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This study was designad to investigate the role of

information storage and processing in the cognitive process of
synthesis. In particular the effect of the timing of the presertation
of two subordinate informational concepts on the cognitive proress of
synthesis was examined. 88 high school students in four secti s of
an introductory chemistry course were used as the experiment .
sopulation. The students were assigned to classes of approximately
equal size by a computer on the basis of remeining space. The me'n
I1.Q. scores for the class sections were compared as a partial chi-:k
of the assumovtion that assignment was unbiased. The results of t- s
investigation showed that: the proportion of learners who
successfully acquired both subordinate informational concepts, A & RB.
did not differ significantly betwaen treatment through written
programm2d learning material concerning on cne day ani material B on
the next day versus treatment of written programmed material of A § B

on the same day.

This study suggests that the presentation of

information at the same time facilitates the ability of the learner

to synthesize.
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SUMMARY

This study was designed to investigate the role of information
storage and processing in the cognitive process of synthesis. In
particular the effect of the timing of the presentation of two sub-
ordinate informational concepts on the cognitive process of synthe-
sis was examined. The term subordinate information concept refers
to that information which is generalized and learned as a concept, and
which can then be combined with another independently learned informa-
tional concept to synthesize a new structure or concept not clearly
there before. The cougnitive process of synthesis has been defined in
The Taxon of ..ducational Objectives; Handbook I: Cognitive Damain,
{Bloom, 1%%5

A hierarchy was proposed for each of eight toplics in chemistry
using the method suggested by Gagne. Each hierarchy consisted of two
informational concepts, A and B, and a third concept, C, which could
be obtained by synthesizing A and B.

The 88 high school students in four sections of an introductory
chemistry course were used &s the experimental population. The
students were essigned to classes of approximately equal size by a
computer on the basis of remaining space. The mean I.Q. scores for
+he class sections were compared as & partial check of the assumption
that assigmment was unbiased. The mean I.Q.'s of each class did not
differ and hamogeneity of variance was confirmed.

The process of synthesis was investigated by using eight units
of chemistry subject matter. In each unit the learner wes taught
informational concepts A and B, A test was then given to determine
if the learner had acquired both A end B, and if he could successfully
synthesize them to produce C. In the first treatment group, X, the
information was presented through written programmed learning material
conceruing A on one day, and similar material concerning B on the next
dsy. One week later a written review of A was given, the following
day e review of B wes provided, and the next day the students were
tested. In the secona treatment group, X2, the written progremmed
material concerning bot.1 A and B wes given on the seme dey. One week
later both A and B were reviewed and the following day the students
were tested. The tests were composed of free response items which
required the student to indicate the process used in answering the
question.

In thre: of the eight units the proportion of students who were
successful in synthesizing A end B in treatment group X2 was hicher
than the proportion of sucressful students in treatment group X; at
the .05 level of confidence. This supports Ausubel's theory that
information 1s processed during storesge and suggests that to meximize

l.
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the ability of learners to synthesize, the subordinate 1nronmational
concepts should be presented together.

The proportion of learners who successfully acquired both
subordinate informational concepts, A and B, did not differ signif-
icantly between treatment X; and X, for any of the eight units. This
indicates that the method of teaching the learners A and B was not
biased by one of the treatment procedures.

In summary, the results of this investigation show that:

1) For three of the eight units included in the study, students
who were taught subordinate concepts A and B on the same day were
better able to synthesize the data to produce the superordinate
concept, C, than were students who were taught the subordinate concepts
on separate days.

2) The proportion of students in the two treatment groups who
learned the subordinate concepts, A and B, did not differ.

3) Seven of the eight hierarchies showing the reletionship
between the subordinate concepts, A and B, and the superordinate
concept, C, were shown to be valid; i.e.,, the consistency ratio
exceeded 0.90., The coansistency retio for the eighth hierarchy was

0.795.

4) it was found that testing for retention of subordinate
concepts, A and B, provided a cueing effect which resulted in
improved performence on items designed to measure synthesis of these
date to produce the superordinate concept, C.

5) A moderate correlation (0.36) was found between I.Q. and
periormance on the synthesis items.

The cognitive ability described as syuthesis may be closer to
the goals of science instruction than any other. This study suggests
that the presentation of informetion at the same time feacilitates the
ability of the learner to synthesize., The question of whether the
gbility of individual learners t¢ syntheslze can be increased is
unanswered by this study and merits further investigation.
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INTRODUCTION

Man's guest to obtain knowledge of nature is the essence of
science. The role of education in science should include more than
the assimilation of the current body of facts. Scientists and
educators need to be concerned with the production of new information.
Important discoveries frequently require the synthesis of existing
information; therefore, a careful study of the effect of the timing
of the presentation of information on the process of synthesis is
warrented.

Sznthesis

Synthesis, as used in this study, is defined in The Taxonomy of

Educational ObJectives, Handbook I: Cognitive Domein. (Bloom, 1956.)
X conolse derinition of synthesis is presented as rfollows:

R o

" | synthesis is ] the putting together of elements and parts
so &8s to form a whole. This involves the process of working
with pieces, parts, elements, etc., and arranging and combining
them in such a way as to constitute a pattern or structure

not clearly there before." (Bloom, p. 206)

This definition of synthesls encompesses & broad spectrwn of abilities.
The syntheslis required of students in this study is limited and may
best be described by Bloom's category, 5.30, Derivation of a Set of
Abstract Relations. In describing this type of synthesis, Bloom says:

The distinguishing feature of this sub-category is . . . the
attempt to derive ebstract relations from a detalled analysis.
The relations themselves are not explicit from the start; they
must be discovered or deduced. (Bloom, p. 164)

There seem t0 be two somewhat different kinds of tesks here:

(1) those in which the student begins with concrete dats ¢r
phencmene, and which he must somehow either classify or explsin;
(2) those in which the student begins with some basic propositions
or other symbolic representations and from which he must deduce
other propositions or relations. (Bloom, p. 1Tl. Emphasis added. )

It is this second situalion that best describes the synthesis that was
required of students in this study. Any inferences based on this study
are necessarily limited to this type of student performance.

The effect of the timing of the presentation of two subordinate
informationul concepts in the process of synthesis can be investigated
by using the approach of Gagne (1962) to construct hieraschies which
assess the extent of the information stored. It is necessary to

3.



measure both the relevant subordinate capabilities in a cognitive
task and the task itself.

The process of synthesis can be investigated by presenting two
separate informational concepts A and B which can be synthesized to
produce & new informational concept C not there before. The term sub-
ordinete informational concept refers to that information which is
generalized and learned as a concept, and which can be combined with
another independently learned informational concept to synthesize a
new structure or concept not clearly there hefore. The synthesis
process can be represented by & Gagne-type hierarchy as shown:

A

Figure 1. A Simple Hiersarchy

Purgose of the Research

The primery goal of this study 1s to investigate the effect of the
timing of the presentation of two subordinate informetional concepts
(subsequently referrred to as A and B) on the synthesis of a higher
order concept (subsequently referred to &s C). Ausubel (1963) proposed
that information which is "meaningful" is associated with other infor-
mation in the cognitive structure of the learmer. Rotely learned
materisl, by contrast, is not integrated into the cognitive structure.
If this "meaningful" informetion is to be related, it will be related
during storage. He suggested that one condition undexr which separate
items of information will be related is when they are presented or
lesrned at the same time. Underwood (1969) has identif*ad the
"temporal factor", i.e., the sequencing in time and the iime interval,
as & potent factor in memory. This suggests that information which is
learned together tends to be remembered together, thus such information
may be more easily related.

Specifically the purpose of this study is to investigate the
hypothesis that students who have been presented A and B at the same
time will be more successful in synthesizing them to produce C than
students who have heen presented A and B at different times. The
retrieval of A and B will be measured directly, and the performance
on & task C which requires the synthesis of A and B will be measured.



A secondary purpose is to establish the volidity of the proposed
hierarchies which are being used in the research. BEmpirical data will
clarify the theoretical understanding of these processes and will
suggest appropriate curriculum revisions and improved teaching
strategies.

Outline of the Research

The students in the chemistry classes of Dover High School, Dover,
Ohio, in the 19T70-T1l academic year were used as the research population.
The treatments were administered to individuals in four classes and
date were pooled for classes with the same method of presentation. The
data from the research carried out was analyzed to exsmine the following
five ideas:

l. Direct Camparison of Success in Synthesizing C Between Groups

The proportion of students successful in synthesizing C when A
and B were presented together is compared +o the proportion of students
successful in synthesizing C when A and B are presented at different
times.

