-
adigm used in these studies by Reynolds and his colleagues
fortify the supposition that adjunct questions provide in-
creased instructional support and deeper levels of cognitive
processing.

Feedback as Instructional Support. A number of studies

have provided feedback to adjunct questions in an effort to
understand its role in instruction. In a study of the in-
teraction between test anxiety and programmed instruction
that varied the feedback provided to the students, Campeau

(1965) looked at the achievement of eighty (80) fifth grad-



52
ers. Using analysis of covariance and controlliné for both
prior knowledge and IQ, Campeau reported that for the girls
in her study the anxiety x feedback interaction was signifi-
cant. High-anxiety\girls achieved more than a low-anxiety
group in a constructed response with reinforcement condi-
tion. When reinforcement was removed, however, the achieve-
ment of the lower anxiety subjects was higher. For boys,
however, no significant effects were found in either the im-
mediate or the delayed retention measure.

It should be noted, though, that the data for the boys
and the girls were analyzed separately and, consequently, no
conclusions can be drawn regarding the presence of main or
interactive effects for sex as an explanatory variable.
Moreover, cutoff scores for both the high and low-anxious
students were used which corresponded to the upper and lower
quartile of the distribution of the TASC (S.Sarason, et al.,
1960) . Using only the scores of these extreme groups weak-

ens the analysis somewhat, since approximately 30% of the

variance in the‘fASC remains unanalyzed (Cohen, 1968; Cron~
bach & Snow, 1977).

In a more recent study, Oner (1977) used one hundred six-
ty (160) 6th graders in an experiment that required learning
material on the use of decimals in mathematics. Instruc-
tional treatments were varied with respect to providing
feedback as to correctness of responses and the level of

teacher support available. A main effect for anxiety'was
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reported with low-anxious students outperforming their high-
anxious counterparts. However, the predicted interactions
betweeﬁ test ‘anxiety and level of teacher support, as well
as test anxiety and feedback, were not found.

In a study designed to assess the effects of feedback and
review on learning from text, Kulhavy, Yerkovich, and Dyer
(1979) presented 120 undergraduates with a 25 frame instruc-
tional program on heart disease (see Tobias, 1968). The
subjects either did or did not receive feedback after each
adjunct postquestion response. Half of the subjects in the
feedba;k groups were allowed to see the programmed text
while responding to adjunct questions. It was reported that
the presence of feedback led to higher posttest recall and
reduced program errors.

Further, it was reported that subjects who did not re-
ceive text while responding spent more time reading per
frame. Apparently, when students know they can refer only
once to the text, they read more carefully and with a con-
sequent increase in retention. These results, however, may
be confounded by the fact that subjects were apparently able
to "peek" at the instructional text while responding to the
adjunct postquestions. Future studies need to be concerned
about the possibility of subjects previewing, reviewing, or
"peeking' at the text in advance.

In their review of the literature on feedback and pro-

grammed instruction Hyman and Tobias (1980) noted that ex-
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periments that have varied feedback when using programmmed
materials have reported somewhat inconsistent findings.
These inconsistencies may be attributed to the experimental
dgsigns used which, invariably, did not control for the stu-
dents ability to preview or review the instructional materi-
al in an effort to provide themselves with feedback. More~-
over, prior achievement was not controlled for in any
systematic way.

The results of their study, along with the review of pri-
or research regarding the effects of feedback, led Hyman and
Tobias (1980) to conclude that feedback is more likely to
lead to increments in learning, particulariy with respect to
the degree with which feedback engages students to attend to
the material, understand it more thoroughly, and determine
the relationships between the content of the subject matter
and their prior experiences.

In a meta—-analysis of studies wusing feedback in pro-
grammed instruction Schimmel (1983) reviewed research that
employed two types of feedback: simple confirmatory feed-
back, which informs the learner whether a response to an ad-
junct question was correct or incorrect, and feedback which
provides the correct answer. Schimmel reported that lear-
ners receiving either type of feedback out performed lear-
ners receiving no feedback in the fifteen studies he sub-

jected to analysis.
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Research on the role of feedback or knowledge of correct
response suggests that providing feedback as to the correct-
ness of a response may be yet another means of varying the
level of support of an instructional treatment. Schimmel's
(1983) meta-analysis of feedback research supports this no-
tion. In studies using computer-assisted instruction, for
example, Schimmel reported that feedback was considerably
more effeétive in promoting learning than an instructional
program providing no feedback to the student.

This limited body of research, however, is inconsistent
with respect to the presence of interactions between feed-
back and level of anxiety. In the present.research feedback
was used in the experimental design of the instructional
support variable. In this way instructional support could
be varied from high (adjunct postquestions and feedback), to
medium (adjunct postquestions with no feedback), to low (a
reading only control group), and the relationship between

feedback and test anxiety could be examined empirically.

Summary

The adjunct question studies presented above have varied
with respect to the individual difference dimensions inves-
tigated. Despite these variatioms, one salient point has
emerged: the more support the adjunct' question treatment
provides to the learner, the greater the achievement. When

students are asked questions that are directly relevant to
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the material to be .learned, their achievement increases.
When adjunct postquestions lead to increased attention, that
treatment, in turn, produces increased learning. More im-
portant, the assertion that adjunct questions apparently
serve to reduce the cognitive processing demands of the in~
structional task finds support in this body of research. In
addition, it appears that providing feedback as to the cor-
rectness of a response to an adjunct question will facili-
tate achievement by reducing further the cognitive process-
ing demands of the task. Both of these methods were used in

the present study to test those assertioms.

Study Strategies Research

In the past instructional research has followed the rou-
tine of offering evidence for the effectiveness of a "new'"
instructional method by comparing it with more '"convention-
al" methods. In addition to the more general problems of
fidelity of treatment, implementation, and evaluation (see
Montague, Wulfeck & Ellis, 1981), this type of comparative
research ignores the hypothesis that learning from instruc-
tion is a function of the frequency and intensity with which
students cognitively process the instructional material (To-
bias, 1982).

The underlying assumption is that the "new'" method induc-
es more intensive cognitive processing. And in turn, these

processing differences produce improved achievement for stu-
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dents taught by the 'new" method. A major problem, however,
is that we know little about the types of cognitive process-
es students employ in meaningful learning. Moreover, we
also know 1little about whether variations in the external
characteristics of a method lead to differences in the type
or frequency of cognitive processing. Thus, it has been hy-
pothesized (Tobias, 1982) that alternate instructional meth-

ods will lead to different outcomes only if they induce ef-

fective macroprocessing activities. Implicit in the notion

of macroprocesses are behaviors on the part of the learner

such as planning, reviewing, checking, and monitoring.

Macroprocesses

A common distinction in physics is between micro- and
macro-properties of systems, i.e., the small and the large
scales. The micro and macro distinction is wuseful in the
study of cognition and human learning, as well. In the
main, the body of research under the rubric of cognitive
psychology or cognition has made great use of the micro-pro-
cess level by studying the information-processing constructs
of encoding, storing, and retrieving (J. Anderson, 1980).
On the cognitive macro-procéss level, however, 1little or no
research has been conducted. The research effort described
in the chapters that follow represents our initial attempt
at investigating the cognitive macroprocesses used by stu-

dents engaged in meaningful learning.
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For purposes of this research, the term macroprocesses is
defined as those relatively molar cognitive processes stu-
dents use when learning from meéningful instruction, such as
previewing, reviewing, seeking clarification, and the like.
These activites, of course, could be referred to as study
skills or metacognitive strategies and it would be useful to
distinguish macroprocesses from these other terms. The term
‘'study skills as used by Weinstein (1978), and by Dansereau
(1978) and others, (Brown & Smiley, 1978) imply both cogni-
tive activities such as encoding and storing information and
affective states such as anxiety, motivation, and attitudes.
Macroprocesses, on the other hand, denoée only the molar
cognitive process activites used by students to learn from
instruction. Moreover, metacognitive strategies (Brbwn,
1980) imply a degree of self-monitoring of one's knowledge

that the term macroprocesses does not.
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Tobias (1982) presents the concept of macroprocesses in
the following way:

"In the case where comprehension and review ques-
tions are embedded in text, and when feedback is
provided, what do students do when they have been
informed that their answer is wrong? Do they pause
to figure out why they were wrong? Do they review
previously learned material? If material is re-
viewed, do students spend equal amounts of time
skimming over every part of it, or do they search
for a particular set of materials? When students
are supplied with objectives do they consult them
frequently while studying or look at them only once?
Do they skim for context related to the objectives
and ignore other material?" (1982, p.8).

Macroprocess Research

Since macroprocesses are concerned with students' pro-
cessing of meaningful instruction, the research on study
skills such as previewing, reviewing, and notetaking is
clearly relevant. For the most part study strategies re~
search has been concerned with improving achievement from
instruction by advocating a number of varying techniques.
Thomas Anderson (1980) reviewed the literature concerning
the effectiveness of. a variety of study strategies. This
review included comparisons of student generated study
strategies and adjunct study aids. The student generated
aids included notetaking, underlining, imaging, outlining
and paraphrasing, among others. Adjunct aids included the
use of adjunct questions and advanced organizers. Anderson
concluded that, in general, the adjunct study aids produced

the strongest evidence of effectiveness. He reasoned that
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these particular strategies serve to induce deeper and more
specific forms of cognitive processing of the instructional
material than student generated strategies.

Research on the use of adjunct questions has shown little
concern with the types of cognitive processes subjects en-
gaged in during instruction. Much of the information re-
garding the types of macroprocesses used by students has
been inferential (Winne, 1981). %hat is, investigators in-
fer the type of cognitive processing from the results of the
research. For example, the "forward" and '"backward" effocts
of adjunct questions reviewed earlier are inferred from the
types of adjunct questions subjects answer correctly after
reading the text.

With few exceptions (Gustafson & Toole, 1970; Hiller,
1974; Schumacher, Moses, & Young, 1983; Washburne, 1929),
research on the use of adjunct questions has prevented sub-
jects from rereading or reviewing the text once an adjunct
question has been presented. This reviewing constraint, as
Schumacher et al., (1983) noted, may seriously alter study
strategy behavior and, therefore, calls into question the
inferences drawn from the mathemagenic theory of adjunct
questions, since the use of inserted questions in more natu-
ral educational settings (i.e., when using textbooks) may
have lessor effects and would not necessarily force mental

review when students can readily look back into the text.
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In a series of studies designed to monitor the reviewing
activities employed by subjects when presented with adjunct
questions, Schumacher et al., (1983) used the eye movement
paradigm to observe reviewing and text searching activities.
The results of these studies provided equivocal evidence
that adjunct questions influence studying processes. For
example, these investigators reported a positive effect for
adjunct questions on relevant posttest items only. No indi-
rect effect was found. More important, although the adjunct
questions produced more reviews or '"lookbacks'", this active
interaction with the text did not lead to significgntly Bet-
ter performance on relevant posttest items in their study.
This finding is not surprising, since the the;retical link
between eye movement behavior and higher level cognitive
processing remains to be established (Rayner & Carroll,
1984). It has been argued, for example, that if eye move-
ments are rhythmic or random or if the fixation duration is
a function of the visual characteristics of the text, their
use as indices of language comprehension or cognitive pro-
cesses may be severely limited.

There have been a number of studies recently that have
used the self-report and/or the experimenter-observer para-
digms to examine the relationship between achievement and
strategy use. Peterson, Swing, Braverman and Buss (1981)
studied student macroprocesses by video taping lessons on

probability taught to fifth and sixth graders (N=72). Sub~-
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jects were subsequently interviewed, using a stimulated re-
call procedure, regarding their cognitive processes during
instruction. The cognitive processes identified included
such things as attending, understanding, and relating in-
structional material to prior knowledge. The results of a
correlational analysis indicated that subjects' reports of
their cognitive processes were, in general, significantly
related to a set of outcome measures. The strength of these
relationships, using Kendall's tau, were in the .2 to .3
range. Moreover, the correlation of reported cognitive pro-
cesses with scores on the Sequential Test of Educational
Progress (STEP) and the Raven's Progressive Matrices were
also significant.

Garner and Reis (1981) investigated reading '"lookbacks",
i.e., reviewing previously read material, among good and
poor readers in grades 4 thru 10 wusing an experimenter-ob-
server procedure. Reviewing was explicitly encouraged, and
the investigators monitored the lookback behaviors. Their
results indicated that only the older good readers used the
reviewing strategy with any frequency or degree of success.

In a further study, Alexander, Hare, and Garner (1984)
investigated review strategies among older (undergraduates),
proficient readers. Prior to imnstruction subjects were
asked what strategies they would use on a task that required
reading a passage and answering subsequent questions. After

the instructional task, subjects were then asked what strat-
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egies they actually used. It was reported that those who
said they used a particular strategy (e.g., underlining or
reviewing), actually did so and, conversely, very few sub-
jects used a strategy that they had not previously reported.
However, the rather surprising result of this study was that
more than half (29 out of 52) of these older, proficient
readers failed to review the text at all. The authors noted

that this may be an artifact of their design, since many

students reported that they thought they were not pefmiﬁted
to look-back or review the material. However, there is some
evidence that even exper%enced, good readers do not routine-
ly use certain strategies thought to be in their reportoire
(Alexander, Hare & Garner, 1984).

Alvermann and Van Arnam (1984) used an ATI paradigm to
examine the relationship between reading ability and induced
review. Their results suggest that poor readers were as-
sisted by increased levels of instructional support (i.e.,
the use of graphic organizers). Moreover, the inducement of
review or "lookbacks" was reported to have resulted in su-
perior performance for poor readers.

In a pilot study for the present experiment we asked stu-
dents to generate a list of all of the study strategies they
used when learning from text. Student responses were sub-
mitted to content analysis and the single most prominent
strategy appeared to be reviewing, followed by underlining,

preparing summaries taking notes, skimmming, obtaining extra
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help by use of dictionary, and consulting title headings. A
number of these student identified strategies were included
in the design of the present study and operationalized under
the more general category of macroprocesses.

In a more direct study of macroprocesses Tobilas and Sacks
(1983) assigned students to one of three conditions: (1)
adjunct questions; (2) adjunct questions plus review; and
(3) a reading only control group. This design, which served
as a field test for the instructional material wused in the
present investigation, required subjects to record the time
spent on reading, time spent answering adjunct questions, as
well as time and frequency of reviews. Prior knowledge and
test anxiety were used as covariates, as well.

Regression analysis produced no interactionms. However,
main effects for prior knowledge were found on both relevant
and incidental posttest items. Contrary to expectations,
the optional review group, the group hypothesized to process
the instructional content more thoroughly, did not demon-
strate greater achievement than the other two groups. Ob-
servation of student behavior and further analysis of the
results suggest that the review option may not have been
used effectively because of the inconvenience of doing so.
That is, subjects using the review option in this design
were required to record each use of the review option as
well as the time it took to use it. These requirements, may

have served as disincentives for reviewing the text.
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Summary of Research ‘

As 1s evident from the preceding review of the litera-
ture, there are a number of converging lines of evidence
supporting the general hypotheses of a limited capacity mod-
el outlined earlier. These include research on the interac-
tions among a variety of individual difference measures and
instructional method, research on the effect of adjunct
questions, and research on a variety of study strategiés
used by students engaged in meaningful learning.

