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CHAPTER 1

INTRODUCTION

Purgose

The purpose of this study is to investigate the
ability of children to integrate the semantic content
of connected discourse. This study shall examine the
effects of materials, instructions, and age (develop-
mental effects) on different aspects of human informa-
tion processing involved in semantic integration.

The concept of semantic integration suggests sev-
eral properties: (a) that humans spontaneously construct
wholistic representations of ideas from partial or frag-
mentary elements of information; (b) that resulting
abstraction is stored in memory independent of the lin-
guistic expression of that information; and (c) that the
resulting abstraction may involve more information than
was explicitly available during acquisition.

Why is semantic integration a topic worthy of dis-
cussion and research in educational psychology? The
most obvious reason is that it has a logical and
intuitive appeal (indeed, a compelling appeal) to the

layman and educator. It appears on its face to apply



to school learning issues. In the detailed review in
the next chapter, integrative ability is viewed by some
investigators as essential in the process of language
comprehension and reading comprehension. Also, the na-
ture of the integrative process and the precise form of
its memorial representation are important in the under-

standing of the human as an information processor.

A General Historical Perspective

The concept of semantic integration has its roots
in the philosophy of Plato. The Gestalt writings of Ka-
tona (1940), Koffka (1935), and Wertheimer (1959) pre-
suppoée the concept of cognitive integration as central
to their theoretical frameworks.

Semantic integration (or at least the integration
of behaviors in a pure S-R theory) was anticipated in
the work of Hull (1930, 1935, 1952) in his notions on
foresight. Hull extended his concept of the pure stimu-
lus act to apply to terms like reasoning, insight, in-
ference, and intelligence. In the language of his own
system he described such phenomena as the joining to-
gether of two previously learned and previously uncon-
nected behavioral chains, for the purpose of solving a
problem by the organism (cited in Kendler and Kendler,

1967, p. 159).



The theoretical construct of assimilation in Ausu-
bel's (1963, 1968) theory of meaningful verbal learning,
and the assimilation-accommodation construct in the work
of Piaget and Inhelder (1969) can be considered variants
on the theme of semantic integration. 1In the Ausubelian
scheme, new information is integrated into a framework
of prior knowledge from which it is given meaning. The
Piagetian concepts of assimilation and accommodation
assume that established cognitive schemata are modified
and extended as new learning is integrated into its
framework. For both Ausubel and Piaget, memory is a con-

stantly changing accumulation of knowledge.

Recent Research on Semantic Integration

Recent research in the educational and verbal learn-
ing fields on the subject of semantic integration has
been promoted greatly by the work of J. D. Bransford and
his colleaques (to be reviewed in detail in Chapter II).
That research has sparked continued elaborations and re-
finements in experimental procedures, presented compel-
ling results, and explored theoretical positions on the
abstraction of ideas (Bransford & Franks, 1970a, 1972)
and the nature of human verbal comprehension (Bransford
& McCarrell, 1974). The importance of the Bransford et

al. research is evidenced by: (a) the proliferation of



critical studies challenging the theoretical bases and
interpretations of their research; (b) new studies that
have accepted some of the Bransford et al. presupposi-
tions, but have varied the experimental procedures and
materials (to be reviewed in detail in Chapter II).

The early Bransford, et al. research operationally
defined semantic integration as the failure to discrim-
inate on a recognition task between a complete compound
sentence and the partial elements that make up the whole
sentence. Students acquired a list of simple sentences
that could be combined into longer complex sentences.

On a criterion task they gave positive recognition re-
sponses to complex sentences at least as frequently as
they gave them to simple sentences. The students be-
lieved they had actually seen the complete complex sen-
tences during acquisition. Actually they only saw the
fragments in isolation.

The early Bransford, et al. research was very suc-
cessful in finding and replicating these results. These
studies were interpreted as support for semantic inte-
gration and evidence for the psychological reality of
semantic content in connected discourse.

However, a significant amount of evidence was later
compiled which refuted the interpretation of the Brans-

ford, et al. research and questioned the operational



definition of semantic integration as the failure to
discriminate between a complex sentence and its parts.
Later studies have shown that the Bransford, et al.
findings (a) could be replicated with nonsense material,
(b) were mitigated with a changing instructional set,

(c) were at most evidence of syntactic integration, and
(d) could be explained by a 'guessing strategy' hypoth-
esis (to be discussed in Chapter II). Further, attempts
to find developmental differences proved negative.

There was another class of experiments dealing with
semantic integration that differed from the early Brans-
ford, et al. research by adopting a different operation-
al definition for semantic integration. Evidence for
semantic integration was obtained by observing the pro-
duction of inferences. Students were presented with
sentences or brief paragraphs from which conclusions or
inferences could be drawn. However, those conclusions
or inferences were not directly forthcoming from a sim-
ple concatenation of the simple elements or sentence
fragments. The students had to make inferential exten-
sions that wefe logically or plausibly compatible with
the passages as a whole. This was taken to be evidence
of the integration of the propositions of the parts of

the passage.



This class of research was more successful at
demonstrating evidence for semantic integration, and
survived, in advance, the criticisms leveled at the
early Bransford, et al. research. However, there have
been relatively few published studies, and the effects
of many task and subject variables have not been
investigated.

An Historical Perspective to the
Bransford, et al. Tradition of Research-

It is not the purpose of this study to review the
entire range of historical antecedents to the issue of
semantic integration in the field of general psychology.
Rather, the historical perspective offered here is that
which has most directly formed the basis and motivation
of the modern research conducted by Bransford and his
colleagues and others.

Reitman and Bower (1973) have characterized the
historical antecedents to modern research on semantic
integration this way: The research focus has been the
age-old controversy between abstraction and the loss of
detail on the one hand, and the retention of specific
information on the other. The extreme positions in this
controversy are that either everything is retained in

memory about a concept (all exemplars plus the resulting



abstraction) or only the abstraction is retained and
nothing of the detailed exemplars is left intact.
Reitman and Bower refer to this controversy as the
'retain everything' versus the 'retain nothing' posi-
tions. However, both positions accept that abstractions

such as concepts are learned.

The 'retain everything' position

The 'retain everything' position suggests that
memory is highly specific and detailed, and that while
abstraction in the form of concept' development may take
place, concept exemplars remain specific and intact once
they are learned. Shepard (1967) gives support to this
position. After presentation of a very large number of
stimuli, students were able to discriminate between OLD
(previously seen) stimuli and NEW stimuli. Both OLD and
NEW were randomly chosen from the same very large pool
of stimuli. Students were able to correctly identify
the OLD stimuli in a paired OLD-NEW criterion task to an
extremely high degree: The correct percentages were 90,
88, and 98 for words, sentences, and pictures, respec-
tively.

Atkinson and Shiffrin (1968) offer a theory of mem-
ory and supporting experiments that argue for a 'retain

everything' position. They developed a computer analogy



to human processes with neurological hardware and hard-
wired logic functions, control processes under the di-
rection of the human, and different types of memory
registers (sensory, short-term, and long-term). The
‘assumption was that these memory structures were
specific and nondegenerating.

The 'retain everything' position was also found in
research on artificial intelligence and inductive rea-
soning programs developed in computer applications for
pattern recognition (Hunt, Marin, & Stone 1966; Nilsson,
1965; Sebestyen, 1965). The accumulation of complete
information on many different exemplars in simulating
pattern recognition, deductive, and inductive models of
human memory were also found in Collins and Quillian

(1969, 1972) and Quillian (1968, 1969).

The 'retain nothing' position

In the 'retain nothing' position it is assumed only
the abstractions from a person's experiences are re-
tained, and that the detailed exemplars that were assi-
milated into the framework of a person's prior knowledge
are lost. This position was formalized by Bartlett as
early as 1932. Bartlett proposed that abstract schemata
- were learned in a predominantly integrative and recon-

structive way. The central meaning of a passage was



stored in schematic form and recall was achieved by a
process of reconstruction. In the words of Bartlett
(1932):
If there is one thing upon which I have insisted
more than another..., it is that the description
of memories as 'fixed and lifeless' is merely an
unpleasant fiction.

... [Rlemembering is 'schematically' determined.

The circumstances that allow memory orientation,

. ..always set up...towards a particular 'schematic'

organization. The construction, or reconstruction,

«eels...always within the range of this special

organization, and...material which is central pur-

ports to be drawn from this [pp. 311-312].

Oldfield and Zangwill (1942) examined three theo-
rists who were prominent in British psychology at that
time: Head, Bartlett, and Wolters. 1In a critique and
comparison among the three, 0ldfield and Zangwill noted
numerous differences and inconsistencies. However, all
three theorists concluded: (a) the concept of the schema
is the most salient feature to account for certain as-
pects of conscious behavior and experience, such as re-
constructive processes in recall, and the nature of
conceptual thinking; and (b) the concept of the schema
offers the most valuable alternative to trace theories
of memorial representation.

In what appears to be one of the earliest (perhaps

prophetic) critiques and analyses of the influence of



computer analogies to, and programming simulations of,
human memory processes, Oldfield (1954) suggested a
general format for the computer modeling of an abstrac-
tive memory process.

An attempt is made to decide whether the memory-

model suggested by circuital storage devices in

modern computing machines is better adapted to
meet empirical data on recall brought to light by

Bartlett and others, than is the type of model

which postulates storage in the form of simulacra,

or traces impressed upon the medium....[It 1s
suggested] if the circuital storage-elements are
functionally organized in such a way as to allow
of re-coding of the stored message...such a sys-
tem would [then] have some of the properties of

schemata as postulated by Bartlett [p. 14].

Pompi and Lachman (1967) concluded from their data
that meanings conveyed in connected discourse were
stored in higher order 'surrogate structures' (themes,
images, schemata, and words), and that the meanings con-
veyed by these surrogates were not completely dependent
upon the simple concatenation of the semantics of the
individual lexical entities.

Begg and Paivio (1969) were willing to suggest that
concrete sentences, at least, were stored as unified
'semantic' images. However, they could not extend the

same conclusion to abstract sentences which appeared to

be retained as -literal strings.: This harks back to the

10



'‘retain everything' position, but other studies
attributed this latter finding to greater difficulty
levels for the abstract materials. For a critique of
_the Begg and Pavio paradigm and new experimentation re-
lated to it, see Johnson, Bransford, Nyberg and Cleary
(1972).

Yuille and Paivio (1969) confirmed the results of
the Begg and Pavio (1969) study for concrete sentences.
The basic idea of a paragraph may be stored in a unified
thematic structure in the form of a visual image.

Dooling and Lachman (1971) lent further support to
the conception that semantic information from a sentence
is stored in unified representation. They found a the-
matically related adjunct word facilitated both the
integration and retention of words and phrases. The
abstract memorial representation of the meaning of a
passage serves as a mnemonic device in remembering prose.

In a series of studies dealing with the nature of
memorial representations of visual patterns, Franks and
Bransford (1971) interpreted their findings as the ac-
quisition of abstract schemata represented by prototypes
and their transformations. This report by Franks and
Bransford (1971) is an extension of a series of visual

pattern studies to be discussed briefly below. Although

11l



the experimental materials were visual and not verbal
it will be important to briefly review them because they
greatly influenced the theoretical and experimental work
of Bransford and his colleagues as they moved into the
realm of connected discourse and other verbal materials.
When Bransford and Franks (1971) [to be reviewed
in Chapter II] moved into the arena of verbal materials
and examined their results, they set the stage for their
future theoretical and experimental endeavors.
...Ss acquired something more general or abstract
than simply a list of those sentences experienced
during acquisition. Ss integrated the information

communicated by sets of individual sentences to
construct wholistic semantic ideas.

In general, Ss do not store representations of par-
ticular sentences. Individual sentences lost their
unique status in memory in favor of a more wholis-
tic representation of semantic events [p. 348].
In the words of Reitman and Bower (1973): "...[Tlhe
'store nothing' position has been argued quite force-

fully by Bransford and Franks (1971) and Franks and

Bransford (1971) on the basis of their data [p. 195]".

Between"everything' and 'nothing'

The following experiments used visual materials
and dot patterns for the learning, recognition, and dis-

crimination of prototypes and prototype transformations.

12



A study by Posner, Goldsmith, and Welton (1967) laid
down a basic set of experimental procedures that estab-
lished the foundation of the studies reviewed below and
helped Franks and Bransford (1971) set up their visual
pattern study.
_ Posner and Keele (1968) taught students to classify
different types of distortions of a prototype visual pat-
tern of dots. They later tested the ability of the stu-
dents to correctly characterize the original prototypes,
old distortions, and new distortions. Since old dis-
tortions and the prototypes themselves were characterized
equally well it was presumed that the students abstracted
the correct concepts. However, the better performance
on old distortions compared to new distortions suggested
that the students learned and retained something specific
about original exemplars. Along with the abstraction of
concepts, some exemplar information was also stored.
These findings were supported in further studies by Pos-
ner (1969), Posner and Keele (1970), and Strange, Keeney,
Kessel, and Jenkins (1970).
In summary, the Posner, et al. and the Strange,

et al. studies suggest
...that there are three aspects to 'what is learned',
that is the nature of the schema acquired in these

studies. (a) The Ss acquire specific information
about the individual configurations experienced

13



during acquisition. (b) The Ss acquire some

general information about the common properties

or general structure of the set of configurations

in a pattern (a prototype). (c) The Ss acquire

some information about the possible variation in
instances of a pattern (transformations specifying
deviance from the prototype) [Cited in Franks and

Bransford (1971), p. 65].

Peterson and McIntyre (1973) [to be reviewed in
Chapter II] support these concepts by suggesting that
their data show both a specific and integrated component
process in human memory and that a general theory of
memory must assimilate the two phenomena. Or, as
Reitman and Bower (1973) suggested: The truth, in all
probability, Lies between the two positions.

The research on semantic integration with verbal
materials that was promoted by J. D. Bransford and his
colleagues will be reviewed in depth in Chapter II. The
historical perspective, given above, to the Bransford
research will afford the opportunity to see it in the
context of the ‘'retain everything' versus the 'retain
nothing' controversy. However, it is not the purpose
of this investigation to develop an experimental model
that will forever solve the controversy. The intent was

to give the background from which the Bransford research

developed its ideas and experimental procedures.

14



The Problem

The purpose of this investigation was briefly out-
lined at the opening of this paper. A general descrip-
tion of the concept of semantic integration was given.
Two operational definitions were presented for semantic
integration, and a more precise analysis of those defin-
itions will be developed in the next chapter. Brief
mention was made of the incorporation of semantic inte-
gration into several psychological theories, and that it
was intuitively applicable to school learning. Finally,
a modest body of research emerged primarily from the
work of J. D. Bransford and his colleagues. An histori-
cal perspective to this work was outlined.

The problem can now be stated simply.

(a) Is the concept of semantic integration appli-
cable to verbal materials that are character-
istic of connected discourse?

(b) Assuming that the integration concept is ap-
plicable to connected discourse, what are some
of its characteristics?

(c) what would be the nature of integration and
what would be the psychological processes under-

lying this phenomenon?

15



(d) what are some relevant task variables that
influence semantic integration and what are
the educational implications of these

~

results?

16



CHAPTER II

REVIEW OF THE LITERATURE

The 'Bransford Paradigm' for
Linguistic and Semantic Integration

In the first section of this chapter a series of
studies representing the 'Bransford Paradigm' of seman-
tic integration research will be reviewed. Studies
critical of the theoretical assumptions of the 'Brans-
ford Paradigm' and which offer research evidence to sup-
port those criticisms will next be reviewed. At this
point it should be made clear just what is meant by the
'Bransford Paradigm'.

From an operational perspective, the 'Bransford
Paradigm' is simply the procedure for materials construc-
tion, experimental design, and data analyses detailed in
the Bransford and Franks (1971) study. The 'Bransford
Paradigm' refers to combinatorial manipulations of lin-
guistic inputs into sequences of varying lengths. These
combinations of discrete elements into strings of varying
lengths are called abstractions or wholistic ideas. Sev-
eral simple sentences are combined into a single complex
sentence. Katz, Atkeéon, and Lee (1974) refer to what
this author calls the 'Bransford Paradigm' as thé

", ..standard Bransford-Franks format ([p. 711]."

17



In reviewing the first study by Bransford and
Franks (1971), much detail of the rationale, experimen-
tal materials, procedures, and scoring will be presented.
This is important because many other research studies
have modeled themselves on this study (its materials,
methods, and scoring) and/or critically analyzed the
same,

Bransford and Franks (1971) noted that other studies
of the relationship between language and memory have
dealt with memory for single sentences, that syntactic
variables have been studied more than semantic variables,
and that psycholinguistic theories have been more influ-
ential in promoting research on language learning than
psychological theories of memory.

In contrast to this, they proposed to study memory
for whole ideas that come from the integration of infor-
mation in several simple sentences. They developed a
methodology to study the acquisition of ideas and to
seek support to the psychological reality of 'inter-
sententially defined' ideas [p. 332]. The authors
offered an awkward definition of an idea as something
that "...could be exhaustively characterized as those
semantic relations contained in a single sentence

...[p. 332]."

18



It was hypothesized that students would not be
able to discriminate, on a recognition task, between
simple sentences actually heard during acquisition and
complex sentences which were not presentéd during acqui-
sition, but which were combinations of actual simple
sentences, and which were semantically consonant with
the acquisition sentences. It was also hypothesized
that the rating of confidence in the recognition of
novel complex sentences would be a positive function of
the number of simple assertions contained in the novel
sentences.

Four complex sentences were invented and each was
.subdivided into four simple deélarative sentences. For

example, the complex sentence, The ants in the kitchen

ate the sweet jelly which was on the table, was sub-

divided: The ants were in the kitchen, The jelly was

on the table, The jelly was sweet, The ants ate the

jelly. These simple sentences were called ONEs, and
the complete complex sentences FOURs. Combinations of
two and three simple declaratives were called TWOs and
THREEs. Four TWOs and three THREEs were constructed.
Three experiments were conducted. In Experiment I
the participants were 15 undergraduate students. They

divided into two groups counterbalanced for presentation

19



order. There was an acquisition phase and a recognition
phase.

In the acquisition phase the students were told
that they had to answer questions about sentences which
were read by the experimenter. After a sentence was
read, the students named four colors on a card held by
the experimenter, and then answered one elliptical ques-
tion about the sentence: Did what? What did? Where?
The acquisition list consisted of a total of 24 sen-
tences, four sets of six sentences.

Within each set of six sentences there were two
ONEs, two TWOs, and two THREEs. These six sentences
covered all four simple declarative elements for that
sentence set or frame.

The students were naive to the recognition task.

In the recognition phase, the students were presented a
list of 28 sentences with instructions to indicate which
sentences they actually had heard before and which ones
they had not. Further, they rated the confidence of
their judgements on a five-point scale from 'very low'
to 'very high' confidence. Twenty-four (24) sentences
were semantically consonant with the acquisition sen-
tences, but were not presented during acquisition.

These were called NEWs (two ONEs, two TWOs, one THREE,

20



and one FOUR for- each of the four sentence frames).
Four of the acquisition sentences were also included.
These were called OLDs.

Experiment II paralieled the first. The materials
' were constructed the same way and the acquisition pro-
cedure was the same. However, on the recognition task,
instead of including four OLDs, six NONCASE sentences
were employed. A NONCASE sentence used the same 'units'
as the other sentences but they were combined across
sentence frames rather than within a frame.

The scoring procedure for both experiments was the
same. A "Yes" response on the recognition task was
scored a plus one (+1); a "No" response a minus one
(=1). This was multiplied by the confidence rating which
ranged from one, very low, to five, very high. Thus, the
scores ranged from plus five (+5) to minus (-5), exclud-
ing zero [p. 339].

The results for both experiments were as follows:

1. Many NEW sentences received positive recognition

ratings. The students actually thought they had
heard these sentences during acquisition.

2. Many NEW sentences received higher scores than

the OLD sentences actually heard before.
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3. There was a relationship between the number of
simple units in the NEW sentences and the
recognition-confidence ratings. Recognition
ratings were ordered as follows: FOURs -
THREEs - TWOs - ONEs. NONCASE sentences re-
ceived the lowest ratings of all.

4. The students were confident they had not heard
NONCASE sentences before.

In Experiment III, materials were constructed as
in Experiments I and II with four complex sentences
(idea sets). For each of these idea sets there were
four ONEs, four TWOs, three THREEs, and one FOUR. The
procedure paralleled the first two experiments. Two
acquisition lists were constructed, one for each group,
containing 24 sentences, six related to each of the idea
sets. The two acquisition lists were complementary, ex-
hausted all sentences, and did not overlap.

The students were naive to the recognition task.
The recognition task contained only one presentation of
all 48 sentences. Thus, half the sentences were OLD and
half were NEW. The OLD sentences for group I were the
NEW sentences for group II and vice versa.

The results indicated that the students could not
discriminate between NEW and OLD sentences for FOURs,

THREEs, and TWOs. At the level of ONEs, OLD sentences
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received higher recognition-confidence ratings than NEW
sentences. Also, the rank order effect noted in Exper-
iments I and II was replicated. This was the correlation
of recognition~rating scores to sentence complexity.
Data [from these experiments] indicate that Ss
acquired something more general or abstract than
simply a list of those sentences experienced dur-
ing acquisition. Ss integrated the information

communicated by sets of individual sentences to
construct wholistic semantic ideas.

In general, Ss did not store representations of
particular sentences. Individual sentences lost
their unique status in memory in favor of a more
wholistic representation of semantic events

([p. 348].

The authors noted that there were other issues to

be clarified in future experiments:

1. What is learned? What is the nature of the
semantic ideas that are acquired?

2. What will be the effects of different types
of acquisition instructions? The authors
cited the findings in a Ph. D. thesis by
Curnow (1969) which suggest that instructions
to process similar materials either rotely or
semantically yield results consonant with the
immediate study.

3. The authors further suggested that there might

be two independent memory representations:
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(a) a memory for semantic structures that
stores wholistic semantic representations; and
(b) a representational storage for input style,
that is, information about the style of the
acquisition list.

Franks and Bransford (1972) felt that previous
research had demonstrated the semantic integration of
partial information into stored complete ideas for con-
crete verbal input. They now wanted to test the general-~
ization of this phenomenon to abstract ideas. Other re-
search indicated that concrete ideas were stored as
images, while the process was different for abstract
information.

The authors noted that in their previous study (Brans-
ford and Franks, 1971) they used concrete material that
could be easily imaged. They cited a study by Begg and
Paivio (1969) which suggested that concrete and abstract
material are differentially stored in memory and that
the 'integration' of units into wholistic ideas might
not hold for abstract materials which could not be
easily imaged. Their new study would determine if par-
tial meanings of abstract verbal content could be inte-
- grated by students into a complete idea and stored in

memory, similar to what had been found for concrete
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ideas. A complete idea was rather loosely described
-- not defined -~ as the imbedding of four propositions
into a single complex sentence.