2. Validation of the Proposed Hierarchies

The approach of Gegne (1962) is used to determine whether
relationships within the hierarchy are validated by the observed re-
sponses., If the hierarchy 1ls valid, only those learners who success-
fully respond to both A and B will succeed in synthesizing C.

3. Information Storage

A and B are separate informational concepts and should be as
easlly recalled when presented together as when presented separately.
The proportion of students responding successfully to both A and B,
when A and B are presented together is compared to the proportion
successfully responding to both A and B, when A and B are presented
separsately.

L, Cueing Effects of Testing the Entire Hiererchy

When the students are tested to determine if they have acquired
A and B and can successfully synthesize A and B to produce C, the
testing for A and B may provide a cue to the students that A and B
are to be compined, This possible cueing effect is examined by first
determining if the students can successfully synthesize C. After this
test is completed, the students are evaluated to determine if they can
successfully produce A and B, and then synthesize A and B to produce
c.

D
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5. Correlation of Ability to Synthesize and I.Q.

The ability to synthesize may be related to a standardized
cognitive measure. The correlation between I.Q. and a&bility to
synthesize was determined by comparing the total score on all
synthesis items for all units to the I.Q. score for each individual.
I.Q. 1s a measure of general mental ability and should be signif-
icantly correlated with the cognitive ability of synthesis,

gigniricance of the Reaqugg

This study iz an empirical test of basic cognitive learning
theory. The implications of Bloom's Taxonomy overlap with Ausubel's
theory of information acquisition during meaningful verbal learning
and the hierarchical arrangement of the cognitive processes suggested
by Gagne. If the existence of & given hirarchy which involves the
process of synthesis is established, one can still choose to present
the subordinate concepts at the seame time or separated in time. Will
presenting A end B at the same time facilitate synthesis? The answer
to this question would aid in formulating & model for the interaction
of information storege with cognitive structure during learning. The
empirical dete will also suggest appropriate teaching strategies.

The cognitive process of synthesis has been subjected to very
little research, yet this process is vital to the formation of new
knowledge. Although this study 1s being done using chemistry as
subject matter, the synthesis process as described in the Taxon
is thought to be a general process independent of subject matter
content. Chemlstry 1s & representative area of khowledge, and
perhaps scmewhat easier to experiment with since the students are
generally unfemiliar with the materieal presented. While the results
of this study can not be generalized to other subject matter aveas,
it is quite possible that similear results would be obtalned in other
areas.

11
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LITERATURE REVIEW

Th: publicstion of The Texonamy of Educational Objectives,
Handbook I: Ccpnitive Domain, edited by Bloom ’ generated
Interest in The Toie of information processing in the higher cog-
nitive processes. The Taxon is based on the assumption thst
{the arrangement of the categories - lwowledze, comprehension,
application, anulysis, synthesis, end cvalumiion - is hierarchical,
in that order, accordins %o camplexity of process. The hierarchy
of categories i: uzsvmed to be cumuiative; i.e., any given category
consists of the yrocesses stipulated by lower-level categories, and
in eddition, & yrocezs which is unique to it from the standpoint of
lower-order categories.

Lwpirical Studies of the Taxonamy

There heve been seven empirical studies which explored the
validity of the Te:ionomy. Anderson (1964), Herron (1965), Schaff
(1970), end Even‘(iﬁ investigated the relationship of the Texono
to particuler chemistry curricule. Anderson (1964) investigated tﬁe
first four levels of the Taxonomy, end found that low ability Chem
Study students were superior in analysis to low abiiity students in
treditional chemistry, but information was not hell comnstant for both
groups. Herron (19655 attempted to evaluate all six cogaitive levels
and experienced dirficulty in constructing an sdequate test. The
limited amount of testing time eveilable restricted the number of
test items that could be used, and therefore, not enough informati-a
could be obtained with respect to the ! ’wurrelationships implied in

the Taxonomy .

Schaff (1970) concentrated only on evaluation, the highest
cognitive level of the Texonomy. The results indicated that the
students in Chem Study classes were superior to the students in
traditional chemistry classes in ability to evaluate, even when
knowledge was held constan’. In this study the knowledge measured
was clhiown to be related to the cognitive process of evaluation.
However, the differences fouad between the groups vwere mainly due
t0 lower scores on the evaluation post-test by the control group,
and not higher scores by the evaluation post-test treatment group.

Even (1970) investigated the correletion between course grade in
chemistry and each of the first four levels of the Taxonamy. he
correlations for knowledge, camprehension, end applicetion were .48,
ki, and 49 respectively. The highest level of the Taxonomy used,
anelysis, hed the lowest correlation with course grade (.32). It
would be interesting to determine if the correlation between course
grade and higher cognitive levels is smaller still.

Te
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McFall (196k) grouped the levels of the Taxonomy into two areas,
One area was the ability to recall knowledge, ana thé other area was
the ability to handle concepts, analyze principles, render Judgments,
and evaluate material. He constructed a test designed to evaluate:
(a) the ability to recall specific facts, and (b) to deal with the
higher cognitive tasks. The correlations of subteet (a) with the
Stanford Achievement Test and with course grade were significantly
higher than the correlations of (b) with the Stanford Achievement Test
and with course grade., This supports the contention that a signife
icantly lower correlation exists between a test of the higher cogni-
tive processes and current methods of evaluating achievement than the
correlation between recall of knowledge and current methods of
evaluating achievement.

A study by Stoker and Kropp (1964) was designed to test the hier-
archical nature of the Taxonomy. Two tests were constructed which
consisted of a reading passage dealing with content unfamilier to the
learners (atomic structure and the periodic table) and a test for each
reading pessage. Five chemistry teachers who were familisr with the
Taxonomy independently classified the test items according to the
level of the Taxonomy. The raters did tend to categorize items in
congruence with the %ehaviore the items were intended to invoke.
Herron (1965) also found satisfactory interrater agreement in the
clasgification of the items designed to evaluate all levels of the
Taxonony .

The tests constructed by Stoker and Kropp (196k4) were administered
to over 1000 high school students and analysis of the data indicated
that the Taxonomy was hierarchical. Factor analysis of the data, how-
ever, failed To support the hypothesized structure. Smith (1968) sub-
Jected Stoker and Kroz: ‘s data to further analysis in the manner de-
scribed by McQuitty {(1936) as hierarchical classification by reciprocal
pairs. He found that of the six mejor classes of the Taxonomy, only
knowledge and evalustion behave in a manner inconsistent wiE% the
theoretical formulation.

These studlies suggest that the Taxonomy is a useful model, and
there is evidence to support the hypothesized hierarchical structure

of the Taxonomy. To investigate the Taxonomy as & whole is a difficult
task because & large number of test items is required. It is therefore
appropriate to investigate the hierarchical structure of a part of the

Taxonogx.

Hierarchies and Mental Tasks

In a study of programmed-leerning meterials in mathematics, Gagne
eand Brown (1961) obtained results which suggested that what is learned
relevant to a situation is more important in transfer for problem-
solving than huw it is learned. It seemed that differences in individusl
performances might be attributable to certain skills which ware needed
in order to do what the program demanded. The follow up study by Gagne

8.
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(1962) vas designed to identify these suborainate skills by successs
ively asking the question, "what would the individual have to know how
to do in order to learn this new capability simply by being given verbal
instructions?” The studies of Gagne and Staff (1962), Drumm (1965),
Wiegand (1969), Gegne and Bassler (1963), Harke (19593, Okey and Gagne
(1970), and Bredemeier (1970) gave sdditional evidence that learning
hierarchies can be validated.

These studies suggest the existence of hierarchies in learning.
If hierarchies do exist, additional questions concerning the hierarche
ical nature of learning require exemination. - The effects of the
timing of the presentation of the subordinate concepts on learning

and the learner's ebility to synthesize these subordinate co
has not been investigated. neepte

Some Aspects of Ausubel's Leerning Theory

Ausubel (1963) proposed a theory of information acquisition which
differentiates betweer. rotely learned muterial end meaningful verbel
learning. He asserts thet the rotely learned information and meaning-
ful verbal learni.g are organized quite differently in cognitive
structure and heance conform to quite different principales of learning
and forgetting. Meaningfully learned msterisls have been releted to
existing concepts in cognitive structure in ways meking possible the
understanding of wvarious kinds of significant relationships. If two
materials heve been presented together they could become releted
during learning end form new cognitive structure. Rotely learned
materisls, however, are discrete and isolated entities which are only
relatable to cognitive structure in an arbitrary, vervetim fashion;
and, because they are not anchored to existing ideational systems,
rotely learned materials are much more vulnereble to forgetting.