Research has also indicated that adjunct questions are an
important source of instructional support in that they typi-
cally improve the achievement of students on material rele-
vant to the content of the questions. For example, instruc-
tional programs using adjunct questions, and in particular
~ adjunct postquestibns, have consistently demonstrated great-
er achievement when compared to reading-only instructional
programs (see, for example, Ellis, Konoske, Wulfeck, & Mo-

ntague, 1982). Although the ATI literature is 1less than

conclusive about the rolevbf feedback in the achievement of
high~anxious students, it is reasonable to assume that feed-
back as to the correctness of a response to an adjunct ques-
tion may, indeed, facilitate achievement by decreasing the
cognitive capacity demands of the learning task and thereby
enhancing the level of instructional support to the student.

There is a good deal of evidence to suggest that the lev-

el of instructional support provided to the learner inter-
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acts with individual differences. Research on individual
differences in anxiety and studies examining the effect of
adjunct postquestions converge on this point, Studies ma-
nipulating the '"depth of processing" of highly anxious lear-
ners (Weinstein, et al., 1982), for example, provide clear
éupport for the notion that instructional support interacts
with learner characteristics. ATI research relating prior
achievement and instructional support has, in general, sup-
ported the hypothesis of an inverse relationship between
these variables. That 1is, generally, students with little
relevant prior éxperience typically profited most zZrom in-
structional methods offering substantial instructional sup-
port, whereas such support was often of little benefit to
students with high levels of relevant prior experience.

While there has been a good deal of speculation about the
mechanisms by which adjunct questions achieve their effect,
little direct evidence regarding the underlying processes is
available. Conflicting findings in this area, and in ATI
research in general, have led to an emphasis on the cogni-
tive processes engaged by instructional methods and by stu-—
dent characteristics. Recent efforts to investigate cogni-
tive processing strategies have relied on two methods: ¢))
the eye movement paradigm; and (2) verbal report methods.
However, both procedures have severe limitations.

With respect to the verbal report methods, the criti-

cisms, in general, revolve around the historical issues as-
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sociated with introspective techniques, reliance on verbal
reports and the verbal ability of the subject, and the ten-
dency of students to report the use of strategies they be-
lieve they ought to have used. The eye-movement paradigm
has come under criticism on three fronts (Rayner & Carroll,
1984). The first concern has to do with perceptual span or
useful field of vision during an eye fixation. This goes
directly to the question of how much information a reader
gathers and uses during a single fixation. The second is-
sue, alluded to earlier, has to do with eye behavior re-
flecting ongoing mental activity. The question remains un-
answered as to the relationship between éye fixations and
cognitive processing. The third issue is a practical prob-
lem having to do with how eye movement is tracked and the
difficulties attending the analysis of such data.

The study presented here attempted to address the issues
of whether anxiety interacts with the level of instructional
support provided to the learner. Moreover, the newly emerg-
ing concept of "macroprocesses" was incorporated into the
design to explore the specific behaviors (e.g., previewing,
reviewing, notetaking, etc.) engaged by learners who vary
with respect to level of test anxiety, prior knowledge, and
instructional support. Microcomputers were used to present
the instructional treatments and to collect data on the fre-
quency of use of a variety of macroprocesses. Such a para-

digm, though new and relatively untested, was used with the
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hope of avoiding the methodological problems associated with
studying cognitive processes using self-report or eye-move=-
ment procedures.

In this investigation the macroprocesses used by subjects
were defined in terms of the instructional options selected
while studying text. For example, all subjects had the op-
tion to do any of the following: preview text, preview
headings, take notes on the computer system, revieﬁ text,
and review their own notes. Additionally, a number of in-
vestigators (Leinhardt, Zigmond & Cooley, 1981; Tobias,
1982) have suggested that identifying the point where stu-
dents become confused is important for understanding strat-
egy use. In an attempt at that, the instructional program
contained an option for reading and reviewing an alternate,
easier version of the text. Subjects were encouraged to use
this macroprocess when they experienced confusion or compre-
hension failure. Thus, the present study set out to examine
the macroprocessing differences between instructional meth-
ods and, hopefully, begin the investigative process of spec-
ifying the effective, as opposed to nominal, characteristics

of different instructional methods.



Chapter III

HYPOTHESES
The thrust of the present study was to determine whether
different instructional methods, such as providing text aug-
mented with adjunct questions, or adjunct questions with
feedback, reduce the cogniﬁive capacity demands of an in-
‘structional task and enhance the achievement of highly test
anxious students. In a parallel fashion we also investigat-
ed whether students' use of a variety of macroprocessing op-
tions affected achievement. Using a computer-based instruc-
tional program which varied in terms of instructional

support, we tested the following hypotheses:

Hypothesis 1

All subjects, regardless of their level of test anxiety,
when assigned to an instructional treatment providing ad-
junct postquestions would demonstrate greater achievement on
both adjunct question relevant and incidental posttest items
than students assigned to a reading only treatment. This
was a direct test of the hypothesis that adjunct questions
reduce the cognitive capacity demands of the learning task
(Rothkopf, 1972). Thus, a main effect for instructional
treatment was expected. The rationale for this hypothesis

comes from prior research on adjunct postquestions discussed

- 69 -
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earlier which documented both the direct and indirect in-

structional effects of adjunct questions.

Hypothesis 2

Subjects assigned to the optimal support treatment will
demonstrate greatest achievement on both relevant and inci-
dental posttests. Thus, it was expected that subjects as-
signed to an instructional treatment providing both adjuncs
Mdueszlggéién& feedback would demonstrate greater achievement
on both adjunct question relevant and incidental posttest
items than either the adjunct question or reading only
groups. The ratignale for this hypothesis was based on re-
searcﬁ suggesting that feedback reduces the cognitive capac-

ity demands of the task by enhancing the direct effect of

adjunct postquestions (Rothkopf & Billington, 1974).

" Hypothesis 3

An 1interaction between test anxiety and treatment was
predicted such that less anxious subjects assigned to the
reading only treatment would demonstrate greater achievement
on an immediate posttesf than highly anxious subjects in the
séme group, while no achievement differences were expected
between high and low anxious subjects assigned to treatments
providing increased instructional support. This hypothesis
represented a clear test of our research model (Tobias,

1980) and stemmed from the assumption that anxiety's cogni-
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tive dimension, worry, interferes with effective processing
of instruction and treatments designed to reduce the cogni-
tive capacity demands of the instructional task would be se-
lectively beneficial to highly anxious subjects since they
are presumed have less capacity available for processing for

task demands (Tobias, 1984a).

Hypothesis 4

High-anxious subjects were expected to review the in-
structional material more frequently than low-anxious stu-
dents, regardless of the level of instructioﬁal support pro-
vided. As such a main effect for anxiety (i.e., worry) was
expected with respect to the number of sentences reviewed.
Again, this hypothesis attempts an explicit test of Tobias'
(1977b, 1980) research model, and stems from the assumption
that worry interferes with effective processing of intruc-
tional material and highly anxious subjects, when presented
with a review option, will engage that option to reduce the

effects of cognitive interference.
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Hypothesis 5

Frequency of use of the macroprocesses was predicted to
be positively correlated with achievement on the posttest
for all subjects. This hypothesis was based on the study
strategies research reviewed earlier which suggested that
effective use of learning strategies produces increased lev-

els of achievement (T. Anderson, 1980).



Chapter 1V
METHOD
Subjects were randomly assigned to read an instructional
text displayed by microcomputer in one of three different
methods. In each condition subjects could use a variety of
options to facilitate study of the text. Individual differ-
ence data, including measures of reading ability, prior
knowledge, and anxiety were collected along with data on
subjects' use of the macroprocessing options. Achievement

was measured by an immediate posttest.

Subjects

Volunteers for this expefiment were recruited from the
student population of the City College of New York. A total
of 120 subjects participated in the study. The sample was
comprised of 68 males and 52 females and their average age
was 21. Subjects were screened for their familiarity with
computers and/or their knowledge of progamming languages.
Potential participants indicating familiarity with computers
and/or programming did not take part in the study. The ra-
tionale for the screening of participants stemmed from the
experimental need to control for prior experience with
microcomputers and to ensure increased levels of learning

attributable to the instructional material. Examples of the
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Subject's Consent Form and Identifying Information Form ap-
pear in Appendix A. Subjects were paid $12 for their par-

ticipation in the study.

Experimental Groups

Subjects were randomly assigned to one of three different
instructional treatments:‘ (1) an adjunt postquestion plus
feedback group which represented the highest instructional
support treatment; (2) an adjunct pos&question group which
represented a mid-level instructional support treatment (no
feedback); and (3) a reading only control group that re-
ceived no adjunct postquestions and represented the lowest
instructional support treatment.

In both adjunct postquestion treatments subjects were re-
quired to respond to one adjunct postquestion at the end of
each of the 22 CRT screenfuls of text (i.e., every two para-
graphs). For the treatment group receiving feedback sub~
jects' responses were evaluted by the computer and three
classes of feedback were provided: (1) subjects were in-
formed that their response was identical to the answer pro-
vided in the text; (2) the response was similar to, or
equivalent to one provided in the text; and (3) the response
appeared to be incorrect and the correct response was pro-

vided.
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Materials

Anxiety Measures

Two measures of anxiety were used in this study. The
Test Anxiety Scale gl. Sarason, 1978) is a commonly used
measure of "trait" anxiety or anxiety-proneness in an aca-
demic testing situation, The Worry-Emotionality Scale (Mor-
ris, et al., 1981) is a "state" measure of aroused anxiety
(situational anxiety) developed for evalutive situations.
Spielberger,-et al. (1970)‘5ddféggughe issue of the validi-
ty of state measures of anxiety in terms of their ability to
reflect stress. Validation data of this type can be found
in the test manual for the state-trait anxiety inventory

(Spielberger, Gorsuch, & Lushene, 1970).

Test Anxiety Scale (TAS). - the TAS (I.Sarason, 1972) is

a 37-item instrument for measuring self-reported anxiety.
The TAS is a pencil and paper measure based largely on the
items from the Mandler aﬂd Sarason (1952) Test Anxiety Ques-
tionnaire and re-written in a true/false format. The TAS
was developed from the earlier Test Anxiety Questionnaire
(TAQ) but avoids the cumbersome scoring techniqges used in
the original TAQ (Levitt, 1967). Test-retest reliability
coefficients in the range of .80 to .87 have been reported
using the TAS (Wagaman, Cormier, and Cormier, 1975; L. Sara-
son, 1978).

Since the TAS is a measure of trait anxiety, it was ad-

ministered prior to pretesting. The TAS was presented as a
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scale of attitudes toward test taking rather than as a meas-
ure of anxiety. The TAS along with the instructions for ad-
ministering it may be found in Appendix B.

Worry-Emotionality Scale. = the revised worry-emotional-

ity scale (see Morris, et al., 198l1) contains ten statments
designed to measure a subject's state anxiety by evaluating
the worry and emotionality components of test anxiety.
These items were developed from items on the. Test Anxiety
Questionnaire (Mandler & Sarason, 1952). Alpha reliability
coefficients for the Worry-Emotionality Scale were reported
as .83 and .76 for emotionality and .68 and .69 for worry
(Deffenbacher, 1980). |

Each of the 10 statements is rated on a 1l to 5 scale in-
dicating how much the feelings, attitudes, or thoughts apply
to the subject at the time of testing. Thus, the range of
scores for each subscale can vary from 5 to 25, with in-
creasing scores indicating more worry or emotionality. The
Worry-Emotionality scale was administered at three distinct
points during the experiment: upon completion of the pre-
test, midway through the computer-based instructional treat-
ment, and immediately following the postest. An example of
the Worry-Emotionality Scale can be found in Appendix C.

Nelson-Denny Reading Test. This standardized reading

test is composed of two subtests, vocabulary and comprehen-

sion (see Appendix D). The vocabulary subtest consists of
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100 multiple choice items, each with five answer choices,
and has a 15 minute time limit. The comprehension subtest
contains eight reading passages and a total of 36 multiple
choice type questions, each with five answer choices. This
subtest has a 20 minute time limit. The median alternate-
form reliability coefficient for the vocabulary subtest is
reported to be .92, and for the comprehension subtest the
alternate-form reliability coefficient is reported as .77.
Raw scores were obtained for each subtest by following
the directions for scoring the test (Brown, Bennett, & Han-
na, 1981). The raw scores on both subtests were used in

subsequent analyses.

Pretest. The pretest was designed to measure prior
knowledge of the fundamentals of the computer programming
language BASIC. It was a pencil and paper exam comnsisting
of fifty items in a multiple choice format with four answer
choices. The pretest had an Alpha reliability (Cronbach,
1951) coefficient of .75. Subjects correctly answering 31
or more (i.e., 62%Z) of the pretest items were screened-out
and did not complete the remainder of the study. A cut-off
score of 31 or more correct was used as an objective means
of assuring a subject pool with a limited amount of prior
knowledge of computer programming languages (see Appendix

E).
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Instructional Text. The instructional material consisted

of 173 sentences making up roughly forty-nine paragraphs of
expository text. The text presented some major concepts of
data processing, computer programming, and a sample of il-
lustrative commands of the BASIC programming language. The
text was estimated to require a l4th grade reading level
(Fry, 1969). The following paragraph is a representative
sample of the text:
A computer is a tool for representing and manipu-
lating informacion. There are many different
types of computers, ranging in size from hand-
held calculators to large and complex computing
systems filling several rooms or even entire
buildings. In the recent past, computers were so
expensive that they could be used only for busi-
ness or scientific computations. At present
costs have decreased by many orders of magnitude
and personal computers available for use in the
home are in the same price range as color televi-
sion sets.

Each of the 173 sentences in the text was numbered and
exposed one at a time. When a sentence was read and the
space bar on the computer's keyboard depressed, it was
erased though the space it occupied and its number remained.

In addition, an alternate, easier to read version of the
instructional text was also available £for optional use by
subjects. This version of the text had the same content as
the main text in every paragraph, but used an easier vocab-
uarly (i.e., the lOth grade level according to Fry's formu-
la). The following is a sample of the alternate, less dif-

ficult version of the text available to all subjects:
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Computers are useful because they can store and
process information. There are many kinds of
computers. Some are small enough to hold in your
hand, others are so large that they take up many
rooms and even whole buildings. Computers used
to cost so much that only large companies or sci-
entific organizations could afford them. Now
costs have come down and computers for use in
homes cost only about as much as color televi-
sions sets.

The alternate text was structured so that superordinate con-
cepts and sentences preceded subordinate ones to a greater

extent than in the main text (see Appendix F).

Adjunct Postquestions. As noted earlier, in both adjunct

question treatment groups subjects were required to answer
one adjunct postquestion at the end of each screenful of
text. One adjunct question was inserted after every two
paragraphs of text. The adjunct questions were designed to
facilitate retention of the instructional material by asking
subjects to recall facts, apply rules, and synthesize infor-
mation. A complete list éf all 22 adjunct questions appears

in Appendix G.