Two experiments were conducted. In Experiment I
four sets of sentence frames were cons%ructed to parallel
the materials in the Bransford and Franks (1971) study.
The sentences were screened by a previous group who rated
them on a five-point scale, from very concrete, easily
imaged, to very abstract, not easily imaged. An example

of a complex idea or FOUR was: The arrogant attitude

expressed in the speech led to immediate criticism. A

ONE, TWO and THREE were respectively: The attitude was

arrogant; The arrogant attitude was expressed in the

speech; and The arrogant attitude expressed in the

speech led to criticism. In addition, four NONCASE sen-

tences were constructed.

The acquisition procedure was the same as in the
Bransford and Franks (1971) study. A 40-sentence re-
cognition list contained 24 sentences, including the
FOURs that related to each complete idea, which were
not uséd during acquisition (NEWs). 1In addition 12 OLDs
and four NONCASEs were used.

The naivete to the recognition task and the scoring

procedure were also similar to that in the earlier study.
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However, the recognition phase was presented orally, one
sentence at a time, with instructions to indicate whether
it was presented before and to rate the confidence of

the reply.

The results showed an ordering effect -- a linear
relationship between sentence complexity and recognitioh-
rating scores similar to the prior study. FOURs elicited
the highest mean recognition-rating responses and ONEs
the lowest. NONCASEs had lower scores than ONEs.

Experiment II was conducted to precisely assess the
differences between NEWs and OLDs. Two complementary
acquisition lists were formed containing 24 sentences
eéch. No NONCASEs were used. Acquisition, naivete,
recognition and scoring procedures were identical to
Experimeﬁt I.

Half the students received acquisition list 1 and
the other half received list 2., Both received the same
48 sentence recognition list so that half the sentences
were OLD and half NEW. Further, the OLD and NEW sen-
tences for one group were the NEW and OLD sentences,
respectively, for the other group.

The results confirmed the ordering effect whereby
the sentences with the greater number of propositions

elicited the greater mean recognition-rating responses.
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This effect was manifest within OLDs and NEWs. This was
interpreted as supporting the hypothesis that students
integrated partial meanings and stored the complete
ideas. Further, the OLDs were not discriminated from
the NEWs except for the ONEs, where OLDs received higher
mean scores. This also confirmed the findings of the
earlier study. With these latter results in mind the
authors retreated slightly from their earlier 'retain
nothing' position. At least for the ONEs and to a lesser
extent TWOs, students retained some information specific
to the simple sentences that were presented in acquisi-
tion. Finally, they concluded that there were similari-
ties for both concrete and abstract materials in the
memorial representations of ideas.

Peterson and McIntyre (1973), in the introduction
to their experiment, referred to two demonstrations of
memory effects which appeared to contradict one another.

The first was the specific recognition memory demon-

strated by Shepard (1967). After viewing semantically
unrelated sentences, students were able to discriminate
with a high degree of accuracy between NEW (previously
unviewed) and OLD (previously viewed) sentences. The

theoretical framework for this memory phenomenon in a
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specific or'reproductive framework was offered by
Atkinson and Shiffrin (1968).

The second was the Integrated recognition memory

demonstrated in the Bransford and Franks (1970a, 1970b,
1971) studies. After hearing semantically related sen-
tences, students were unable to discriminate between OLD
(previously heard) sentences and NEW (previously unheard
but consonant with prior meanings) sentences. The the-
oretical roots of this integrative or reconstructive
framework go back to Bartlett (1932),.

Peterson and MclIntyre attempted to clarify the
condifions under which integrated recognition memory and
specif;c recognition memory were found. The materials,
acquisition procedure, naivete to the recognition task,
the recognition-rating tasks, and scoring procedures
were essentially the same as in the Bransford and Franks
(1971) study.

In the acquisition phase two groups received 24
related sentences plus three unrelated sentences. Stu-
dents in two other groups heard 24 unrelated sentences
plus three related sentences.

During recognition each student heard 72 sentences:

16 for each of four complex sentence frames and eight
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NONCASE items. Four were within-frame NONCASEs and four
were between-frame NONCASESs.

The findings of this s?udy showed that students
in the unrelated condition generally performed better
on sentence recognition than students in the related
condition. In fact, they performed as well as the stu-
dents in the Shepard (1967) study. However, while sub-
jects in the related and unrelated conditions demon-
strated equal performance on recognizing OLD sentences,
those in the related condition recognized just as many
NEW sentences.

For the related acquisition conditions, confidence
ratings varied with the complexity level of the related
recognition sentences. For the unrelated acquisition
conditions, confidence ratings did not vary with com-
plexity level. These findings confirmed the earlier
findings of Bransford and Franks. Similarly, NONCASE
sentences were rejected.

The results supported both a specific and integra-
tive recognition memory for sentences.

However, it is not clear why...relatedness is so

important [for integration recognition memory].

It may be...that the semantic relatedness contained

within the acquisition sentences themselves is the

important consideration =-- that subjects use it as
an organizational structure within which individual
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sentences are integrated into a general represen-
tation. On the other hand, it may be that the
degree of semantic relatedness between the acqui-~
sition and noise sentences used during recognition
is the important consideration -- that subjects
simply are unable to discriminate between the sen-
tences. Most likely, it is some combination of
both these considerations that is important
[Peterson and McIntyre (1973), p. 705].

This statement was noteworthy in that Peterson and
McIntyre (1973) suggested, for the first time, that the
results from the Bransford, et al. studies could be
accounted for, not by semantic processes, but by non-

semantic operations of poor discrimination and inappro-

priate generalization.

Summary of the 'Bransford Paradigm' Studies

The Bransford, et al. studies, in general, not
just studies using the 'Bransford Paradigm', have
been a reaction to the prior dominance of psycholin-
guistic theory in investigating sentence processing:
memory and comprehension. Fillenbaum (1971) cogently
expressed the concern:
One general problem sort of arises with regard to
much of this [previous] work -- it is often not
clear whether it is primarily directed toward the
assessment of the psychological reality of some
syntatice structure or, say, toward an analysis of

how a sentence might be learned and remembered
[p. 277}.
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Psycholinguistic theory was not criticized as incorrect,

but rather limited in a complete understanding of sen-

tence comprehension and memory.

The results of the 'Bransford Paradigm' studies

which provide support for an integration memory model

are:

1.

Students could not discriminate on a recognition
task between OLD sentences and NEW, but seman-
tically consonant, sentences never before seen.
There was a linear relationship between recogni-
tion-confidence ratings and sentence complexity
for OLD and NEW sentences., The author's inter-
pretation was that increased sentential com-
plexity tended to exhaust all the semantic re-
lations contained within the semantic whole.
Students were confident they had never heard
NONCASE sentences, indicating they 'could not
be fooled.'

The effect of integration was accomplished de-
spite random interspersion of the acquisition

sentences.

However, it was never made clear why these findings

were taxing to a psycholinguistic model of sentence

processing.
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Studies Critical of the
'Bransford Paradigm' for

Linguistic and Semantic Integration

Singer and Rosenberg (1973) cite Bransford and
Franks' (1970b, 1971) finding that integration of lin-
guistic inputs into semantic units was demonstrated.
Singer and Rosenberg do not dispute the implication that
people abstract and store the meanings of sentences
apart from the linguistic surface features within which
they are represented. They question Bransford and
Franks' conclusions regarding a correlation between con-
fidence ratings and sentence complexity. Singer and
"Rosenberg reference thé findinés of two other studies
which suggested that prompted recall of a sentence
depends, not on the complexity of a sentence, but on

the grammatical function of the prompting word. Blu-

menthal (1967) found that "[n]Jouns involved in the more
inclusive relation (subject-of-sentence) were more
effective prompts than modifier nouns [p. 203]." This
finding was supported in a subsequent study by
Blumenthal and Boakes (1967). |

Singer and Rosenberg replicated Experiment II of

Bransford and Franks (1971) to show that the original
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grammatical function of a word imbedded in a sentence
determines the likelihood that a student will report
recognizing that sentence.

The verbal materials were those used in the Brans-
ford and Franks (1971) report. From four complex ideas:
two THREEs, two TWOs, and two ONEs were selected, total-
ing 24 sentences for the acquisition phase. The sen-
tences were individually presented on a tape recorder,
followed by an elliptical question, and a filler task
of color naming.

The students were naive to the recognition task.
During recognition the students heard 36 randomized
sentences not presented in acquisition, including 12
filler sentences and two ONEs, two TWOs, one THREE, and
one FOUR from each of four complex frames. The 12
fillers were divided into six within-frame (wf) NON-
CASEs and six between-frame (bf) NONCASEs. It was felt
that students would be more likely to give positive
recognition rating responses to wf than bf NONCASEs.

As in the Bransford and Franks studies, the stu-
dents indicated "Yes" or "No" whether the exact sentence
had appeared during acquisition and rated the confidence

of their choice.
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The basic findings of the Bransford and Franks
work were replicated with mean recognition-rating
responses increasing with sentence complexity and wf
- NONCASEs being intermediate between ONEs and bf NON-
CASEs. This supports the notion that linguistic units
were integrated. However, when the absolute confidence
ratings were examined among the ONEs, TWOs, THREEs, and
FOURs, there were no significant differences. Thus,
ignoring whether the students responded "Yes" or "No"
to the recognition sentences, they were no more or less
confi@ent of their choices.

While the recognition rate of THREEs and FOURs
was uniformly high with means of 80.0 and 81.7 and
standard deviations of 16.3 and 6.4, the same mean
recognition rates of ONEs and TWOs were lower but with
much higher standard deviations: the means were 44.2
and 67.5, and the standard deviations were 29.6 and
19.7. This meant that some ONEs and TWOs were recog-
nized with very high frequencies. The question is:
Why?

A fairly complex regression analysis was applied
to the Singer and Rosenberg data and the Bransford and
Franks data. The results indicated that the grammat-

ical relations of the ONEs and TWOs resulted in average
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lower recognition rates. If the MAIN relation was ex-
pressed in the ONE or TWO, the recognition rate was
high; if not, the rate was low.

For example, a relevant FOUR would be The scared

cat running from the barking dog jumped on the table.

The MAIN relation would be The cat jumped on the table.

The MAIN relation is the relation expressed by the prin-
cipal clause of the relevant FOUR.

Consequently, Singer and Rosenberg felt it was
incorrect to assume that the confidence a person had in
his rating was related to the complexity of the recog-
nition sentence. The presence of the MAIN relation in
a sentence of any complexity contributes most to the
tendency to recognize it. This supported the idea that
grammatical form and function of linguistic units influ-
enced the probability that it would be integrated with
other information. High confidence scores for FOURs
were greatly due to the fact that they all have the
MAIN relation, not greater sentence complexity.

Franks and Bransford (1974) responded to Singer's
and Rosenberg's (1973) contention that the order of
frequency of recognition of FOURs > THREEs > TWOs > ONEs
was due to increased likelihood of the presence of the

MAIN relation in the complex sentences. Franks and
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Bransford retabulated their earlier data using only
sentences containing the MAIN clause. The significant
ordering of FOURs > THREEs > TWOs > ONEs still held,
using a Monte Carlo technique described in an earlier
Bransford and Franks (1971) paper.

Franks and Bransford (1974) restated their belief
that the data lend strong support for the notion of
semantic integration. Franks and Bransford have re-
responded to the first serious questioning of their
data and conclusions.

Reitman and Bower (1973) presented a study that
was béth important and dramatic for three reasons:
first, they offered an historical and theoretical per-
spective to semantic integration research; second, they
were the first to label the 'Bransford Paradigm' as a
concept attainment task and to refer to the sentence
components as exemplars of a concept; and third, their
data and interpretations offer the first substantive
critique of the semantic integration hypothesis.

In rehearsing the major findings of the semantic
integration research, Reitman and Bower noted the fol-
lowing: (a) Students were unable to discriminate between
old (previously acquired) and new (never before pre-

sented) exemplars of a concept. The complex embedded
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sentence in the 'Bransford Paradigm' was the concept

and the individual sentence parts were the exemplars.

(b) The confidence ratings of the students increased

as did the number of exemplars in the recognition

task. In fact, the complete concept containing all
exemplars, while never before seen during acquisition,
received the highest confidence rating. The explanation
proposed by Bransford, et al. was that recognition-
confidence ratings increase with the exhaustion of all
possible semantic relations that are characteristic of

a complete idea. (c) The conclusion from the 'Bransford
Paradigm' studies was that general concepts were more
likely to be retained relative to individual exemplars
of concepts.

Reitman and Bower were not satisfied with the con-
clusions and explanations from the 'Bransford Paradigm'
studies. They offered several explanations to the ap-
parent retention of schemata over exemplars:

1. Since students are exposed to seven or eight
exemplars of many concepts and were asked to
remember which combinations of exemplars oc-~
curred, it was quite possible that task mem-

ory was overloaded. 1In addition, each exemplar
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was a full sentence with peripheral syntactic
information.

2. A massive amount of forgetting due to inter-
ference might have occurred since there was
great overlap within and amohg concept frames
(Osgood, 1949).

3. There was a lack of a control group to examine
forgetting (and consequent lack of discrimina-
tion) and interference among old acquired
and newly presented exemplars.

As such, the authors decided (1) to repeat the
Bransférd and Franks (1971) procedure with simpler
learning materials; (2) include the appropriate éontrol
group; and (3) to resolve the important issue contrasting
retention of specific exemplars versus the retention of
specific combinations of exemplars called concepts.

The material elements consisted of simple letters
and digits, although the generation of concept strings
followed the same rules as the Bransford and Franks
(1971) procedure.

There were three conditions: (1) the obvious concept
group (Ob) with three concepts, ABCD, 1234, and wxyz;
(2) the difficult concept group (Df), 4lab, 3yzD, and

w2Cx; and (3) the random group (R) where neither concepts
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nor rules existed. The elements were randomly taken
from the Ob and Df groups. Finally, two other control
groups used elemental materials but differed in the
existence or obviousness of a concept.

There was an acquisition phase and a recognition
phaée. Each string was presented only once for recog-
nition. Acquisition was carried out in the guise of a
short-term memory test. Presentation was on a memory
drum for each exemplar for two seconds, followed by a
l0-second filler task. Twenty-four (24) strings were
presented, eight from each of three concepts.

During the recognition task, the students rated
each of 45 or 65 items (depending on the conditions) as
to whethe; they were clearly not presented during
acquisition, minus five (-5) or clearly were, plus five
(+5). On recognition the Ob and Df groups received the
eight OLD strings from each of three concepts, seven
NEW: LEGAL strings which were the complement of the eight
OLD strings, and 20 NEW:ILLEGAL strings or non-exemplars.
Half of the NEW:ILLEGALs were misordered within a con-
cept set, and half misordered across concept sets. The

R group received no ILLEGALs. The OLD, NEW:LEGAL, NEW:
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ILLEGAL (ORDER), and NEW:ILLEGAL (ORDER and SET) corre-
spond to Bransford's and Frank's OLD, NEW, wf NONCASE,
and bf NONCASE, respectively.

Students discriminated well between OLD items
seen previously and NEW:LEGAL items that fit the rule
but were not seen previously. However, they did
abstract a rule since the NEW:LEGAL items were recog-
nized more than the NEW:ILLEGAL items for both concept
conditions (Ob and Df). As for confidence ratingé and
complexity, when the rule was obvious the score went up
with increasing test item length (condition Ob): when
there‘was no rule the score went down with increasing
test item length (condition R); the intermediate group
(Df) showed intermediate results. Thus, when a rule or
concept was obvious, the tendency was to identify a more
complex exemplar of a rule as familiar; and when there
was no rule, the tendency was to identify the more com-
~ plex exemplar as never seen.

Reitman and Bower suggested several questions to
be answered in light of the above results. Is particu-
lar information relevant to an abstraction retained?
How does recognition differ for rule-governed judgments

and similarity judgments? Why do complete instances
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elicit greater frequencies of recognition? The follow-
ing were tentatively hypothesized to answer these ques-
tions:
l. There was memory for the specifics of the ab-
straction.
2. Students store the full unit or concept pre-
sented, and the recognition for any exemplar
(a presented-before, OLD, or a never-presented,
NEW) follows a probablistic decision theory
approach: Store the whole concept with all
its parts, show any part thereof on a recogni-
tion task, and with a given probability (rela-
tive to its length) it will be recognized.
3. The conceptual rule per se was not learned.
Instead a set of training strings generated
a certain frequency distribution for sub-units
into memory. Recognition ratings for test
strings were then computed from these frequency
distributions.
Katz (1973) reviewed the relevant literature (cited
earlier) that suggested that unified semantic representa-
tions were stored in memory in the process of comprehend-

ing connected discourse. However, Katz questioned the
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way in which the results were obtained. Katz offered
the most incisive evaluation and critique, to date, on

the Bransford and Franks (1971) results.

~

Since Bransford and Franks (1971) have been con-
cerned to explain semantic processes, their inter-
pretation of these has focused on memory for the
underlying representation of linguistic inputs and
not on memory for other aspects of sentences [such
as meaning]. Therefore, it seems somewhat inap-
propriate that during the recognition phase of
their experiments they instructed Ss to evaluate
sentences only according to whether such sentences
had actually been heard during acquisition. There
is little doubt that under such circumstances Ss
are attentive not only to the meaning of the sen-
tences, but to various aspects of their form and
the context in which they were presented. 1In
particular, it seems likely that Ss have trouble
remembering whether they encountered a given simple
idea alone or in one of many possible combinations,
even though they are certain that it means the same
thing as something they have heard earlier.

The purpose of the present study was to determine
whether the Bransford and Franks (1971) results can
be obtained when nonsemantic criteria are disre-
garded and recognition is based only on meaning

[p. 79].

In order to accomplish this purpose Katz reproduced
the Bransford and Franks (1971) study with two sets of
instructions: actual instructions (AI), those used in
the Bransford and Franks study, which asked the students
to give a reéognition-rating response to a set of sen-

tences if they thought they heard them during acquisi-

tion; and meaning instructions (MI), which required a
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response based on congruence of meanihg‘with the acqui-
sition sentences.

Katz's hypotheses flow from the ‘Bransford and
Franks results and the concept of semantic integration.
First, he reasoned that students sheéuld not be able to
discriminate between OLD and NEW seiitences in either
the AI or MI conditions. Second, the*'linear effect’
of recognitidn-rating responses andisénﬁénce complexity
should provide the same slope in both-the AT and MI
conditions.

The materials were derived fromﬁfour comblex em-
bedded English sentences each analyzed into four simple
declaratives, similar to the Bransford and Franks mate-

rials. For example, The rock which rolled down the

mountain crushed the tiny hut at the ‘edge of the sea,

was analyzed into, The rock rolled down the mountain,

The rock crushed the hut, The hut was.%iny, and The hut

was at the edge of the sea.

The results confirmed the Bran§f0ra and Franks
data that students could not discrim&ﬁaké'between OLD
and NEW sentences. More important were the results on
the 'linear effect'. - In the AI condition the 'linear
effect' of recognition-rating responses to sentence

complexity confirmed the Bransford and-Franks results,
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that students integrate related ideas into a unified
representation. This effect intensified from one trial
block to a second trial block. However, for the MI
condition there was a slight effect in trial block 1 but
virtually a flat curve in block 2.

Katz was still at a loss to describe the differ-
ential processes operating under the AI and MI condi-
tions, since the data were not revealing on the matter.
However, he defers to the same tentative suggestions
offered by Reitman and Bower (1973).

If an individual has fully integrated and memorized

a complex idea, he can 'recognize' any part of it.

In light of this, the explanation for the linear

effect offered by Bransford and Franks (1971),

namely, that recognition is a function of the num-

ber of basic ideas in the integrated idea [that is]
exhausted by the semantic representation of the
input is unrealistic., If true, it would mean that
individuals are literally unable to recognize small
components (basic ideas) of a holistic idea in

isolation from the whole [p. 83].

Citing other empirical evidence to support this
tentative, exploratory hypothesis, Katz referred to his
own doctoral thesis (1971) where, although there were
minor variations, Katz used the 'Bransford Paradigm' to
investigate various aspects of the semantic integration
process. It was concluded that meaning was used by the

students in the processing of and recognition of NON-

CASEs. However, the processing of high imagery and low
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imagery materials, and the ensuing results, suggested
that the 'linear effect' of sentence complexity on
recognition~confidence responses was the result of
integrating perceptual information. After all, the
effect was obtained with low imagery material that was

virtually meaningless (e.g., The original event created

an unusual state in the structure of the system).

Katz also cited the recent findings of Reitman and
Bower (reviewed above) where n-tuples of letters and
numbers in rote, meaningless concepts were used to ob-
tain the 'linear effect'. Finally, conceding that the
exact cause of the 'lipear efﬁect' was not known, Katz
suggested that it appeared to be influenced by instruc-
tional artifacts.

An ancillary finding was that the confidence ra-
tings were superfluous scores, and numbers of recogni-
tion responses, per se, were adequate to both analyze
the data and find the same results.

Katz and Gruenewald (1974) took issue with the
interpretations of Bransford and Franks (1971, 1972)
that their results supported the interpretation (1) that
there was constructed a unified semantic representation
in the cpmprehension of connected discourse; and (2)

that the recognition of new linguistic strings was a
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function of the extent to which those input strings ex-
hausted all of the information in that unified semantic
whole.

They suggested that the results might have nothing
to do with semantic processes, since Reitman and Bower
(1973) were able to replicate the 'linear effect' with
letter and number n-tuples, since Katz (1971) showed the
same results with virtually incomprehensible material,
and since Katz (1973) was able to show its disappearance
by changing the instructional set.

Katz and Gruenewald (1974) wanted to test directly
- whether or not the 'linear effect' was based on sentence
meaning. They compared the sentence complexity curves
of sentences that were meaningful with sentences that
were virtually incomprehensible. Meaningful (M) sen-
tences were similar to the original Bransford and Franks
(1971) study while meaningless (M) sentences retained
syntactic structures but eliminated lexical meaning.

The materials were four M and four M complex sen-
tences. The M sentences were similar to those refer-
enced in earlier studies and each was analyzed into four

simple declaratives. For example, The rock which rolled

down the mountain crushed the tiny hut at the edge of

the sea, was analyzed into The rock rolled down the
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mountain, The rock crushed the hut, The hut was tiny,

The hut was at the edge of the sea. The M sentences

were derived from four M sentences by a rather detailed
procedure employing rules outlined in Forster (1966)
.and Underwood and Schulz (1960). The corresponding M
sentence and its simple declaratives for the M sentence

given above were, The soto which tehoed inow the feex-

teva Vonéed the tioc len ic the froo ab the adex, The

-soto tehoed inow the feexteva, The soto voneed the len,

The len sim tioc, and The len sim ic the froo ab the

adex.