The model of cognitive organization proposed for the learning
and retention of meaningful meterials assumes the existence of &
cognitive structure that is hierarchicelly organized in terms of
highly inclusive conceptual traces, under which are subswumed traces
of less inclusive subconcepts, as well as traces of specific inform-
etlonal material. The major organizational principle is that of
progressive differentiation of trace systems of & given sphere of
knowledge from regions of greaster to lesser inclusiveness, each linked
to the next higher step in the Herarchy through & process of subsump-
tion.

Murrey (1963) tested a concept formation model and found that in-
formation processing ability (analytical ability), as measured by tests
utllizing items of the Taxonomy of level two or higher, did not appear
related to a student's success in solving new problems, when information
store was held constant, but did have & marked effect on the rate of
information acquisition. The tentative conclusion, on the basis of

3.
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Murray's study, was that information processing ability affects
learning primerily st the input stage when the information is stored,
and not vwhen the information is retrieved from storege. This agrees
with Ausubel's theory that highly developed cognitive struciure aids
the acquisition of knowledge. The very low reliabilities of the tests
of analytical ability (less than .50) obscure the results, and the
correlations with other tests of analytical ability were lower still
(the correlations raiged from .07 to .23).

Taylor (1966) studied concept formation as & function of information
input in college chemistry. The itreatment group was given high density
information instruction through the use of additional problems, exer-
cises and other activities designed to expose them to more information
about a concept. The results suggested that a high density of informa-
tion input increassed the amount of information acquired in the
treatment group, as compared to the control group. In both the experi-
mental and the control groups, students high in analytic ability
acquired more inf'ormation than students with low analytic ability. This
is in agreement with Murray's date and suggests that analytic ability is
& measure of the cognitive structure which serves to process the
information during input.

Ring (1970) investigated the effects of cognitive structure on
achievement in college chemistry by measuring the cognitive structure
end the fact orientation of the students. Questions were posed which
required either a factual answer or the existence of subsumers in the
cognitive structure of the student. The results indicated that the
existence of & large smount of relevant subsumers, or appropriste
cognitive structure, facilitates the learning of new material, and
students who possess a large amount of facts without sumsumers achieve
et a low level.

The studies cited support Ausubel's theory that if informetion is
to be learned in a meaningful way, and therefore retained, the existence
of appropriate cognitive structure is necessary. An inherent difficulty
with Ausubel's theory is that the existence of cognitive structure or
the presence of subswmers is based on indirect evidence, The Cognitive
Structure Exam has 14 items which purport to measure subsumers and 1
items which ere designed to measure facts. The validity and reliebility
of this test need to be better established.

he studies cited suggest that cognitive structure as postulated
by Ausubel does exist, and does influence the ecquisition of information.
The evidence is based on tests which select learners on the basis of
some higher cognitive ability. Taese selected learners have superior
ability to acquire, retain and retrieve information. These studies
have not investigated the effect of the timing of the presentation of
the information on tue learning of this information. Information which
is learned could be related by the existing cognitive structure or
relationships could be perceived during the learning process. The
perception of a relationship between two separate pieces of information
is called synthesis.

10.
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The Synthesis lLevel and Cognitive Btructure =

Three empirical studies have been directed toward the synthesis
process, Wasik (1967) attempted to validate the Taxonomy processes of
synthesis and evaluation with a reading peassege and & %est using
social studies content and science content., ‘The construct validity
was determined by relating the results of the synthesis test to the :
results on Guilford's test of divergent production. Wasik felt science !
and social studies synthesis subtests were valid measures of the
synthesis process, but subsequent analysis indicated the two subtests
wvere measuring different aspects of the synthesis process. This agrees
with the results of Murray ?5963), Taylor (1966), and Ring (1970) who
also found that content-process interaction uvcoeurs.

LW b
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Based on the assumptions of the Taxonomy and its definitions of the
cognitive processes, Smith (1970) found a significent relationship
between intelligence and the knowledge, comprehension, applicetion, and
analysis categories. The contribution of intelligence was uniform and
significant for each of the four levels. Creativity, however, did not ;
meke & significant contribution to variation beyond intelligence. Both E
intelligence and creativity made significant, independent, and overall
contributions to variation on the synthesis and evaluation levels.

Tor S Mo s

Smith and Mengum (1970) made a comparison of the performence of
students who can recall a principle after a period of years, as opposed ]
to those who can only recognize the principle, in terms of their ability '
to profit from & communication. The communication consisted of &
description of an experiment, the resulting data, the principle to be
derived from the data, and definitions of key concepts. The test items
were constructed according to the Taxonomy, and an attempt was made to
hold content constant end systematically vary the cognitive process.

On the synthesis item, the students appeared to answer the question
by the process of eliminating the alternatives, rather then by formu-
lating a hypothesis or an experiment. The recall group was found to
be significantly better than the recognition group on all items at the
.01 level.

From these studies it is clear thet not enough is known about the
synthesis process. The synthesis process has been related to divergent
production, I.Q. and creativity through correlational studies. Smith
end Mengum (1970) attempted to select students who possessed higher
cognitive skills on the basis of their ability to recall & principle
in science & long period of time after acquiring the principle. These
students were tound to be significantly better at the process of syn-
thesis.

Still, these studies did not assess the existence of relevant
subordinate concepts by holding knowledge constant. In addition, the
timing of the presentation of the subordinate concepts has not been
investigated, end it may be an important factor - especially in the
process of synthesis.

1l.
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Purpors of the Research

The studies cited provide evidence that Bloom's Taxonomy, Gagne's
hierarchies, and Ausubel's learning theory have some va Y. The
cognitive process of synthesis involves all three of these ideas and
the interrelationship of information storage and processing, hierarchies,
and synthesis require investigation, Only the studies of Wasik (1967),
Smith (1970), and Smith and Mangum (1970) have dealt with the process of
synthesis, and the investigation involved synthesis in a peripheral wvay.

This study ascertains the existence of the relevant knowledge end
concepts in the hierarchy, their role in the process of synthesis and
the effects of information storage on the ability of the learners to
synthesize. It makes use of a&hd provides inf'ormation about Ausubel's
theory, Gagne's hierarchies, and the synthesis level of Bloom's

Taxonogg.

Y 1?
- ERIC

Full Tt Provided by ERIC.



EXPERIMENTAL PROCEDURE

Sample

The major focus of this research was a comparison of the proportion
of learners successful in achieving the synthesis of informational con-
cepts A and B between treatments. In treatment X,, A was presenied on
one day and B was presented the following day, while in treatuent Xp, A
and B were both presented on the same day. The individual students in
the chemistry classes of Dover High School were used as & population for
the research. These classes contained college preparatory students in _
an introductory chemistry course during the 1970-Tl school year., Each .
class met three days each week for a 4l minute period and two days
each week for an 88 minute period.

The text used was Modern Chemistry (Holt, 1963) and the treatment 3
units were selected from the material %n the text. The material used )
in the units is common to most high school chemistry texts. These units :
are contained in the appendix.

The enrollment of approximately 88 students was divided into four
nearly equal sections of 26, 22, 21, and 19 students. The enrollment
fluctuated slightly throughout the year since four students withdrew
from chemistry and one new student enrolled in Januery. The students
were assigned to the classes by a computer on the hasis of remaining
space in classes. An investigation by Hagerman (1966) indicated that
this was likely to be an unblased assignment. A test of homomaneity
of variance and equality of means of I.Q. scores was done tv check this
eassumption. I.Q. was chosen because Smith (1970) found thet I.Q. made
a significant contribution to variation for synthesis items. The mean
I.Q. for each section is given in Tsble 1.

Table 1. Mean I.Q. Score for Each Section of Chemistry

Section A Section B Section C Section D

Meen I.Q. 113.2 116.2 119.3 11k, 7

A one way enalysis of variance &s described in Winer (1962) was
done to determine if these means differed significantly and the results
are given in Table 2, There was no evidence that the students who
withdrew or entered were different from the rest of the students in the
classes with respect to I.Q. The averege I.Q. for all students was 116,

13.
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and the average I.Q. for those students who entered or withdrew was 115,
The I.Q. scores were analyzed for only those students who were present
for at least four of the treatment units, therefore the number of de-
grees of freedom within groups is 82 and not 85.