Posttest. The postest used in this study was pencil and
paper test designed to measure the subjects' achievement
from the instructional treatment and was based entirely on
the instructional text. The posttest consisted of 44 items
requiring constructed responses (see Appendix H). Seven of

these items required multiple responses. Scores on the
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posttest ranged from 6.5 to 48. Moreover, for use in sub-
sequent analyses the posttest was divided into two subtests:
adjunct postquestion relevant items and adjunct postquestion
incidental items. The posttest, then, was c9mprised of 22
relevant items ang 22 incidental items. The posttest had an

Alpha reliability (Cronbach, 1951) coefficient of .92.

Procedures

As Figure 2 illustrates, the experimental procedures were
administered in two sessions. In the first session subjects
were administered the following: (1) the Test Anxiety Scale
(Sarason, 1978). (2) a pretest covering'the instructiongl
material; (3) the Worry—Emoti;nality Scale (Morris, et al.,
1981) with instructions to the subjects to complete it in
terms of the way they felt at the moment; and (4) the Nel-
son-Denny Reading Test (Brown, et al., 198l). These materi-
als were administered in group settings ranging from three

to 35 subjects.
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Figure 2. Flow Chart of the Experimental Procedures
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In ‘the second session subjects were assigned to microcom-
puters to study the text. When each subject completed one
half the instructional material the Worry-Emotionality Scale
(Morris et al., 1981) was administered by the computer with
instructions to respond they way they felt while studying
the material, Upon completion of the instructional materi-
al, each subject completed a paper and pencil version of a
constructed response posttest described earlier and another
version of the Worry-Emotionality Scale with instructions to
report how they felt while working on the posttest.

The ins;ructiénal materials were presented using Apple II
microcomputers. The time subjects spent reading each text
segmeng, along with their responses to all adjunct ques-
tions, were recorded automatically by the computer; In ad-
dition, the computer recorded each subject's use of the mac-
roprocessing options described below.

All subjects could choose any of these options while
reading the text: they could (1) review, or; (2) preview
any sentence, or group of sentences; (3) consult the alter-
nate version of the text after completing a paragraph; (&)
the alternate text could be reviewed, or; (5) previewed; (6)
subjects were able to take notes on the computer system; (7)
and review their notes; (8) an organizational display could
be requested containing all the headings in the main and al-
ternate texts, the sentence numbers covered by each heading,

and the number of the sentence the subject was presently
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reading; and (9) a menu of the options available, and how
they could be invoked could also be requested. .

The macroprocessing options described above could be in-
voked by subjects at any time ddfing the course of the pres-
entation with two exceptions: (1) the adjunct question
groups could invoke the options only after they had respond-
ed to the question; and (2) the alternate version of the
text could be requested only after a complete paragraph had
been read. A beep was sounded by the computer at the end of
a paragraph signaling that the alternate version of the text
could be consulted.

Prior to the beginning of the instructional presentation,
a description of each of the options was provided. The de~-
scription required subjects to use each option at least once
to ensure familiarity with the procedures prior to instruc-
tion. The options available for use by subjects were pre-
sented at the bottom of each and every screenful of text.

After the first few introductory remarks, the descriptive

material followed the”ééaé structure as the ensuing instruc-
tional material, i.e., each sentence was numbered and pre-
sented one at a time and the space bar on the computer's
keyboard had to be depressed to produce the next sentence.
A text of the instructions for using the computer-based op-
tions is presented in Appendix I.

Feedback. Subjects assigned to the adjunct question and

feedback treatment received evaluative feedback as to the
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correctness of their response to the adjunct question. Once
the subject responded to the question the computer evaluated
the answer and, in turn, informed the subject that his or-
vher answer was (1) identical to the one provided in the
text; (2) similar to the one provided in the text; or (3)
incorrect, The subjects' responses to the adjunct postques-
tions, along with the evaluative score, were stored by the

computer for subsequent analysis.



Chapter V
RESULTS
This chapter presents the results of the study. The
first section presents analyses of the individual difference
data with particular emphasis on the relationship between
anxiety levels and achievement for each experimental group,
including the the results of both multivariate and univari-
ate multiple regression analyses (Hull & Nie, 1981) of the
relevant and incidental posttest items. The second section
describes the results cf both multivariate and univariate
regression analyses of the macroprocesses. These data focus
on the effects of prior achievement, worry, and instruction-
al method on the use of the various macroprocesses;y The
third and £final section in this chapter presents correla-
tional data examining the relationships among the use of the
various macroprocesses and achievement on the posttest for

each experimental group.

Individual Difference Data

Test Anxiety. Observed scores on the TAS ranged from a

low of 1 to a high of 31 with a mean of 18.2 and a standard
deviation of 7.08. The three Worry subscales (i.e., Worry
l, Worry 2, Worry 3) of the Worry-Emotionality Scale had a

range of scores with a low of 5 and a high of 24. The three

- 85 -



86
Emotionality subscales (E1,E2,E3) ranged from a low of 5 to
a high of 24. An examination of the means for both subs-
cales suggests that, in general, subjects' worry scores
tended to increase throughout the experimental session with
the mean worry score reaching its peak followihg the post-
test. Subjects' emotionality scores, on the other hand, re-
mained relatively constant throughout the investigation.
Table 1 displays the.means and standard deviations of the
individual difference variables, the macroprocessing op-
tions, and the posttest scores for each experimental group.
The correlation of the TAS (trait) and Worry (state)
measures of anxiety ranged from .35 to .48, while the corre-
lation of TAS with the Emotionality measures had a slightly
lower and more restricted range of .27 to .37. The correla-
tions among the subscales of the Worry-Emotionality Scale
were, as expected, quite strong ranging from .27 to .83.
Table 2 presents the intercorrelations of the various trait
and state test anxiety measures, pretest, and reading abili-

ty subtests for the entire sample.
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Means and Standard Deviations of Major Independent

and Dependent Variables by Group.

Table 1.
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Table 2. Intercorrelation of Test Anxiety,
Prestest and Reading Scores,
TAS Pretest ND ND W/El W/E2 W/E3
Voc Comp .
TAS 1.00
Pretest =-,16 1.00
ND-Voe. -.04 .10 1.00
ND~Comp. .05 .03 .77 1.00
W/El .40 .03 -.16 -.13 1.00
W/E2 42 -.06 -.26 -.19 .53 1.00
W/E3 .37 -.05 -.23 -.13 .81 1.00
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Correlations among the anxiety measures and posttest
scores across treatment groups were more varied. The TAS,
for example, a trait measure, produced low negative correla-
tions with the posttest scores across experimental groups.
These correlations ranged from -.02 to -.24. In contrast
the correlations among Worry 3 and the posttest scores were
quite low for both the feedback group (r = -.03, r = -.06)
and the control group (r = -.15, r = -.2), while the corre-
lations were somewhat stronger>for Wdrryvgugga-thé relevant
and incidental posttest scores (r = =.,37 and r = -,.39, re-

spectively) for the no feedback group.

Prior Achievement Measures. The pretest scores ranged

from a low of 1 to a high of 30, with a mean of 19.76 and a
standard deviation of 6.22. The Nelson- Denny vocabulary
subtest ranged from 5 to 97 with a mean of 40.2 and a stand-
ard deviation of 22.05. The Nelson-Denny comprehension sub-
test had a range with a low of 1 and a high of 64, with a
mean and standard deviation of 29.12 and 16.48, respectively.
The correlations among pretest and posttest scores were
essentially the same across experimental groups. That is,
pretest produced moderate, positive correlations with both
relevant and incidental posttest scores for for all three
groups. The correlations between pretest score and the
relevant items of the posttest ranged from .35 to .57, while

the correlations with the incidental subscale ranged from

.39 to .49.
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Posttest Data. As expected, significant differences were
found in the posttest achievement scores am§ng the three ex-
perimental groups. For example, both groups receiving ad-
jgnct postquestions had significaﬁtly higher scores on the
£elevant subscale of the posttest than the control group
(see Table 1). However, the pattern of achievement on the
incidental subscale revealed no differences between the
means of the adjunct question/ feedback group and the con-
trol group, while a significant difference was found between
the means of the adjunct question/no feedback group and the
control group. Surprisingly, no differences were found be-
tween the means of either.adjunct question group on the rel-
evant or inciéental suﬁscales of the posttest.

To examine further the hypothesized relationships among
the individual difference variables, treatment conditions,
and posttest achievement, the scores on both the relevant
and incidental subscales of the posttest were analyzed using
both multivariate and univariate multiple regression tech—-
niques to estimate the effects of pretest score, worry, and

treatment, as well as their interactions, on achievement.

Regression Model

The general regression model used to explore the statis-
tical relationships among the independent and dependent
variables, both in the multivariate and univariate form, in-

cluded main effects for pretest, worry, and treatment group,
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as well as all their interactions. The univariate regres-
sion model was of the general form:

Yi = B, + B.X, + BZX2 + Bsxa teerr e BX XX +oe

which expresses the 1th observation of the dependent vari-

"able Y as a 1linear function of the independent variables

(X's), and the error term "e" (Cohen, 1968; Pedhauzar,
1982).

The multivariate extension of this model is:

¥i = B, + B, X, + B,X, + B,X, +.ee. s .BX XX +e

where Yi = (Yi Yi ...Yiq) 1is a vector of q response vari-
ables for observation i, the X's are independent variables,
the B's are q x 1 vectors containing the regression parame-
ters, and the "e" vectors are the errors (which are assumed
to be independent and have a q-variate normal distribution
with mean 0 and covariance matrix E).

It should be noted, here, that deviation scores for both
the anxiety and pretest scores were computed and used in

this model. The use of deviation scores has been recommend-

ed to reduce the effects of multicollinearity among pre-

dictor variables (Cronbach and Snow, 1977; Kenny, 1979).
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Achievement Data. The results of the multivariate re-

gression analyses, presented in Table 3, indicate that, as
expected, both treatment condition , F(1,100) = 5.12, p
<.0l, and pretest score, F(1,100) = 15.83, p <.001, contrib-
uted significantly to achievement on the posttest. The cog-
nitive component of anxiety, worry, had a main effect on
achievement on only the incidental items of the posttest,
F(1,100) = 4.09, p<.05, suggesting that, regardless of lev-
el of instructional support provided, the less anxious sub-
jects, on the whole, learned more of the instructional ma-
éerial than their highly anxious counterparts. Further,
these regression analyses revealed no significant interac-
tions among pretest, treatment and worry on either the rele-

vant or incidental posttest items.
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Table 3. Results of Multivariate & Univariate
Regression Analyses of Posttest Scores

1
N=112 WILKS UNIVARIATE F's
PostRel PostInc

Treatment 5.12% 8.12% 3.36°
Pretest 15.83*%* 29.95%%* 25.51%%
Worry 3 2.03 2.28 4.09°
Trt * Pretest - - -

Trt * Worry 3 - - -

Pre * Worry 3 - - -
Trt*Pre*Worry = = -

1. Approximate transformation to the F distribution.
F values less than ! not reported.
** signif LE .00l * signif LE .0l °signif LE .05



94

Macroprocess Data. The means and standard deviations of

the use of the various macroprocesses for the entire sample
are presented in Table 4. These data indicate a great deal
of variability in frequency of macroprocess use among the
subjects. In order to reduce the effects of outliers on
these data the frequency measures for subjects whose use of
any of these options exceeded more than three standard devi-
ations above the mean was set at the third standard devia-
tion value. Despite that, it is evident that the variabili-
ty was still very large. As noted earlier, these data were
analyzed using the general regression model developed for
the posttest analyses. The results of both the multivariate

and univariate regressions are displayed in Table 5.
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Table 4. Means and Standard Deviations of Macroprocesses

Variable Mean SD
Previews 1.48 3.05
Reviews 15.21 23.93
Alt. Text 19.20 34.87
Notes 6.26 8.79
Rev. Notes .64 1.29
Headings .98 1.60
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Table 5. Results of Multivariate & Univariate
Regression Analyses of Macroprocesses

1
N=120 WILKS UNIVARIATE F's

Rev. Alt. Rev.Alt. Notes Rev.Notes Hdgs. Prev.
Treatment 2.88%% 1.4 11.54%% - 4.06° 2.42 2.87 -
Pretest - i - 1.46 - 1.62 3.12 2.5 -
Worry 2 1.8 2.73 3.67° 2.90 - - 2.76 1.95
Trt*Pre 1.3 | 2.0 - 2.49 - - 2.08 2.11
Trt*Worry - - - - - - - -
Pre*Worry 2.04° - 10,78%% - 1.10 - 4.06° 1.87
T*Pre*Worry 1.33' 2.56 4.47° - 2.39 - 2.86 1.77

1. Approximate transformation to the F distribution.
F values less than | not reported.
** gignif LE .001 * signif LE .01 ° signif LE .05
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These multivariate regression analyses indicated a dif-
ference among the three treatment groups for the frequency
of overall option use, with significant univariate effects
for use of the alternate text (F(2,109) = 11.54, p<.0l) and
notetaking (F(2,109) = 4.06, p <.05), 1in particular. In
general, the group receiving adjunct postquestions and feed-
back wused the macroprocessing options least frequently,
while the adjunct postquestions only group used the options
most, A main effect for worry was found for the alternate
text option (F(1,109) = 3.67, p =.05) indicating that the
more anxious students used the alternate, easier version of
the text more frequently than less anxious students.
Moreover, these regression analyses of the macroprocesses
revealed a number of significaﬁt interactions. For example,
a significant pretest by worry interaction was found for use
of both the alternate text (F(1,109) = 10.78, p<«.00l) and
frequency of use of headings (F(l,109) = 4.06, p<.05).
These interactions are displayed using a cuboctahedron re-

sponse surface design (Meyer, 1963) in Figures 3 and 4.
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In general, subjects with high pretest scores and high
levels of worry read more of the alternate text. However
for subjects reporting low levels of worry the slope of the
interaction was different. For the less anxious, those with
low pretest scores usg@ the alternate text more frequently.
The shape of the pretest x worry interaction for use of
headings was similar. The high worry subjects with high
pretest scores used the headings most frequently, while the
highly anxicus subjects with low pretest scores used them
least. For the less anxious subjects the interaction with
pretest score was negligible.

In addition, a significant triple interaction of treat-
ment X pretest x worry was found f;r the alternate text op-
tion (F(1,109) = 4.47, p<.05). Again, using the response
surface design, the worry x pretest interactions for each
treatment group are presented separately in Figures 5a, 5b,
and 5Sc.

Interestingly, the relative slopes of the response sur-
faces for the worry x pretest interaction are widely diver-
gent for each group. The surface for the group receiving
adjunct questions/no feedback (see Figure 5b) reveals that
the slope of the interaction is greatest at the higher lev-
els of pretest, with those both high on prior knowledege and
worry using the alternate text more frequently. For the
group receiving feedback (see Figure 5a) the use of the al-

ternate text appears to be more a function of anxiety level,
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with those reporting high leveis of worry using the alter-
nate text more frequently. The shape of the worry x pretest
interaction for the control group (see Figure 5c¢) was quite
similar to the shape of the overall wgrry X pretest interac-
tion displayed earlier in Figure 3. Again, in this group
those with high pretest scores and high levels of anxiety

(worry) used the alternate text most frequently.
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Correlation of Macroprocesses and Achievement

The correlational data presented here focuses on the na-
ture of relationship between use of the various macropro-
cesses and achievement on the relevant and incidental post-
test items for each treatment group. Tables_6a thru 6¢
present the correlations for each experimental group.