As in the earlier studies, four ONEs, four TWOs,
three THREEs, and one FOUR (é set of 12 sentences) were
generated from each frame. The l2-sentence idea group
was used to generate the acquisition and recognition
lists. In addition, two M between-frame NONCASEs and
two M between-frame NONCASEs were generated. The acqui-
sition list contained two each of ONEs, TWOs, THREEs,
and two FOURs, totalling 26 sentences. The recognition
list had 32 sentences: three OLD sentences from each
frame, a ONE, TWO, and THREE; three NEW sentences from
each frame, a ONE, TWO, and THREE; the four FOURs (two

OLD and two NEW); and the NONCASEs were added.
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The acquisition phase was posed as a short-term
memory task with interpolated activity between exposure
to and writing down each sentence. The students were
naive to the recognition task. After a two-minute rest
the students went through a recognition deck and gave
"Yes" or "No" recognition responses and confidence
ratings.

The results indicated: (a) Using the recognition-
confidence scores as the dependent measure, a significant
'linear effect' was found for both the M and M sentences.
(b) There was an interaction between sentence complexity
and meaningfulness, whereby the slope of the M condition,
while significant, was not as steep as the M condition.
However, this difference in slopes was demonstrated to be
an artifact of greater difficulty in the M condition and
does not mitigate the subsequent interpretations of the
data.

The authors concluded that the 'linear effect'
found in the M condition could not be attributed to
semantic integration. The question that remained was:
What was the cause of the 'linear effect'?

We offer the relatively simple hypothesis that...

Ss...adopt a guessing strategy in which they assign

ratings, not according to what they have experienced

(or integrated), but on the basis of the probabil-
ity that a sentence having a particular number of
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"components" (i.e., ideas, phrases, or anything Ss
interpret as being manipulated combinatorially)
could have occurred in acquisition. They do this
presumably, by estimating the total possible num-
ber (or "set size") of sentences of varying sen-
tence complexity and then formulating a probability
based on the inverse of that set size. The linear .
effect itself can thus be easily explained: Since
the maximum set size is greatest for ONEs and

least for FOURs, the probability estimates and,

hence, recognition confidence ratings would yield

a reverse ordering, i.e. ratings would be greatest

for FOURs and least for ONEs...[p. 740].

Recall that the guessing strategy was suggested by Reit-
man and Bower (1973) and Katz (1973).

Katz, Atkeson, and Lee (1974) attempted to test the
guessing strategy hypothesis further. They hypothesized
that what students were learning was not necessarily in-
tegrated semantic content, but the idea that the acquisi-
tion sentences appear in various combinations. If this
was so then the increased misrecognition of sentences of
greater complexity may be an outcome of a guessing strat-
egy; that is, that a particular combination of ideas,
probably did occur in acquisition.

The procedure closely paralleled that of Bransford
and Franks (1971). The Control condition received one
each of the ONEs, TWOs, THREEs, and FOURs for each idea
group, totalling 16 sentences. The recognition list was

identical to the acquisition list, though in a different

random order.
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The Experimental condition received only the 16
ONEs in acquisition and recognition, with different ran-
dom orders of the same sentences for acquisition and
recognition. For the Experimental group there was no
reason to expect that the sentences would be combined.

According to Bransford and Franks...either [con-

dition]...should...result in the formation of

wholistic semantic representations...Thus, recog-
nition-confidence ratings for old ONEs ought to be
identical...According to the procedural artifact
hypothesis...ONEs in the experimental condition
should be significantly higher because the Ss are
no longer required to remember what the precise
combinations of ideas were in acquisition. They
need only remember whether they saw the ideas at

all [p. 712].

Acquisition was an incidental learning task, al-
though the students were told that the sentences were
related. The students were naive to the recognition
task. Each sentence was presented orally only once,
followed by a brief interpolated task, and then the
students wrote down the sentences. After all 16 sen-~
tences, they rested for five minutes. The mean recog-
nition-confidence scores were used as the dependent
measure.

The results indicated that the control condition
replicated the findings of Bransford and Franks (1971).

The crucial comparison was between the mean responses

of the ONEs for the Experimental and Control conditions.
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The Experimental condition elicited significantly higher
scores. There were no differences in the recognition-
ratings of NONCASEs. The results supported the artifact
‘hypothesis.

To explain the results of the 'linear effect' as
found by Bransford and Franks (1971), Katz, Atkeson, and
Lee (1974) invoked their guessing strategy hypothesis
which was elaborated upon earlier. Although students
trigd to make exact identification, statistical proba-
bility estimates are made in an attempt to precisely
identify a sentence during recognition.

Moeser (1976) presents a lengthy series of four ex-
periments which bear directly upon the topic under dis-
cussion. Moeser discusses Tulving's (1972) description
of a semantic memory system and an episodic memory sys-
tem. Though it will not be elaborated upon here, the
semantic memory system encodes new information so that
it will be organized with prior knowledge or rule struc-
tures, for the generation of logical consequences, inter-
relations, and new information that was not actually
presented to the learner (i.e., inferences). This was
in contrast with the episodic memory system which was a
representation of unique events and which, theoretically,

could not generate new inferential information.
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Moeser (1976) was concerned with reasoning in the
episodic memory system. It was assumed that the
'Bransford Paradigm' results were operating off an

.episodic memory system.

The first experiment by Moeser was designed to
investigate whether various encoding conditions would
affect a student's ability to integrate a set of basic
premises into complex sentences. There were three
experimental encoding conditions. In the first (holis-
tic sentences group), ‘'complex' sentences were presented

as a syntactic unit: The ants ate the sweet jelly on

the table in the kitchen. In the second (ordered propo-

sitions group), the same information was presented se-

quentially in a set of simple sentences: The ants ate

the jelly, The jelly was on the table. The table was

in the kitchen. 1In the third (ramdom proposition group),

the simple sentences were presented non-sequentially so
that the semantically related sentences were temporally
separated.

It was hypothesized that memory performance of the
actual materials presented for encoding should not differ
for the three conditions. However, memory performance
for the 'complex' sentences should decrease from the

first to the last condition. Thus, the first group was
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supplied with the actual 'complex' sentences while the
second and third groups had to attain the 'complex'
sentences which were not explicitly stated. |

Four complex sentences comprised of three basic
premises were constructed. The holistic and ofdered
groups were presented the ideas, in acquisition, in the
same order. Each idea was presented twice. The random
group received the same number of exposures of the basic
simple sentences as the ordered group, but with éppropri-
ate blocking and randomization.,

The test was a forced-choice (see Anderson and
Bower, 1973) situation which required the discrimination
between true and false complex sentences and true and
false basic premises.

Children were presented the sentences one at a time,
were asked to repeat the sentences, and then were asked
questions about the sentences (e.g., Who ate the jelly?).
They were initially told that they were going to be
tested on how well they could remember. However, the
children were naive to the test situation at the end of
the total presentation sequence,

The results were as predicted: Memory performance
for actual encodings were identical acros's groups, while

identification of complex sentences declined from the
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ordered proposition group to the random proposition
group.

The purpose of Experiment II was to determine if
.the logical connection between discrete semantically re-
lated sentences was encoded into the memory system. This
would be determined by examining memory performance for
complex sentence chains under two conditions: with and
without the logical connective as a cue.

For example, consider the acquisition sentences:

The doll was in the small crib; and The small crib was

under the tree. The connective is the word crib. On a

forced-choice test, one group (the TRANSITION group)

would choose between: The doll is in the crib under the

tree; and The doll is in the crib on the sidewalk. An-

other group (the NO TRANSITION group) would choose be-

tween: The doll is under the tree; and The doll is on

the sidewalk.

If the memory representation for the information is
such that a logical connection exists between two
propositions, the subjects given the coordinating
cue should find it easier to retrieve the [complex
sentences]...than those not given the cue. If no
logical connections exist among the memory represen-
tations, the coordinating cue should not facilitate
the making of the [complex sentencel...[p. 199].

Eight problems were constructed as sets of four

sentences. An example of a complete problem set would
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be: The doll is in the small crib; The toy truck is on

the sidewalk; The small crib is under the tree; The

clown is riding the donkey. Each problem set contained

parallel alternatives -- for example, sidewalk and tree
in this set. A line drawing illustrating the relation-
ships in the sentences was presented with each sentence.

Following the presentation of each problem set the
student was asked one of two question sets. One ques-
tion set tested memory for two explicitly-stated proposi-
tions; the second question set contained one complex
chain question and one memory question. Each question
was of the force-choice type.

The results indicated that memory questions eli-
cited better performance than complex chain questions.
However, there were no differences between the TRANSITION
and NO TRANSITION conditions. The students did not ap-
pear to be able to make use of the coordinating cue in
the premises. It appears that the common element for
two premises was differentially represented in memory
for the students in the two conditions.

In Experiment III, the purpose was to see if stu-
dents enhanée their complex chaining as a function of
presentations of individual premises to force the moti-

vation to make semantic relations.
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Materials similar to Experiment I were used and
presented in either an Ordered proposition condition or
a Random proposition condition as in Experiment I. The
students either received two or six presentations of the
materials. The criterion task consisted of 16 forced-
choice items: four tested complex chaining and 12
tested memory for explicitly-presented propositions.

The procedure was similar to Experiment I and the sub-
jects were naive to the criterion task.

The results indicated that the Random group was not
able to handle complex chaining at all. The Ordered
group was able to produce chains. However, repetitions
had no effect on specific memory or complex chaining.

The purpose of Experiment IV was to see if inte-
grative encoding is facilitated by providing a mini-
ature cognitive structure which might be used to encode
new information. Students were provided with a short,
two-sentence story before exposure to the acquisition
materials.

The results of the preceding three experiments
showed that it was not always possible for students to
encode information into an organized structure. 1In con-
trast to thé previous experiments, Experiment IV was an

intentional rather than incidental learning task.
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There were two conditions. In the STORY condi-
tion, the students were required to memorize four
stories. In the NO STORY condition there was no prior
activity. There were two additional control groups to
ascertain thé influence of the mini-stories alone on
criterion performance.

Four complex ideas were constructed similar to
those used in the prior experiments. For example: The

ants ate the jelly on the table under the tree. The.

short story used in the STORY condition as a miniature
cognitive structure for the aforementioned complex sen-

tence was: It was very hot inside the house, so the

family planned to have dinner in their shady'back yard.

But after carrying ocut the food, they decided to go for

a swim in the pool before 'they ate.

After memorizing the four stories in the STORY

condition the students were instructed:

You will now hear a number of sentences, each of
which is related to one of the stories you have
just learned. There will be 12 sentences in all,
and each story has three sentences which are re-
lated to it. You are to combine each sentence with
its related story, and later you will be tested on
how well you have been able to do this. The sen-
tences will be presented a number of times in order
to insure that you will be able to relate them all
[p. 207].
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In the NO STORY condition, the instruction differed as
follows:

You will hear a number of sentences, some of which

are related to one another, and you are to combine

together those sentences which have the same words

in them so that they form one complex idea. Later
you will be tested on how well you have been able

to do this. There will be 12 sentences in all, ar-
ranged so that there are four sets of complex ideas
and three sentences in each complex idea. The sen-
tences will be presented a number of times in order

to ensure that you are able to relate them all [p.

207].

For both conditions, the acquisition sentences were
presented six times in the same random sequence. These
were followed by 4 forced-choice chaining questions, and
12 forced-choice memory items, similar to those in
Experiment III.

The control groups indicated no undue influence of
the stories, per se, on criterion performance. However,
this critical observation must be made. There should
have been a control group to test whether memorizing
prior stories, per se, had any effect on criterion per-
formance. The experimenters must distinguish between
the effects of a miniature cognitive'structure, plus
instructions, on the one hand, and developing a learning
set, on the other.

The results indicated no difference between the

STORY and NO STORY conditions on memory items. However,
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the STORY condition showed superior performance on the
chaining items. Although students were encouraged to
form complex chains, they were unable to do so when the
sentences were given without add1t10nal context.

Moeser seems to be making a strong case for the
fact that the 'Bransford Paradigm' materials were stored
as discrete episodes, and only with great difficulty was
there evidence of integration. The students needed a
lot of help. Either give them the entire integrated
chain in one complex sentence, order the simple sen-~
tences logically, or give them an integrative context.
Apparently, people do spontaneously integrate informa-
tion in some way (as evidenced by the 'Bransford
Paradigm' studies). However, if they are given a
forced~-choice test, they show lower levels of integra-
tion. This speaks for memory decrement, poor discrimi-
nation, and inappropriate generalizations, all of which
were evident in the 'Bransford Paradigm' studies because
a non-forced-choice recognition test rather than a forced-
choice test was used. This supports the Katz, et al.
criticism that the 'Bransford Paradigm' results were
artifact and not integration. After all, a transitional
cue in Experiment II did not help at all. In Experiment

IV, merely instructing students to combine related
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sentences did not produce integrative chains beyond
chance performance.
A General Critique of the

"Bransford Paradigm' for
Semantic and Lingquistic Integration

In the 'Bransford Paradigm', semantic integration
was merely the combinatorial manipulation of linguistic
units into sequences of varying lengths. These apparent
~juxtapositions of short discrete elements into long
strings were called abstractions and wholistic ideas.

The 'Bransford Paradigm' research could demonstrate
that unified wholistic strings were acquired (though not
necessarily connected with prior knowledge), but the pro-
ducts of integration were not necessarily at a higher
level of abstraction than any of their elements. Trans-
fer was never demonstrated except under the guise of
stimulus generalization and poor discrimination. Fur-
ther, the underlying processes appear not to be semantic.

Further, and this is most important, the 'Bransford
Paradigm' was an incidental learning task. The students
were naive to the conditions of the recognition task.
They might have been instructed that the sentences re-
late to one another; they were never (with the exception
of Moeser, 1976) instructed to integrate them, to make

the inductive leap to extrasentential inferences, or to
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draw conclusions as a deliberate information processing
strategy. It will be apparent in further studies, yet

to be reviewed, that the effects of such an instructional
set have implications for determining personal control
over semaﬂtic integration. However, no study systemati-
cally investigated instructional variation on semantic
integration. Instructions within different paradigms
were constant. The experimental question remains as to
how strategies can change with instructions.

The Bransford and Franks (1971) material was con-
crete and easily imaged. The FOURs were just as concrete
and susceptible to imagery as the ONEs. Therefore, on
what basis does one say that the FOURs were linguisti-
cally abstract relative to the ONEs? In my opinion,
what they called semantic integration or linguistic ab-
straction (which implies some order of conceptualization)
was merely a sequencing of distinct units that maintained
their logical interrelationships. The logicvof the re-
lationship came either from the lexical interpretation
(deep structure) of the unit elements and/or the syntac-
tic constraints they contain. The juxtapositioning and
logical sequencing could be carried out in a non-semantic
manner. The end result was no more or less abstract or

concrete than the elements.
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Begg and Paivio (1969) suggested that concrete
material was imaged and abstract material was processed
as strings of sequential dependencies. 8Since Bransford
‘and his colleagues showed that concrete and abstract
material yield similar results in their. experiments,
the conclusion was that part meanings were integrated
into whole meanings for concrete and abstract input
according to some semantic process. However, if con-
crete and abstract materials were indistinguishable in
terms of the experimental effects, why assume that the
effects were the outcome of a semantic process? Why not
conclude that both sets of data were processed according
to Begg and Paivio's description of abstract verbal pro-
cessing and storing: string processing by sequential
dependencies (see Miller and Selfridge, 1950)?

Singer and Rosenberg (1973) suggested that the
correlation of recognition to sentential complexity was
an artifact of grammatical form and function of the rec-
ognition cue, and that the correlation of confidence
ratings to sentential complexity does not exist when the
recognition response is ignored. Franks and Bransford
(1974) responded to those criticisms but the question
remains far from resolved.

Reitman- and Bower (1973) using n-tuples of alpha

and numeric characters found a specific recognition
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memory for exemplars and a storage for the full concept
unit. They tentatively hypothesized that the recogni-
tion of any exemplar follows a probabilistic decision
process which is non-semantic.

Katz (1971, 1973) suggested that the 'linear effect'
was due to perceptual integration. If a concept was
learned, then any part could be recognized with equal
frequency. If a sequential string was learned, then
recognition-ratings would follow a probabilistic model.
Katz and Gruenewald (1974) provided even stronger evi-
dence that the results of the 'Bransford Paradigm' may
have nothing to do with semantic processes at all, since
the 'linear effect' was obtained for both meaningful and
meaningless sentences. They formalized the decision
theoretic approach into the 'guessing strategy'
hypothesis.

Katz, Atkeson, and Lee (1974) were able to show
that semantic integration, as manifested by the 'linear
effect' of Bransford and Franks was an artifact of the
method of stimulus presentation. Finally, Moeser (1976)
was able to support the artifact over the integration
explanation for the results of Bransford and Franks by
using a far more sensitive criterion task (forced-choice)

in a series of experiments.
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The concept of semantic integration still remains
alluring and intuitively appealing in applied education-
al psychology. But, some serious criticisms have been
raised. Perhaps the 'Bransford Paradigm' data supports
some other non-semantic process as_suggested by Katz
and Gruenewald. The question remains open.

Studies Investigating Developmental
Effects on Semantic Integration

Donaldson (1963) suggested that children will com-
monly encode the elements of a potentially integrative
task as separate units. However, we might expect older
children to change their encoding strategy to an inte-~
grative orientation. .

Smedslund (1963) designed a study to compare the
assertions from informal observations by Piaget, Inhelder,
and Szeminska (1960) and an experiment by Braine (1959),
where Braine reported that transitivity (a kind of inte-
gration) occurs at least two years earlier than Piaget,
et al. suggested. In a study on concrete transitivity
of length inequalities (A is longer than B, B is longer
than C, therefore A is longer than C), though, Smedslund
concluded that the average age of acquisition of concrete
transitivity of length was probably around eight years,

and that Piaget was supported over Braine.
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However, Smedslund was careful to make the follow-
ing observation that reflects on the subject matter of
this proposal: "Concrete transitivity, involving in-
ferences from actual observations, should not be con-
fused with formal transitivity which permits the subject
to make inferences from verbally stated, hypothetical
premises [p. 389]."

Kendler and Kendler (1967) presented another study
of children's ability to integrate learned behaviors.

When [problems that require the integration of

separate segments arel...applied to a cross sec-

tion of human beings, we find that if we use

either grade level or MA as a developmental index,

solutions are very infrequent at the lower devel-

opmental levels [kindergarten]. However, as
developmental level increases, solutions become
increasingly frequent until at the highest levels,
they are the overwhelmingly dominant mode of re-

sponse [p. 186].

The tasks, briefly stated, were to press a button on a
red panel to obtain a glass marble, to engage in an
interpolated behavior, and to place the glass marble in
a slot to obtain a toy. The students on the integration
task were asked to obtain a toy. The integrated sequence
of events was obvious to the reader, but not so obvious
for the less mature students.

Paris and Carter (1973) felt that the integrative

memory hypothesis had received support in the work of
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Bransford and Franks (1972) on adults. They extended
the research to determine if children also demonstrated
integrative memory ability and to explore age-related
differences.

For acquisition, seven stories were constructed.
Each was comprised of three sentences, two premises and

a filler. For example, The bird is inside the cage;

The cage is under the table; and The bird is yellow.

The entire acquisition list was read aloud to the indi-
vidual students. They were instructed to remember the
sentences since they would be asked questions about
them. After the acquisition phase, the students engaged
in a five-minute interpolated task.l The students were
naive to the task of drawing an inference.

The recognition materials consisted of four sen-
tences for each of the seven stories: a true premise,

The bird is inside the cage; a false premise, The cage

is over the table; a true inference, The bird is under

the table; and a false inference, The bird is on top of

the table. The students were required to give recogni-
tion-rating responses as in prior studies.

The results indicated that the students consistently.
misrecognized true inferences far more frequently than

they erred on other test sentence types. The pattern of

»
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results was the same for both second and fifth grade
children, except that the older children made fewer
overall errors. There were no main or interaction
effects with sex. The certainty judgments indicate that
‘the students made their errors in the misrecognition of
valid inferences with strong conviction.

It will be briefly mentioned here, that: (a) in-
structions were not varied regarding the nature of the
criterion task; (b) it was not apparent from the overt
materials whether they suggested extra-linguistic infer-
ences; and (c) no developmental differences were found.
This study suffers from many of the same criticisms of
the 'Bransford Paradigm' studies.

Barclay and Reid (1974) investigated developmental
trends in semantic integration from kindergarten through
the fifth grade. As such they concentrated on two as-
pects of language comprehension and memory: (a) memory
for a particular syntactic structure, the truncated pas-
sive sentence (e.g., The ball was hit); and (b) semantic
integration. Semantic integration was described, in a
very general way, as the distribution of syntactically
isolated information throughout the content of a passage.

Barclay and Reid (1974) felt it was important to
know whether and to what extent semantic integration

improves in childhood. However, in a review of the
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literature, Barclay and Reid could find no hard evidence
of an increase in semantic integration with age in early
childhood.

In a review of the liLerature, Barclay and Reid
noted that full passives were often recalled or recog-
nized as full actives (e.g., Mehler, 1963; Sachs, 1967).
However, Slobin (1968) found that while full passives
might be recalled or converted to full actives, truncated
passives were usually immune from this transformation
and recalled verbatim.

The means of assessing semantic integration was the
observation of the syntactic conversion of truncated
passives (e.g., The ball was hit) to full passives or
full actives when the deleted actor was mentioned in a
later sentence. The interpretation was that the infor-
mation in the truncated passive was semantically encoded
and distributed to each sentence in a passage of dis-
course so that the later-mentioned actor was integrated
with the earlier-mentioned truncated passive. This inte-
gration (by virtue of the availability of an actor) was
the necessary condition for the syntactic conversion to

take place. By observing the conversion it was inferred

that integration took place.
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The following are examples of the materials.

TRUNCATED PASSIVE/ACTOR: On the first day of school

Bob was introduced to his new teacher. The principal

who introduced him was very nice. TRUNCATED PASSIVE/NO

ACTOR: On the first day of school Bob was introduced

to his new teacher. All his friends were glad to see

him. FULL PASSIVE: On the first day of school Bob was

introduced to his new teacher by the principal. The

principal was very nice.

Students were read three passage types in the fol-
lowing order: target sentences that were TRUNCATED/ACTOR,
TRUNCATED/NO ACTOR, FULL PASSIVE. In the first passage,
the actor was given in the immediately following sentence.
The students, participating in a memory game, had to re-
peat the story from memory.