Table 2. Analysis of Variance of I.Q. Scores
Source of Sun of Degrees of Mean )
Variation Squares Freedom Square
Between Groups 438,15 3 146.05 1.64
Within Groups 7295 ,16 82 88.97
Total T733.31 85
Since 7 qz(3, 82) = 2.72 and the value obtained for F = 1.64, there

is no significanx difference between the class means at the .05 level.
This indicates that there is no evidence of bias with respect to I.Q. in
the asaigmment of students to classes by the computer.

The Hartley Fmax test of homogeneity of varience as described In
Winer (1962) was done'and the results are given in Teble 3. Since
Fmex ,95(4, 24) = 2.9, and the value obtained for Fygy = 1.95, homo-
geneity of variance is supported.

Table 3. Homogeneity of Variance of I.Q. Scores

Section A | Section B | Section C Section D
Sum of Squares 1688.00 1861.27 2522.20 1223.68
Degrees of Freedom 25 22 20 19
Veriance 70.33 88.63 132.75 67.98
Fmax ] l . 95

In addition, the observations of the teacher indicated that the
class sections did not differ significantly with respect to grades,
skill in laboratory, quality of class discussion, and attitude toward

chemistry.

1,

This increases one's confidence that the assignment of
students to classes was unbiased.
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Treatments

The treatments consisted of hierarchies of chemistry subject
matter designed to teach the learners two separate informational
concepts A and B. Concepts A and B are relatable and can be synthesized
to produce a new concept C. The concepts are assumed t0 be hierarchisl
in nature as represented in Figure 1 on pege 4. The purpose of the
treatment is to teach A and B effectively to0 all learners in a controlled
and unbiased way. One treatment group (X;) learned A and B separately
while the other treatment group (Xp) learned A and B together.

Time is one of the factors which has been identified by Underwood
(1969) as influencing the learning, retention, and re.rieval of informa-
tion. The sequencing in time and the time interval, callcd the "temporal
factor", has been shown to be influentiael in determining which informa-
tion will be associeted with other inrorration in empirical research by
Ven Mondfrans and Travers (1965), Bugelski and Rickuood (1963), and
Murdock (1960). These studies suggest that informetion which is learned
at the same time tends to be recalled at the same tims, and thus such
information can be related more easily. It is felt that the separaticn
of presentation of A and B by one day would effectively ensure that they
are learned separately.

A pilot study indicated that the presentation of the information by
giving the learners & page of written material to read was not suffi-
ciently effective in teaching A erd B. Since the primary purpose of
this research is to investigate the process of synthesis, it is desirable
to have & very high proportion of learners ideally 100%) acquire both
A and B, Then one can compare the number of learners successful in
synthesizing ¢ between treatment groups X; (separate presentation of A
end B) end treatment group Xp (presentation of A and B at the same time).

To increase the proportion of students who successfully acquired
both A and B, the presentation of A and B was expanded to & written
programmed learning format. The materials used are in the appendix.

The leurners, after reeding the expository material, were required to
respond to questions designed to focus their attention on the pertinent
aspects of the written material and were given answers to these ques-
tions to provide immediate feedbeck. To further increase the propor-
tion of learners that acquired A and B, the original expository material
was given as a review exercise after an interval of one week. Since the
revi -w materials contain nothing new but consist of the original expos-
itory material with the questions deleted, these materials are not in the
appendix.

Design

In treatmenc X the information concerning concept A was presented
on Moaday through written programmed learning material, and the informa-
tion concerning concept B was presented Tuesday through written pro-
grammed learning material. The following Monday only the expository
material containing A was given &s review, on the following Tuesday only
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the expository material containing B was given, and on Wednesday the
students were given the criterion test.

For treatment Xo, A and B were both presented on Tuesday through
written programmed learning material. The following Tuesday the exposi-
tory material was given as review and on Wednesday the students were
given the criterion test. The lotal learning time and testing time
available to both treatments was the sanme.

To avoid the appearance of an experiment, the material presented
was used in discussions and experiments after the criterion test was
given. The students eccepted the material as & natural part of the
chemistry course. In the beginning of the year the teacher discussed
his philosophy of education. This included &n expressed belief that
students could learn by listening to lectures, by partlicipating in
class discussions, through laboratory experiments, and by reading
written material. He stated that students ought to gein experience in
learning in all four ways, and each time the treatment meterial wes
hended out, students were reminded of this statement of philosophy. It
is felt that this enabled the students to accept the experimental
setting as a part of the classroom routine.

nany students had difficulty in synthesizing A and B and became
discoursged, although every student was successful at least once. The
mean score on synthesis items was 4,7 correct responses per student.
Even so, meny students reacted negatively to the experimental materials,
especially after the fifth treatment. Since these exercises were
counted as & part of their grade, it is felt that they performed up to
their caepabilities on each treatment unit.

The results for all students within eack treatment were pooled.
Pooling the results amounts to combining the class results of similar
treatments. To eliminate bias, eech cless should be combined with
each other class for each treatment. There are six permutations and
these are shown in Teble 4 under the Units 1 through 6. Also included
in Table 4 is the procedure used in Units T and 8, which are repetitions
of the method of assigning treatments for Units 2 and 1 respectively.
Although only the first six permutations are unique, units T and 8 were
also presented to the learners as shown in Table 4 to provide additional

date. Table 4. Method of Assigning Groups to Treatment

Unit 1 2 3 b 5 6 7 8

| Sectien A | X, X, X X X X X X
SetionB | X, X X% X X B X X
|  sectaemo | X, X, XK X X K X K
Section D X X 2. X, X4 X X5 X4




Mcasurigg Instruments

The previous investigations of the higher cognitive processes did
not assess the relevent informetion in the hierarchy leading up to the
cognitive process in the manner described »v Gagne (1969). To strength-
en the research design a more complete evaluation was done. The
criterion test used consisted of free response items prepared by the
researcner that assess the hierarchy consisting of the synthesis item
C and the two subordinate concepts A and B. To disguise the nature of
the research and prevent the structure of the test from giving students
clues, some additional lower level items were also included. The
content validity of the test items was determined by using & panel of
subject metter experts who also hed extensive experience with the

Taxonggx.

Kropp, Stoker, and Bashaw (1966) discussed some of the problems
assoclated with choosing the response measure which will be regardaed
as indicative of the presence or sbsence of cognitive behaviors.

The choice of the proper response measure is crucial if one
wishes to obtain the best evidence on which to validate any
behavioral meesure. In the case of the Taxon y two possible
responseé measures come immediately to mind. One is whether
the desired intellectual process is used by the student. The
other is whether the student gives a correct response to an
item. The former will be referred to as the process response;
the latter, the product response.

Using a process response measure requires detecting whether
the student used the intended process when reaching his
solution to the item. Identifying the process would require
that inTormetion ebout the process be collected. One method
by which this might be done is to collect verbalizations fram
the student while he is solving the problem.

Detecting the presence or gbsence of the desired process from
the solution which the student verbelized is a difficult task
that requires well-trained judges who menifest high inter-

rater reliebility. (Kropp, Stoker, and Bashew, 1966, p. TL-T72)

Since it was desiradple to have evidence that the students were
engaged in the synthesis process, a specific question was asked and the
students were required to give their snswer and also explain why they
gave the enswer. The written explenations correspond to the collection
of verbalizations referred to by Kropp, Stoker, and Bashaw (1966).

Free response items eliminated the need for guessing corrections
cited by Aixen (1965), Cureton (1966), Ebel (1968), Edgington (1965),
and Little (1966). Free response items also eliminated the problem
found by Smith and Mengum (1970), that students tended to respond to

17.
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multiple choice synthesis items by eliminating choices rather than by
formulating hypotheses,

The criterion for scoring the tests was established prior to ad-
ministering the tests. The tests were than graded by three qualified
chemistry teachers and the interjudge reliabilities were computed using
the procedure described in Winer (1962), The results are given in Table
5. The reliability was computed separately for each section of students,
the total reliability for that unit was calculated and the over-all
reliability of all items was found.