Beginning with the group receiving feedback, we see that
the strongest correlations with posttest achievement are
found with f;equency of notetaking (r = .31) and reveiwing
notes (r = .26 and .32). The preview option, on the other
hand, seemed to facilitate achievement somewhat on the inci-
dental posttest items (r = .27) and hinder achievement on
the relevant items (r = -.39). Surprisingly, use of the re-
view option was essentially uncorrelated with achievement on
the posttest for this group (r = .00 and .05).

In both the adjunct .question/no feedback and control
groups use of the review of the main text had an apparently

facilitating effect on posttest achievement, producing cor-

relationé in thé'.37;range. Notetaking had a somewhat lower
correlation with posttest achievement for these two groups
than for the group receiving feedback.

Lastly, an examination of the correlations between cor-
rectness of response to an adjunct question and use the mac-
roprocesses indicated that, in general, the subjects who re-
viewed either the main or alternate text frequently answered

more of the adjunct questions correctly (r = .35).



o~
Lo

Table 6a. Intercorrelations of Macroprocesses and Posttests
for Adjunct Question/Feedback Group

Prev., Rev. Alt. Rev.Alt. Hdg. Notes Rev.Notes Post R Post 1

Previews 1.00

Reviews 45 1.00

Alt.Text .98 34 1.00

Rev.Alt. -.09 -.06 .08 1.00
Headings Ld2 0 17 -.07 .56 1.00

Notes 03 -.09 .19 .48 .10 1.00
Rev.Notes .02 .00 .17 .78 35 .77 1.00 v

Posttest l _.-_27 -05 "'-?.l ~26 —o07 031 -32 -80 1000
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Table 6b. Intercorrelations of Macroprocesses and Posttests
for Adjunct Question/No Feedback Group

Prev. Rev. Alt. Rev.Alt. Hdg. Notes Rev.Notes Post R Post 1

Previews 1.00

Reviews .50 1.00

Alt.Text .34 -.02 1.00

Rev.Alt. .61 .48 .25 1.00

Headings .61 .37 .46 .58 1.00

Notes .12 40 -.06 .04 .02 1.00

Rev.Notes .25 .64 -.07 .31 .18 .64 1.00

Posttest R .14 .35 13 .15 .05 .18 .18 1.00
Posttest I .13 37 14 (12 .19 .24 .25 .87 1.00
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Tahle 6c. Intercorrclations of Macroprocesses and Posttests
for Recading Only Control Group

Previews 1.00
Reviews .06
Alt.Text -.02
Rev.Alt. -.08
Headings .24
Notes A5
Rev.Notes .00
Posttest R .07
Posttest I .03

Prev. Rev, Alt. Rev.Alt. Hdg. Notes Rev.Notes Post R Post 1

1.00

.25 1.00

.01 .07 1.00

.38 .21 .03 1.00

.56 .15 .03 .32 1.00

.32 .23 .09 .39 .59 1.00

.36 .08 -.27 -.09 .17 .29 1.00

.38 .17 -.23 ~.12 .20 .24 .72 1.00




Chapter VI
DISCUSSION

The study presented in Chapter IV was designed to inves-
tigate the general hypothesis that test anxiety contributes
to achievement decrements by absorbing a portion of the stu-
dent's cognitive processing capacity and, therefore, in-
structional methods designed to reduce the capacity demands
of the learning task should be beneficial to highly anxious
students. The results of this study provide limited support
for this hypothesis. In addition students' use of a variety
of macroprocessing options was also investigated.

This chapter is divided into two major sectioms. The
first presents a summary of the experimental results organ-
ized around the specific hypotheses examined in this inves-
tigation, The second section discusses the implications of
the findings for educational practice as well as future re-

search.

Summary of Results

The results of this investigation are summarized in re-

sponse to the five hypotheses stated earlier.

- 109 -
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Hypothesis 1

Earlier it was hypothesized that all subjects assigned to
an instructional treatment providing adjunct postquestions
would demonstrate greater achievement on both adjunct ques-
tion relevant and incidental posttest items than students
assigned to a reading only treatment. This was a direct
test of the hypothesis that adjunct questions reduce the
cognitive capacity demands of the learning task by facili-
tating both a backward and forward processing of the in-
structional material (Rothkopf, 1972). This hypothesis was
confirmed. The univariate regression analyses performed on
both subscales of the posttest indicated a main effect for
treatment on both relevant (F(2,100) = 8.12, p<.0l) and the
incidental posttest items (F(2,100) = 3.36, p<.05). Thus,
both adjunct question groups outperformed the reading only

control group on the immediate posttest.

Hypothesis 2

The second hypothesis predicted that -subjects assigned to
an instructional treatment providing both adjunct questions
and feedback would demonstrate greater achievement omn both
the relevant and incidental posttest items than either the
adjunct question or reading only groups. The rationale for
this hypothesis was based on research suggesting that feed-
back reduces the cognitive capacity demands of the task by

enhancing the direct effect of adjunct postquestions (Roth~-
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kopf & Billingfon, 1974). The data do not support this hy-
pothesis. As noted earlier, no differences were found be-
tween the adjunct question/feedback and the adjunct ques-
tion/no feedback groups on either the relevant or the inci-
dental posttest items. The presence of feedback, moroever,
apparently depressed use of the various macrprocessing op-
tions for this group and that function, in turn, may have
contributed to the absence of differences between th;se two

adjunct question groups.

Hypothesis 3

An interaction between test anxiety énd treatment was
predicted such that less anxious subjects assigned to the
reading only treatment would demonstrate greater achievement
on an immediate posttest than highly anxious subjects in the
same group, while no achievement differences were expected
between high and low anxious subjects assigned to treatments
providing increased instructional support. This hypothesis
stemmed from the assumption that anxiety's cognitive dimen-
sion, worry, interferes with effective processing of in-
struction and treatments designed to reduce the cognitive
capacity demands of the instructional task would be selec-
tively beneficial to highly anxious subjects since they are
presumed have less capacity available for processing for
task demands (Tobias, 1984b). The results of the multivari-

ate and univariate regression anlayses discussed earlier did
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not confirm this hypothesis. No significant interactions
between worry and instructional method were found, although
a main effect for worry on achievement on the incidental
posttest items did occur. An inspection of the correlations
between worry and both posttest scores for each group re-
veals that the interfering effects of anxiety were dimin-
ished somewhat for the group receiving feedback (r = -.03
and r = -,06), while for the control group the debilitating
effects of worry were more moderate (r= -.15, r= -,20), For
the experimental group receiving adjunct questions but no
feedback, the interfering effect of worry was greatest.
This is evidenced in the relatively strong negative correla-
tions between worry scores and achievement on the relevant
(r = -.37) and incidental (r = -.39) subscales of the post-
test.

Further evidence for the attenuating role of feedback in
this study i1s found in the correlations between worry and
the correctness of a response to an adjunct question. For
example, this correlation for the group receiving feedback
is relatively strong, r = .29, when compared with the corre-
lation between anxiety and posttest performance for the same
group, i.e., r = -.06. While for the no feedback group the
correlation between worry and'performance on the adjunct
questions is virtually identical to the correlation of worry
and performance on the posttest, i.e., r = .39. Providing

feedback apparently reduced some portion of the cognitive
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demands of the learning task, and this, in turn, may have
served to diminish the effect of anxiety on posttest

achievement.

Hypothesis 4

High-anxious subjects were expected to review the in-
structional material more frequently than low-anxious stu-
dents, regardless of the level of instructional support pro-
vided. Thus, a main effect for anxiety (i.e., worry) on the
number of sentences reviewed was predicted. This hypothesis
represented an explicit test of Tobias' (1977b, 1980) re-
search model, and was based on the assumption that worry in-
terferes with the effective processing of intructional ma-
terial and highly anxious subjects, when presented with a
review option, will engage that option frequently to reduce
the effects of cognitive interference. This hypothesis re-
ceived partial support.

Although an overall, i.e., multivariate, main effect for
worry (F = 1.8) did not reach statistical significance, a
significant main effect for worry was found for the frequen-
cy of use of the alternate, easier version of the text indi-
cating that the more anxious students attempted to reduce
the cognitive demands of the instructional task by referring
frequently to the less difficult version of the text (see
Table 4). Despite the enormous variability in the frequency

of use of the various macroprocessing options both within
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and across treatment groups, the results of the univariate
multiple regression analyses (again, see Table 4) indicate
that a main effect for worry on the use of the review op-
tions approached statistical significance (F(1,109) = 2.90,

P<.10).

Hypothesis 5

Frequency of use of the macroprocesses Qas predicted to
be poéitively correlated with achievement on the posttest
for all subjects. This hypothesis was based on the study
strategies research reviewed earlier which suggested that
effective use of learning strategies produces increased lev-
els of achievement (T. Anderson, 1980). In general, the
frequency of use of the various macroprocesses had little
relationship to achilevement on the posttest. In both the
adjunct question/no feedback group and the reading only con-
trol group, use of the review option was positively corre-
lated with posttest scores on both relevant and incidental
items (i.e, correlations were in the +.36 range). However,
it is prudent to note again that the incredible variability
in the frequency of use of the macroprocessing options casts
doubt on the validity of any inferences drawn from these

correlations.
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Interaction of Prior Knowledge and Anxiety

The interaction between prescore and anxiety on the num-
ber of alternate text sentences read indicates that the more
anxious students tended to read more alternate sentences
than those lower in anxiety. This finding was expected from
Tobias' (1984) formulation suggesting that anxiety absorbs
some portion of cognitive capacity, leaving less capacity
for task solution. Use of the alternate, easier text may
wéll have been less demanding of cognitive capacity for
these subjects, hence, as anxiety increased they attempted
to reduce the cognitive demands the main text passage called
for by consulting the less demanding alterﬁate passage. The
number of alternate sentences consulted had an éssentially
flat relationship with prescore, indicating little variabil-
ity attributable to the amount of prior knowledge. A simi-
lar interaction was found for frequency with which the head-
ings were used, though the magnitude of this interaction was

substantially smaller than that involving the alternate

text.

A triple interaction was also found for the number of al-
ternate text sentences read by students. This interaction
involved anxiety, prescore, and instructional method. In
general, the number of sentences read were unrelated to
prescore for the control and feedback groups. For the ad-
junct postquestion group, however, as prescore increased the

tendency to use the alternate text also increased. Presum-
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ably, students in this group were unéertain raegarding the
correctness of their answers to the adjunct postquestions
and, hence, felt some need to consult the alternate, easier
text. Surprisingly, the more knowledgable the student about
the subject matter, as reflected in the prescore, the more
likely they were to consult the alternate text. The inter-
action involving anxiety had a similar slope for all three
instructional groups, i.e., as anxiety increased there was a
tendency for the number of alternate text sentences read to

increase as well.

Implications of the Study

The significant differences on both the relevant and in-
cidental items of fhe posttest confirm prior findings that
adjunct éostquestions facilitate aéhievement on material
which is both incidental and relevant to the content of the
question. In this study the two groups receiving questions
outperformed the reading-only control group both on relevant
and incidental items of the posttest. Of some interest was
the fact that the adjunct question group had slightly,
though not significantly, higher scores than the group re-
celving feedback. Perhaps the presence of feedback led this
group to process the text less thoroughly than the adjunct
question only group.

The most surprising aspect of the macroprocessing data

reported in this study was the incredible variability with
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which the macroprocessing options were employed. The per-
centage of students who did not use an option at all varied
from 18% to 887%. Despite this low frequency, a number of
subjects used these options very often indeed. The standard
deviations of the ﬁrequency data were often two and three
times higher than the mean! Further, this enormous vari-
ability may have served to mask some of the results of our
statistical analyses. Reading times, for example, did not
vary a great deal across groups as one might expect giﬁen
the variability in the use of macroprocesses. The mean
reading time (i.e., total time the main text sentences were
diplayed on the computer screen) was 33.23 minutes for the
feedback group, 28.54 minutes for the no feedback group, and
30.46 minutes for the control group. The group using the
macroprocesses most frequently spent the 1least amount of
time with the sentences presented on the screen. Thus, 1in
general, reading time was negatively correlated with fre-
quency of use of the macroprocesses.

In contrast to the relative similarity of the reading
times, there were clearly differences among the groups in
terms of the frequency with which options were wused. In
general, the group receiving feedback used the options least
often, and the adjunct question group most £frequently.
These results appear to suggest that the group receiving
feedback may have had little need to use the options due to

the information provided by the feedback. That is, it may
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have been unnecessary for these students to use the review
option, for example, in order to determine the correct an-
swer, since it was supplied to them. The large mean differ-
ences on use of review supports this. Presumably, these
students were less motivated to employ the other options.
These results confirm Tobias' (1982) expectation that it is
instructionally unsound to do for students what they could
do for themselves, i.e., supply their own confirmation as to
whether answers are correct. By providing feedback these
students were less active in their reading of the text, at

least as determined by the frequency of macroprocessing use.

Future Research

Research relating teacher behavior to student aéhievement
(Brophy, 1979) uses careful observations of classroom behav-
lor as an essential methodology. ATI research could adopt
such a method as well. Instead of initiating research by
generating a prediction as to what students are likely to do
in an instructional setting where a variety of alternatives
are available, it may be more fruitful to observe what stu-
dents of varying individual difference characteristics actu-
ally do, and what instructional options they select. As To-
bias (1981) has suggested...

"one wonders ﬁhether all of the research relating
mode of responding to instructional materials to
anxiety might not have most profitably begun by

watching students of known anxiety characteristics
select available options, and ask students to pro-



vide reasons for their selection, rather than begin e
by hypothesizing outcomes in an area in which few
instructionally relevant prior studies had been con-
ducted. Conceivably a lot of findings of non-sig-
nificant differences could have been avoided this
way in the past..." (1981, p. 118).

A surprising finding was the fact that, in general, stu-
dents use of macroprocessing options had only limited rela-
tioships to their postest scores and similarly limited rela-
tionships to reading ability. It was assumed that students
would invoke some or all of the options to help them learn
the material more efficiently, and that use of these options
would be positively related to outcomes. Instead, the find-
ings suggest that option use frequently was not in the ser-
vice of increasing comprehension. Moreover, future research
efforts in this area would benefit from a focus on the human
- computer interaction aspect of this type of study. Per-
haps this troublesome variability in option wuse may have
more to do with the novelty of interacting in a microcomput-
er learning environment and less to do with the functional
nature of the macroprocesses themselves.