The results indicated that verbatim truncated pas-~
sives were recalled most frequently when no actor was
supplied, and recalled with a frequency equal to that for
actives when an actor was supplied. Barclay and Reid
felt that the results supported a semantic integration
hypothesis, and supported the psychological reality of
semantic content. If syntax, rather than semantics, were
primarily the basis for recall, the ACTOR - NO ACTOR con-
ditions should have displayed equal predominance of trun-

cated passives in recall. The opportunity for semantic
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integratioh allowed the students to form a condensed,
wholistic version of the story in memory to ease the
burden of retention. However, four age groups did not
differ significantly in the pattern of results for ACTOR,
NO ACTOR, and FULL PASSIVE conditions. Thus, no devel-
opmental trend was evident.

The authors recommended further investigations.
Integration in their study spanned only adjacent sen-
tences. Other studies might investigate integration
over a wider span of sentences for different age groups.
It would be necessary to partial out age-related memory
span effects from developmentally different linguistic
processes. Finally, a legitimate applied school learning
issue is whether a link can be made between deficient
semantic integration and problems in learning and reading
comprehension. The students, participating in a memory
game, had to repeat the story from memory.

The results indicated that verbatim truncated pas-
sives were recalled most frequently when no actor was
supplied, and recalled with a frequency equal to that
for actives when an actor was supplied. Barclay and |
Reid felt that the results supported a semantic inte-
gration hypothesis, and supported the psychological

reality of semantic content. If syntax, rather than
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semantics, were primarily the basis for recall, the
ACTOR - NO ACTOR conditions should have displayed equal
predominance of truncated passives in :ecall. The
opportunity for semantic integration allowed the students
to form a condensed, wholistic version of the story in
memory to ease the burden of retention. However, four
age groups did not differ significantly in the pattern
of results for ACTOR, NO ACTOR, and FULL PASSIVE con-
ditions. Thus, no developmental trend was evident.

The authors recommended further investigations.
Integration in their study spanned only adjacent sen-
tences. Other studies might investigate integration
over a wider span of.sentencés for different age
groups.

Hale and Piper (1974) presented two interesting
experiments on the "effect of pictorial integration on
children's incidental learning." At first blush, this
study would seem out of place in this critique. How-
ever, it was deliberately included for three reasons:

l. The entire study =-- its rationale, procedures,

and results -- offer an analogue to the pre-
viously reviewed work in this section.

2, It addresses a developmental factor which was

| investigated in the prior study using connected

discourse.
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3. A critique of the results sows the seeds of a
non-semantic process as the basis for an
apparent semantic integrative process.

Hale and Piper (1974) cite research in the liter-
ature whereby children's learning of incidental stimuli
from pictorial events remains constant over age, while
memory for central events increases developmentally.

The interpretation of the decline in the ratio of inci-
dental to central events was that children would attend
more to task-relevant cues with increasing age (Hagen,
1972).

It is proposed that if the stimulus elements were

to be integrated into a scene, a child would more

naturally view a compound stimulus as a single unit
and would find it a more demanding task to analyze
the compound into its separate elements. Materials
of this sort should thus permit a more appropriate
test of children's ability to analyze stimuli into
their relevant and extraneous features and to attend

selectively to the former [p. 847].

Pictorial stimuli in four conditions, varying in
integration between the components of the pictures were
examined by 8, 11, and 14 year olds. There were two
action conditions, WEAK and STRONG action, wherein an
animal was depicted performing an action with an object;
one STANDARD condition, wherein the animal and object

were independent entities; and one STATIC condition,

with the animal holding the object.
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The authors' review of paired-associate studies
revealed that children's incidental learning of pictor-
ial associations improved when components were presented
in an action relation. The degree of facilitation was
found to increase with age.

Thus, incidental learning of animal-object rela-
tions was expected to increase with age in the ACTION
conditions, but not in the STANDARD and STATIC condi-

" tions. The mediational factor underlying this differ-
ence was hypothesized to be stimulus integration.

The experiments were divided iﬂto a learning phase
and an incidental learning phase. In the learning phase,
six animal frames in a horizontal array (deer, pig, dog,
sheep, horse, and rabbit) were exposed simultaneously
for six seconds. The student was then cued with a pic-
ture of one animal and asked to point to the correct
array position of that animal. Immediate feedback was

provided. The central learning score was computed from

the number of correct responses,

All students were naive to the incidental learning
phase. Immediately following the learning phase the six
incidental objects were simultaneously displayed (tennis
racket, guitar, bucket, kite, broom, ball), the animals
were shown one by one, and the children indicated the

correct object with each animal. The number of correct
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animal-object associations constituted the incidental

learning score.

Consistent with previous findings, the central
learning scores increased with age for all conditions.
The incidental learning scores, contrary to expectations,
did not increase with age and in some cases declined.

The incidental learning was greatest in the STRONG ac-
tion condition, but no age differences were notable.

Hale and Piper concluded that pictorial integration
automatically increases the likelihood that a child will
recall the components of a stimulus together. But this
effect does not increase developmentally; it is of
roughly the same magnitude for children throughout the
range from childhood to adolescence. By observing the
recalling together of stimulus components we might incor-
rectly jump to the conclusion that what we observe is
integration and abstraction of semantic content. The
process may simply be the juxtaposition of discrete ele-
ments on a perceptual level. If semantic content was not
involved, and therefore, semantic integration could not
be observed, then why should a developmental trend be
expected?

As an aside, it is interesting to note that the
integration in the Hale and Piper study was imposed on

the students by the construction of the stimulus

74



pictures themselves. By comparison, the integration
- in the 'Bransford Paradigm' studies, reviewed so far,
was purportedly a product of the mental processes of
the students.

In Experiment I of Moeser's (1976) study (reviewed
earlier) differences among three experimental encoding
conditions on a developmental basis were investigated.
It was expected that younger children would have more
difficulty integrating information. However, the re-
sults were the same at all age levels. There were no
developmental effects. In other words, tﬁere were no
developmental differences in ability to construct com-
plex sentences.

In Experiment TI of Moeser's (1976) study, there
was a slight but non-significant trend in integrative
ability. It is interesting to note that Grade 2 and 6
showed identical performance while, theoretically, great
changes in logical reasoning are supposed to take place
(Smedslund, 1963).

A Critique of the Studies

Investigating Developmental Effects
on Semantic Integration

Early studies on integration behaviors in children
have been successful in demonstrating developmental

effects (Donaldson, 1963; Kendler & Kendler, 1967;
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Piaget, Inhelder, & Szeminska, 1960; Smedslund, 1963).
However, these studies were limited to the observation

of concrete operational tasks while the thrust of this

investigation is on the integration of semantic content
on a verbal level using connected discourse.

Four studies reviewed in this chapter were unsuc-
cessful in finding developmental trends in semantic in-
tegration. 1In the Barclay and Reid (1974) study, the
pattern of results for the TRUNCATED PASSIVE/ACTOR,
TRUNCATED PASSIVE/NO ACTOR, and FULL PASSIVE conditions
was the same for all age groups. Thus, there were no
observable developmental trends. In the Hale and Piper

(1974) study central learning increased with age but not

incidental learning. Incidental learning was greatest

in the STRONG action condition, which suggested some sort
of integration of central with incidental stimuli. The
effect was the same for all age groups. Thus, there were
no observable developmental trends.

Paris and Carter (1973) and Moeser (1976) were also
interested in the ability of children to integrate seman-
tic information and, therefore studied age-related ef-
fects. While they did find that children could integrate
materials in a 'Bransford Paradigm' type of study, and

that older children manifested greater memorial behavior,
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they found that the pattern of results was thé same for
all age groups.

At this point it may be profitable to take a second
look at the Hale and Piper (1974) study of pictorial
integration to determine why a developmental trend might
not have been found and to suggesé how a developmental
effect on semantic integration could be studied more
effectively. It was noted that pictorial integration in
the Hale and Piper (1974) experiment served only to in-
créase the likelihood that stimulus events would be re-
called together. This integration, as elaborated in the
extensive critique of the 'Bransford Paradigm' studies,
could be attributed to the juxtaposition of adjacent
events by virtue of perceptual processes, syntactic con-
straints, sequential dependencies or other non-semantic
operations. Therefore, one would not expect a trend in
semantic integration since semantic processes were not
involved. With increasing age, discrimination between
relevant (central) and irrelevant (incidental) informa-
tion improves. The discrimination of the central stimu-
lus event from the total stimulus field presupposes an
ability to abstract at a higher level than the overt
level of the actual stimulus materials. That is why
recall of central events increases with age. But inci-

dental stimulus events required no abstraction operation.
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Therefore, no recall advantage was observed for higher
age groups.

Lastly, the studies which failed to f£ind develop-
mental effects on semantic integration have used the
'Bransford Paradigm' and suffer from the same criticisms,

mentioned earlier.

Rationale for studying developmental trends

The failure to note a developmental trend in the
aforementioned studies does not obviate the possibility
of a developmental effect for semantic integration. A
close scrutiny of the above studies suggests that seman-
tic processing was not, in fact, tested. The recalling
together of stimulus components, as observed in these
studies, was incorrectly labeled integration and abstrac-
tion on a semantic level.

However, a better test of semantic integration dguld
occur if inferences beyond the information initially in-
put were tested. This would involve inferences that were
neither perceptual nor syntactic, but semantic.

The Inferential Thinking Paradigm
for Studying Semantic Integration

The studies to be reviewed below are similar to
the 'Bransford Paradigm' of research in that semantic

integration was investigated. However, the crucial
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distinction between the two classes of research rests
upon the description of the integrative process. The
next series of studies presuppose that input materials
are integrated with existing knowledge or rule struc-
tures, and with other input materials, to yield a new
product that: (a) represents a wholistic unit; (b) in-
volves some abstractive process; (c) permits the obser-
vation of transfer phenomena by way of inferences,
extra-linguistic products, and logical conclusions; and
(d) assumes that the underlying verbal content to account
for the above are propositional (Kintsch, 1970). These
studies were more directly aimed at demonstrating the
psychological reality of semantic integration and will
survive the criticisms of the 'Bransford Paradigm'.
Bransford, Barclay, and Franks (1972) reported that
investigations of sentence memory and comprehension have
relied on concepts developed within transformational
linguistic theory, sometimes called deep structural
theory (see Blumenthal, 1967; Blumenthal & Boakes, 1967;
Rohrman, 1968; Sachs, 1967). It was felt that a more
complete psychological description of the nature of
semantic information processing was necessary. Consider

the following sentence, Three turtles rested on a floating

log, and a fish swam beneath them. Bransford, Barclay,
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and Franks suggested that students would make the infer-
ence that the fish swam beneath the log and the turtles.
However, if the preposition beside was substituted for
on that same inference could not be made. Thus we have
a potential inference (PI) sentence and a non-inference
(NI) sentence.

Three experiments were conducted. In Experiment I
14 sentence frames were constructed such as: Three

turtles rested (on/beside) a floating log, and a fish

swam beneath (it/them). The 14 frames could yield a

possible four sentences each. They differed as being
PI or NI and in changing the final pronoun. One sen-
tence was chosen from each frame.

In random order, sentences were read to each stu-
dent with instruction to remember them because questions
would be asked at a later time. The students were not
naive to the recognition task. After a three-minute
rest, 35 recognition sentences were read by them: 14
originally presented PI and NI sentences, an additional
14 sentences which were the final pronoun counterparts
to the originals, and seven filler (F) sentences. The
students were asked to give recognition-~rating responses
as in the previous studies by Bransford and Franks.

The mean recognition-ratings were compared for the

following six categories of items, NEW and OLD versus
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PI, NI, and F. The results indicated that for PI sen-
tences alone, students could not distinguish those
sentences they had heard before from those they had not.
These results were interéreted as being consistent with
an integrative component in memory.

Experiment II dealt with the problem that the re-
sults obtained for PI sentences could have been due only
to poor memory or weak discrimination among PI sentences.
Thus, a memory decrement, specific to PI sentences could
account for the results in Experiment I. The object was
to demonstrate that memory decrement for the PI form was
specific to the final pronoun and not to the PI form
itself.

Two groups received seven PI, seven NI, and seven
F sentences. The acquisition procedure was the same as
in Experiment I. During the recall phase the students
were read sentence prompts, consisting of the noun
phrases of each sentence, and asked to recall the rest
of the sentence.

The results showed that the PI and NI sentences
were paraphrased equally well, when the accuracy of the
final proﬁoun was disregérded. When the accuracy of the
final pronoun was required, PI sentences showed a lower
rate of recall. These results were consonant with previ-

ous findings in Experiment I.
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In Experiment III the authors wanted to investigate
extra—linguistic inferences that could be made from the
construction of a wholistic semantic product out of ele-
mentary linguistic units. In other words, the semantic

construction from a passage might yield, The chair is to

the right of the tree. Then an extra-linguistic product

would be, The tree is to the left of the chair.

The materials consisted of six descriptive passages
and four filler passages. An example of a descriptive

passage is: There is a tree with a box beside it, and

a chair is on top of the box. The box is to the right

of the tree. The tree is green and extremely tall. Two

recognition sheets were constructed. The first (A) had
four sentences related to each passage: OLD - original
sentence; I - legitimate inference; and two non-legit-
imate sentences. The second (B) recognition sheet
changed the linguistic format and had two legitimate
inference sentences and two non-legitimate sentences.

In the acquisition phase the students were told to
listen carefully and comprehend them since they were to
be asked questions about them. In the recognition phase,
to which the students were not naive, task A was given
to group 1 and task B to group 2.

The results for set A showed that OLDs were recog-

nized more than Is indicating a tendency to remember
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the linguistic form. But, given that the subject could
not remember the specific form, the tendency was to re-
cognize an I sentence. For set B the two legitimate
-inference sentences were recognized equally well and
better than the other two types. The results were con-
gruent to those in Experiments I and II.

The authors acknowledged a very important limitation
to their study, that nothing much was said about the na-
ture of the semantic descriptions constructed by the
students. However, they concluded that the results sup-
ported a synthesis of present input with existing knowl-
edge to produce a final product.

Johnson, Bransford, and Solomon (1973) began their
study with the assumption that much comprehension and
learning of verbal materials involved inferential think-
ing. The authors referenced the Bransford, et al. (1972)
article whereby knowledge of spatial relations was pre-
sumed necessary to integrate the semantic content of a
passage into a cognitive whole. However, there are many
kinds of prior knowledges that influence the inferences
that can be made from novel input. The study by Johnéon,
et al. investigated the production of inferences about
relations among objects and about consequences suggested

by different operations.
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The materials consisted of 20 short descriptive

stories. Eight were filler passages. The experimental

group had 12 inference stories: six inferred an object
relation and six inferred a consequence. An inferred

object relation was: The man was shot. The inference

was: The man was shot by an instrument presumably a gun.

An inferred consequence relation was: The boy hit the

baseball and watched as it flew into the picture window

in the house. The inference was: The window was

shattered. For the control group, a prepositional or
verb phrase was changed so that an inference was not
forthcoming, relative to the reqognition sentences.

In the acquisition phasé the students were told to
listen carefully to the stories as they would be asked
questions about them later. The acquisition list was
read once by the experimenter. The recognition list had
two fillers, 12 OLD sentences (identical to the acqui-
sition sentences), 12 UNRELATED sentences (inconsistent
with the acquisition sentences), and 12 INFERENCE sen-
tences used for both control and experimental groups.

The results indicated that the experimental and
control students did not differ in the mean number of
positive recognition responses given to UNRELATED sen-

tences. The experimental and control students did not
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differ on the positive recognition of OLD items. How-
ever, the EXPERIMENTAL group responded mofe frequently
to INFERENCE items.

The results are consistent with the notion that an

S's understanding depends not only on what he hears,

but on the implications of that information in light

of relevant knowledge he already posesses. The Ss
were likely to think that information available only
by implication was actually given during the acqui-
sition task. [However, on the basis]...of the pre-
sent procedures one cannot determine whether such
implications were actually realized in acquisition
or whether they were determined in recognition

[p. 204].

It shall be one purpose of this proposed study to
determine whether the inferences were generated from and
encoded with primary input during the acquisition phase,
or whether inferences were made later during the retrie-
val phase.

Kintsch and Monk (1972) felt that conclusions could
be made about the representation of information in memory
by observing reading time, time needed to make an infer-
ence, and the probability of making a correct inference
for two kinds of materials, simple and complex.

The making of an inference is a manifestation of
semantic integration in that new information in its prop-

ositional form is integrated with rules of inference to

yield a new proposition.
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Two versions of a paragraph were prepared. In one,

the simplest possible syntax was used, generating

a string of simple sentences which expressed in as

straightforward a manner as possible, the under-

lying proposition of the paragraph. 1In the second
version, all conceivable syntactic and semantic
transformations were used to generate one long,
complex sentence, which however, still expressed

the same propositions [p. 26].

It should take longer to read the complex than the
simple paragraphs. If the information is stored in a

propositional form, the speed of making an inference
should be the same for two versions. If information is
stored in verbatim form, the complex version should re-~
quire more processing time to make an inference. The
above analysis presumes that simple and complex versions
share the same meaning.

Three experiments were conducted. In Experiment I
three types of paragraphs were used. Each type had four
propositions A, B, C, and D. Type 1l was constructed as
follows: A causes B, B and C cause D (or -D); assert A
and C (or A and -C); question D. The assertion and re-
sponse operationally defined the inference. Type 2: A
causes B, B causes C, C causes D; assert A (or =-A):;
question D. Type 3: A causes B, C is an instance of A,
D is an instance of B; assert C (or -C); question D.

For each problem type four paragraphs were construc-

ted, for a total of 12. Making them simple and complex
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netted 24 paragraphs. A sample of a Type 1 Simple para-

graph:

The council of elders in the land of Syndra meets
whenever a stranger arrives. If the council meets
and if the stranger presents the proper gifts to
the council, he is not molested by the natives.

The explorer Portmanteau came to Syndra without any
valuable gifts [p. 27].

A sample of a Type 1 Complex paragraph:

The arrival of strangers in the land of Syndra, like
the explorer Portmanteau, who did not bring valuable
gifts, always resulted in a meeting of the council
of elders, which insured that the stranger was not
molested by the natives upon receipt of the proper
gifts [p. 271.

The question: Was Portmanteau molested by the natives?

Other paragraphs.covered topics of smog, the price of
soap, and crime. Eight filler paragraphs were included
for a total of 32.

Two experimental lists were constructed: Set 1 and
Set 2. Four warmup problems (filler items), 12 experi-
mental problems, and the remaining four filler paragraphs
were organized according to a latin square in terms of
Simple-Complex paragraph versus "Yes"-"No" response to
the assertion. Set 2 was the complement of Set 1.

The students were told that all questions required
an inference rather than a simple answer from memory.

They were asked to work fast, but that the important
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tﬂing was to be correct. They were further instructed
to answer on the basis of overt information, not on
logically extraneous factors.

The paragraphs were presented with a slide projec=-
tor and the advance to the question frame was controlled
by the student (unlimited time to read), otherwise the
advance to the question frame was. experimenter-controlled
after a 1l0-second reading time (restricted reading time).

The results were as follows: Reading time. Given

the occurrence of a correct response to an assertion,
the mean reading time for Complex paragraphs was signi-
ficantly longer than for Simple paragraphs. Inference

time. For the self-paced condition, inference times did

not differ for Simple and Complex paragraphs, whether
or not the inference required a "Yes" or "No" response.

Proportion of correct responses. The likelihood of a

correct response was less under conditions of limited
reading time for both paragraphs.

In Experiment II 20 paragraphs were constructed,
differing in subject matter, length, logical structufe,
and type of inference required (classification, compari-
son, arithmetic problem, and logical reasoning). There
were two versions of each: Simple and Complex.

The self-paced condition was the same as in Experi-

ment I except the student's response was "True" or
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"False". In the restricted-time group, the experimenter-
controlled time was proportional to average time needed
in the self-paced group and varied from five to 16 sec-
.onds.

The results paralleled Experiment I. Paragraph
complexity increased reading time. Inference times,
given the occurrence of a correct response, were not
influenced by paragraph complexity. The likelihood of a
correct response was greater under self-paced than un-
limited reading time.

In Experiment III the materials consisted of 12
classical syllogistic arguments. Arguments consisted of
two premises plus logically irrelevant material. The
conclusion was the question. Half the arguments were
valid and half were invalid. The procedure paralleled
Experiment II.

The results also paralleled Experiments I and II.
Complexity increased reading time, and time to inference
(valid or invalid) was the same for Simple and Complex
paragraphs. Kintsch and Monk concluded that memorial
representation of information was independent of the
linguistic complexity of the input. This was presumed
to be the propositional base of the verbal material.

Kinstch and Monk acknowledge, however, that it was

uncertain when the inference was made and encoded. Was
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the inference made during acquisition and encoded along
with its generative base? Or was the generative base
only processed and stored during acquisition and the
inference made later during the retrieval phase? This
shall be studied in this.investigation.

In a study by Anderson and Ortony (1975), the
authors deferred to a description of language comprehen-
sion as typified by the writings of Bransford, Barclay,
and Franks (1972) and Bransford and McCarrell (1974).
They suggested that representational and symbolic exper-
ience were more elaborate and particularized than the
surface or deep structure features of sentences allowed

us to infer. In their words:

... [R]epresentation is generally more detailed than
the words in the utterance might appear to entail;
that the words only loosely constrain the repre-
sentation; and that one's store of knowledge about
the world and analysis of context are heavily im-
plicated in sentence comprehension and memory
The purpose of the study by Anderson and Ortony
(1975) was to demonstrate that elaborating and particu-
larizing were routine and predictable in language com-
prehension. Integration of prior knowledge, context and
input were presumed to be the basis of the elaboration

and particularization.
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First, the authors spend a good deal of time an-
alyzing, critiquing and contrasting their own views with
those of Human Associative Memory =-- HAM (Anderson and
Bower, 1972; Anderson and Bower, 1973). As an illustra-
tion they considered the following situation. A cue was
used to retrieve a previously-encoded sentence. A cue
which was characteristic of the integration of context,
prior knowledge, and input would retrieve the sentence
with a probability greater than two partial cues: one
related only to the subject phrase and one related only
to the object phrase. HAM would predict a cue that was
iptegrated to the whole sentence would elicit‘recall no
more frequently than the sum of partially related cues.

The materials and method were elaborate and compli-
cated. The following was an example of a sentence set:

A. Nurses are often beautiful.

B. Nurses have to be licensed.

C. Landscapes are often beautiful.

D. Taverns have to be licensed.

There were two cues: Actress and Doctor. For
Actress, sentence A was the target sentence because the
cue was contextually related to the whole sentence. B
and C are subject and predicate controls, that is, rela-
ted to only part of those sentences. D is a double con-

trol, related to neither subject nor predicate. For the
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cue Doctor B is the target, A the subject control, D the
predicate control, and C the double control. Doctor and
Actress were either remote or close cues relative to the
sentences used. A target and control sentence from each
of 14 sets were assigned to list A or list B depending

on the cue used. Each list was divided into two sublists.