Table 5. Interjudge Reliabilities for the Criterion Tests

Unit Section A Section B Section O | Section D Total
K 834 | .92 .859 911 .889
2 | 5% .921 968 612 807
3 932 929 936 .898 <930
4 43 .80k 920 s | e
5 .992 «989 .588 995 991
6 893 861 .892 o922 893
7 982 974 991 959 978
8 910 4630 992 955 937
Over-all | o933

The reliabilities are quite high except for section A in unit 2 and
section D in unit 4, but the total relisbilities for these two units are
respecteble. The high reliability of the tests used may be attributed
to two factors. TFirst, the judges were in close agreement about whet
constituted & correct response. Second, the questions made clear what
sort of response was desired, and it was not difficult to ascertain
which student responses were adequate.

vValidation of Hierarchies

validation of the hierarchies is carried out using the method
described in the American Association for the Advancement of Science
report. (American Association for the Advancement of Science, 1968, )

18.
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If the hierarchies are consistent v:.: the proposed hierarchy, only
those learners successful in acquiring both A and B will succeed in
synthesizing ¢. The consistency ratio was calculated by dividing the
number of consistent hierarchies by the total number of learners. An
inconsistent hiera;chy is one in which the learmnex fxiis to acquire
either A or B or both but succeeds in synthesizing <. FOr the hieraxchy
in Figure 1 the possidble responses are given in Figure 2.

* 0 0 0 0 + ¢ +
¢+ ¢ ¢ +0 0+ 00 Ce +0 00

(@) (B) (o) (&) (o) () (&) (MW

Figure 2. Possible Responses to the Hierarchy Given in Figure 1

A + indicates success and a 0 indicates failure., The first five
patterns a, b, ¢, d, end e are consistent and the last three (f, g, and
h) ere inconsistent. The consistency ratio is equal to the sum of the
consistent hierarchies divided by the sum of all possible hierarchles.,

Consistency Ratio a¢brct+dere

a+b+c+d+e+f+g+h

The AAAS Science - A Process Approach eveluation report suggested
a consistency ratio equal to or greater than .90 for hierarchy validation
(Americen Associstion for the Advencement of Science, 1968). The con-
sistency ratio setisfied this requirement for ell units except unit 8.
There were other problems associated with unit 8 and the written meterial
in unit 8 was felt to be inadequate to teach the concepts involved. The
results summerized in Table 6 indicate that the proposed hierarchies
were valid and provided edditional evidence to support Gagne's model of

hierarchies.
Teble 6. Consistency Ratio for the Proposed Hierarchies

Number of Total of ALl Coneistency
Unit Consistent Hierarchies Possible Hierarchies] Ratio
1 BT 88 989
2 81 88 .920
3 85 85 1.000
b 85 85 1.000
p) &5 86 .988
6 &1 85 .953
T 81 82 .988
8 58 73 . 192
19.
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Progortion of Eligible Learnurs

If the hierarchies were valid, and there was evidence that they
were, only those learners who had acquired both A and B would have been
successful in synthesizing C. Students who acquired both A and B were
designated as "eligidble learners". Since the primary aim of the re-
search was to evaluate the effect of information storage on the proc-
ess of synthesis, it was desirable to maximize the proportion of eligible
learners. The proportion of =ligiblie learners was calculated and is
given in Table 7.

Except for units 2, 5, and 8 the proportions are quite good. The
low proportion in unit 2 was probably due to the difficulty of the
meterial and the inasdequacy of the written material. Atomic stricture
was the topic in unit 2. The written information A included the concept
that as the atomic number is increased the numper of shells in the atom
increases periodically. Since these shells are assumed to be concentric
in our simplified model of the etom, increasing the number of shells
increases the atomic radius. The written information B included the
concept that as the atomic number is increased the attracting power of
the nucleus becomes larger, which results in a smaller atom. Many stu-
dents asked the teacher which statement was correct and were informed
that no discussion was permitted since the stated objective of these
units was to require students to learn by reading. As a result of the
ensuing frustration many students beceme "fixated" on either A or B.
They chose either A or B as the correct concept and ignored the other
concept. The quality of the exposition needs to be improved despite
the fact that unit 2 was used in a rilot study and revised extensively
according to the feedback received.

Table 7. Proportion of Eligible Learners

Uatt | Nunber of Eligible Learners N Proportion
i 86 88 .9
a b2 82 477
3 51 1 & 4600
b % ' 85 8N
5 2 & 361
8 57 | 85 ST
7 6 | 82 732
8 19 3 «260
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The students had particular difficulty with unit 5, which required _
an explicit quantitative camprehension of an abstract concept (the mole),
end the concamitant calculations. This material will be revised to
provide more exercises which require responses by the student.

Unit 8 was equilidbrium and exposition through written material
did not seem to be an appropriate method for teaching these concepts.
If this unit can not be revised successfully it will be eliminated from

further research efforts.

fosr o

b o R b e G g o N

al.

©

ERIC

Aruitoxt provided by Eic:



EXPERTIMENTAL RESULLS
The Effect of Trestment on the Number of Eiigibis Laarnirs.

Before comparing the success of the eligible learners in synthe-
sizing C, it is necessary to investigate the effect of treatment on
the acquisition of A and B to determine if the proportion of eligible
learners is different between treatments. The proportion of eligible
learners in treatment X; and the proportion of eligible learners in
treatment Xo were compared to determine if they differed significantly
by using the procedure described in Edwards (1968). Ausubel's theory
predicts that those learners who were presented A and B together would
store them more effectively than the learners who were presented A and
B separately. This was not verified by the data given in Table 8, which
shows no significant difference for all units. It is quite possible
that the informetional concepts A and B did not require extensive
ideational anchorage to be successf'ully acquired, or that the required
cognitive network was present to approximately the same extent in all
learners. It is perhaps more likely that the material used was not
excessively complex, and the programnmed material allowed both treatment
groups to develop the relevant cognitive structure to the same extent.
In units 2, 3, and T the proportion successful was higher for X2, in
units 4, 5, 6, and 8 the proportion was higher for X;, while the
proportions were nearly identical for unit 1. None of the differences
were significant at the .05 level and it is assumed that all differences
are due to chance.

Proportion of Eligible Learners Successfully Synthesizing C

The proportion of eligible learners successful in synthesizing C
was determined for each unit to find if there was & significant differ-
ence, using the procedure described in Edwards (1968). Ausubel's
theory suggests thav the ideational anchorage will be more extensively
developed during the storing process when A and B are presented together.
This cognitive network would then facilitate the processing of the
information and & higher proportion of the group undergoing treatmept
Xo should succeed in synthesizing C.

The proportion or eligible leerners successful in synthesizing
wes higher for treatment X, than for treatment X;, for units 1, 3, and
6. These differences were significent at the .05 level for units 1
and 6 and at the .0l level for unit 3. The results for the pooled data
are summarized in Table 9.

In unit 1 the class sections B and C were assigned the more success-
ful treatment, 1in unit 3 the class sections C and D were the more suc-
cessful, and in unit 6 the class sections A and B were the more success-
ful. This shows that the more successful treatment group did not always
contain a particular cless section. This increases one's confidence
that the differences found were due to the trestment and not to some
undetermined bias emong class sections.
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Table 8. Test of atgnlrtéunol Betweon Proportions of Eligible Learnore
Who Oorrectly Aoquired Both A and B by Troatament Groups

Number of Proporiion of
Unit | Treatuont Eligible Loarners N Eligidle Learners 2
". X, b ks 9777 0028
X h2 b3 9767
'; = ) W | 38 149
X, 29 46 Sk
. 1T | A7 333 1,20
- X, 26 38 w64l
. X W2 B o 1223
X, 32 4o 801
X, 18 4 450 1.5
5 1
%, 13 4 283
] 5 26 57 | 705 521
X, 3 48 646
X, cy 42 691 76
! X, 3 4o 775
. | X, 12 40 «300 813
X, 7 Sh «206

23.
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Table 9. Test of Signifioance Betweon Proportions of Eligible Learners
Buccessful in Synthesis

e - -

Nunber of Proportion of
Eligidle Learners Total No. Eligible Learners
: . Sucoossful in of Eligidble Successful in
Unit Treatment Synthesis Learners Synthesis 2
1 X, 21 W 477 1.76*
X, 8 17 HT1 317
- X, 13 25 521
" X é 25 240 2.95%¢
X, 17 | 26 654
A X 38 R Y 927 | 349
X, 3 J2 968
. X 5 18 166 - 069
2 2 13 154
p x, .3 | 26 A15 .1.80*
X, 1" 31 355
] X 12 29 AL 588
X, 15 31 A8k
8 X, 4 | 12 333 1.62
xa .9 7 14

* Significant at the .05 level,
s* Sigznificant at the .01 level.
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The mean score for all synthesis items was reported earlier as
4.70. The mean score for each class section was computed and is
given in Table 10. Examination of these data also increases one's
confidence that the greater proportion of eligible learners success-
ful in synthesizing in treatment Xo was due to the treatment, and not
to some undetermined bias among class sections.

e i b ko w g

Teble 10. Mean Score on Synthesis Items for Each Class Section

4 mmbae

Section A Section B Section C Section D

Mean Score on
Synthesis Items L.68 4.50 4.60 4.68

The results obtained support the idea that the timing of presenta- {
tion of A end B is an important varisble in the process of synthesis. §
This is consistent with Ausubel's theory thet cognitive framework ;
fecilitates the processing of informstion. The results also suggest i
thet A snd B should be taught together to maximize the synthesis

process.