Additionally, there are at least two other plausible in-
terpretations of the macroprocessing data reported here.
The first of these is that students may not have been par-
ticularly motivated to do well on this task. This interpre-
tation would suggest that students used the options out of

curiousity regarding how they worked, rather than to improve

their learning. The mean achievement scores tend to contra-
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dict this interpretation. The total possible number of
points on the posttest was 50. The percentage correct for
the two postquestions groups was approximately 70%, a rea-
sonably high score on a difficult test. It is conceivable
that a highly motivated group may have done .much better,
though these data do not éuggest an absence of motivation as
a.major interpretation of these results,

The élternative interpretation has to do with the fact
that students may not know whiéhbii;;;;ﬁ;tiénal strategies
are especially effective for dimproving their performance.
The high variability of option use, and the low relationship
with posttest scores and reading ability tend to support
this interpretation. Students are rarely instructed, at any
educational level, regarding how to improve their learning
and studying. While students indicated frequent use of re-
view in our pilot study, the data for number of sentences
reviewed tell a different story. The feedback and control
groups reviewed approximately 5% of the sentences, while the
adjunct question/no feedback group reviewed about 9% of the
sentences. This was not a high percentage of reviews, in
view of the fact that the mean posttest score indicated a
good deal of room for improvement,

In future research it may be useful to assist students
with option selection. It would appear that students should
review the preceding text in those instances when their an-

swers to an adjunct questiom are wrong. In that way they
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may be able to correct their misconceptions prior to moving
on to suceeding text. = A future study, for example, might
examine the effect on the learning outcomes of some stu-
dents, say those with low pretest scores, of prescribing use
of the review option. If use of review in these situations
does, 1in fact, raise achievement, one can then envision a.
sur.eeding study in which students are taught this general
strategy while their performance 1s monitored on tasks simi-

lar to those used in this experiment.

Educational Practice

An interesting question arising from this research is what
would be an ideal wuse of the various macroprocessing op-
tions? That is, how frequently should high or low ability
students use these macroprocesses? The present data do not
answer this question satisfactorily, since the median corre-
lation between the total frequency of option use and total
posttest score was only -.03 for the feedback group, and .14
for both the adjunct question and reading-only group.
Clearly, such_ correlations do not warrant recommendations
regarding ideal use of instructional options.

This study, however, does offer the potential for devel-
oping a theoretically sound determination of optimal macro-
processihg. Though there was variation among the treatment
groups, in this investigation the frequency of options use

correlated positively with the total posttest score. Analy-
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ses of these correlations may be useful in building a model
of ideal option use. That is, if option use is highly cor-
related with achievement, then such use should be recommend-
ed.. Furthermore, the presence of data regarding students'
prior achievement, reading ability, and anxiety permits the
computation of partial correlation coefficients in which the
contributions of these variables can be studied in further
research. It follows, then, that the use of correlational
analysis is potentially powerful for developing sound educa-

tional prescriptions regarding ideal option use.
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APPENDPIX C

Worrv-Emotionalitwv Scale

ons: To the left of each of the following statements
e your feelings, attitudes, or thoughts as they are
ow in relation to this study. Use the following

al scale:

statement does not describe my present condition.
condition is barely noticeable.

condition is moderate.

condition is strong.

condition is very strong; the statement describes
present condition very well.

feel my heart beating fast.
feel regretful.
am so tense that my stomach is upset.

am afraid that I should have studied more for the
e material I wil% be reading.

have an uneasy, upset feeling.
feel that others will be disappointed in me.
am nervous.

feel I may not do as well as I should on the tests
will be taking.

feel panicky.

do not feel very confident about my performance on
e tests I will be taking.
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te

Pratest
Please make no marks on the test and record all your answers sn
answer sheet.

Circle the letter of the best choicge.

1) The zosts of personal computers ars
similar to the costs of:

a. hand calsulators. ¢. Solor telavisions,
b. portable radios. d. naone »f tha above.

2) A computar's cost depends an:

a. whether it is aquipped with machine laaguage.
2. the aumber o0 operatisas zarrizg ous
{n 3 fixed time period.
. dnether it i3 aquippea w4ith 3A3:IC
]

.

-
whethar it nas any {a2ut zapaoil

3) whian of the following iadlzaes a1 soastans value f2r 07

.
(3]
o=
e ]
=
-3

"~

LY

3., € = 10. 4. X =
4) ‘Waisn CPU component sompares iaformaciosn?  The

1. logical unic.
9, arithmetic unit.
<. 2Iontrol unit.
4. oucput uait.

3) ‘“& nave listad a number of 1iffarencas aac sae sizrlarucy
hetween calculacors and computars. Ja «<nist Jne ire
they similar? 3oth

a. <sSompare aumbers.

3. fnrave 3 logical unit.
2. make dacisions.

4. have inpuc.

8) Uaiag machine language srograms <ith lLarge g=dups o 23ca :is

3. Llaborious.

B. simple.

c. sasier than ia 3ASIC.

4. easy to program, but slow o run.

7) The advantage of orogrammiag languages like 3ASIC
{3 that programs:

a. are ldeantical co zZaglish.

5. are the same {3 aaciine language.

S. San e rult o other machiiles.

d. are axpressed L3 arithmecis (armulas.

(14
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8) In BASIC the symbol * stands for:

a. addictian. ¢, multiplication.
b. subtraction. d. division.

9) In 3ASIC data are always referred ta by:

a. names, e. lacations.
9. addresses 4. umerical +vaiuax,
L0) In 3ASIC, the Yest name for 3 vartagle iLice arise
<ould be:
a. I 2., 2
3. 2 2. 3

ti) sniea af zne Following (3 2ot  an aevantage
3{ magnecic storage sevices? Magnetis iavices

i. reduce thie stpace ~equiredq 3r 3usduc,
3. permit {aster 2utput.

2, permait (aster laca r=criaval.

1. require nore computer :ide.

12) If a pragram has aissing scaps,

a. the compucar will (nsers them.
9. 3ASIC will insert them.

c. the machine will .pauasa.

4. cthe program will 1ot aexecuta.

13) Which of the following can %e considered
alphanumeric {nfaormacian?

a. Graphs. a. Movies.
3. Plctures. 4. Leatters.

14) Jhiemr sart sf the computar performs operations
suelt at multiplication ang divistan. TtThe:

a. lagical unic. e¢. rontcrol unit.
. artthmetic unic. d. all af ciie 3oove.

15) Which of the follewing Lastruaticns are
not available in SASICY

a. Inpuc/Queput. /
3. DOaca interprecation.

e. Oata unanipulation & comparison.

d. Caontrel or tranisfar operacions,
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17

20)

EAD)

23)

a4)
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Tae instructiogn signalinzg the conclusion
of a program in 3ASIC is:
a. S70°P. e, FINISH.
9, &ND. 2. all of the aocva,
When a program is ready for axecucion, tia apprsprigts
3ASIC {nssruction (s:
a. ESXECUTE. e, AU,
». 020. 1. LiPUT.
AOL2R Sompucar companent: sgordimractes na var«
¢f all the scher zarcs?
a. 3aASIC. &, L3grcal Unic.
2. <. 2. ArLinmecis Unsc,
Thae conzral unus of cshe J2U:
3. aegncr2ly e flzw 38 alaesricicy.
3. gces :ne calculacisns.,
2. ransmits rcoordinacing 3ignals.
1. scnedules sragrammers,
dere i3 a3 3ASIC scatamenc: A = 3 - 3.
“Whiehr L3 the aperand?
a. A. e, 2.
n. e dn -,
Ir 3ASIC avery instruccian Jeginsg «<Lia 2
a. nsumber. c. lower case lactar.
3. eapical lsa2ccar. 2. special sigmal.
Whicn sf the fallowing cannst e used {9r 3utpus?
a. vidag screens. e. magnecic disk.
9. aagnetic tape. d. cantrol unic.,
Zvar thaugh computars J3iffar iz casc, siz2 and
capabilitias ill ~amputars have tie {sllisowing ~cmponents.
a. Lleopus/output devices. cs. G2U.
b. memory. 3. all 3f :=ne agave.
“her mames suek as A, 3, ar C, arse

used L a 3ASIC srsgram,

i. their lecratians.
3. CGthelr addresses.

arsgranmer? AUu3IT JNsWl

L
3¢

lseacisny.
e 3acve.
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25) A disadvantage <of magnetic devices is that:

+« they are slcwer than printing on paper.
« oQutput aust be printed o be understoce.
. data retrieval {3 slow. .

. they take up zmore space,

00 cwe

25) Proagrams and data are stored in

3., diffarens locations,
3. che same lacatisn.
c. c=the control unis.

4., twhe tarminal.

27) Which af che following i3 aesc 3iarlar =3
. wrizing a cscmpucter ar3gram?

3. drizing a macthemacical farmula.

Y. Glving a setc 3f inmstruccions S Tanijulacte lasa.
2. 3leezrzing sn auais cape.

4. Wirwng an alectriz Ligne swisan.

23) aAnizh compucter component janijulates she zaca?

a. Memary. . e. Ismpuc device.
9. Qutput deavice. 2. S,

29) Am "echo' princ:

a. repeats tape L1put.

3. displays “hac nas Yeen r~ead in Tor a~necking.
c. repeats disk irpuc.

4. does all of z=he abave.

30) Cne computer mamary cell can

a. =2ither b2e¢ {ull er sapcy.

3. fnold only one piece of i{nformation.
c. 3staors enly nuamoers.

d. store anyching Sut pictures.

Lad
—
~

The mesory 3f a camputer:

a. waorks suchh Lika a human memory.
3. consists of an ordered sarias of cells. ‘

¢. Ls che slowest part of the computar operatian.
4. all ¢f the. abave are rue.
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KK}

35

38)

in
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’

wWhieh type of informaticn ran be representad by computer?

a. Numbers. e, Plotures,
b. Hames, 4. All 3f zhe apoave.

whiech of the fcllowing i3 nct a valid name for
a 3A3iC variaole. o

de A c. X3.
b, Al. 4. LY.

The most useful parc af 3 computar &3 ics
apilicy cta:

3. nandle giffarent input =nannels.
3. print rapicly.

¢. marnipulate 2aca.

d. solve macthematical 3raoclems.

If you are {ntarestaa {n finding :ne
distance driven, 3 nachematical {aormula
would 3¢ Qistance 2 Time x Milas nser aour.
In 3ASIC; this formula is Jesc w<rittean as:

a. D =2T *» N, e. OIS = TIM v MIL,
. 0 =T/ M. d. ary =f the agave.

The zeneral (orm of the assignment statemanc {2 3ASIC

a. RESULT = OPERANO! ARITHHMETIC-JPSIATOR JPSRANC2.
n. RESULT QPERANDT ARITHMETIC-OPSAATSR JPERAND2.
e. RESULT = QPESRAND1 QPERAND2.

d. none of the abave.

JASIC was &evelapcc at

3. Oarthmouth Collage.
9. 3asctonr Universicy.
¢. Stanford University.
¢, dastarn College.

38) ir BASIC, the instruccion I[NPUT C, O will

c3use the computaer systam Ca:

i. resd twa values, ass3ign cthe (irsc ane 0 C,
and the secand oune ta Qd.

9. read twa: values, assizw che {irsc ane co O,
and. thie senand one to C.

. qutput twe valuas, assign the {irsT one ¢ <,
and the senang one ta 0. )

d. cutput twa: values, aasizn the (irst ane tao 0,
ard ther segond ane ta C.

L3
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319) Which of the fallcwing Ls a BASIC
assignment statement?

a. A =3, ‘ e, PARIN
b, [HPUT A, 8. d. Jdone,

-}
>
w

4Q) I machine language data can de pracessad:

anly L you Know {ts address in memc
<ithout Xnowing «<nere the 3ata arzs 3

nly LT variaoles consiit 3 numoers
in 3ll of the abgve cases.

41) In conversations in languages sucn as 7
sr Aussian, words aftan aave acre o
somputer languages :this sractise L3

also permiasacla.

et Jermissanla.
sermitteq anly in 3ASIC.
. nane 3 e 10Qve.

€ 3 U @

12) The stacement ?RINT A, 3 arints :ne

a. current values of A ind 3.
3, {ormer values af A and 3.
e. sum 3f A and 3. °

4. araduct of A and 3.

47) The ~ules of programming languages are:

a. more precise thar scther languages.

B. La2ss precise than ccther languages.

c. statad 2achematically.

d. writtar in the form of eleccronic diagrama.
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84) Juring execution, data nay

3. net  Se antered.
' S, 2 antarag,
A, %2t 22 3isSplayed.
2. S2 r23¢ {n as sussul.
437 In 38310 zae : auzn aa2ans

3. 3iszizn|enc.
S. raplacement.

¢. equalicty.

1. e same :hing 3as i arLiamecic.

<@) In sne statement A s 3 / -J-Waran LS sne m3tnemasical
sgeracse?

3. 3. 2. e
s. 2, 3. hene.,
=Tt Tha2 zrsgran <nss o translacas 34307 Lnts Lnstroussicns
J4sagla 2y tae computer L3 :tnal

3) =atnemacical sranslacar.
3) scapilar.
2) sransducear.
2 sransfearer.
3) hien ¢f =hte fallowing i3 not a1 lagitizate ~=moutar Jgeritisn?
a. onput dacta sent 2irecetly =3 sne CRYU.
3. Informatian sarcered int3 aemory.
¢. 3lesults are displayea.
4. QData are manipulatad oy she 22U,

49) A arogram will sxecute only (7 all

3. Cthe steps needed %8 Jolve she ordolam are t2ansyy
8. of the provlem solving steps are rarrectly tgansis
a. programming rulas are {ollowed.

d. <f the ibgve are dane.

30) what name L3 giver o tae (allawing 3ASIC
stacamenc? 3z 20.

a. &sha chack. ¢. Liapuc.
3. Jasignment. 4. Qutput.
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Instructional Text

.. ’. !

A COMPUTER 1S A TOOL FOR REPRESENTING AND MANIPULATING
INFORMATION. THERE ARE MANY DIFFERENT TYPES OF COMPUTERS,
RANGING IN SIZE FROM HAND-HELD CALCULATCRS TO LARGE AND COMPLEX
CCMPUTING SYSTEMS FILLING SEVERAL ROGMS GR EVEN ENTIRE BUILDINGS.
IN THE RECENT PAST, CCMPUTERS WERE SO EXPENSIVE THAT THEY COULD
SE USED ONLY FOR BUSINESS OR SCIENTIFIC COMPUTATIONS. AT PRESENT
COSTS HAVE GONE COWN CONSIDERABLY AND FERSOMAL COMPUTERS AVAILABLE

(o]

w

ACR USE [N THE HCME ARE [N THE SAME PRICZ RANGE AS CCLCR TELV!
SETS. |

THE SIZE AND' COST OF A COMPUTER GENERALLY DEPSNDS UPCN THE
AVOUNT OF WORK [T CAN. TURN QUT IN A GIVEN TIVE. LaRG=R, SFSWSIE
COMPUTERS HAVE THE CAPABILLITY OF CARRYING QUT MANY OPERATICNS
SIMILTANEDUSLY, THUS [NCREASING THEIR WORK CAPACITY. THEY ALSQ
HAVE MANY ATTACHEDL DEVTCSS AOR FERFORMING SPECIAL FUNCTTICNS, AL
OF WHICH [NCREASE THEIR CAPABILITY AND COST.