Students were instructed to learn the sentences.
Each student received two presentations on a tape re-
corder of sublist 1 and then two tests on sublist 1.

The first test examined learning by cueing recall with
the subject noun. The second test examined recall by
cueing with the remote and close cue. The two presenta-
tions and two testings were repeated with sublist 2.

There were four levels of scoring from almost
strict verbatim to loose derivation. The interrater re-
liability was .97 to .99. The dependent variable was
the proportion of target sentences recalled on test 2,
conditional upon demonstrated learning on test 1.

The results showed that at every level of scoring,
the probability of recalling a target sentence with the
context-relevant cue was greater than the sum of the
probabilities of recall for the subject and predicate
cues.

Thorndyke (1976) states that theories of discourse

comprehension have rarely addressed the issue of
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inferential thinking and its role in providing an inte-~
grating context for the understanding of incoming infor-
mation. Thorndyke suggests two basic processes which
account for the generation of inferences.

One process is where a sentence, taken in isolation,:
is given a frame of reference or context by the learner
from which plausible inferences are generated and held
in immediate memory. The frame or context is either
given directly to the learner or the learner supplies
one from his general storehouse of knowledge (Bransford
& Johnson, 1973; Dooling & Lachman, 1971; Thofndyke,
1975). The generated inferences are used to evaluate
new information yet to be encountered in a paragraph.

The second process is where later information must
be reconciled with earlier information in the absence
of direct and obvious connections. Inferences are gener-
ated to fill in the gap between later and earlier asser-
tions to make them logically compatible or at least
plausible (Clark, 1975). The inferehces from the second
process might reinforce, invalidate, or be unrelated to
inferences from the first process within the same para-
graph of discourse.

The first process described might be called early

inferencing; the second process might be called later

inferencing.
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The predictions tested in Thorndyke's experiments
were: (a) the plausibility of early inferences are in-
creased by later inferences that are reinforcing; (b)
the plausibility of earl§ inferences are reduced by
later inferences that are invalidating; and (c) the
plausibility of early inferences are unchanged by neu-
tral later inferences. The reinforcing, invalidating,
or neutral influences of the later inferences are a
function of two things: the sentence which generated
the early inferences (called the target sentence); and
the subsequent sentence which generated the later infer-
ences (called the continuation sentence).

In Experiment I four unrelated narrative passages
of 20 sentences were constructed. Each passage contained
two target-continuation sentence sets. For each target-
continuation set, three early inferences were constructed
that were equally plaﬁsible with respect to a control
continuation sentence. That is, the later inferences
from the continuation sentence were neutral in their
influence on the early inferences. The same early infer-
ences were differentially influenced (reinforced, invali-
dated, neufral influencei by an experimental continuation

sentence.
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An example of a target sentence was: (A) The

hamburger chain owner was afraid his love for his french

fries would ruin his marriage. The postulated early in-

ferences were: (B) The hamburger chain owner got his

french fries for free; (C) The hamburger chain owner's

wife didn't like french fries; (D) The hamburger chain

owner was very fat. The experimental continuation sen-

tence later in the passage was: (E) The hamburger chain

owner decided to join Weight-Watchers in order to save

his marriage. Relative to the experimental continuation

sentence, the plausibility of early inference B was not
affected (neutral); the plausibility of C was reduced;
and the plausibility of D was reinforced.

The control continuation sentence was: (F) The

hamburger chain owner decided to see a marriage counselor

in order to save his marriage. The postulated later in-

ference chain would be: (A) The hamburger chain owner

was afraid his love for his french fries would ruin his

marriage. (G) He wanted to save his marriage. (H) He

thought a marriage counselor would help save the marriage.

(F) He decided to see a marriage counselor in order to

save his marriage.. The perceived plausibility of B, C,

and D remain unchanged relative to the control continua-

tion sentence F. The authors collected normative

95



productions and ratings of plausibility to verify the
appropriateness of the preselected inferences.

There were two conditions: Experimental and Con-
trol. The Experimental group received the experimental
continuation sentence E, the other the control continu-
ation sentence F. As indicated above, relative to the
continuation sentence E, the early inferences were
eithe appropriate, inappropriate, or neutral. Relative
to the F continuation sentence, they were all neutral.

The subjects read each of four passages, paused
after each target sentence and continuation sentence and
wrote down three possible inferences with unlimited time.
After this exercise they rated the plausibility of the
postulated set of inferences on a seven-~point scale.

As expected, the probability of producing the
appropriate, inappropriate, or neutral inferences given
after each target sentence was the same across inferences
and across Experimental and Control groups.

Also as expected, the probability of producing the
appropriate, inappropriate, and neutral inferences after
the continuation sentence was the same across inference
types for the Control group. However, for the Experi-
mental group the probability was lower for the inappro-

priate inference and higher for the appropriate inference.
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Further, the plausibility ratings were the same
across inference types for the Control group, while the
Experimental group showed lower ratings for the inappro-
priate inferences and higher ratings for the appropriate
inferences.

In Experiment II it was hypothesized that infer-
ences generated during comprehension were encoded in
memory along with the text information from which they
were generated, and subsequently were undifferentiated
from that information.

On a recognition test of sentences that included
sentences presented during acquisition and the prese-
lected target sentence infefences, the misrecognition
of inferences would indicate the encoding of inferences
and lack of differentiation from acquisition sentences;
Also, it would be expected that appropriate, inappro-
priate, and neutral inferences would be misrecognized
(false alarm) with equal probability for the Control
group. The Experimental group should produce greatest
false alarm rates for appropriate inferences and the
least for inappropriate inferences.

The students read each of the four passages and
rated comprehensibility, imagery, and meaningfulness

after each one. Afterward, four recognition tests were
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administered. Each test consisted of six true sentences
and two sets of three inferences for each target sen-
tence. The students indicated whether a sentence actu-
ally appeared in acquisition or was an inference about
the story.

As predicted, inference type had a marked effect

on false alarm rates. For the Experimental group,

the probability of a false alarm was highest for

Appropriate inferences at .58, .40 for Neutral in-

ferences, and lowest for Inappropriate inferences

at .06. For the Control group, false alarm rates
were nearly equal for the three inference types...

[pp. 443-444].

The above experiments strongly suggested that much
inferential thinking took place during acquisition, and
the inferences were encoded into memory at that time.
This proposed study will examine whether or not infer-

ences were indeed encoded in acquisition as opposed to

retrieval.

Summary of the inferential thinking paradigm studies

In contrast to the definition of semantic integra-
tion implicit in the 'Bransford Paradigm', semantic in-
tegration can be characterized in at least two other
ways that are closely related. Integration may involve
assimilation of input into a previously acquired schema

to produce a new schema (a modified schema). Also,
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integration ma& be observed where a previously acquired
propositional system influences new input to allow de-
duction, induction, copclusions, or inferences to be
made. However, the propositional base itself is not
modified.

The inferences investigated in the Bransford,
Barclay, and Franks (1972) Experiment III relied on
'universal' knowledge of spatial relations. Both inte-
grative and specific recognition memory were supported.
Students could not discriminate between any two legiti-
mate inferences; but there was a discrimination between
OLDs and inferences. Further, investigation showed that
the superior recognition for potential inference éen-
tences over non-inference sentences was not attributable
to poor memory or weak discrimination.

The Johnson, et al. (1973) study assumed the prior
existence in cognitive structure of concepts that were
primitive and well established in our culture, in gen-
eral, like spatial relations. They found that an ex-
perimental group could recognize an inference if it was
forthcoming from the original acquisition list while a
control group could not. This was not really an experi-

ment; it was more a demonstration. But, it was an
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indication of an integration of new input with what the
student already knows.

Kintsch and Monk (1972) concluded that syntacti-
callvaIMPLE and COMPLEX sentence structures yield the
same meaﬁing, since inference time did not differ in a
self-paced reading condition. They suggested that the
results were better explained by a propositional base
of sentence meaning.

In the Anderson and Ortony (1975) study integration
involved the melding of prior knowledge, context, and
input; this integration was key to sentence comprehen-
sion. The knowledge of the world that was important in
the interpretation of the data for Anderson and Ortony
was comparable to the knowledge of spatial relations in
the Johnson, et al' study, permitting semantic integra-
tion to take place. This type of semantic integration
was contrasted to non-semantic integration which may be
a function of perceptual integration, grammatical form
and function, syntactic integration, and sequential de-
pendencies.

In the most far-reaching study to date, Thorndyke
(1976) showed how the generation of inferences played
an important role in the comprehension of connected

discourse. In a rather ingenious set of experiments
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Thorndyke demonstrated a two-fold role of inference
generation. Inferences were generated from new input

to access a general framework or context. If no frame-
work was found then a backward inferential chain was |
generated to find some anchoring poiht so that the total
paragraph would be integrated. Sentences were inte-
grated with an early generated inferential chain to find
a contextual framework, or were integrated with a later

inferential chain to an antecedent.

Rationale

Is semantic integration a real phenomenon that is
a cognitive process and is important to school learning
or is it a perceptual phenomenon and artifact of experi-
mental materials, instructions, procedures, and crite-
rion tasks? The objective of this study is to obtain
support for semantic integration and thereby indirectly
support the psychological reality of semantic content.
Semantic content is what Kintsch (1972) refers to as
propositional representations which are distinct, though
not mutually independent, from surface and deep struc-

ture.
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The objectives of this investigation

The objectives of this research are to determine
the following:
1. Are inferences encoded during acquisition or are
they processed from the primary input during the re-
trieval phase?
2. Is there a developmental trend in the semantic inte-
gration process, as indicated by time to produce an in-
ference on query, time to encode input material, and

production of a correct inference?

Rationale for using inferential materials

The Kintsch and Monk (1972) materials were adapted
for this investigation. These materials were composed
of elements that, if integrated, could enable students
to make and recognize valid inferences or conclusions
that go beyond the information given (Bruner, 1957).
The rationale was that the Kintsch and Monk (1972) ma-
terials could provide evidence of semantic integration
if transfer to implications, inferences, and conclu-
sions could be observed. There was also a presumption
of cognitive processing at a semantic level. These ma-
terials obviate the previously-mentioned criticisms of

the 'Bransford Paradigm.'
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Rationale for determining time of inference production

Three studies using inferential material and in-
vestigating conditions under which inferences were gen-
erated (Johnson, Bransford, & Solgmon, 1973; Kintsch &
Monk, 1972; & Thorndyke, 1976) acknowledged that it
could not be determined from their data whether infer-
ences were méde during acquisition and then encoded in
memory, or if the semantic base only was encoded during
acéuisition and then the inference made during the re-
trieval phase. However, there is consensus, if only
implicit, that inferential thinking occurred in acqui-

sition as opposed to retrieval.

Rationale for studying instructional variation

In the studies reviewed under the 'Bransford Para-
digm' and every study, except one, which criticized the
'Bransford Paradigm' findings, the students were naive
to the recognition task or the requirement to integrate
the acquisition materials. In the later studies which
do support semantic integration the students expected
the criterion task and/or understood that they had to
make an inference or reach a conclusion based on the

acquisition materials.
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Why should naivete versus non-naivete to the rec-
ognition task requirements be important to this inves-
tigation of semantic integration? The condition wherein
a student has an intent to learn, remember, and inte-
grate constitutes a task-specific learning set for the
inferential materials that will be used in this study.
Past research supports the importance of intention to
remember and the prior establishing of a meaningful
learning set (Ausubel, 1968; Ausubel, Schpoont, &
Cukier, 1957; Harlow, 1949). The establishment of a set
to integrate and go beyond the information given can be

controlled by instructions to the learner.

Hypotheses

fhe focus of this proposal is the concept of seman-~-
tic integration. Semantic integration will be studied
by observing the production of inferences. By examining
various aspects of inferential thinking it is expected
that some properties of semantic integration will yield
to scientific inquiry. Inferential thinking will be ex-
amined in two major contexts: one in which stimulus ma-
terials are experimentally manipulated, and the other in
which instructions are experimentally manipulated. With-

in these two major contexts, developmental effects will
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be studied. The developmental effects will be main ef-
fects for age, and interactions of age with materials

and instructions.

Materials

Stimulus materials will be varied by either expli-
citly supplying the logical inference during acquisition
or not doing so. In the latter case, the inference is
available to the learner only by implication and plausi-
bility. Given that inferential thinking takes place
during acquisition, it is hypothesized that:

Encoding time during acquisition will be greater

when inferences are not explicitly supplied;

Time to produce a correct response, during re-

trieval, to a query about an inference will not
differ across stimulus materials.
If inferential thinking spontaneously takes place, it is
hypothesized that:

The number of correct responses to a query about an

inference will not differ across stimulus ma-

terials.

Age within materials

If reading speed, memory, and comprehension in-

crease with age, it is hypothesized that:
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Older children will encode stimulus materials fast-
er than younger children;

The number of correct responses to a query about an
inference will increase as age increases;

The time to produce a correct response to a query
about an inference will decrease as age in-
creases.

If spontaneous integrative ability increases with age,
it is hypothesized that:

More inferential thinking, during acquisition,
should be evident for older children than for
younger children. Therefore, the difference
between stimulus méterials on encoding time
should be greater for older children.

The explicit availability of an inference during
acquisition should differentially benefit young-
er children in terms of the number of correct

responses to a query about an inference.

Instructions

There will be two instruction sets: instructions
to process materials in a rote-verbatim fashion, and in-~
structions to integrate stimulus materials so as to pro-

duce inferences or conclusions. If the variation in
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instructions influence semantic integration as observed
by inference production, it is hypothesized that:

Encoding time during acquisition will be greater
for the Integrative Instruction group;

Time to produce a correct response, during re-
trieval, to a query about an inference will be
less_for the Integrative Instruction group;

The number of correct responses to a query about
an inference should be greater for the Integra-

tive Instructional group.

Age within instructions

Older children will encode stimulus materials
faster than younger children;

The number of correct responses to a query about an
inference will increase as age increases;

The time to produce a correct response to a query
about an inference will decrease as age in-
creases;

Integrative Instructions should differentially
benefit younger children as manifested by the
nuﬁber of correct responses to a query about an

inference.
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CHAPTER III

METHODOLOGY

Experiment I

PurEose

The first experiment was designed to investigate
the relatiﬁnships of Materials and Age to inferential
thinking. Making an inference from stimulus materials
was presumed to reflect semantic integration. Thus,
Experiment I investigated the effects of Materials and

Age on semantic integration.

Materials

Three types of paragraphs were used, modeled on
the Kintsch and Monk (1972) study. Each type had four
propositions: A, B, C, and D. Type 1l was constructed
as follows: A causes B, B and C cause D (or -D); as-
sert A and C (or A and -C); question D. The assertion
and response operationally defined the inference. Type
2: A causes B, B causes C, C causes D; assert A (or
~-A); question D. Type 3: A causes B, C is an instance
of A, D is an insfance of B; assert C (or -C); ques-

tion D.

108



For each problem type, four pdragraphs were con-
structed. Each paragraph was presented in. two ways:
once without explicitly stating the inference, and once
with the inference explicitly stated. A sample of Type
1 without the explicit inference is:

Every Christmas there is a winter party. The ice-

boats have a race on the lake as long as the ice

is one foot thick. All winter the ice on the lake
was half a foot thick. The winter party is held
in the mountains. :
A sample of Type 1 with the inference explicitly stated
is:

Every Christmas there is a winter party. The ice-

boats have a race on the lake as long as the ice

is one foot thick. All winter the ice on the lake

was half a foot thick. The iceboat races were not
held this year.

The query:
Were the iceboat races held this year?

Two experimental lists, Set 1 and Set 2 were con-
structed. Set 1 contained 12 paragraphs, six without
the inference explicitly stated and six with the infer-
ence stated. Set 2 was the complement of Set 1. Each
list began with two warmup paragraphs (fillers), one

with and one without the inference. Thereafter,
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paragraphs were arranged in four blocks of three. Each
block contained ohe problem of Type 1, 2, and 3.

Whether a paragraph appeared with or without an in-
ference, and whether a YES or NO query was used was de-
termined by a counterbalancing scheme following a latin
square. Two different orders were prepared for each set.
Each paragraph was represented once in each set, either
with or without an inference. In each set the correct
answer was YES for half the inference paragraphs, and NO
the other half. However, only one response form, YES or
NO was used for a given paragraph presented with or with-
out an inference. (The paragraphs used are described in
Appendix A.)

The paragraphs were selected from a larger set
written by a paid, experienced, fifth-grade teacher and
modified by this writer. The materials were at the
third grade re&ding level, as determined by the Lorge
Readability Index (Lorge, 1959). A panel of 41 adults
examined the paragraphs to determine if the conclusions
to be drawn from the materials could be inferred; and
that the inferences should only be attainable if all the
pre-~inferential propositions were available to the read-

er. Thus, paragraphs were eliminated which did not lead
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to an appropriate inference, or where the correct answer

was obvious merely by asking the question.

Procedure

Index cards (4" X 6") were made for all paragraphs
and queries. The students were exposed to one paragraph
at a time and a stop watch (accurate to 1/5 of a second)
was started. The experimenter stopped the watch when
reading was completed. A color naming task was inter-
polated while the experimenter recorded the encoding
time. Another 4" X 6" card was shown to the student as
the ekperimenter started the timer a second time. This
card contained the question on the paragraph inference.
The experimenter stopped the timer as the student gave
an answer. After the response and time were recorded,
the experimenter gave the student a "ready" signal and
proceeded to the next paragraph-color naming-YES/NO
item.

The instructions were read to the students as
follows:

This is a reading game. You and I will play to-

gether. You will read 12 little stories, one at a

time. Read them carefully. There is no time limit,

but I will time how long you take. Do not waste

too much time on any one story, but you can take
all the time you need.
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After each story you will be asked to name some
colors. This is a rest period.

After the rest period I will show you a question
about what you have just read. Read the question
and answer "Yes" or "No". There is no time limit,
I will time how long you take to answer.

Now let's do two practice stories before we play
the game.

l. When I turn the card, read the story. When you
have finished, look up at me and say "Stop". Ready,
begin.

«eeo"Stop".

2. Look at these colors. Tell me the names of
these colors from left to right.

3. When I turn the card, read the question. When
you know the answer, say "Yes", or "No".

Now let's do one more practice story.

1. Read the story. When you finish, look at me
and say "Stop". Ready, begin.

® ® & @ .'Stop.' L]
2. Name these colors.
3. Answer the gquestion "Yes" or "No".

Very good. Now we are ready to begin. Are there
any questions?

1. Read the story. When you finish, look at me
and say "Stop". Begin.
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veas"Stop”.
2. Name these colors.
3. Answer "Yes" or "No".

[Repeat numbers 1, 2, and 3.]

A flow diagram of the experimental trials and

data recording is presented in Figure 1.

Subjects
Fifty-eight (58) students from five grades were

enlisted: grades four, five, six, seven, and eight.
They Qere randomly assigned to two groups, 29 in each.
The school was a coeducational learning center affili-
ated with a uniQersity campus, but whose population was
drawn from the pommunity-at-large. As such, a broad
range of backgrounds was represented. The students

were accustomed to frequent testing, both group and
individual, and had cooperated with a number of graduate

student research projects over the years.

Design

The first experiment had three dependent variables:
time to encode a stimulus passage, the number of correct
inferences, and the time to produce a response to a

query about an inference from a passage.
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START ACQUISITION
TIMER ENCODING

TIMER STOPPED

COLOR NAMING
( E RECORDS TIME
& RESETS TIMER )

START QUERY
TIMER INFERENCE

YES/NO RESPONSE
STOPS TIMER

E RECORDS TIME
& RESPONSE
& RESETS TIMER

Figure 1. Experimental trials and data recording procedure

for Experiment I.
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There were two independent variables: Age (110 -

180 months), and Stimulus Materials -- the logical

inference was supplied (IS) or was nor supplied (NIS).

Hypotheses to be tested

The hypotheses stated at the end of Chapter II can

now be restated. (A more technical statement of the

hypotheses is displayed in Appendix B.)

Hl:

If inferential thinking spontaneously takes
place, the mean number of correct responses
to a query about an inference should not vary
across stimulus materials.

The number of correct responses to a query
about an inference will increase as age in-
creases. There is a positive correlation
between age and correct responses.

If younger children possess less spontaneous
(natural) semantic integrative ability than
older children, then an inference supplied
during acquisition should differentially bene-
fit younger children as manifested by the
number of correct responses to a query about
an inference. That is to say, there is an

interaction between age and materials on the
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number of correct responses to an inference
query.

If inferential thinking takes place during
acquisition, then mean encoding time will

be greater when inferences are not explicitly
supplied.

Older children will encode the stimulus mat-
erials faster than younger children. There
is a negative correlation between age and
encoding time.

If older children possess greater semantic
integrative ability, they would spend more
time during acquisition on inferential think-
ing than younger children, in the absence of
any supplied inference. As a result, the

difference between older and younger children

on encoding time should be greater for NIS than

IS materials. That is to say, there would be
an interaction between age and materials on
encoding time.

If the encoding of inferences, when they are
not explicitly supplied, takes place during
acquisition rather than retrieval, the mean

time to produce a correct response to a query
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about an inference will not vary across stim-
ulus materials.

H8: The time to produce a correct response'to-a
query about an inference will decrease as age
increases. There is a negative correlation

between age and response time.

Experiment II

PurEose

The second experiment was designed to investigate
the relationships of Instructions and Age to inferen-
tial thinking. Making an inference from stimulus mate-
rials was presumed to reflect semantic integration.
Thus, Experiment II investigated the effects of Instruc-

tions and Age on semantic integration.

Materials

Three types of paragraphs were uséd, modeled on the
Kintsch and Monk (1972) study. These were the same as
those described in the preceding section on Experiment
I materials. For each type of problem, four paragraphs
were constructed. The inferences were not explicitly
stated. A sample of Type 1 paragraph without explicit

inference was shown previously on page 98. A single
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list of 12 paragrpahs was constructed. (The paragraphs
are described in Appendix C.)

For each paragraph there were two questions. One
query related to a specific sentence that was actually
presented. The other was a gquery about an inference
from the story. The order of the queries and whether
they require a "Yes" or "No" response was determined
by a counterbalancing scheme following a latin square.

A set of random orders for the 12 stories was
established prior to the experiment. Each student
received a different random order. However, the same
random order sets were used across instruction condi-

tions.

Procedure

As in Experiment I, 4" X 6" index cards were made
for all paragraphs and queries. The students were ex-
posed to one paragraph at a time with unlimited reading
time. Each student received only one set of instruc-
tions: Verbatim or Integrative. The choice of in-
struction set was random, chosen by the experimenter
prior to the experiment and read to the student by the
experimenter. The Verbatim Instructions were as follows:

This is a reading game. You and I will play
together. You will read 12 little stories, one
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at a time. Read them carefully. There is no time
limit, but I will time how long you take. Do not
waste too much time on any one story, but you can
take all the time you need.