CueinggEffects of Testigg

The tests which evaluated success in synthesis were given twice.
The first tect contained only the synthesis items. After that was
completed and handed in, a test evaluating the entire hierarchy and
including the same questions testing for synthesis of C wes given.
It was proposed that some students would not succeed in synthesis at
the first attempt but the cueing effect provided by the questions
eveluating the entire hierarchy would enable them to succeed the
second time. The date in Table 1l indicated that this did in fact

o} o
Ceur. mople 11. Success in Synthesizing C Due to Cueing Provided

by the Hiereaxrchy

Total No. of No. Syntheplzing C | No. of Additional
Unit| Eligible learners | on the First Test Students Synthesizing

_ _ C After Cueing

1 86 50 4

2 42 21 12

3 ol a3 3

4 73 69 L

5 31 T 6

6 52 } 1k 2k

T 60 | 27 18

8 19 9 9
25.



Correlation Between I.Q. and Ability to Synthesize

There were a total of 15 synthesis items in all the units. The
highest total score for any student was 13 and the lowest score was
1, Therefore every learner was successful in synthesizing at least
once. The mean score was 4.7 or, on the average, 31% of all the
synthesis items were answered correctly.

The ability to synthesize A and B to produce C is not the same
for all learners. Smith (1970) found that intelligence, as measured
by I.Q, tests, made a significent contribution to the veriation in
scores on the synthesis process. In this study the correlation
between I.Q, and success in synthesizing C was calculated using the
procedure described in Winer (1962). The correlation found was .36,
which is in good agreement with the results reported by Smith (1970).
This correlation of .36 is significsnt at the .005 level. This
suggests that the mental ability thet I.Q. tests purport to measure
is related to the abllity to synthesize as defined by the criterion
tests in this study.

26,
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SUMMARY AND CONCLUSIONS

The conclusions that could be drawn from the research will be
directed towards answering these basic questions:

Is the proportion of "eligible" learners successful in

de
achieving synthesis of C higher when A and B are presented
together, than when A and B are presented separately?

2. Is the proportion of "eligible" learners (ones who have

acquired both A end B) higher when A and B are presented
together than when A and B are presented separately?

3. Are the proposed hierarchies valid?

k. Does a "cusing effect" exist which enables learners to

succeed in synthesizing only after being tested for the
lower part of the hierarchy?

5. Is the ability to synthesize correlated with 1.Q.?

Synthesis is one of the higher cognitive processes (level
;) and is of perticular interest because this

5.00 on the Texonomy
process results in the production of new knowledge. Information

storage appears to significantly affect synthesis; specifically the
presentation of relatable informetion at the same time favors the
process of synthesis. The proportion of eligible learners successful
in synthesizing A and B to produce C was higher for treatment X» than
for treatment X; for units 1, 3, and 6. These differences were
significant at the .05 level for units 1 and 6, and at the .0l level

for unit 3.

These date clearly suggest that synthesis of relatable information
to produce & new concept or abstration is more likely to occur if the
presentation of the relatable subordinate concepts are contiguous in
time. One may reasonably infer that in cases where the teacher wishes
the student to perform this kind of synthesis, that information which
is to be incorporated into the synthesis should be presented as close
in time as practicel considerations will allow. But it is also clear
that practical considerations do not allow contiguous presentation of
information that one expects the student to use in subsequent syntheses,
The bald fact that it often tekes more than one class period to develop
& single subordinate concept precludes the presentation of all

subordinate information at the same time,

In view of the results of this study and the obvious practical
constraints cited above, one may reasonably ask if there is a practical
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procedure that & teacher can use to enhance a student's ability to
synthesize, Our data 40 not answer that question but they do suggest
an hypothesis that is worth investigation.

It should be noted that when students were tested on the sub-
ordinate concepts, A and B, and were then asked to answer a question
which required a .synthesis of A and B, & substantial number of
students who hed previously failed the synthesis item were able to
respond correctly. (See Table 1l.) It should be further noted that
in the experimental procedure, students were taught the subordinate
concepts A and B during the week preceeding the testing. These
concepts were then reviewed on the days immediately preceeding the
dey of testing; for treatment X, on the two preceeding days and for
treatment X, on the immediately preceeding day. These date suggest
that & practical procedure for assisting students in the development of
synthesis skills would be to review information that is important to
a given synthesis at the time that the synthesls is required. This
review could be done in a relatively shoxrt period of time even though
the instruction required to develop the subordinate concepts required
several days for each concept.

It can be argued that such & review of subordinate concepts at
the time the student is asked to perform & synthesis of this informa-
tion is "cheating" and that the resultant student performance is not
synthesis in a true sense. This argument is well taken. However,
synthesis in a pure form is a very complex process which is likely
to be developed over & long period of time. It can be argued that
the instructional strategy suggested here, while not synthesis in the
best sense of the term, would constitute one step in the development
of the skill to perform syntheses without the eid of such obvious cues
as the suggested review. It must be emphasized that our research does
not provide data which prove that the suggested instructional strategy
would be effective, Our data do suggest that investigation of such an
instructional strategy would constitute & useful plece of research.

We should not leave the discussion of the effect of time of
presentation on the ability of students to synthesize without noting
that we found significant differences on only three of the eight units
employed in our study. Clearly time of presentation is not the only
variable that affects the student's ability to perform & synthesis nor
is it such an overriding consideration that it masks the effect of
other variables. Many studehnts who were presented concepts A and B
on separate days (treatment X;) were successful on the synthesis items
end conversely, many students who were presented concepts A and B
on the seme day (treatment xa) were not successful on the synthesis
items. Indeed, the proportions of students who were successful under
the two treatments was so nearly the same for five of the eight units
that we must attribute these differences to chance alcne. Wiy 1s this
so? The answer to this caestion is not clear from our date and we can
only offer suppcsitions, One obvious explanation for the fact that
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significant differences were found for three of owr experimental cases
and not for five is that our experimentsl procedures were not uniformly
reliable; that differences in the quality of the instructional units,
reliability of the grading, or validity of the hierarchies scmehow
combine to reduce the power of our test even though the effect of the
time variable is constant over all units. This possibility is real.
However, exeminetion of the propcivion of eligible learners (Teble T),
the consistency ratios for the hierarchies (Tabie 6), and the interjudge
reliabilities (Table 5) produces no obvious relation between these
possible confounding variables and tlLe results in question.- We must
assume that there are other variables that affect the student's ability
to synthesize, that these variables were not identified in this study,
and thet these variables are sufficiently powerful to maesk the effect
of time in five out of eight cases exemined. Again the question, what
ere those variables?

Based on intultion, & substantiali budy of research on transfer of
training, end & subjective, post hoc exmuination of the instructional
units used in this study, the following is suggested as a variable in
the process of synthesis which is worth investigation. The variable
is the number of cummon elements between the subordinate concepts
A end B, that are involved in the synthesis. This 1s & varieble that
night easily interact with the varisble of time as investlgeted in
this ~tudy. Our argument is as follows:

Synthesis is & process that clearly involves transfer of treining.
The essential elcment of & synthesis is to take informetion that has
bean previously leerned and to use that information in some new context
to produce an absiraction that did not previously exist in tbe mind of
the student. The body of research on transfer of training ci arly
suggests that the probability of transfer 1s increased by lncreasing
the number ~F elements which are common to the learning task and the
transfer tasx. It follows that a student is more likely to see the
relationship between some subordinate concept A and another subordinate
concepi; B if there are elements of commonslity between the two
subordinate concepts. It also follows that such elements of commonality
are likely to be more obvious if the two subordinate concepts are
Juxtaposed as is the case when they are presented at the same <Time,
than if these subordinaete concepts are presented on different days.
It is possible that it is the perception of these common elements,
¢ 1anced by the presentation of subordinate concepts A and B at the
¢ ae time, that is important to the synthesis of this informastion to
p.rform scme new task. If this is true (and we have no data to show
thet it is) then the presentation of two subordinate concepts tugether
in time would improve the ability of the student to synthesize only
if common elements ex.st between the two concepts and these common
elements are perceiveid by the student. Investigation of this
proposition would require considerable skill on the paxrt of the
investigator but the proposition is sufficiently intriguing and the
process of synthesis so important to education that such research should
be undertaken.
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The information concerning the effect that the time ¥
presentation of A and B has on the synthesis of C reprieint:. the
major contribution of this study. However, the.& were vthgr
results which are of interest because of their relaticnehip e
Ausubel's learning theories, Gagne's ana.ysis of learni:g iLasks
into hierarchies, and the cueing effect of orne test item on student
performance on later items in a test.