\
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Cage 2

DESPITE THE LARGE VARIETY IN THE COST, SIZE AMD CAPABILITIES
CF MODERN COMPUTERS, THEY ARE REMARKABLY SIMILAR IN A NUMBER CF
WAYS, BASICALLY, A COMPUTER SYSTEM CCNSISTS OF FOUR COMECNENTS!
D AN INPUT DEVICE, 2) A CENTRAL FRCCE33CR, 3) VEMORY, D ) AN
QUTPUT DEVICE, |

ALL. INFCRMATICN TO 3E A9CCES3ED MUST FIAST 36 ST IMT0

THE COCMPUTER MEMCRY YIA AN INPUT DEVICE., [NFCRMATICM M “SMCRY

i
(72}
YY)

]
(V5]

[S MANIPULATED 3Y THE CEMTRAL PRCCISSCR, AMD THE 2E3ULLT
MAMIPULATICN ARS, THEM, ALSQ STORED IN THE “EMCRY OF THE IoMELTER
[NFCRMATTCN N MECRY CAN 3E DISPLAYED THROUGH THE USE CF APS-
ROPRIATE QUTPUT CEVICSS.

THE MEMORY OF A CCMPUTER MAY 3E PICTURED AS AN CRCERED
SEAUENCE OF STURAGE LCCATICNS CALLSD MEMCRY CZLLS, ASSCCIATED
| WLTH EACH MEMORY CELL. (S A DISTINCT ADDRESS, WHICH [MOICATES (TS
RELATIVE POSITION [N THE SEQUENCES. SCME LARGE-SCALS COMPUTERS
HAVE MEMORIES CONSISTING OF MILLIONS OF CZLLS.
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Page 3

THE MEMORY CELLS OF A CCMPUTER ARE USED TO REPRESEM

INFORMATICN, AL TYPES GF INFORMATICN - Nur@as,'.wss , LISTS,
AND EVEM PICTURES MAY BE REFRESENTED (M THE MEYCRY OF A COMPUTER.

THE INFORMATICM IN A MEMCRY CZLL IS CALLED (TS COMTEMT, CVERY
MEMCRY CELL. CONTAINS SCME {NFORMATICN—MNO CELL [5 SVER EMPTY,
FURTHERMCRE, NO CZLL CAN SVER CONTALN YORE THAN CNE DATA [TEM.
WHENEVER A DATA [TEM [S STCRED [N A CELL, ANY NFORMATICN
ALREADY THERE [S CESTROYED, AND CANMCT 3E 38TRIZVED,

THE ABILITY CF THE CCMPUTER 7O AEPRESENT (NFIAMATICN WCLLD
8E OF LITTLS USE 3Y [TSELS, THE YANIFULATIVE CAPABILITY °F
CCMPUTERS. EMABLSS US TO STUDY PROBLEMS THAT “WOULD OTHERWISE 3E
[MPOSSIBLE BECAUSE OF THEIR CCMPUTATTCNAL COMPLEXITY. WITH
APPROPRIATE OIRECTICNS, MODERN CCMPUTERS CAN GENERATE LARGE
QUANTTTTES. OF NEW [NFORMATTCN ~RCM CLO, SOLVE MANY QTHERWISE -

[MPOSSIBLE PROBLEMS, PRAVIDE USEFUL. INSIGHTS [NTO QTHERS, AND

DO THELR “ORK WITH [NCREJIBLE SPE=L.

e ——————— ——
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THE PART OF THE COMPUTER WHICH MANIPULATES INFORMATICN

IS THE CENTRAL PROCESSING WNIT (CPU). The CPU can RETREIVE
INFORMATICN FROM THE MEMORY, THIS INFORMATICN MAY CONSIST OF
SITHER DATA OR INSTRUCTICNS FOR MANIPULATING DATA, THE CPU can
ALSO STCRE THE RESLLTS CF MANTPULATTCNS BACK [NTQ THE MEMCRY
UNIT FOR LATER REFERENCE,

Tue CPU CCORDINATES ALL. ACTIVITIES CF THE VARICUS COMPONENTS
CF THE COMPUTER. [T CETERMINES WHICH CPSRATICNS SHOULD 3E CARRIDD
CUT AND [N WHAT CRDER. [HE TRANSMISSICN CF CCCRDIMATING CINTRCL

SIGMALS AND CCMMANDS [S THE FUNCTICN CF THE CONTROL LNIT WITHIN
THE CENTRAL PROCZSSCR.
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Page 5

AN ARITHMETIC-LOGIC UNIT IS PART OF THE CENTRAL PROCESSCR.
THE ARITHVETIC PART CF THE UMIT CONSISTS CF ZLECTRONIC CIRCUITRY
WIRED TO PERFCRM A VARIZTY 2F ARITHMETIC CPSRATICNS, [NCLUDING
ADDITICN, SUBTRACTICN, MLLTIFLICATICN AMD DIVISICM. 1HE SPS=D
WITH WHICH THESE OFSRATICNS CAN 2E PSRFORMED (S CM THE CROER oF
A mirontd (L,C0O,CC0) 27 4 secsMD.  THE LOGIC UMIT CZNSISTS
OF ELECTRONIC CIRCUITRY TO CCMPARE [NFCRMATICM AND TO MAKE
DECISICNS BASED UPCN THE RESULTS OF THE CCMPARISCN, [HE
LOGICAL. UNLT AND THE MEMCRY ARE TWQ CF THE FEATURES, AVCNG
OTHERS, THAT DISTINGUISH THE CCMPUTER FRCM SIMPLE, HAND-SELD
CALCULATORS, MOST CALCULATCRS CAN 3E USED CNLY TO PERFCRM
ARLTHVETTC OPERATTCNS CN NUMBERS; THEY CANNOT CCMPARE THESE
Nimess,. MAKE DECISICNS, OR STORE LARGE GROUPS OF MUVBERS.



~

CoMPUTER TERMINALS USL’}-;-LLY CO}'ISIST CF A TYPEWRITER-LIKE
XKEYECARD CN wHICH INFCEMATICON RERUIRED 3‘..’ T2 CCMPITER [S TVEED,
TERMINALS CAN 3E USED 20TH AS INPUT AMD CUTRLT ZEVICES, 1HE
RESLLTS CF A COMPUTATICN MAY 3E PRIMT=D CM 32&P2R IR JISALAYDD
CN A VICED SCRESEM AS ALPHAMWBERIC CHARACTERS (LITTESS AND “LMEESS),

"SCHE TERMIMALS ARE ZRULPSED WITH GRAPHICS CAPL3ILITY wHICH DMABLSS

THE SISPLAY CF TWC-CIMINSICMNAL GRAPHS CR 2ICTURES AND MCT .LST
RCWS CF L=TT=RS AMD MUMBERS, II7H 3CME GRAPHICI CEVICIS, T-2

USER CAN CCMMUMICATE WITH THE CCMPUTER 3Y FOINTING AT INFCEMATICN
DISFLAYED CN THE SCRESN WITH AN ELZCTRONIC FOINTER CALLID A LIGHT
PEN,

[N ACDITCN TO DISPLAYING GUTPUT CN PAPER CR YIDED SCREZNS,
SUCH [NFORMATICN CAN ALST 3 TRANSFSRRED TQ A MAGNETTIC STORAGE
VEDIUM SUGH AS MAGNETTC TAPE OR DISC. SUCH MAGNETIC DEVICES
ARE QFTEN. CALLED AUXILIARY STORAGE DEVICSS, [HE MAGNETIC TAPE
USED BY COMPUTERS [S SIMILAR TO THE MAGNETIC TAPE USED [N RECORDERS,
AN MAGNETTC DISCS 'ARE ANALCGOUS TO' LONG FLAYING PHONGGRAPH
RECORDS.
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THE USE OF MAGNETIC AUXILIARY STORAGE DEVICES FOR COMPUTER
CUTPUT HAS AT LEAST THREE ADVANTAGES, AND A DISADVANTAGE, 10
TURN TO THE ADVANTAGES FIRST: 1) SPACE, AN ENORMOUS AVOUNT OF
MATERIAL CAM 2E STORED ON MAGNETIC TAPS. 10 GIVE YOU AN EXAMPLE,
[F ALL THE DATA CM A ROLL OF MAGNETIC TAPE WAS PRINTED, [T WOULD
REQUIRE AN AVERAGE SIZE FCCM FOR STCRAGE. 2) SPe=d, [aTa caw z€
- TRANSFERRED TO MAGNETTC DEVICES MANY TIMES YCRE RAPIDLY THAN [T
CAN 3E FRINTED, CR FLASHED ONTO A VIDED SCRESM, [HIS [S TRUE
IZSPITS THE SACT THAT THE HIGH SPSSD SRINTERS ATTACHED TO MANY
© COMPUTER SYSTEMS CAN PRINT UPwARDS OF 1100 Lines, conTaining 152
CHARACTERS, A MINUTE. UESPITE THIS SPE=D, TRANSFERRING DATA 70
VAGNETTC TAPSS CR DISCS [S MUCH, MUCH FASTER, J) RETRIEVAL OF
[NFORMATTCN. DATA CN TAPE CR DISC CAN MORE RAPILLY 3E READ
FACK [NTO THE CCMPUTER FOR FURTHER ANALYSIS THAN PRINTED [NFORMATTCN,

A DISADVANTAGE OF MAGNETTC DEVICSS [S THAT UNLIKE ARINTED
QUTPUT: MAGNETTC CEVICES CANNGT SE DIRECTLY READ OR UNDERSTCOR
BY HUMAN. BEINGS. A TAPE CR DISC WOULI HAVE TT 3E PRINTED UNDER

CCMPUTER CCNTROL. BEFORE LT CAN. BE UNDERSTCOD BY PEOPLE.
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A GrouP OF INSTRUCTIONS BY WHICH CCMPUTERS ARE ORDERED
TO MANIPULATE DATA ARE CALLED A PRCGRAM, (NCE THE COMPUTER
HAS BEEN PROVIDED WITH A FROGRAM [T CARRIES THE INSTRUCTIONS
OUT, OR "Z(ECUTES” THE ~RCGRAM, A PRCGRAM [S STORED IN THE
CCMPUTER MEMORY ALCMG WiTH THE DATA [N WHICH THE SSCGRAM OPERATES.
PRCGRAM AND CATA ARE STCRED M DIFFERENT MEMCRY LOCATICNS, CF
CSURSE, OTHERWISE CNE wCLLD TRASE THE OTHER.

WRITING A CCMPUTER SSCGRAM, CR PROGRAMMING IS YERY SIMILAR
TQ GIVING DIRECTICNS TO A STUDENT WHGQ REQUIRES VERY CETAILD
INSTRUCTIONS, [HE STUDENT MUST BE SAMILIAR WITH ALL THE
VCCABULARY AND CONVENTIONS OF THE LANGUAGE IN QROER TO SOLVE
THE TASK. USZ OF UNFAMILIAR WORDS, OR BREAKING THE RULSS CF
THE LANGUAGE WILL. LEAD TO SRROR—WHETHER [N [NSTRUCFING A

STUDENT OR WRLTING A CCMPUTER PRCGRAM..
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LANGUAGES USED FOR COMMUNICATION BETWEEN PEOPLE AND
COMPUTERS ARE CALLED PRCGRAMMING LANGUAGES. [N ORDER TO
WRITE A PROGRAM, INSTRUCTICNS MUST BE COMBINED ACCORDING TO
THE RULES OF THE PROGRAMMING LANGUAGE., THERE IS, HCWEVER,
ONE SIGNIFICANT DIFFERENCE BETWEEN A PROGRAMMING LANGUAGE
AND A LANGUAGE SUCH AS FREMCH, ENGLISH OR RUSSIAN., THE RULSS
OF A PROGRAMMING LANGUAGE ARE VERY PRECISE AD HAVE MO ____
SXCEPTIONS CR AMBIGUITIES,

CcMPUTERS CANNOT THINK OR INFER THE “EANING OF A VAGLE
OR [NCORRECT EXPRESSICN. MACHINES CAN CMLY FCLLCW [NSTRUCTICNS
PRECISELY AS GIVEN. A PSRSON EXPLAINING HOW TO SOLVE A PROBLEM
TO ANOTHER PERSCN CAN USE DIFFERENT EXPRESSICNS MEANING THE SAME
THING, GIVE EXAMPLES, AND WHEN ALL. ELSE FAILS SAY “YOU KNOW WHAT
[ MEAN” AND TRY TO EXPLAIN SCMETHING DIFFICULT BY GESTURE, VOICE,
SMILES ETC.. NONE OF THESE CAN CCCUR WITH COMPUTERS, NOR CAN A
COMPtlTEE UNDERSTAND THE EXPRESSION “YOU WNow wHAT [ MEan,”
COMPUTERS DO NOT KNOW WHAT [S MEANT UNLESS [T IS SPECIFIED VERY
PRECISELY,
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WRITING A PROGRAM REQUIRES THAT THE PROGRAMMER ANALYZE
THE TASK TO BE SCLVED VERY PRECISELY., ‘[HEN, THE STEPS REQUIRED
0. SCLVE THE TASK ARE FIRST IDENTIFIED AMD THEN ORDERED INTO A
SESUENCE, THIS 3E3UENCE IS, FIMALLY, TRANSLATED INTO A SET CF

(N

INSTRUCTICNS AMD WRITTDM M A SRCGRAMMING LAMGUAGE “UNCERSTCCD”

3Y THE MACHINE, [7 THE INSTRUCTICNS ARE CL33R, SECUENCED CCRRECTLY,
CAND. FCLLOW ALLL THE RULSS CF THE LANGUAGE-THE SRCGRAM WILL SXECUTE
AND SCLVE THE S9CELSM, [F, oN THE OTHER ~AND, THERE ARE MISSING
STEFS IN THE [MSTRUCTIONS, ANY OF THE [NSTRUCTICNS ARE. A1 1GUCUS,

CR STME CF THE RULESS FAVE 3E=N 3ROKEN THE "°CCRAM WL NQT RUN,

2as1c BecINnNeR’s All-~PurroseE SymeoLIc [NsTRucTTCN Core)
IS A PRCGRAMMING LANGUAGE THAT WAS DEVELOFED AT Jarmvoutr CoLisce,
BASIC was DESIGNED AOR USE 3Y STUDENTS AND QTHERS WHQ REQUIRE A
RELATIVELY SIMPLE LANGUAGE WLTH WHICH TO BESIN PROGRAMMING.
Many'BASIC PROGRAMMING AND FROBLEM SOLYING CONCPETS WILL. 38
APFEICABLE TT QTHER PROGRAMING LanGuAces. 2ASIC concseTs will
BE USEX TO [LLUSTRATE THE WAY CCMPUTERS WORK, RATHER THAN TO
EXPECT” YOU. YT 3E A PROFTCIENT BASIC PrOGRAMMER,



Page 11

MosT coMPUTERS caMNOT EXECUTE BASIC PRCGRAMS DIRECTLY, THEY MUST
FIRST BE TRANSLATED INTO THE LANGUAGE UMDERSTCOD BY THE COMPUTER CALLED
MACHINE LANGUAGE, THE TRANSLATICN [S PERFORMED BY A PROGRAM CALLED
A COMPILER, [F THE TRANSLATION IS SUCCESSFUL, THE MACHINE LANGUAGE
VERSION OF THE PROGRAM [S STORED IN MEMCRY READY TQ BE CARRIED GUT,

OR EXECUTED.