After each story you will be asked to name some
colors. This is a rest period.

After the rest period I will show you two questions
about what you have just read. You must answer
"Yes" or "No". There is no time limit, but I will
time how long you take to answer.

One question is important and the other is not.
One question is about a sentence you actually read
in the story. This is the important question. So
pay close attention when you read the stories.
Remember the words you actually see.

Another question makes you think about the story.
This question is not important, but answer it any-

way. Just remember only the words you actually
see,

Now let's do two practice stories before we play
the game.

l. When I turn the card read the story. When you
have finished, look up at me and say "Stop". Ready,
begin.

«ess"Stop".

2. Look at these colors. Tell me the names of
these colors from left to right.

3. When I turn the card read the question. When
you know the answer, say "Yes" or "No".

4, When I turn the card read the question. When
you know the answer, say "Yes" or "No".
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Now let's do one more practice story.

1. Read the story. When you finish, look at me and
say "Stop". Begin.

...."Stop". ~

2. Name these colors.

3. Answer "Yes" or "No'".
4. Answer "Yes" or "No'.

Very good. Now we are ready to begin. Are there
any questions?

[Repeat the last set of instructions 1, 2, 3, and 4.]

The Integrative Instructions varied in the fourth and

fifth paragraphs as follows:

One question is important and the other is not.
One question is about a conclusion from the story.
This is the important question. The conclusion is
not really a sentence in the story, but you could
figure it out from the rest of the story. When
you read the story try to figure things out. So
pay close attention to what the story means.

The unimportant question is about the words you
actually read in the story. Only remember the
meaning, not the words.

A flow diagram of the experimental trials and data

recording is presented in Figure 2,
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INSTRUCTIONS
VERBATIM OR

INTEGRATIVE
START ACQUISITION

TIMER ENCODING
TIMER STOPPED

COLOR NAMING
( E RECORDS TIME
& RESETS TIMER )

START QUERY 1
TIMER

YES/NO RESPONSE
STOPS TIMER

E RECORDS TIME
& RESPONSE
& RESETS TIMER

START QUERY 2
TIMER

YES/NO RESPONSE
STOPS TIMER

E RECORDS TIME
& RESPONSE
& RESETS TIMER

Figure 2. Experiﬁental trials and data recording

procedures for Experiment II.
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Subjects

Fifty-nine (59) students from five grades were
selected: -grades four through eight. Twenty-nine (29)
were randomly assigned to the Verbatim group and 30 to
the Integrative group. They were drawn from the same
school and poéulation described in Experiment I; however,

the students across the two studies were different.

Design

The second experiment had three dependent variables:
time to encode a stimulus passage, humber of correct re-
sponses to a query about an inference, and time to pro-
duce a correct response to a query about an inference
from a passage. |

There were two independent variables: Age (110 -

180 months), and Instructions (Verbatim and Integrative).

Hypotheses to be tested

The hypotheses stated at the end of Chapter II can
now be restated. (A more technical presentation of the
hypotheses is displayed in Appendix F.)

H Inferential thinking will take place during

9*
acquisition for the Integrative group and
during retrieval for the Verbatim group.

However, there should be no differences in
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10°

11°

12°

13°

the attainment of the correct inference be-
tween the instruction groups.

The number of correct responses to a query
about an inference will increase as age in-
creases. There will be a positive correlation
between age and correct response.

If younger children possess lesser spontan-
eous (natural) semantic integrative ability
than older children, then an integrative
instruction set should differentially benefit
younger children, as manifested by the number
of correct responses to a query about an
inferencé. That‘is to say, there will be an
interaction between age and instructions on
the number of correct responses to an infer;
ence query.

The integrative instructions will elicit more
inferential thinking during acquisition than
verbatim instructions. Thus, the mean encoding
time for the Integrative group will be greater
than the Verbatim group;

Older children will encode the stimulus mat-
erials faster than younger children. There
will be a negative correlation between age

and encoding time.
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Hl4:

15°

The integrative instructions will compel
more encoding of inferences during acquisi-
tion along with the actual sentences, while
the verbatim instructions will foster the
encoding of only the sentences. Thus,
inferences for the Verbatim group must be
processed from the sentences after they are
recalled, while the Integrative group merely
will recall the inference. Thus, response
time will take longer for the Verbatim group
than the Integrative group.

The time to produce a correct response to a
query about an inference will decrease as age
increases. There will be a negative correla-

tion between age and response time.
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CHAPTER IV

RESULTS

‘Experiment I

The data

The summary descriptive statistics are displayed
in Table 1. The raw data are presented in Appendix E.
Paired means were compared by the use of t tests. =Zero
order correlations were tested in a linear regression
format, because the statement of Rz and the sign of
the rggression weight convey information about variance
explained and direction of a relationship. Comparisons
of independent means were done with dummy coding in a
regression model.

The previous chapter described three types of
stimulus materials used in this study: three distinct
logic types. The main analyses collapsed the data
across all three logic types. However, post hoc analyses
were computed separately for each logic type. The pur-
pose of these additional analyses was to determine
whether the results were unique to a particular logical
construction in the stimulus materials or generalizable

across a variety of logical constructions. The raw

data for each logic type are presented in Appendix F.
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Hypothesis 1

The first hypothesis stated that the number of
correct responses to a query about an inference would
not differ across stimulus materials. This assumed
that inferential thinking was a natural, spontaneous
operation in acquisition.

The hypothesis was not supported. The mean correct
responses for No Inference Supplied (NIS) and Inference
Supplied (IS) materials from Table 1 were, respectively,
3.29 and 5.10. The difference was significant, t (57)
= 11.16, p < .001l.

A post hoc analysis revealed that each logic type
displayed the same significant difference. As seen in
the summary descriptive statistics in Table 2, the
smallest difference between means was for logic type 2.
The mean correct responses for NIS and IS materials are,

respectively, 1.34 and 1.72, t (57) = 3.16, p < .005.

Hypothesis 2

The second hypothesis stated that older children
would give more correct responses to a query about an
inference than younger children. It was reasonable to
assume that reading comprehension and integrative ability

would increase with age.
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Table 1
Mean Scores and Standard Deviations for Three Dependent
Variables for Inference Supplied (IS) and No Inference

Supplied (NIS) Materials

Variable M SD N

Correct Responses
IS 5.10 0.98 58
NIS 3.29 1.21 58
Encoding Time®
Is- 15.53 4,74 58
NIS 16.03 5.16 58
Response Time?
IS 2,33 0.84 56
NIS ‘ 2.75 1.02 56

@Measured in seconds
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Table 2

Mean Scores and Standard Deviations for Three Dependent

Variables for IS and NIS Materials and Logic Type

Logic Type 1 Logic Type 2 Logic Type 3

variable M SD N M SD N M SD N

Correct Response

IS  1.81- 0.40 58 - 2572645958 1,56 0.53--58—-mnenm

NIS 1.01 0.71 58 1.34 0.69 58 0.93 0.49 58

Encoding Time
IS 14.97 5.24 58 15.16 4.61 58 16.48 5.06 58
NIS 16.06 5.23 58 15.09 5.17 58 16.93 5.79 58

Response Time
IS 2.32 1.11 58 2.22 0.83 58 2.37 1.12 58
NIS 2.94 1.38 58 2.95 1.24 58 2,43 1.15 58
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The hypothesis was not confirmed. However, while
the value of R2 was .098 and significant, F (1, 57) =
6.20, p < .025, the sign of b1 was negative (the reverse
of the hypothesis). This unexpected finding indicated
that older children made more errors. The regression
line is plotted in Figure 3.

A post hoc analysis showed that each logic type:
displayed the same relationship between age and the
number of correct responses. ..There was no significant
interaction of age with logic type in the relationship

of age to correct responses, F (1, 53) = 1.00, p > .05.

Hypothesis 3

~

The third hypothesis stated that younger children
would be differentially benefitted by the IS materials
in terms of the number of correct responses to an infer-
ence query. Older students, it was reasoned, would not
need the benefit of an inference explicitly available
as much as younger students.

The hypothesis was not confirmed. Younger children
were not differntially benefitted by the IS materials,

F (1, 57) = 2.48, p > .05. This non-interaction effect
is plotted in Figure 3 along with the results from

hypothesis 2.
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A post hoc analysis failed to find any significant
interaction effect for any of the three logic types.
The increment in variance explained by adding an inter-
action term -- age with stimulus materials -- was
highest for logic type 3, .0071, and clearly not signifi-
cant, F (1, 54) = 1.00, p > .05.

Hypothesis 4

The fourth hypothesis stated that encoding time
during acquisition would be greater when inférences were
not explicitly supplied. This assumed that inferential
thinking took place during acquisition. Encoding time
for each student was computed by averaging the time to
acquisition of six IS paragraphs and six NIS paragraphs.
Since each student in Experiment I was exposed to both
types of materials (IS and NIS) a t test comparing means
for paired data was executed.

The hypothesis was supported. Encoding time for
NIS and IS materials from Table 1 were, respectively,
16.03 seconds and 15.53 seconds. The difference was
significant, t (57) = 2.44, p < .05.

However, a post hoc analysis showed this significant
difference between IS and NIS materials on encoding time
to be true for only logic type 1, t (57) = 3.11, p < .005.

As seen in Table 2, the mean encoding time for IS and NIS
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materials are, respectively, 14.97 and 16.06 seconds.
Neither logic type 2 or 3 approached significance, with
the larger t value as follows: t (57) = 0.93, p > .05.
This interaction of stimulus materials with logic type

will be discussed at length in the next chapter.

Hypothesis 5

The fifth hypothesis stated that older children
would encode stimulus materials faster than younger
children. It was assumed that reading speed would in-
crease with age.

The hypothesis was not confirmed. Encoding time
was not related to age, F (1, 57) = 1.38, p > .05. The
regression line is plotted in Figure 4.

A post hoc analysis showed no significant relation-
ship of age to encoding time for any logic type, with
the largest non-significant value of F for logic type 1:

F (1, 57) = 2.82, p > .05.

Hypothesis 6

The sixth hypothesis stated that the difference
between stimulus materials on encoding time should be
greater for older children. The reasoning was that more
inferential thinking, during acquisition, should be

evident for older than younger children.
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The hypothesis was not confirmed. Any difference
between stimulus materials on encoding time, was constant
across all ages, F (1, 57) = 1.00, p > .05. These means
are plotted in Figure 4 along with the means for hypothe-
sis 5.

A post hoc analysis dod not show any significant in-
teraction effect of age with stimulus materials on en-
coding time for any logic type. The largest F observed
was for the interaction term for logic type 1, F (1, 54)

< 1000' B > .05.

Hypothesis 7

The seventh hypothesis stated that the time to
produce a correct response, during retrieval, to a query
about an inference would not differ across stimulus
materials. This presumed that inferential thinking took
place during acquisition. Response time for each stu-
dent was computed by averaging the response times of
each correct response, and doing so separately for the
two types of paragraphs. Two students did not respond
" correctly to any of the queries for the NIS materials.

As a result, they were dropped'from the analysis for this

hypothesis.
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The hypothesis was not supported. Mean response
times for NIS and IS materials from Table 1 are, respec-
tively, 2.75 seconds and 2.33 seconds. The difference
was significant, t (55) = 3.13, p < .01, but contrary to
the predicted_direction.

A post hoc analysis indicated a significant differ-
ence in response times between stimulus materials for
‘logic type 1, t (57) = 3.17, p < .005, and logic type 2,
t (57) = 3.91, p < .001. As seen in Table 2, the mean
response times for IS and NIS materials for logic type 1
are, respectively, 2.32 and 2.94 seconds; and for logic
type 2 they are 2.22 and 2.95 seconds. While the differ-
- ence for logic type 3 was not statistically significant,
t (57) = 0.39, p > .05, the observed difference was in
the same direction as the other two logic types (IS =

2.37 seconds and NIS = 2,43 seconds).

Hypothesis 8

The eighth hypothesis stated that the time to pro-
duce a correct response to a query about an inference
would decrease as age increases. It was assumed that
proceséing time in memory would be faster for older
children.

The hypothesis was not confirmed. Response time

was not related to age, F (1, 55) = 2.27, p > .05.
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A post hoc analysis did not reveal any significant
relationship of age to response time for any logic type.
The largest, but not significant, relationship was ob-

served for logic type 1, F (1, 57) = 2.58, p > .05.

EXPERIMENT II

The data

The summary descriptive statistics are displayed in
Table 3. The raw data are presented in Appendix G. As
in Experiment I, post hoc analyses were computed sepa-
rately for each logic type. The raw data for each logic

type are presented in Appendix H.

Hypothesis 9

The ninth hypothesis stated that the number of cor-
rect responses to a query about an inference would be
greater for the Integrative instruction group. It was
reasoned suéh instructions should produce a higher fre;
quency of correct inferences.

The hypothesis was not supported. Correct responses
did not differ between instructional groups, F (1, 57) =
1.00, p > .05.

A post hoc analysis did not find any significant
differences in correct responses between instructional

groups for any of the three logic types. The largest
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Table 3
Mean Scores and Standard Deviations for Three Dependent

Variables for Integrative and Verbatim Instructions

Variable M SD N

Correct Responses
Integrative 6.46 1.96 30
Verbatim 6.65 2.37 29
Encoding Time? |
Integrative 17.05 6.51 30
Verbatim 17.35 5.61 29
Response Time?
Integrative 2.91 1.14 30

Verbatim 2.93 1.01 29

a .
Measured in seconds
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observed difference was for logic type 3 with an F (1,
57) = 2.33, p > .05. As seen in Table 4, the mean cor-
rect responses for Verbatim and Integrative groups for

logic type 3 are, respectively, 2.27 and 1.87.

Hypothesis 10

The tenth hypothesis stated that the number of cor-
rect responses to a query about an inference would in-
crease as age increases. It was assumed that reading
comprehension and inferential ability would increase
with age.

The hypothesis was not confirmed. Correct responses
did not increase with age, F (1, 57) = 1.00, p > .05.
The regression line is plotted in Figure 5.

A post hoc analysis did not find any relationship
between age and correct responses for the three logic
types. The onserved F for the largest, but not signifi-
cant, relationship was for logic type 3, F (1, 57) =

1.00, p > .05.

Hypothesis 11

The eleventh hypothesis stated that younger children
would differentially benefit from the integrative instruc-
tions in giving a correct response to a query about an

inference. It was reasoned that older children would
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Mean Scores and Standard Deviations for Three Dependent

Variables for Integrative and Verbatim Instructions and

Table 4

Logic Type

Logic Type 1 Logic Type 2 Logic Type 3
Variable M SD N M SD N M SD N
Correct Response
Verbatim 2.03 1.11 29 2.31 1.34 29 2.27 0.95 29
Integ've 2.17 0.94 30 2.39 1.03 30 1.87 1.04 30
Encoding Time
Verbatim 17.44 5.69 29 16.36 5.60 29 18.34 5.78 29
Integ've 17.42 6.79 30 15.96 5.81 30 17.84 7.03 30
Response Time
Verbatim 2.87 1.07 26 3.27 2.28 28 3.05 1.65 28
Integ've 2.81 1.35 30 2.93 1.31 30 2.57 1.22 29
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find the process more natural and spontaneous. The
younger children would benefit more from an artificial
support and explicit prompting.

The hy?otheéis was not confirmed. Younger children
did not differentially benefit from Integrative instruc-
tions, F (1, 57) = 1.00, p > .05. This non-interaction
is plotted in Figure 5 along with the results for
hypothesis 10.

A post hoc analysis did not find any significant
interaction effect of age with instructions on correct
response for the three logic types. The largest, but
not significant, interaction effect was for logic type

3, F (1, 57) = 2.79, p > .05,

Hypothesis 12

The twelfth hypothesis stated that encoding time
during acquisition would be greater for students re-
ceiving integrative instructions than those receiving
verbatim instructions. It was reasoned that instructions
to produce an inference would instigate more cognitive
processing, that required more time, than instructions
to simply remember the overt content of a passage.

The hypothesis was not supported. Encoding time
was the same across instructions, F (1, 57) = 1.00, p

> .05.
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A post hoc analysis indicated there was no signifi-
cant difference in encoding time between instruction
groups for any of the logic types. As seen in Table 4,
the largest difference was for logic type 3 (Verbatim =
18.34 seconds; Integrative = 17.84 seconds) but not

significant, F (1, 57) = 1.00, p > .05.

Hypothesis 13

The thirteenth hypothesis stated that older chil-
dren would encode stimulﬁs materials faster than younger
children. It was assumed that reading speed would in-
crease with age.

The hypothesis was confirmed. There was a signifi-
cant relationship between encoding time and age, F (1,
57) = 5.83, p < .05. The regression line is plotted in
Figure 6.

A post hoc analysis demonstrated a significant re-~
lationship between age and encoding time for each logic
type. The smallest, but yet significant, relationship

was for logic type 1, F (1, 57) = 4.84, p < .05,

Hypothesis 14

The fourteenth hypothesis stated that the time to
produce a correct response, during retrieval, to a query
about an inference would be less for the group receiving

integrative instructions. It was reasoned that for the
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Integrative group, more inferential thinking would take
place during acquisition and save time during the retrie-
val phase to produce a response.

The hypothesis was not supported. Response time
was the same for both instructional groups,‘g (L, 57) =
1.00, p > .05.

A post hoc analysis found no significant differences
between instruction groups on response time for any of
the three logic types. As seen in Table 4 the largest
difference between instruction groups was for logic type
3 (Verbatim = 3.05 seconds; Integrative = 2.57 seconds),

but it was not significant, F (1, 57) = 1.59, p > .05,

Hypothesis 15

The fifteenth hypothesis stated that the time to
produce a correct response to a query about an inference
would decrease as age increases. It was assumed that
cognitive processing would be more efficient for older
students.

The hypothesis was confirmed, F (1, 57) = 8.19, p
< .0l. The regression line is plotted in Figure 7.

A post hoc analysis indicated a significant relation-
ship between age and response time for logic type 1, F
(1, 55) = 8.19, p < .01, and logic type 2, F (1, 55) =

3.67, p < .05. The realtionship for logic type 3 was
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not statistically significant. However, the observed
direction of the relationship was the same as logic

types 1 and 2.
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CHAPTER V

DISCUSSION

Time of Inference Production

The issue to be resolved was whether inferences
were generated during acquisition and encoded along with
primary written material or generated during retrieval
after first recalling the primary input.

The results of the first hypothesis indicated
that inference production took place in retrieval rather
than acquisition. This hypothesis stated that the num-
ber of correct responses to a query about an inference
would not differ across NIS and IS passages. It was
assumed inferential thinking was a natural, spontaneous
operation which took place in acquisition.

The results actually showed that for NIS passages
the mean correct reponses (3.29 was significantly lower
than for the IS materials 5.10). It was obvious that
the inferences were not made during acquisition. The
inferences were generated during retrieval. If infer-
ences were generated during acquisition, they should be
as readily available as other information that was ac-
tually given during acquisition. This was not the case.

Since the inferences were dependent on the availability
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of the primary input during recall, any loss due to
forgetting of the generative material would, of neces-
sity, reduce the likelihood of being able to produce a
correct response.

The results from the fourth hypothesis showed that
encoding timé was greater for the NIS materials. The
difference in encoding time between the two groups was
small, 0.5 seconds, but it was significant and does
-suggest some differential mental reaction to an incom-
plete proposition. However, this agditional encoding
time did not lead to any significant increase in infer-
ential thinking, as noted above from the results on
' correct inference responses.

The results ofAthe seventh hypothesis support the
results of the first. ‘The mean response time to the
NIS materials (2.75 seconds) was significantly greater
than that for the IS materials (2.33 seconds). The
extra time (0.42 seconds) needed for a response indicated
additional processing during retrieval for NIS queries.
This would suggest that inferences were produced in
retrieval after the recall of the primary generative
material.

The generalizability of these results based on
collapsing data across logic types is mitigated some-

what by the finding that the significant difference for
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encoding time was found only for logic type 1. There
were no significant differences in encoding time ob-
served for the other two logical constructions. A
possible explanation might be based on the relative
difficulties of these three types of logical construc-
tions. An examination of the number of correct infer-
ences for each type of logic (Table 2) indicates that
logic type 1 was intermediate in difficult between the
easier logic type 2 and more difficult logic type 3.

An inspection of the logical models shown in Chapter
ITII suggests the same relative ordering of difficulty of
types of logic (transformations, formal analysis, in-
direct proposition, etc.); When the inferences are
supplied student's encoding time on the easiest and
hardest were not influenced as much. Since logic tyée 2
was easier, perhaps supplying an inference was not needed
to reduce encoding time. However, at the very least,
these differential results are not contradictory since
the data do not go in the opposite direction.

It should be noted that no interactions were ob-
served for logic type in hypotheSes one and seven. Thus,
the results are not unique to a particular logical con-

struction of the stimulus materials.
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While Thorndyke (1976) inferred from his results
(see pp. 85-88) that inferences were generated and
encoded during acquisition, this conclusion must now be
reexamined. Inferences appeared to be made during
acquisition in Thorndyke's study only because the experi-
menter required the students to do so after reading a
few early passages.

The present data also answer the question raised
by the Johnson, Bransford and Solomon (1973), and the
Kintsch and Monk (1972) studies as to the time of infer-

ence production. It appears to occur during retrieval.

Developmental Effects

Correct responses to inference queries

The results of hypothesis 2 in Experiment I were a
reversal of what was expected. The data showed that
older children displayed more errors than younger chil-
dren (see Figure 3).

This may be one of the more interesting findings
of the study. Two possible, although not mutually
exclusive, explanations are: (a) older children, by
virtue of possessing more information and knowledge
about the world in general, were able to consider more

possibilities and alternatives to the correct answer
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established .in the pilot teéting; and (b) older chil-
dren were more reactive to the questions than either

the younger children in the same experiment or the adults
studied during pilot testing.

For example, one student who gave the wrong answer
to the inferential query, "Did the fish live with the
turtle?" (correct answer was "No"), volunteered the fol-
lowing comment: "Yes, the fish lived with the turtle
until the time that the turtle got around to eating the
fish." It was possible the older children suspected
they were being asked a "trick" qﬁestion. In their
effort to be scrupulously correct they chose the wrong
dichotomous option. Younger children, less sophisticated
in judging the purpose of the testing, might not have
been overly reactive.

This reactivity on the part of older students to the
NIS materials may present a problem to the interpretation
of the data and call into question whether or not the NIS
materials were a valid measure of inferential thinking.
The key to resolving this problem was to determine if
the reactivity of the older students was unique to the
NIS materials or generalizable to all materials. From
an inspection of Figure 3 it is apparent that older

children made more errors even with the IS materials.
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Since the slopes of the regression lines were not sig-
nificantly different it must be concluded that the re-
activity of the older students was constant across all
materials.