There was no significant differencs hnii=gen treatmervs in the
proportion of learners who sucr e~.fui.y -«equired both A and B.
Ausubel's theory suggesvs uwaat the presentation of A and B together
wwld facilitate le~rning by utilizing the approprizte ideational
anchorege. It is quite possible that this did not cocur because of
the similarity of the basic cognltive structure that existed in all
successful learners. Therefore, all learners had equal ::ility to
learn the informational concepts A and B. The results ot..w':sd may
also be due to the method of presentation used because the poogrammed
learning format probably minimizes the requirements of the leaxrner to
process information. Presentation of A and B in & less explicit way
(one which requires the learner to process the information on his own
instead of leading him to the &appropriate conclusions through the
questions given) might be a more appropriate test of Ausubel's thecsy.

The consistency ratio of the hierarchies was found to be
uniformly high. This suggests that it is possible to construct valid
hierarchies, and these hierarchies can be used to design appropriate
teaching stretegies. For example, in the hierarchies coasidered, it
is necesss.y for cthe learners to acquire both A and B before they can
succeed in acquivin. (. However, the acquisitiza of A and B does not
necesserily mean thei the learner will be able to synthesize them to
produce C by himself.

If the learner fails to acquire either A or B or both, he is not
expected to succeed in producing C, and he will not be able to under-
stend C except as rotely learned information.

A substantiel number of students who failed to synthesize C when
the test item wes presented alone were successful in synthesizing C
on the examination which tested the entire hierarchy. This can be
attributed to the cueing effect of the test items and test construc-
tion. This finding verifies the results obtained by Harke (1969)
which revealed & cueing effect when students were asked to solve s
physics problem and were also providec with multiple choice questions
on the same problem.

The cogritive ablility described &- synthesis may be closer to
the goals of s..znce instruction than any other. This study indicates
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that the presentation of informaticr at the samne time facilitates
the ability of the learner to0 synthesize. The question of whether
the ebility of individual leerners to synthesize can be increased

is unanswered by this study and merits further investigation. Areas
of investigation that the author considers important have alreedy
been suggested,

The results of this study apply to the experimental population
and generalization beyond this population must be made with caution.
A replication of this research with a larger sample which involves
many teachere is in order. This larger study could explore the
effect of teaching style on the ability of synthesize., One would
speculate that teachers who are indirect and non-authoritarian
are more likely to encourage and reward speculative and creative
thinking on the part of the students, and therefore these students
would be more successful in synthesizing.

The ability to synthesize should be a general cognitive ability
which extends across subject matter areas. This research only epplies
to chemistry, but one would expect similar results in other subject
matter areas such as social studies, math, and German. Reseerch in
other areas with the assistance of subject matter experts is
recommended.
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APPENDIX

Written Instructional Material end Oriterion Tests for Eaoh Unit

Unit 1. Programmed Learning Material Concerning A

There are limitations in the measurement of any qus..tity end theres
fore we cannot measure any objeot exactly. The limitations are due to
various factors such as skill of the experimenter, imperfections in the
instrument, random variation, assuracy of eyesight of observer, ete.,
but most importantly the limitation in the measuring instrument itself,
In practice, one can adjust for random variation by taking an averags;
with enough experience ons besomes skillful in operating the measuring
devices and includes acouracy of eyesight, eto., as a part of the uncer~
tainty estimated; and so we will be concerned primarily with the uncer-
tainty of the measurement due to the instrument itself. This uncertainty
must be large enough so the true vaiue of the measurement will be reason-
ably sure to be between the largest and smallest values of your measure-
ment. For examples 26.4+.2 means that the true value is somewhere be-
tween 26.2 and 26.6. The true valus could be 26.2 or 26.3 but our best
approximation is 26.4,

Now we can not kneow the true values but we can put limits on it. For
exsmple, I may not know my true weight but surely it is more than 100 1b,
and less than 300 1b., This can be expressed as 2004100, The 200 is my
estimate of the true value and 100 is tho uncertainty. In making a meas-
urement we want to know as much as possible, so if 1 cculd use a better
instrument perhaps I could say my welght is 196¢2. That means I weigh
between 154 and 198, In order for this measurement to be valid, my true
wolght wmust be between 194 and 198, Our objective is to secure the
minimum uncertainty for which we are reassonably certain our msasurement
is valid. Thus the measurement 197.89424+.00003 is valid only if we are
roasonably certain that the true value is between 197.89421 and 197.89427.
While this 18 possible, it is evident that it would require an excellent
balance,

As we have previously stated, the principle sources of uncertainty is
usually the instrument, although, if one has a sufficiently good instru-
ment, variations in the object itself may become significant. A beaker
of water on a sensitive balance would show a decreasing reading as the
water ovaporates, Ordinarily this is not a problem because the water
does not evaperate rapidly enough to be noticeadble. If evaporation was
too rapid we would use a olossd scontainer,
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Even if we weigh an odjeot which itself is essentially constant,
there will be uncertainty due to the limited eensitivity of the balance.
By sensitivity we mean the adility of the balance to respond to & small
change., If we have a dalance in apparent balances we can add a weight to
one side and change the balance = but there is a limit to the size of
weight we ocan add. If we ochoose a small enough weight we will not notice.
e ochange in the balance. An example is the addition of e grain of sand
to & truck which alresady contains 20 tons of sand. The largest amount of
weight that can be added without noticeably changing the balance is the
sonoitivity of the balance., This is why the uncertainty of the centi-
grem balance in the lab is .01 grams, although one ocan read the balance
nore acourately. The larger capasity balances in the lab have a sensi-
tivity or uncertainty of about .05 grams,.

The balance itself may have been made improperly so that it con-
sistently weighs .2 grams too much or too little. One can detect an
error of this type by using a standard weight, but not by repeated weigh-
ings on that talance. One can also weigh the object on several different
balances and by averaging, get a best value for the mass, If the follow=~
ing weights are obtaineds 26.32, 26.33, 26.32, 26.35, the best value
would be 26.33. The best value ie obtained by rounding off the average,
and the uncertainty ineludes the highest and the lowest values obtained
in the series of measurements. 26.33+.02 means the weight is between
26.31 and 26.35. All of our measurements lie within that range and we
are therefore reasonably sure that this is a valid measurement. This is
the method used when one can make several nieasurecments of a quantity.

i, Why does a single measurement made by an observer using a perfeot
instrument contain some uncertainty?

2, The uncertainty in a measurement may be due to error in the instrument
and the lack of sensitivity of the instrument. Explain what is meant
by error in the instrument and aensittvity using a balance as the
instrument.

5. What is a valid measurement?

4. Giver. the following measurements find the besi value for the mass of
the empty beaker and give the uncertainty. Explain how you got your
answer,

38.2
283
38.1
38.2
5842
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2.
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Answers

Thers is always some uncertainty in reeding an instrument because the
graduations are not infinitely small. In addition the object may vary
80 that there is @& chance of variation in the reading. In prectice we
correot for this by averaging the readings.

There 18 & limit to the ability of an instrument to respond to small
ohangss, For exemple if & balanoce is apparently in balance we can add
a weight so small that 4t will not produce a neticeable change in the
balance position. 8till, the weight on the balance pan has been
changed, but the balance did not respond.

A valid measurement is one for which we are reasonabdbly surs the true
value lies within the range of uncertainty. For example 26,7¢.1 is
valid 4f the true measurement is between 26.6 and 26.8 ml.