THERE ARE TWO MAJOR ADVANTAGES TO PROGRAMMING [N A LANGUAGE LIXKE
BASIC, FizsT, BASIC, IS MUGH CLOSER TO OUR CWN LANGUAGE THAN (5
MACHINE LANGUAGE; HENCE [T [S MuCH 2ASIER TO WRITE RBASIC sscarais,
Secovp, BASIC PRCGRAMS ARE HIGHLY TRANSFERABLS; A 2ASIC Procram
WRITTEN FOR QNE CCMPUTER CAN OFTEM 3E EXECUTET ON A VARIETY OF OTHER
MACHINES. CN THE OTHER HAND, A MACHINE LANGUAGE FROGRAM WRITTEN ~CR
ONE COMPUTER WILL. NOT™ NORMALLY EXECUTE CN A DIFFERENT TYPE OF CSMPUTER.

[N ORDER TU EXECUTE A PROGRAM, THE COMPUTER CONTROL UNIT SXAMINES
EACH PROGRAM STE= [N YEMORY, ST'RTING WITH THE FIRST, AND SENDS OUT
THE COMMANIT SIGMALS APPROPRIATE FOR CARRYING QUT THE [NSTRUCTTON, -
NORMALLY, THE [NSTRUCTTONS: ARE EXECUTED [N SESQUENCS; HOWEVER, [T
LS POSSIBLE TT HAVE THE CONTROL. UNLT SKIF QVER SOME [NSTRUCTTONS CR
EXECUTE SOME [NSTRUCTTONS MORE TRAN. ONCE.
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DURING EXECUTICN, DATA TO BE PROCESSED MAY BE ENTERSD INTO “EMCRY
OF THE COMPUTER, AND THE RESULTS OF THE MAMIPULATICM PEXFCRMED CM THIS
DATA MAY BE DISFLAYSD, UF COURSE, THESE THINGS WILL HapocSN ONLY (7
THE PROGRAM CCMTAINS INSTRUCTICMS TELLING THE COMBUTES T0 INTER (R
DISFLAY THE APPEOPRIATE LiNGUAGE.

CNE OF THE ¥OST [MPCRTANT FEATURSS oF 2ASIC (3 maT [T se=MIT3 '
US 7O REFER 70 TATA THAT ARE 3TCRED M MEMCRY WITHCUT =AVIMG 72 “”""";’
THE ADDRESS (M WHICH THE DATA ARE CONTAINED, CR T(MSLI, M “ACHIME
LANGUAGE WHEM AN ADDITICN [S PERFORMED CNE MIGHT INSTRLCT THE MACHINE
TO STORE A VALLE [N MEMCRY czl 7101, aMD A SECCND VALLE 1M MSMCRY
czL #102, [F THE TWO NUMBERS ARE TU 3E ACCED, THE CONTENTS CF CZio
101w ezl 107 WiLL 88 TRANSFERRED TO THE ARITHMETIC UNIT CF THE
CPU WHERE THE ADDITTON CF THE CZLLS [S PERFORMED, [HE FACGRAMMER
WOULLZ ALSQ SPECIFTY THAT THE RESULTS OF THAT CPERATICN SHOULD 3E
STORERL [N LOCATTON #103, FOR SXAMPLE. FIMALLY, ANOTHER [NSTRUCTICN

[S NESDED TQ PRINT THE CONTENTS OF C=LL #1073,
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1 Flr=Tal b - -ﬁ-— , - =

w‘hml VERY LARGE GROUPS OF NUMBERS, CR OTHER TATA, ARE TO 3€
MANTPULATED, XESPING TRACK CF THE ADDRES3ES M w=iIN THESZS MLMBESS
ARE STORED M THE MACHINE SECCMES VE3Y LAZCRICL3, AND 3LBu3CT TC A

%CD CEAL OF R5CR.  PoCCRAVMING IN A LMNGUAGE Lixs AASIC waxss (T

LMNECZISARY. TO KESP TRACK CF THE 3TCRAGE Locatioms. v ASIC =R

L

CATA ARE REFTRRED TU 3Y NAMES 2ATHEZR THEAMN LZCRESSES. -2

i\

et S,
COMPUTER ASSIGNS MEMCRY CZLS TO ZACH MAMS SET [ 2 S8CGRaM,
AND KEZPS TRACK OF THE LCCATICN CF THE CZLL3, 10 3ESEAT THE TaMps
oEscRIZED on Pace 12, THE BASIC FRCGRAM TO SERFCRM THE ACDITICN
'CESCRIBED ABQVE WQULD 3E:

l[ET C=A+38.
The BASIC COMPILER GENERATES THE INSTRUCTICNS TO KESP TRACK OF WHERE
A, B, @ C ARE STORED, FRESING THE PROGRAMMER OF THLS 3QTHERSCME

ciere. A, B,+ C ARE CALLST VARIABLE names (N BASIC,
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In BASIC VARIABLE NAMES CONSIST OF A SINGLE LETTER OR A LETTER
FOLLOWET BY A DIGIT. (0-3), EXAMPLES OF VALID VARIABLES NAMES WOULD
se: . ACGSI8. [MvalID VARIABLE naves woud BE:  SC,Aw 335, TAX,25,

[T IS A GOD IDEA TU CHOOSE THE FIRST LETTER OF A wORD AS THAT 2AS[C
NAME FOR THE VARIABLE, FOR A PAYROLL. PRCGRAM, WE MIGHT LSE THE
VARIABLES H AOR HOURS WCRKED, R FOR RATE OF AY, T AR TAX :CUNT,
G S0R GROSS SALARY AMD I &R NET PAY.

THERE ARE MANY DIFFERENT TYPES CF COMPUTERS AVAILABLE AND ACH

[S CAPABLE QF OPERATTONS THAT ARE CCMVON TO MOST COMPUTERS. I1HESE
TYPES OF QPERATTCNS MAY 3E DIVIDEX INTO THREES DIFFSRENT CLASSES:

1) INPUT/QUTPUT QPERATTCNS WHICH READ AND FRINT DATA, 2) CATA
MANTPULATTON AMD COMPARISCN (ADD, SUBTRACT, MULTTPLY, OIVICE, COPY,

CMPARE), AN 3) CONTROL. OPERATIONS (TRANSFER, CONDITIONAL SXECUTICN,
STOR),.



151

-

Page 15

IN ORDER TO DESCRIBE HCW SCME OF THESE OPERATICNS ARE PERFCRMED,
THEY WILL BE DEMONSTRATED IN BASIC, BEFORE wE G0 oM, HGWEVER, IT I3
IMPORTANT TO DESCRIZE SCME OF THE SYMBOLS USED FCR THE MOST COMMCN
MATHEMATTCAL OPERATICNS, [ 2ASIC THEsE A

THE FOUR MOST COMMCMLY USED CPSRATCRS ARE CESCRIZED 3E81LCw:

+ ACDITICN
= SBTRACTICN
-

MULTTALICATICN
/  DIVISICN

WE WILL. USE THESE FOUR ARITHMETTC. CPERATCRS [N A MUMBER CF
EXAMPLES QF A PAYROLL. PROGRAM TU GIVE YOU AN [DEA OF WHAT [T [S LIKE
TO FROGRAM [N EASIC, o

THE PROBLEM 1S AS FOLLCWS: (CMPUTE THE GROSS SALARY AND NET
 PAY FOR AN EMPELOYEE, GLVEN THE EYPLOYEE'S HOURLY RATE, THE NUMBER
" OF HOURS WCRKED, "ANIY THE AMOUNT™ OF TAX CEDUCTED.



C e e e

As [NDICATED ABOVE [T [S A GCCD [DEA TO USE THE FIRST LITTER
CF A WORD AS THE BASIC MAME FCR THE VARIABLE, { Will REPRESENT
THE NUMBER COF HOURS WORKED AMD R THE RATE OF PAY FZR HOLR, (=8
VARIABLES G AMD M WILL BE USED TO REFRESENT THE GRCSS AMD NET
SALARY, RESPECTIVELY., [HE VARIAZLE T Wil ESCIIENT ThZ SCLNT

OF TAX TO 3E WITHHELD 7RCM THE PAYCHETK. 1CR SIMPLICITY, WE
j,~m.:_ ASSUME. THE WITHHCLOING. AOUNT TO 3E 257 3EZARCLESS CF N

ve='3 GRCSS SALARY, (A YCRE 3SALISTIC TAX SCHESULS WCULD

l!]
l)

CALCULATE THE AMCUNT CF TAX WITHHELD 3Y USING A TRELS 2F vaRvVING
PERCENTAGES 2ASED CN THE ZMFLAYES'S GROSS SALARY.,)

CUR FIRST PRCBLEM [S TO ~IMD THE NET Pay (V) 3v ZEDULCTING THE
Tax (1) FRoM THE GROSS SALARY (@), Tre FASIC sTaTSvENT TO ACTTMPLISH
THIS WOULD READ:

ETN=C=T,

A SECONIT STATEVENT WOULD 3E NESDED TO CCMPUTE THE GROSS SALARY (@)
GIVEMN: THE NUYBER OF HOWRS (H) WORKED AND THE RATE OF PAY PER HCUR
(R).. Tu= BASIC STATEMENT FOR THIS MANIPULATION. WOULD 3E:

LEL &=k "R.
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THESE. TWO DATA MANIPULATION INSTRUCTIONS ARE CALLED ASSIGNMENT
STATSVENTS BECAUSE THEY SPECIFY AN ASSIGNMENT OF VALUE TO A GIVEN
VARIABLE, [CR EXAMPLE, THE STATEMENT:

lETG=H*R

SPECIFIES THAT THE VARIABLE (3 WILL 3E ASSIGNED TO THE RESULT OF THE

AGLTTRLICATICN (") ©F THE VARIABLES H AMD R,
THE = SIGN IS A POSSIBLE SCURCE CF CONFUSICN 3ECAUSE [T 4

DIFFERENT MEANINGS (N MaTHEMATTICS AnD [N 2ASIC. [ YATHEMATICS, 0F COURSE

= MEANS THAT WHATEVER [S ON CNE SIDE OF THE SRUATICN [S ZQUAL TO THE
OTHER SICE. [HIS [S NQT THE WAY THIS SIGN (S usem v BASIC., [nsTEaD
THE = SIGN REPRESENTS [N REPraczveNT (N BASIC, FCR sxavPLs THE
STATEMENT.

ETG=H*R
MEANS usr THE VALLE CF THE VARTABLE (1 BE REPLACSD 3Y THE PRODUCT OF
THE VARTABLES fF aNO R, SIMILARLY, THE STATEVENT:"

ETN=C-T
WOLLLL BE TRANSLATEIL TQ SAY: THAT N SHOULLL BE REPLACST 3 THE VALLE. T
SUBTRACTELL FROM G-
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THE GENERAL FORM OF THE ASSIGNMENT STATEMENT [S SHCWN BELCW!

LET RESULT = OFERAND 1 ARITHMETIC-OPERATOR OPERAMD 2,
OPerRAMD L AND OPERAND 2 REPRESENT THE GQUANTITIES CR VARIABLES 3EING
MANIPULATED; ARITHMETIC-OPSRATOR IMDICATIS THE MANISLLATICN TO 3E
PERFCRMED ( +, =, " CR /), THE CPSRAMDS MAY 3E ZITHER VARIAZLES MAMES
suci as N, G, T, CR NUVBERS, THE ARITHMETIC-0FSRATCR MAY 3E ANY OF
THE FOLLCWING FOUR SYMBCLS CESCRIZED ECVE,

ASSIGNMENT STATEMENTS CAN ALSO 3E wRITTEM wITH A SINGLE CPSRAND.
THE STATEMENT:

(ETA=18

INSTRUCTS. THE CCMPUTER TO REPLACS, CR COPY THE VALLE COF THE VARLABLE
B A

[NFORMATTON CANNGT BE MANIPULATED 3Y THE COMPUTER LNLESS (T (S
FIRST STOREI [N MEMORY. THERE ARE TWQ WAY OF [NITTALLY PLACING CATA
TQ BE MANIPULATED [NTQ COMPUTER MEMORY: L. 8Y USE CF A “COPY” ASSIGNVENT
STATEVENT,. OR Z. BY READING THE DATA- [NTO VEMORY OURING THE SXECUTTCN
OF THE PROGRAM. MNORMALLY, THE FIRST APPROACH [S TAKEN FOR A DATA [TEM
THAT™ [S A "PROGRAM CONSTANT ANII DOES NQT™ GHANGE FRCM ONE USE OF THE
PROGRAM" TQ. THE NEXT.  |HE SEEONIT APPROAGH [S TAKEN FOR' DATA THAT ARE
LIKELY T VARY'.



,-
w
(]

[0 RETURN TO OUR PAYRCLL EXAMPLE, IF THE TAX WITRFHCLDING RATE
1S 257 REGARCLESS GF T=E IMPLOYEES'S MET PAY THIS VALUE <N 32 £0PI5D

3% THFE USE CF THE ~OLLCWING ASSIGMMEMT STATEMENT!

INTO THE VARIABLE

THIS STATEMENT-DEFINES  THE VALLE CF T AS A CONSTANT 254, LMiz3s3
ITHERWISE CHAMGED, | Will STAND F0R 5k whHZMEVER iT I3
IN THE PRCGRAM,

ANOTHER WAY GF ASSIGNING A VALUE TO A VARIABLE IN THE SSCGRAM (S
TO FROVIDE [T THROUGH THE INPUT CHANNEL, [CR SXAMPLS, THE FOLLOWING
STATEMENT: |

[NFUT H, R

CAUSES THE CCMPUTER TO EXPECT TO READ TWQ VALLES CN THE [NPUT CHANNEL.
THE RIRST VALLE WILL BE ASSIGNED TG THE VARIABLE H AND THE SECCND VALLE
ASSIGNED TO THE VARIABLE R,
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Page 20

CoMPUTERS ALMOST NEVER MAKE MISTAKES. WHEN A COMPUTER
MANIPULATION COES RESULT [N ERROR, [T 1S GENERALLY BECAUSE INCORRECT:
TATA, OR INPUT WERE FROVILED. FOR THIS REASON IT [S ADVISABLE TO
DISPLAY WHATEVER DATA WERE READ [N SO THAT QME CAN 3E SULRE THAT
THE CORRECT VALUES ARE MANIPULATED. SUCH AN OPERATICN iS

i -

CALLID AN "ECH0 ARINT” 3ECAUSE ONE IS SIMPLY DISPLAYING ALL THE
VARIABLES WHICH HAVE 3EZV 38aD INTO THE =acGraM, 1xe BASIC stat=veT:
SRINT H4,R

WILL CAUSE THE VALLES CF THE VARIABLES it AND R TO 3E PRINTED QUT OR
DISPLAYED AS PRCGRAM QUTPUT, THE VALUES CF H AND R ARE NOT CHANGED
BY THIS QPSRATICN. [N THIS wWAY THE PROGRAMMER CAN [MMEDIATELY CHECK
WHETHER THE PRCGRAM [S USING THE CORRECT VALLES.,

The FRINT STATEMENT IS ALSQ USED TO DISPLAY THE RESULTS OF ANY
FRCGRAM. ,FOR SXAMPLE, THE STATEMENT:

FRINT G, M

WOULD' CAUSE THE VALLES (7 AND N TT' BE DISPLAYED AS QUTPUT.
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Bags 21

To REVIEW THE THREE DIFFERENT TYPES OF STATEVENTS WE HAVE USED!
THE INPUT, PRINT AND ASSIGNMENT STATEMENT IN A LITTLE FRCGRAM.