The observed reactivity (greater error rate) of
older students does not alter the interpretation of re-
sults for other hypotheses. For example, mean differ-
ences in correct responses between IS and NIS materials
can be interpreted unambiguously whether the slopes are
positive, negative, or zero (as long as the slopes for
the IS and NIS materials are not significantly different).
The time to produce a correct response to a query about
an inference can also be interpreted unambiguously. By
definition, the response time was computed only for cor-
rect responses. Response times were computed as the
materials were successfully and appropriately promoting
the production of an inference. Thus, there was no com-
pelling reason to question the appropriateness of the
materials as they reflect on the validity of the results
as a whole.

Comparing experiments, it is noteworthy that correct
responses were correlated with age in Experiment I, but
not in Experiment II. In both experiments, the results

observed were the same across all logic types. 1In
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neither experiment was there an interaction with logi-

cal construction.

~

Encoding Time

The results of hypothesis 5 from Experiment I
indicated that encoding time did not increase with age,
as expected. Perhaps this was due to a 'floor effect'
since the reading difficulty was held constant at or
below the reading level of the youngest student. Read-
ing level was controlled, since this was not an issue
of interest.

However, these findings contrast with the results
of hypothesis 13 from Experiment II where age was re-
lated to encoding time. The only thing that could be
inferred from these data was that the two experimental
frameworks, themselves, set the conditions for the age-
encoding time effect to manifest itself. Future research
may clarify the issue. It should be noted though, that
post hoc analyses did not demonstrate any interactions

with logic type for either hypotheses 5 or 13.

Response Time

The results of hypothesis 8 from Experiment I showed
that older children did not have faster response times to

an inference query. Given that reading time and reading
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difficulty were the same, these data indicated no
quantitative time difference in information processing
within the age range studied. However, there was a
possible alternative explanation. It may be that while
older children processed information faster, the observed
results were confounded by the fact that they were pro-
cessing more information. After all, older children
possess a greater storehouse of ready-to-use information.
Further research is needed to confirm and tease out
these separate effects.

However, the results of Experiment II, hypothesis
15, do not replicate the findings of Experiment I. In
Experiment II there was a relationship of response time
to age. .Again, this coupled with the non-replication
cited above on the age-encoding time relationship, and
the age-correct fesponse relationship indicated that
the two experimental procedures produced different re-
sults in and of themselves. However, it was noteworthy
that mean correct inference responses, mean encoding
time, and mean response time were not appreciably dif-
ferent (by inspection) across the two experiments. The
results of hypotheses 8 and 15 are not unique to the
logical construction of the stimulus materials, since

no intereactions were observed with logic type.
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Developmental differences in inference production

The non-replication of results, cited above, on
number of correct responses, encoding time, and response
time deals with age differences that are quantitative
and linear in nature =-- reading.speed, memory span,
size of mental data base, and processing speed. These
non-replications across Experiments I and II do not jeo-
pardize the answer to the more crucial question: Is
there a qualitative difference in the production of in-
ferences as age increases?

The results of hypothesis 3 in Experiment I indi-
cated that different age groups were not differentially
benefitted by the IS materials in giving correct re-
sponses. It was hypothesized that younger children
would possess less spontaneous inferential ability and
thus benefit more than older students if inferences were
provided during acquisition. The benefit of the IS
materials on the number of correct responses to an in-
ference query was constant across the entire age range
studied. Thus, no developmental difference in inferen-
tial ability could be inferred from these data.

The results of hypothesis 1l in Experiment II
indicated that differences on mean correct responses

to inference queries, between instructional groups,
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was the same across the entire age range in this study.
It was originally hypothesized that younger children
would possess less spontaneous inferential ability and
thus benefit more than older students by the artificial
support and explicit prompting of the integrative in-
structions. Different age groups were equally impacted
by the instructional variation. Thus, no developmental
difference in inferential ability could be inferred from
these data.

The results of hypothesis 6 in Experiment I indi-
cated that the difference in encoding time between NIS
and IS passages did not increase with age. It was
originally hypothesized that more inferential thinking
in acquisition would take place among older students.
This was not the case. The significant difference was
constant across the entire age range studied. Thus, no
developmental differences in inferential ability could
be inferred from these data. Further, the post hoc anal-
yses on hypothese 3, 1l and 6 did not show any inter-
action with logic type.

These results, cited above, were consistent with
findings reviewed earlier which found no developmental
trend in the semantic integrative process. Paris and

Carter (1973) (see pp. 58-59) found no developmental
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effects between the second and fifth grades. Barclay
and Reid (1974) found evidence of integration but no
developmental trends from kindergarten to the f£ifth
grade. Moeser (1976) (see p. 66) found no developmental
trends from grades two through six. The data reported
in this study further support Donaldson (1963) who sug-
gested that children will commonly encode the elements
of a potentially integrative task as separate units.

We did not find what was expected: that older children
would naturally change their encoding strategy to an

integrative orientation.

Instructional Effects

The results of hypothesis 9 from Experiment II
indicated that integrative instructions did not modify
the strategy for information processing so as to yield
more correct responses. In other words, instructions,
per se, did not influence the production of inferences.

Data bearing on hypothesis 12 in Experiment II
indicated that encoding time during acquisition was not
greater for students who received integrative instruc-
tions. It was originally hypothesized that integrative
instructions would initiate more cognitive processing
which would require more time than the verbatim instruc-

tions. Either the instructions had no effect at all in
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modifying information processing strategy, or the
instructions were efficacious but the different strate-
gies required the same amount of time. In line with
the first explanation, perhaps the students in this age
range do not have sufficient volitional control over
cognitive processing to be modified by an instructional
set.

It was obvious from the results of hypothesis 14
that integrative instructions did not decrease response
time during retrieval. As such, these data, in conjuc-
tion with results from hypotheses 9.and 12, would sug-
gest that integrative and verbatim instructions did not
produce different strategies that just happened to take
the same period of time. |

The evidence indicated that integrative and ver-
batim instructions simply did not modify whatever stra-
tegy the students were using. The generalizability of
the results of hypotheses 9, 12 and 14 are not mitigated
by logical construction of the stimulus materials since

no interaction with logic type was observed.
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General Comments on Semantic Integration

Spontaneity

The evidence discussed above seriously challenges
the assertion by Bransford and Franks (1971) that,
"[ilndividual sentences lost their unique status in
memory in favor of a more wholistic representation of
semantic events." Only the specifics were stored.
Memory was.modified only during, and as a result of the
problem-solving task in, recall. These data support a
highly specific and detailed model of memory, consistent
with the "retain everything position described in
Chapter I.

The results suggest that students were not con-
structing 'wholistic' representation of ideas from
partial or fragmentary elements of information‘-— at
least not during acquisition and passive storage. The
' resulting representation from the acquisition phase
did not include more information than was explicitly
available during acquisition (see p. 1). Only when
confronted with a problem~solving task did the students
retrieve the original elements, integrate the semantic
content, and then produce an inference. What was stored
was the content that was acquired, which was no more

than what was presented.
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The integrative process was not spontaneous.
Integration, so as to produce an inference, took place
only when specifically cued. The cue was the recall
task itself. Bartlett's (1932) memory research sup-
ported a reconstructive memory, but only when the sub-
jects were asked to give the stories back in recall.
The reconstruction and elaboration was a performance
ability manifest only during retrieval and not neces-
sarily a spontaneous and autonomous activity prior to
that time.

The process of recall may be considered a problem-
solviﬁg task. Given a problem-solving task which demands
integration and inference production, the retrieval phase
appears to be a very active and generative process.
Semantic integration, while being psychologically real,
is not automatic. Memory is not reconstructive, recall
is.

These findings support the observation by Moeser
(1976) that integration is not a spontaneous, natural
phenomenon, in contrast to the findings of the 'Brans-
ford Paradigm' studies. Discrete episodes were stored.
Only with great difficulty was there evidence of inte-

gration.
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Personal control

The control by the student over the mental processes
involved in information processing appeared to be minimal.
These data, particularly on instructional variation, sug-
gested little personal, volitional control over semantic
integrative processes. Moeser (1976) also found that
instructions to integrate did not enhance integrative

performance.

Lack of developmental trend

The fact that no qualitative developmental differ-
ences in inferential processing were found lends support
to the stability of inferential processes within this
range of ages. Further study would have to be done to
extend the lower and upper limits of the age range to

see if qualitative shifts occur.

Educational Implications

Learning appeared to be largely the acquisition of
information. The drawing of conclusions and making
inferences should be done in either of two ways: de-
liberately and explicitly providing them to the student
during acquisition, or designing the recall task to de-
mand this performance from the student. Discovery of

inferences and conclusions -- the inductive leap,
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perhaps -- does not appear to be a natural and spon-
taneous process. Thus efforts should be made to
explicitly structure text passages for students.

Further, students in this age'range may do not
appear able to exercise volitional control over the way
in which information is processed or integrated. The
instructions to integrate, per se, apart from the method
and sequencing of materials presentation had no influence
at all.

While instructions might be able to control a stu-
dent's attention to different stimuli and thus influence
perceptual input to cognitive processing, it appears
that instructions cannot be used to change the cognitive
process itself. 1If instructions do not control this in
a student, it may mean that the student, himself, does
not have control over the underlying process that is
going on.

One can attend or not attend to different stimuli,
or do so in varying degrees, but the extent to which the
student in this age range can control the set used for
information processing appears to be very limited. The
educational implication is that the teacher and learning
materialé should not expect to alter "the way a student
thiﬁks" by merely imploring the student or reader to do

SO.
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There seems to be little drawing of inferences
unless there are cues which closely direct inferencing.
Students who were not cued to draw inferences or were
only told in a general way to form inferences did not
differ from one another. Inferencing appeared not to
occur until specific questions were asked, such as during
retrieval. These data suggest that when teaching chil-
dren to read for maximum comprehension, the material and
teacher must structure the task very carefully if par-
ticular inferences are to be drawn. General instructions
to draw inferences apparently are not very effective.

The question of the best way to teach this inferencing
process was not addressed in this study, but is a topic

in need of study in light of the present results.
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APPENDIX A

MATERIALS FOR EXPERIMENT I

Set 1

Filler 1

When a man enters the great city, he is called
to see the king. The man is sent to the castle
tower if he does not give the king a gold ring.
Simon entered the great city without a gold
ring. Simon was sent to the castle tower.

Question: Was Simon sent to the castle towex?
Answer: Yes.

Filler 2

A poor food diet can make people sick. A poor
food diet is when you have only one or two
kinds of food to eat. When a person gets sick
the stomach swells up. Meg has a food diet of
only bread and water. Meg has a red dress.

Question: Will Meg's stomach be alright?
Answer: No.

Paragraph 1, Logic Type 1, Inference Supplied

Every year some birds lose their feathers.
The birds can not fly until their feathers
grow back. During this time doctors catch
them to see if they are sick. Sick birds

are taken away and killed. Canadian geese
lose their feathers every year. The sick

Canadian geese are killed.

Question: Do the sick Canadian geese get
better?
Answer: No.
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Paragraph 2, Logic Type 3, No Inference Supplied

Talking is needed so lions can work together.
Lions talk to each other by using the same
language. By using the same language they
know what other lions are saying. Many lions
must work together to catch enough food. 1If
they do not work together they will not catch
enough food. There are ten lions together.
Each lion speaks a different language. The
lion is king in his land.

Question: Will the lions catch enough food?
Answer: No.

Paragraph 3, Logic Type 2, Inference Supplied

An animal with brown and green spots can hide
from its enemies. If an animal can hide from
its enemies then it can walk far to find food.
With enough food an animal can live a long
life. The fox does not have brown and green
spots. The fox lived only a short life.

Question: Did the fox live only a short life?
Answer: Yes.

Paragraph 4, Logic Type 1, No Inference Supplied

The sister of Karnak died and went to the
Valley of the Dead. Karnak went there to
bring her back to the Land of the Living.
Karnak had to lead her back but he could not
look at her. If he turned to look at her,
she would be lost forever. Karnak was so
happy he turned to help her out. His sister
was very beautiful.

Question: Was the sister of Karnak lost
forever?
Answer: Yes.
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Paragraph 5, Logic Type 2, No Inference Supplied

When people do not eat breakfast they get
hungry later in the day. When they get hungry
later in the day they eat too much food. Too
much food makes people fat. Bobby does not
like to eat breakfast. Bobby wears black

shoes.

Question: Will Bobby get fat?
Answer: Yes.

Paragraph 6, Logic Type 3, Inference Supplied

Children do not like to do hard work. They
become very unhappy. Cleaning an attic is
very hard work. When people are unhappy with
their work they do a poor job. Susan and
Mary are ten years old. They had to clean
the attic. They did a poor job.

Question: Did Susan and Mary do a good job?
Answer: No.

Paragraph 7, Logic Type 1, No Inference Supplied

Every Christmas there is a winter party. The
iceboats have a race on the lake as long as
the ice is one foot thick. All winter the ice
on the lake was half a foot thick. The winter
party is held in the mountains.

Question: Were the iceboat races l=21ld this

yvear?
Answer: No.
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Paragraph 8, Logic Type 2, No Inference Supplied

When Mrs. Brown needs milk she asks Johnny to
go to the store. When Johnny goes to the
store he walks by Mike's house. When he walks
by Mike's house he stops to talk to Mike's
sister. Mrs. Brown does not need any milk
today. Johnny has a new, brown and white dog.

Question: Will Johnny talk to Mike's sister

today?
Answer: No.

Paragraph 9, Logic Type 3, Inference Supplied

All over the world animals are used to run
machines. An ox is an animal used to run
machines. A machine that the ox runs is a
water wheel. The water wheel gets water from
a deep well. Abdul the farmer does not have
an ox. Abdul's farm will not have any water.

Question: Will Abdul's farm go'without water?
Answer: Yes. -

Paragraph 10, Logic Type 1, Inference Supplied

The Sphynx waited at the gate of the old city.
He asked every new visitor a riddle. The
Sphynx would kill himself if the visitor gave
the right answer. Today a new visitor gave
the right answer to the Sphynx. The Sphynx
then killed himself.

Question: Did the Sphynx kill himself?
Answer: Yes.
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Paragraph 11, Logic Type 3, No Inference Supplied

If you eat too much yellow food it can hurt
your body. People should eat only one ear of
corn each day. If you eat more your body will
be hurt because your hair falls out. Sherry
eats three ears of corn every day. Sherry has
a baby brother.

Question: Will Sherry's hair fall out?
Answer: Yes.

Paragraph 12, Logic Type 2, Inference Supplied

When you put a fish with a turtle, the turtle
will think it is food. When a turtle sees
food it comes close and opens its mouth. If
the food is too big, the turtle will tear it
up. Betty put her fish with her turtle. The
turtle ate the fish.

Question: Did the fish live with the turtle?
Answer: No.
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MATERIALS FOR EXPERIMENT I

Set 2

Filler 1

When a man enters the great city, he is called
to see the king. The man is sent to the castle
tower if he does not give the king a gold ring.
Simon entered the great city without a gold
ring. Simon was sent to the castle tower.

Question: Was Simon sent to the castle tower?
Answer: Yes.

Filler 2

A poor food diet can make people sick. A poor
food diet is when you have only one or two
kinds of food to eat. When a person gets sick
the stomach swells up. Meg has a food diet of
only bread and water. Meg has a red dress.

Question: Will Meg's stomach be alright?
Answer: No.

Paragraph 1, Logic Type 2, No Inference Supplied

An animal with brown and green spots can hide
from its enemies. If an animal can hide from
its enemies then it can walk far to find food.
With enough food an animal can live a long
life. The fox does not have brown and green
spots. A small river runs through the woods.

Question: Did the fox live only a short life?
Answer: Yes.
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Paragraph 2, Logic Type 3, Inference Supplied

Talking is needed so lions can work together.
Lions talk to each other by using the same
language. By using the same language they
know what other lions are saying. Many lions
‘'must work together to catch enough food. 1If
they do not work together they will not catch
enough food. There are ten lions together.
Each lion speaks a different language. The
lions will not catch enough food.

Question: Will the lions catch enough food?
Answer: No.

Paragraph 3, Logic Type 1, No Inference Supplied

Every year some birds lose their feathers.
The birds can not fly until their feathers
grow back. During this time doctors catch
them to see if they are sick. Sick birds

are taken away and killed. Canadian geese
lose their feathers every year. Canadian

geese have long thin necks.

Question: Do the sick Canadian geese get

bettexr?
Answer: No.

Paragraph 4, Logic Type 3, No Inference Supplied

All over the world animals are used to run
machines. An ox is an animal used to run
machines. A machine that the ox runs is a
water wheel. The water wheel gets water from
a deep well. Abdul the farmer does not have
an ox. Abdul works the farm with his brother.

Question: Will Abdul's farm go without water?
Answer: Yes.
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Paragraph 5, Logic Type 2, Inference Supplied

When Mrs. Brown needs milk she asks Johnny to
go to the store. When Johnny goes to the
store he walks by Mike's house. When he walks
by Mike's house he stops to talk to Mike's
sister. Mrs. Brown does not need any milk
today. Johnny will not talk to Mike's sister
today.

Question: Will Johnny talk to Mike's sister

today?
Answer: No.

Paragraph 6, Logic Type 1, Inference Supplied

Every Christmas there is a winter party. The
iceboats have a race on the lake as long as
the ice is one foot thick. All winter the ice
on the lake was half a foot thick. The ice-
boat races were not held this year.

Question: Were the iceboat races held this

year?
Answer: No.

Paragraph 7, Logic Type 7, No Inference Supplied

When you put a fish with a turtle, the turtle
will think it is food. When a turtle sees
food it comes close and opens its mouth. If
the food is too big, the turtle will tear it
up. Betty put her fish with her turtle. The
turtle had black spots.

Question: Did the fish live with the turtle?
Answer: Yes.
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Paragraph 8, Logic Type 1, No Inference Supplied

The Sphynx waited at the gate of the old city.
He asked every new visitor a riddle. The
Sphynx would kill himself if the visitor gave
the right answer. Today a new visitor gave
the right answer to the Sphynx. The old city
had walls.

Question: Did the Sphynx kill himself?
Answer: Yes.

Paragraph 9, Logic Type 3, Inference Supplied

If you eat too much yellow food it can hurt
your body. People should eat only one ear of
corn each day. If you eat more your body will
be hurt because your hair falls out. Sherry
eats three ears of corn every day. Sherry's
hair will fall out.

Question: Will Sherry's hair fall out?
Answer: Yes,

Paragraph 10, Logic Type 2, Inference Supplied

When people do not eat breakfast they get very
hungry later in the day. When they get hungry
later in the day they eat too much food. Too
much food makes people fat. Bobby does not
like to eat breakfast. Bobby will get fat.

Question: Will Bobby get fat?
Answer: Yes,
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Paragraph 11, Logic Type 3, No Inference Supplied

Children do not like to do hard work. They
become very unhappy. Cleaning an attic is
very hard work. When people are unhappy with
their work they do a poor job. Susan and
Mary are ten years old. .They had to clean
the attic. Susan and Mary are sisters.

Question: Did Susan and Mary do a good job?
Answer: No.

Paragraph 12, Logic Type 1, Inference Supplied

The sister of Karnak died and went to the
Valley of the Dead. Karnak went there to
bring her back to the Land of the Living.
Karnak had to lead her back but he could not
look at her. 1If he turned to look at her,
she would be lost forever. Karnak was so
happy he turned to help her out. His sister
was lost forever.

Question: Was the sister of Karnak lost
forever?
Answer: Yes.
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APPENDIX B

HYPOTHESES TO BE TESTED IN EXPERIMENT I

encoding time;

the number of correct responses to a query

about an inference;

time to produce a correct response to a query

about an inference:
age; and

assignment of stimulus materials (0 = No

inference supplied -- 1 = Inference supplied).

y, for x, = 0 is greater than §i for x, = 1.

y; for x, = 1 is equal to §5 for x, = 0.

§é for x, = 1 is equal to §é for x, = 0.

> 0, and bl < 0, where y = Yy-
> 0, and bl > 0, where y = Yy
> 0, and bl < 0, where vy = Y3

=0 ~ Yl’x2=1 for x, = greater observed value

is greater than Yl,x =0 " yl,x2=1 for Xy = lesser
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observed value. Expressed differently, R2

and bl > 0, where y =

y2,x2=1 = Yz,x2

is greater than Yo v =1 =
y XK=

observed value. Expressed differently, R2

and bl < 0, where y = yz,X =1 "
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y1,x2=o - yl,x2=l'

=0 for X = lesser observed value

y2,x2=l for X = greater

v.1 > 0,
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APPENDIX C

MATERIALS FOR EXPERIMENT II
Filler 1

A poor food diet can make people sick. A poor
food diet is when you have only one or two
kinds of food to eat. When a person gets sick
the stomach swells up. Meg has a food diet of
only bread and water. Meg has a red dress.

Question (Actual): Does Meg have a green
dress?
Answer: No.

Question (Inference): Will Meg's stomach be
. alright?
Answer: No.

Filler 2

When a man enters the great city, he is called
to see the king. The man is sent to the castle
tower if he does not give the king a gold ring.
Simon entered the great city without a gold
ring. Simon wanted to see the animal fair.

Question (Inference): Was Simon sent to the
castle tower? '
Answer: Yes.

Question (Actual): Did Simon enter the great

city?
Answer: Yes,
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Paragraph 1, Logic Type 2

When people do not eat breakfast they get very
hungry later in the day. When they get hungry
later in the day they eat too much food. Too
much food makes people fat. Bobby does not
like to eat breakfast. Bobby wears black
shoes.

Question (Inference): Will Bobby get fat?
Answer: Yes.

Question (Actual): Do hungry people stop

eating?
Answer: No.

Paragraph 2, Logic Type 3

Talking is needed so lions can work together.
Lions talk to each other by using the same
language. By using the same language they
know what other lions are saying. Many lions
must work together to catch enough food. If
they do not work together they will not catch
enough food. There are ten lions together.
Each lion speaks a dlifferent language. The
lion is king in his land.

Question (Actual): Are there ten lions to-
gether?
Answer: Yes.

Question (Inference): Will the lions catch

enough food?
Answer: No.

Paragraph 3, Logic Type 2

When you put a fish with a turtle, the turtle
will think it is food. When a turtle sees
food it comes close and opens its mouth. If
the food is too big, the turtle will tear it
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up. Betty put her fish with her turtle. The
turtle had black spots.

Question (Actual): Will the turtle go away
from food?
Answer: No.

Question (Inference): Did the fish live with
the turtle?
Answer: No.