INAUT H.R
FRINT H,R

ST @ =4 "R
Er T =.25
ETN=6-T
FRINT G,N
el

- TG REVIEW THE LCGIC CF THIS LITTLE PRCGRAM. [IRST WE PROVICE THE
PROGRAM WITH THE [NPUT OF THE NUBER CF HOURS WORKED, AND THE RATE OF
PaY, AN TEC0 CHECK' (S RUN TQ MAKE SURE THAT THE CORRECT VALLES WERE
SUPPLIED. WE THEN COMPUTE THE GROSS RATE QF PAY, FROVICE THE AVOUNT OF
TAX TO BE WITHHELD, AND CCMPUTE THE NET RATE GF PAY, FINALLY, WE PRINT
THE RESULTS OF THE CALCULATION. YOU WILL NQTTCE ONE FINAL STATEVENT,
THE EMJ. (BVIOUSLY THAT SIGNIFIES THAT THE PROGRAM HAS COME TO A

COMPEETTON.
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Page 22

FCR PURFOSES CF CLARITY WE HAVE CMMITTED CNE REGUIREMENT: THAT
ZACH LINE (M A 2ASIC scceeam =AS TO 2E MUMBERED, FCR S(AMELS, T=E
FIRST TV0 LINES OF A FOCGRAM ASE 3ESSCLLCED 3ELCW wiThH NUYRESS,

€ MUWBERS INDITATS THE CRCER 1M wHICH A SOCGRAM 13 I(ECLT,
TYPICALLY, A PRCGRAM 3EGINS SXECUTICN WITH THE SMAL_SST WLMSER AMD
FRCCZZDS TO THE HIGHEST CR LAST NUMBER. 1HIS ZEAUEMCE 1S FTLLIWES
UNLESS THE PROGRAMVER GIVES ALTERNATE [NSTRUCTIONS WHICH WE WILL NOT
GI INTO HERE.

WHEN PROGRAMMERS COMPLETE WRITING THE PRCGRAM AND WANT THE
" PROGRAM' TO' EXECUTE, THEY INFORM THE MACHINE THAT THE FRCGRAM (S READY
For eecution. [N BASIC mHis (nsTRucTTON (s caesn AN, MHen e
worRe: RUN. aPPERRS AFTER THE O STATEMENT, THE WAGHINE AUTCMATTCALLY
PROCEEDS T EXECUTE THE PROGRAM.

YOU HAVE NOW LEARNED SCME OF THE BASIC CONCESTICNS DEALING WITH
CCMPUTERS,. [LLUSTRATED 8Y examPes FRom THE BASIC Lwewace,  [Fvou

WOULLT LIKE FURTHER [NFORMATTON: REGISTER FOR A course (N 2ASIC, cr
Buy & BASIC manuar, HARPY CCMPUTING Jiitiivie
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APPENDIX G

Adjunct Postquestions

1. The greater the number of operations the computer
can carry out as the same time the higher its .

2. Here are three computer operations: (1) data
manipulated by the central processor: (2) information
entered into memory: (3) results are displayed. Which
of the above cemputer overations occurs first
and last ?

3, List'two typaes of information that can be repraesented
bv computer: (L) (2)

4. Which part of the computer coordinates the work of all
the other compounents : ?

5. Which part of the CPU performs nultiplicacion and
division ?

6. In addition to wvideo screens, name two units which can
be used for output (1) (2) .

7. In addition to the fact that data may be retrieved more
rapidly with magnetic storage devices, such storage has
two further advantages. With magnetic storage: (a) the
amount of data that can be stored is ; ()
the speed of the transferring is .

8. A group of instructions by which computers manipulate
information is called a .

9. A student wants an instruction in a computer program to
have more than one meaning. Such a program will probably

10. If all the steps needed to solve a problem are identified,
ordered correctly, and follow all programming rules, the
program will ?

11. Which one of the computer languages described so far is.

transferable from one machine to another ?

12. In order to manipulate data in machine language programming,
the programmer must specify the in which the
data are stored.
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13. Programming in BASIC is easier because data are
referred to by rather than by addresses.

l4. An example of a valid variable name in BASIC mlght
be .

15. In BASIC the operator * stands for ' .

16. The most convenient BASIC name for a variable rep-
resenting price would be .

17. The BASIC operator = means

18. In the statement N=G~T, which is an operand ?

19. 1If you want to read two values, A and B into the
machine, the correct instruction is

20. When data that have been read into the computer
are displayed for checking, this is called ?

21. The BASIC statement 51gnifying chat a program is
- finished is

22. Every BASIC statement begins with a .
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APPENDIY H

Pogctese

1. The xmount of work a computer can <6 &1 3 specific pericd of tize

deternines its
2. Today—cthe cost of a personal csmputar (3 ~sugnly the same 3s She
price of a .
3. Glve = -] axanples ar alsnanumeric sharicsers:

Iz 2ASIC :the symbal = zeans

4,
wherr larze groups of qumbers are I3 be aanipulated, srogeamring ia

3.

zachine language- becomes:
A Zroup of {astructicas 3y wich computers aampulata infar=acise

i3 called a
7." wWhen a cachine laguage rogramer wisnes 3 nanipulats dacta, nie
in <hich the daca are stared zust Se specifisd.
"hand-held™ calculacors ang

3. Two ioportant differences: batuween
computears L2 that calculatars camw not perform the (allowing,

operations:
D) 2)
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3. Computer aemcry may bYe conceptualized as an ordered seriss of

Q. in 2ASIC, data are always refarred 5 Yy their

. Cempared A .am3uages  like Inglisn, 3ganiza, - Tranen,

sregrTming LanSuasas are Tucn Iere .

2. N2me WA IyRes S IlafIrmatisn tnat o can e sacresenzasg 3Y ITmouter

i3 «ica zan te uteq UsroswTsuc.

(3. ldame 3z L2asT irae

Y

4, An  axample of a valid variaole aame 7 USIC  wquld e

15. The rsrogram. wnicly translactas 3ASIC inta izstrucctisns usaole Jy

the computer L3 called the .

16. ° When am instruction has aore than e feamag e srogram will

probably .



163

17. When a program i3 ready for execution the apprapriats 3ASIC
instruction is .

N -

18. If you want to read two values, A and 3, into the ccaputer, the

correct 3ASIC instruction L= .

19. Write the 3ASIC instrucsion %0 display the variables ¥ and Y

' e———— -

20. In 3ASIC avery instructiom tegias with 1 <=

21,  Write she 3ASIC insTuctisn wnich signals she ssnsiusicn af 3

arozram .

Z2. The computer component responsible for soerzizating e .arg 3¢

all cthe other comoonents (s callsd 4 .

23. Iz ASIC :he symool * stands (or

2%,  Althougnt computars differ widely iz cast, sizs, and capabililcies
all comutars have the (ollowing companents:  i{Aput Ind SUCRUC Jevices
ang- and

25. I 3ASIC it would be most convenient =3 assign «nNat 1ame 3 a

variaple representing "cost"?




28. Answer- true of falsa. Data may e entersd intg the computar

during execution? .

7. Which component 3f the CA cransmits control  signals and

ecmmands? .

28. 7lease list the crer (1-3) in -nich the ccopucter sperations
helow ocewr:

A« displayiag results

"3. <2atg :ntersd iatao computer

C.. data zaniaulation sy she CU:

1) 2) D)

29. AlL cocwmputars are capable of the following aperiacions (A) zaca

sanipulactionr (e, <} (3] contral aperations (Sransfer, stap) and (C)

0. How adray data Ltams car Ye 3TOrsd L2 one Dit of camputar aezery

at qne tine?

3T. Twe advantages of ualng sagnetic Sape  storage  are
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32. The component of the CPU that performs mulsiplication and

division (s callaed the unis.

33. The 3ASIC instruction shich displays data read into the csmputer
is called a (an) .

w, A _disadvantage of storing Zata on aagnetic tape or disk is

3. In che 3ASIC statemens (=¢-{ wnicn symbol i3 i sperang ?

5. Write 3 3ASIC assigrment statement.

37. +Write a 3ASIC statamnt defizing a constant valus Jar X

33. W“nere '@s the 3ASIC progranming language davelaped?

165

9. ' Use we xvantages of grogrameing in 3ASIC compared o zachine

language
(N
(2) .

4. If all thar stape nasded o salve a robles are identifled,
srdered  carrectly, axt (ollow all progranming rules, the program will
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41, In SASIC the symbol / stands for .

2. Soth oorograms and data are stored n the ccaputer's

43. Please complate the zeneral {ora of the assigrment facadent in

3ASIC: RESULT = QPSRANDI... . .

4,  ‘Waien Wit af cthe CU compares infsrmatisn and sakes 2acisisans?




APPENDIX I
INSTROCTICONS
These insczuccions will desezide cthe us2 3 the 2smoucas
Sor "'.':.s prcja:c. As ,rcu wew, vou .::L'. 2e raading =ax:
- < 1 —a % 5
jou 9ill ba =akiang 1 dacailed Zill-iz za2sc whas g
azve -.n:.shcd. The aacarial will appear n a

az 1 :ize, and 2ach sencanca L3 ausdazac,
sanesnca iPpedrs, ke ITavious sna will dizass
sar, 45 you wish, zeviaw at iy e,  The ig
will daseside aow shat i3 dzne.

—

“e tave Zasigned 2 aumper 3£ ZaagcuTas IS 2aka LT aasv oz
7ou 3 undarasand tha 2ararzal aTmolazaly.  Fusotmar dascrLicion
¥ill apoear In ke zachiza, ind N 3 sSmRaTy sasec wansa vsu
should <aap ‘= Zzzme 32 you wedlla weTiang 20 1na :isoousar,
=2 TUICTTEN
SPACT 3A2 The 37ACT 3AR c23 3e foumd AT o1ne seziom ol
sha <ay 20axd ZL2 Ina 3ZACE 182 shanm rsu
23va '..ni.zuai saadi=z zte janmzancs ang 1Tz
seady Isz ke zexT Ina.
IETTN Tue ETTRAN ay L3 Joumd ic zhae upoer sizns
. QL zle kay doard. “hansver vou 32 sne 3F
ke Jaacxzes liscad Yalow, ne AETTRY iav
Sriags yoo dack 39 tha joine iT whizk Tou

“eze -soriciuag,

Alcarzace cexT. We ave jwesazad 31 cisaras
dascTipcion oL avary :amg'-aun. “cam & i3
gra:sc:t o will br:...g she ilzasmata Taxs
Zco view. The Alcasmaca Zaxs 23y de callad
culy 4T che end of a jaragTapn whisk Iill de
SOCWT JY" AT ATTOW,

[

Alcarzace taxt 33y Ye Taviawad., Jus LT zammsc
Qe preavigved, Jwass 1STTRAN 39 sacusm 23 ow
taix zexm frex che Alzasmace. 7o 30 STom sna
santancs of che Alcsaraca I3 mocher, Jvess
che STACE 3AR.

Headings. Ye have jraparad 1 Iable of all ke
tsadings used 3 che zaxe. “hen £ L3 Jvassad
all of zhe headings will ippear o c2e jcTaan,
{agluding she sancance m.mc:s concaizad iz
eachk tasding. Ths scosewr will aliso disolay :he
sancanca you. ire 3rasancly -:or‘c.:: o 38 thac
your car. call. vhere the Jraseanc spoc ILIs iacs
Che avazll saxe. .
I2ess RETURN oo TacurT o7 Ihe S00C 7oU Jers
verdng o iz che daiz caxs,

]3]
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K=Y FTUNCTION .

N Noces. it will possible for vou =9 zake
qotes on the sexreen 30 zhat you 2an -amexmbar
those things vou consider imporsanct. Wwaen
70U are taxking noces you @ay use ke SHITT
xey =2 capizaliza any leczer ¢r word., Tae
RETURN key =z=ay e prassed =2 3Zars 3 Q2w Line,
otherwise che ccmpucer will zaange lines
auctcaatically.
Sress RETUAN afcazr a3 Slank llze 13 sa2zumm 33
che 3ain zaxs.
2 ?raview. Yau 3ay sreview anwv sanzancads’.
Jice rou press 7 the scmpusar will isk vsu
From: in 2k3c sp0z indizacsa the jancanca
tuaber you wish 22 degia 2Taviawing, The
csmpucar will zhen ask rou Ta: hera jusoLy
the lina where vou wisa 25 aad sTaviawing.
Tor axgmoia, ? Frem: 12 Tz: 13 zesns jvavizw
sancancas 22 T35, 2 Trem: L2 T3 L2 zeans
sraview snly sencance number LI, “han reou ize
Jreviswing che 323ACT 322 will lrermiz rou 20 32

STom cnme senceancs 9 the acher,
Izess RETUR 23 zacuzm 2o ke 3p0C I the zain
text on which you were working.

o

Raview. Cnce vou iz R ke ccmpusar will ask
you i< vouw wizh =0 zeviaw zaxt (7), Alzasmace
zaxc (A), or aocas (N¥). You czam waviaw anv of
chase ac will as ofsen as pcssiblie. Heze i3
agw you go abouc doing L=,

Raviaw sentancas. w“hen vou wish T3 reviaew
sencances the compucar will isk »ou Trem:

you nrass che sancanca numder ic whish vou

wish co begin che zeviaw. Tae zompucar will
chan asik you To: supply che santances number

ac which vou wish =0 5Top Taviewing. For 2xampla,
R Trom: 32 To: 16 zeans vaview sancancas 32 - 14.
Y Trom: 29 To: 29 means caview sancence 19.

Vhila you are zaviawing sencances, she cempusar
will remind vou co hic zhe S524ACT 3AR to concinua
ravisgwing.

P?rass RETURN co cacurn o cthe main taxe.

Once you salectc a Raview of che Al:zarmace Iaxc,
che procsadure L3 axactly che same 23 zhac ibova.

Raview Nocas. Whean you rsviem noctas all vour
prior nocas will he displayed. <“hen vou Rave
finished press ETURN o zo back =3 :he a:;aia caxec.

This is less cowplicacad chan iz sounds. <e lave macarial iz :h
¢ompucar, and the 7 Jaacure co halp vou. Also, xaap che surmary
iz fzoue of you so clear up any consusion. HAVE FUN!!!
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