Paragraph 4, Logic Type 2

When Mrs. Brown needs milk she asks Johnny to
go to the store. When Johnny goes to the
store he walks by Mike's house. When he walks
by Mike's house he stops to talk to Mike's
sister. Mrs. Brown does not need any milk
today. Johnny has a new, brown and white dog.

Question (Actual): Will Johnny talk to Mike's
sister today?
Answer: No.

Question (Inference): Does Mike get milk for
Mrs. Brown?
Answer: No.

Paragraph 5, Logic Type 3

If you eat too much yellow food it can hurt
your body. People should eat only one ear of
corn each day. If you eat more your body will
be hurt because your hair falls out. Sherry
eats three ears of corn every day. Sherry has
a baby brother.

Question (Actual): Will too much yellow food
_ hurt your body?
Answer: Yes.

Question (Inference): Will Sherry's hair fall

out?
Answer: Yes.
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Paragraph 6, Logic Type 4

Every year some birds lose their feathers.
The birds can not fly until their feathers
grow back. During this time doctors catch
them to see if they are sick. Sick birds

are taken away and killed. Canadian geese
lose their feathers every year. Canadian

geese have long thin necks.

Question (Inference): Do the sick Canadian
geese get better?
Answer: No.

Question (Actual): Can the birds fly with

out their feathers? ‘
Answer: No. :

Paragraph 7, Logic Type 1

Every Christmas there is a winter party. The
iceboats have a race on the lake as long as
the ice is one foot thick. All winter the ice
on the lake was half a foot thick. The winter
party is held in the mountains.

Question (Actual): 1Is there a winter party
every Christmas?
Answer: Yes.

Question (Inference): Were the iceboat races

held this year?
Answer: No.

Paragraph 8, Logic Type 1l

The sister of Xarnak died and went to the
Valley of the Dead. Karnak went there to
bring her back to the Land of the Living.
Karnak had to lead her back but he could not
look at her. If he turned to look at her,
she would be lost forever. Karnak was so
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happy he turned to help her out. His sister
was very beautiful.

Question (Inference): Was the sister of
Karnak lost forever?
Answer: Yes.

Question (Actual): Did Karnak die in the
Valley of the Dead?
Answer: No.

Paragraph 9, Logic Type 2

An animal with brown and green spots can hide
from its enemies. If an animal can hide from
its enemies then it can walk far to find food.
With enough food an animal can live a long
life. The fox does not have brown and green
spots. A small river runs through the woods.

Question (Inference): Did the fox live only
a short life?
Answer: Yes.

Question (Actual): Do brown and green spots
hide an animal?
Answer: Yes.

Paragraph 10, Logic Type 1

The Sphynx waited at the gate of the old city.
He asked every new visitor a riddle. The
Sphynx would kill himself if the visitor gave
the _right answer. Today a new visitor gave
the right answer to the Sphynx. The old city
had walls.

Question (Inference): Did the Sphynx kill
himself?
Answer: Yes.

Question (Actual): Did the Sphynx ask riddles?
Answer: Yes,
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Paragraph 11, Logic Type 3

Children do not like to do hard work. They
become very unhappy. Cleaning an attic is
very hard work. When people are unhappy with
their work they do a poor job. Susan and
Mary are ten years old. They had to clean
the attic. Susan and Mary are sisters.

Question (Actual): 1Is cleaning an attic hard
work?
Answer: Yes.

Question (Inference): Did Susan and Mary do

a good job?
Answer: No.

Paragraph 12, Logic Type 3

All over the world animals are used to run
machines. An ox is an animal used to run
machines. A machine that the ox runs is a
water wheel. The water wheel gets water from
a deep well. Abdul the farmer does not have
an ox. Abdul works the farm with his brother.

Question (Actual) Are animals not allowed to
run machines?
Answer: No.

Question (Inference): Will Abdul's farm go

without water?
Answer: Yes.
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APPENDIX D

HYPOTHESES TO BE TESTED IN EXPERIMENT II

N

N

[\S]

encoding time;

the number of correct responses to a query

about an inference;

time to produce a correct response to a query

about an inference:;

age; and

instruction condition (1 = Integrative =--

0 = Verbatim).

> 0, and bl > 0, where y = Yoo
> 0, and bl < 0, where y = Y3-
= 0, where y = Yy

> 0, and b1 < 0, where y = Yy -
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APPENDIX E

RAW DATA FOR EXPERIMENT I

Encoding Correct Responge
Time Response Time®

Student Age Is NIS IS NIS IS NIS
Group 1

1l 121 17.46 18,80 6 4 3.17 2.40
2 121 25.97 29.61 6 4 4,26 4.65
3 115 16.97 19.73 6 5 4,50 4.00
4 118 15.80 17.13 6 3 2.47 2.27
5 133 7.44 9.24 5 3 1.60 1.80
6 122 21.43 24.47 6 5 3.67 3.00
7 126 16.37 17.63 6 5 2.80 2.72
8 133 12,93 14.10 3 2 1.93 1.90
9 136 12.93 13.80 6 4 1.70 1.84
10 143 25,03 26.50 ) 2 3.59 3.10
11 143 12.43 12,77 6 3 2.80 2.60
12 135 15.53 15.87 6 2 4,73 2.80
13 145 13.27 15.04 6 5 2,77 2.16
14 140 14.17 14.97 6 4 2.10 1.65
15 152 16.63 18.06 5 5 3.04 3.24
16 146 16.06 17.16 5 4 2.28 1.80
17 149 9.73 10.33 5 4 1.48 1.55
18 175 16.90 18.70 6 3 2.90 2,27
19 146 12.33 14.10 5 4 1.84 2.05
20 157 12.37 13.23 2 3 1.50 3.07
21 147 13.37 14.63 4 4 1.60 2.30
22 164 25.67 26.67 5 3 3.40 3.20
23 163 16.13 19.03 6 4 3.03 3.36
24 163 10.67 10.73 6 4 1.70 1.66
25 162 11.40 12.16 4 3 1.60 2.33
26 168 12.70 13.66 6 3 2.67 2.53
27 160 17.83 18.43 4 2 2.45 4.80-
28 167 16.93 17.33 5 4 1.92 1.85
29 177 14.00 16.00 5 2 1.92 1.60
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RAW DATA FOR EXPERIMENT I (CONTINUED)

Group 2

30 116 16.20
31 124 24.53
32 120 19.40
33 115 16.83
34 132 18.26
35 133 18.23
36 126 13.33
37 134 16.33
38 133 15.80
39 135 17.40
40 145 21.33
41 139 12,20
42 139 11.43
43 155 14,43
44 159 12.03
45 154 10.23
46 . 144 12,33
47 152 21,57
48 144 10.70
49 : 150 17.43
50 148 12,27
51 148 12.43
52 158 12,63
53 l64 9.00
54 171 32.86
55 163 10.60
56 168 16.90
57 164 11.17
58 168 12.86

14.20
23.37
19.03

24.10
18.67
13.50
14.57
14.80
16.26
19.13

9.37
11.67
13.17
11.90

9.83
10.83
21.00
10.37
20.10
13.06
12.13
11l.66

9.17
33.03
10.60
15.57
11.13

13.00 -

bUOwWwULIdOOOAOOOUIONOBIRRGOITWDLULIULILIAAR I BUTIL

NWONNDDNDNDNNNLEULEEDRUIWEBRNONUIWWN D LN N W

1.56

2.36°

4.00
1.88
1.60
2.27
2.16
1.68
2.68
2.45
2.20
0.83
1.85
2.04
1.33
1.93
2.00
3.27
1.17
1.97
1.13
2.06
1.63
1.33
3.15
1.80
2.47
1.96
2.10

2.56
3.25
3.80
3.85
4.75
4.85
3.00
2.60
2.27
3.64
2.80
2.30
2.90
1.27
2.04
3.45
6.30
1.75
3.80
2.05
2.80
2.10
1.60
4.90
2.10
2.60
2.70

aMeasured in seconds

bFor inference queries

cMeasured in months
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APPENDIX F

RAW DATA FOR EXPERIMENT I -- NUMBER CORRECT BY LOGIC TYPE

NIS

IS

Logic Type

Logic Type

Student

Group 1

ArANAAANOOAAAAAAAA A A OO A A A A A AAA A
NANANNANANANNHAAANNNAAAANNANNNN N A
N O HANAHOHOHONAANANNANAAHAAHNO0O00HO
NANANANHNNANANANNANNANANNAAANNASNAHAN
NANANAANNNANONANANNNNANANANNOANNANNNNNN A

ANANANNANANNNANANANNANANNNANA AN NNANSNNN

O NMIPNWOUMSOANAOANMTNWES 00N
HANMMLNONO0ON A A A A A A A AANNNANNNNNNN
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RAW DATA FOR EXPERIMENT I -- NUMBER CORRECT...(CONTINUED)

N A OO A A HNAHOO A AANAAHOHOAHOO
21021101.121002121122210110021
12122211110021122110111102000
N A NN A ANANAANNNNNNNANNNAHO A
HANANNONANANNMFAANANNNANNNNASNNONNNN

*

NANAHANNANNANNAANANNNNNANANNANANNNNNANA
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RAW DATA FOR EXPERIMENT I -~ ENCODING TIME BY LOGIC TYPE

IS NIS
Logic Type Logic Type

Student 1 2 3 1 2 3
Group 1

1l 17.3 16.9 18.2 20.9 15.6 19.9
2 26.2 24.1 27.6 32,0 25.7 29.6
3 17.7 16.5 16.7 22,1 14.4 22.7
4 14,4 17.8 15.2 19.8 13.5 18.1
5 6.9 7.6 7.8 8.9 7.8 11.0
6 18.3 21.7 24.3 22.8 23.3 27.3
7 l16.4 16.4 16.3 16.8 16.4 19.7
8 12,5 13.5 12.8 13.2 12.7 16.4
9 12.8 13.2 12.8 13.3 12.0 16.1
10 24,3 24.5 26.3 25,1 23.6 30.8
11 3.0 12.8 11.5 10.2 12.6 15.5
12 15.2 15.3 16.1 16.4 14.4 116.8
13 13.0 14.0 12.8 1l6.5 13.0 15.6
14 13.7 1l4.6 14.2 14.7 12.9 17.3
15 16.3 16.6 17.0 19.1 15.5 19.6
le 14.4 17.2 16.6 18.6 13.7 19.2
17 9.2 10.4 9.6 10.5 ¢.7 10.8
18 l6.2 19.4 15.1 22.0 13.5 20.6
19 11.3 13.4 12.3 13.5 1l1l.0 17.9
20 12,4 12.4 12.3 14.0 11.2 14.5
21 13.3 13.4 13.4 13.3 13.3 17.3
22 27.0 29.3 20.7 27.3 20.4 32.3
23 14.7 17.9 15.8 20.9 16.9 19.3
24 10.1 10.4 11.5 9.9 9.7 12.6
25 9.7 14.0 10.5 12.5 1ll1l.6 12.4
26 12,7 12.7 12.7 12.8 12.1 16.1
27 17.4 16.5 19.6 19.7 15.6 20.0
28 14.3 17.9 18.6 17.9 14.1 20.0
29 12,9 16.9 12.2 14.3 16.3 17.4

193



RAW DATA FOR EXPERIMENT I -- ENCODING TIME...(CONTINUED)

Group 2

30 17.2 14.4 17.0 14.2 15.0 13.4
31 26.0 21,1 26.5 22.4 22,2 25.5
32 18.7 1l6.5 23.0 19.2 19.7 18.2
33 14,9 14.0 21.6 14.3 14.8 15.3
34 19.7 18.0 17.1 23.0 28.3 21.0
35 16.9 16.4 21.4 17.9 18.0 20.1
36 13,1 12.3 14.6 12.9 14.1 13.5
37 15.9 13.4 19.7 13.5 14.8 15.4
38 14,5 15.2 17.7 13.9 15.3 15.2
39 l6.7 1l6.4 19.1 17.1 17.0 14.7
40 15.5 21.2 27.3 20.0 18.7 18.7
41 11.5 10.9 14.2 8.2 9.6 10.6
42 12.4 9.9 12.0 12.8 10.0 12.2
43 12.8 14.7 15.8 12,2 13.5 13.8
44 1l1.6 10.7 13.8 11.9 13.0 10.8
45 9.4 9.4 11.9 9.7 10.1 9.7
46 12.3 12.0 12.7 10.2 11.2 11.1
47 ' 22,4 18,9 23.4 21.4 21.5 20.1
48 10.4 9.5 12.2 10.7 1l0.6 9.8
49 16.5 15.3 20.5 19.5 21.6 19.2
50 10.4 12,2 14.2 13.9 12.6 12.7
51 l1.0 12.1 14.2 13.2 1l2.6 10.6
52 10.9 12.6 14.4 11.2 12.4 11.4
53 8.7 7.7 10.6 9.2 9.1 9.2
54 37.1 29.7 31.8 28.0 36.4 34.7
55 9.0 10.7 12.1 12.0 1.0.1 9.7
56 15.7 15.8 19.2 15.7 15.3 15.7
57 11.0 10.0 12.5 11.5 11.4 10.4
58 12,4 11.2 15.0 12.8 13.6 12.6
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RAW DATA FOR EXPERIMENT I -- RESPONSE TIME BY LOGIC TYPE

NIS

IS

Logic Type

Logic Type

Student

Group 1

LTONWOWWOWOO CONWYITOWIm WOUWOUILTITONWLWO

HOOMeH N ™M ALl AN AA A ANHAAMONO A

N OVOUIOIFAVANNOTOMNMOIIOOSISTHOOM N

NI ANANNMTAN AN ANFAN A AAANNSTANNTNN

@ N ® <~ @ 2 < NOVANOIIUNNONOV YO

O
* o o ¢ o » ¢ e o e e & & & & o s o .
N

N <~ ~Mo 3 (28] Nr-HOMHAMNOANOOMN

NOIANNNANANOITANSNNOMMBEOTHODOONNSNNOP

LI ALSNAAONNOANNNAANNAANOA~SNM AN

nMNowoNM I~ O~V O~HOVONHO AN~ ONHNO®

N HAON NOOANTOOTANANNAT HOM A ANNAN A

neS~cetcMNMATOANGOMANCOUMMANNOWTS O~

NLANANANMOANNAMOANOANNNTANANAAOMANAHANNN A

O ANMTPTNVSEOANAOANMTNWOWSON
SHANMLNOUSOOA AT A AA A A NNNNNNNNNN
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RAW DATA FOR EXPERIMENT I -- RESPONSE TIME...(CONTINUED)

Group 2

0 NN WO FFTTONIFIOW WWOUWNOUNAN I 8 O o WO

NM AN N<FTNMONITAN N1 NOAHN -~ 2 mn — N
i AN ~0\Ww OCONnhO O NOMWOO @ N o™
e o « o « o o o ® o o o o o e o o . . s e
N ™M NN NANMMm MNMeENOONITNAN — < ™M N
OVCMOOIITNITO MODOMT NSO N < < l

® ¢ o o o s o o o o ® o o o o o o o o o & o

AN NONOUMNMANNN NHONNOAHMOM~ 2

NOoONOYINTOUTOUITAONTOWMMOOMNDO O O

L] L] * [ ] [ ] L [ L] L e L L] L) L L] [ L] L] e L] * L . L] * * L) L ]

AN AANANNNOOAAANNE A AN A~ N ~ N

<~ <OV oo OITNANTMNHOOO O OIS

~ O < N1 ANANAOO A A A"~ NN NN

OO NTOUWONDRAAONNANDDETITNNANINNNWYLOOW

[ ] L] e L] L L] L] L] L] L L] [ ] L) . L ] L] L] L] L] L ] L] L L L L] L] L L L]

AN AANNANANNONNAAANSANANAAMOANNN

¢
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APPENDIX G

RAW DATA FOR EXPERIMENT II

a Encodingb Correct Responseb
Student Age Time Response Time

Integrative Instructions

1 111 16.20 7 2.74
2 111 31.82 7 4.00
3 125 35.77 10 5.82
4 121 22.02 5 5.48
5 122 19.20 5 4.36
6 126 27.48 6 3.83
7 123 17.90 6 2.90
8 129 20.00 11 3.96
9 132 19.37 5 3.52
10 124 11.87 7 1.69
11 121 11.43 5 2.36
12 138 18.38 4 2.75
13 139 9.92 6 1.23
14 141 9.63 7 2.06
15 140 12.40 6 2.07
16 139 11.07 5 1.96
17 156 13.05 8 2.00
18 155 16.45 7 3.53
19 153 14.48 9 1.67
20 148 12,18 9 2.00
21 155 13.75 6 2.57
22 152 16.62 8 3.35
23 156 27.20 4 3.70
24 165 20.40 9 2.82
25 le4 10.68 5 1.52
26 139 15.25 6 2.10
27 163 10.12 7 1.77
28 164 - 13.67 8 2.15
29 165 18.75 3 3.67
30 170 14.69 3 3.73
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RAW DATA FOR EXPERIMENT II (CONTINUED)

Verbatim Instructions

31 132 16.57 6 2.60
32 112 14.50 8 2.98
33 116 14.20 9 3.23
34 116 14.73 9 2.11
35 - 114 16.83 4 2.75
36 123 24,22 5 4.88
37 128 22.17 4 3.55
38 129 13.38 6 2.73
39 131 26.02 7 4.57
40 125 24.30 7 4.23
41 156 - 8.80 7 4.06
42 140 31.55 9 4.82
43 148 25.33 5 4.12
44 147 17.80 3 2.93
45 148 14.97 3 3.07
46 151 15.98 7 2.31
47 151 10.83 7 1.63
48 ' 148 25.73 9 4.33
49 154 16.62 12 2.63
50 154 12.78 8 : 1.73
51 156 19.73 9 3.24
52 158 13.67 4 1.65
53 162 14.28 2 2.10
54 167 15.80 10 2.16
55 159 ©21.35 7 2.34
56 156 9.53 4 1.35
57 léel 16.13 8 2.48
58 158 15.70 6 2.83
59 155 9.88 8 1.83

@Measured in months
bMeasured in seconds

CrFor inference queries only
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APPENDIX H

RAW DATA FOR EXPERIMENT II --
CORRECT RESPONSE BY LOGIC TYPE

Logic Type

Student 1 2 3

Verbatim Group

1l 3 1 2
2 2 4 2
3 4 2 3
4 3 3 3
5 1 1 2
6 2 1 2
7 2 1 1
8 1 3 2
9 2 3 2
10 2 2 2
11 2 3 2
12 3 3 3
13 0 3 2
14 0 3 0
15 1 0 2
16 2 1 4
17 1 4 2
18 3 3 3
19 4 4 4
20 3 3 2
21 2 4 3
22 1 1 2
23 0 1 1
24 2 3 4
25 2 2 3
26 2 2 1
27 4 3 1
28 2 1 3
29 3 2 3
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RAW DATA FOR EXPERIMENT II --
CORRECT RESPONSE. .. (CONTINUED)

Integrative Group

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

OFNBNNNMNEAENNBNMNWIONNNENDWWWWINNHFEWNDND
HEWHFERFENDAENMNMWNDNLAEMNMWNNWARWHWNNHEHEBMEFHWWNDWLBN
MEWMNWOWHWHEPFFNMWWRHRFWNNFEFERFRFONMENERENDORFW
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RAW DATA FOR EXPERIMENT II -- ENCODING TIME BY LOGIC TYPE

Logic Type

Student , 1 2 3

Verbatim Group

16.6 15.7 17.4
13,8 13.1 16.6
14.4 12.4 15.9
14,1 14.5 15.7
17.0 16.0 17.6
22,2 24.9 25.6
22.8 20.2 23.5
12,7 12.9 14.6
25.4 22.2 30.6
23.4 24.9 24,7

8.4 7.4 10.7
32.4 30.1 32,2
25.5 27.3 23.2
18.2 16.8 18.5
15.9 14.1 15.0
16.2 15.3 16.5
11.3 10.2 11.1
26.8 22.6 27.8
l6.5 15.3 18.1
13.1 11.9 13.4

NHHERHEREEHREROONOU S W
CLOIAUIAWNHO

21 20.0 19.1 20.1
22 13.7 13.1 14.3
23 14,7 13.5 14.3
24 16.1 14.8 16.6
25 22.6 19.4 22,2
26 9.7 9.1 9.8
27 16.7 13.8 18.0
28 16.0 14.6 16.5
29 9.6 9.3 10.9
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RAW DATA FOR EXPERIMENT II -- ENCODING TIME...(CONTINUED)

Integrative Group

30 16.6 15.2 16.9
31 33.0 28.0 34.5
32 36.5 32.5 38.3
33 - 22.6 20.7 22.8
34 20.1 18.6 18.9
35 29.2 25.4 27.9
36 19.3 15.7 18.7
37 21,1 17.8 21.2
38 18.6 20.0 19.6
39 12,7 11l.1 11.9
40 10.0 12.3 12.1
41 17.3 18.2 19.7
42 9.7 9.4 10.7
43 9.8 8.8 10.4
44 13.4 11.5 12.4
45 11.7 9.8 1l1.8
46 12.8 13.1 13.4
47 ' 17.7 13.9 17.8
48 14.4 13.8 15.4
49 13.3 10.5 12.8
50 13.5 13.6 14.3
51 ' 16.8 16.7 16.5
52 27.6 24.4 29.7
53 19.6 20.3 21.4
54 10.9 110.6 10.6
55 15.2 14.5 16.2
56 10.4 9.9 10.1
57 13.8 13.0 14.3
58 20.3 16.7 1.9.4
59 15.0 13.4 15.8
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RAW DATA FOR EXPERIMENT II -- RESPONSE TIME BY LOGIC TYPE

Logic Type

Student

Verbatim Group

NHAOWFHNOANIATOITM OLCMOIITOOMOUITMISENNOYD

ANMOANMANMOMOANTMOUN NANHAONHMOANANNANNAH

LAANOOPONINWe~O~ VO~ HWOANOTWUR
¢ o o o o o s o s e o e s o e & & & o o ¢ 6 o ¢ o s o &
13322-“42438663 SHANNNAFAMMAAAAANN A

MNWOVWWVWOVDOSMWOANOOA ONWANr~\O\WO0m MNANNING O

NANMHTO AN SNOITNAHMA ANANANNN

O ANMINOVSOAOANMTINWIES OO
AN INORONA A A A A AAAANNNNNNNNNN
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RAW DATA FOR EXPERIMENT II -- RESPONSE TIME...(CONTINUED)

Integrative Group

O~V OLVOOUR WONWOWOOVURLONMOANINAHOM

NANUUNANNO<ITN - NOHHNHANANMOANMEANAHNM

FOVPLODOOOCOVONTOLMNMAMANNTNTN AV TONWRNWWY

NN IOLLONIIAANNANANNNSAANNLSNAAAAONN

14448640679209163371330550984

35662324311311212212233212114
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