The value of 38.2+.1 is obtained by averaging these values. Since

oll the measurements are in the range from 38.1 to 38.5 thie is ocur
bsat value,
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Unit 1. Programmed Learning Material Ooncerning B

All measurements contain some uncertainty and we need to learn how
to estimate the unsertainty of a measurement, Every measurement is an
approximation and should inolude some 1ndiontion of the uncertainty.
For exemplo, the width of this puper is 8.5¢4,1 inohes. The range of a
measurement is the largest and the suallest poseible values, The range
of the width of this paper is 8.4 in. to 8.6 in. When two or more meas-
urements are oombined, the uncertainty of each measurement contributes
to the uncertainty in the combination.

Here is a disgram of a graduated oylinder which sontains a liquid,

pe— 30 ml,
20 ml,

10 ml,

1. What would you give for the best value of the volume of the liquid?

2. Estimate ths uncertainty.

3. Give tho rangg of the measurement,

4. The meacurement with its estimated uncertainty is + ml,

Look for the answers on the next page,
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Ansvers

1, 25 nl. The answer should not be 25.0 ml, sinse that implies we can
judge the tenths of ml. Actually we are guessing at the number of
ml, since there is a mark only for each 10 ml. If you estimated the
anewer as 22 ml. or 24 ml., these answers are both correct since they
fall within the range of 22 to 2k,

2. The uncertainty is + 1 ml., This means that although aur beat guess
for zhe volume is 25 ml. it cculd be as szall as 22 ml. or as large
as 24 ml,

3, 22=24 ml. i8 the rangs of the volume since 22 is the smallest value
and 24 is the largest value that is likely. .

4. 23¢1 ml, 48 the measurement and its unocertainty.

ko,
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Unit 1. Oriterion Test

1., Why does a single measurement made by an observer using & perfeot
instrument ocontain some uncertainty?

2. The uncertainty in a measurement may be due to error in the in-
strument and the lack of sensitivity of the instrument, Lxplain what
18 meant by error in the instrument and sensitivity using a balance
a8 the inati;iment,

3. What i¢ a valid measurement?

L, Given the following measurements find the best value for the mass of
the empty beaker and give the uncertainty. Explain how you got your
answer,

101 .42
101,43
101 .41
101.42
101.43

5. A chemical is added to the beaker and it is again weighed. lHowever,
the beaker exceeds the oapacity of the centigram baiance and a larger
balance is used giving these datas

156.50 Find the best value and the unsertainty of the besker and
156 .45 acid, and explain how you got it.

156.45

156455

156.50
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6. Find the mass of the contents of the beaker and the uncertainty in
the mass, and explain your answer,

7. The diagram shows a graduated sylinder which contains a liquid A,
Give the volume of the liquid and estimate the uncertainty = explain
your answer,

7% 40 ml.
7

/ 50 ml.

8., The diagram shows a graduated oylinder which contains the remainder of
liquid A, after part of the liquid is poured into a beaker. Give the
volume of liquid A which remains and estimate the uncertainty. Ex-
plain your answer.

" '—_ 401111.

30 ml.
20 ml.

10 ml.

9. Find the volume of liquid A in the beakur and the uncertainty in the
volume., Explain your answer,

L2,
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Unit 2. Progremmed Learning Material Ooncerning A

All atoms are composed of protons, neutrons and electrons. The
Protons have a mass of 1 atomic mass unit and a charge of +1, the neu-
trons o mass of 1 atomic mass unit and a charge of 0, and the eleotrons
the very omall mass of 1/1836 atomic mass unit and a charge of =1,
These particles are located in two parts of the atom cslled the nucleus
and the shells,

The protons and neutrons are located in the nucleus of the atonm.

The nucleus is tho very emall center of the atom but it contains more
than 99.9% of the mass of the atom, while ocoupying less than one bile
lionth of the volume of the atom. The electrons have a very small mass
and thereforo ocan move rapidly. By constant rapid motion the olectrons
effectively oocoupy the space around the nucleus and exslude other eleo-
trons from this space, In this way the electrons meke up the volume of
the atom.

The electrons are arranged in ghells or energy levels around the
atom and these shells represent two aspects of the olestrons. One is a
region of probability of finding the electron which is usually a thin
spherical shell., Secondly, the shells correspond to energy levels., An
atom )8 typically represented in a drawing as followss

The shells are designated alphabetically by letters beginning with
K for the first shell and each shell can contain, at most, s particular
number of electrons which correspoiids to the shell., These numbers for
each shell are Ke2, L=8, M=18, N=32, ete. When an inuer shell is filled,
the remaining electrons must go into a higher shell becsuse the space
oocupied by the eleotrons in the filled shells excludes the added shells.

Since our modsl of the atom represents shells as forming concen=-
tric spheres around the nucleus, adding a shell with a larger radius
makes the atom larger. An atom such as Phosphorus (P) which contains 15
electrons will have 2 in the K shell, 8 in the L shell, and the remaining
S in the M shell. Therefore P has three shells fully or partly ocoupled,
P would be a larger atom than Carbon (C) which has 6 electroneg, 2 in the
k shell and 4 in the L sholl.u
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The number of electrons in an atom is equal to the atomio nuaber,
The atomic number is the whole number which is given on the periodie

chart,

1. How many electrons does an atom of sluminua (Al) have?

2. How many electrons does an atom of ohromium (Or) have?

3, How many shells are occupied in copper (Ou)? ___

4, How many shells are ocoupied in boron (B)?

SRR

%, Which atom is larger boryllium (Be) or magnesium (Mg)? ___ o
Explain your answer, .

6. Which atom is larger helium (He) or sulfur (8)?

AR RN

4k,




Anavers
1. Aluminum has 13 eleotrons,
2, Ohromium has 24 electrons,

5, Copper has 29 electronss 2 in the K shell, 8 in the L, 18 in the N
and 1 in the N, whinh makes 4 shells.

4. Boron has & electronss 2 in the X shell and 2 in the L, which mekes
2 shells. .

5. Magnesium has 3 shells and beryllium has 2 shells, therefore mag=
nesium 48 the larger atom.

6. Helium has 1 shell snd sulfur has 3 shelle, therefore eulfur is
larger. ‘
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Unit 2. Programmed Learning Material Conserning B

An atom is made up of a positively ocharged nucleus which is very
small surrounded by negative electrons in a generally spherical distri-
bution as pioctured.

Electrons in Shells

The electrons define the size of the atom by rapidly moving around
in the region around the nuoleus and excluding other electrons from that
space. The negative electrons are attracted to the nucleus by the posl-
tive charge prodused by the protons. The charge of the nucleus is deter-
mined only by the number of protons in the nucleus aince the neutrons
which are also in the nucleus have a charge of O.

The larger the number of protons in the nucleus the greater its pos~
itive charge, and consequently the greater the force exerted on the neg-
atively charged electrons. As this attracting force becomes greater, the
atom beccmes smaller, since the electrons are attracted oloser to the nu-
cleus by the greater nuclear force. Each electron is affected indepen-
dently by the nuclear charge so the attracting force of chlorine (01)
with 1ts 17 protons is greater than that of sodium (Na) with its 11 elec=
trons. The additional elestrons of ochlorine do not decrease the attract-
ing force of the nucleus so the attracting force depends on the charge of
the nucleus and not on the number of electrons in the atem.

The number of protons in the nucleus of an atom san be found by
looking at the atomic number of the periodic chart. The atomic number is

always a whole number. For example, the number of protons in krypten
(Kr) is 36, .

1. What is the number of »~otous in calcium (Ca)?
2. What is the uumber 2 protuns in beryllium (Be)?

3. Whick stem nas tre grestor attracting force in the nucleus, magne-
sium (ig; or suilar (9)%

4, Which atom has the greater attracting force in the nuscleus, phos-
phorus (P) or nitrogen (N)?

5. Which atom 48 the smaller, sodium (Na) or aluminum (Al)?
6. ¥Which atom 8 smaller, nickel (Ni) or iron (Fe)?

Turn to the next page for the answers,
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1.
2.

Anavers
Caleium (Oa) has 20 protons,
Berylliun (Be) has 4 protons.
Magnesium (Mg) has 12 protons in the nu;louo and sulfur (8) has 16

 protons, therefore sulfur has the greater attraoting forse in the

&,

5

6.

nueleus.

Phosphorus (P) has 15 protons in the nucleus and nitrogen (N) has 7
protons, therefore phosphorus has the greater attracting fores in
the nucleus,

Sodium (Na) has 11 protons end aluminua (Al) has 13 protons, there-
fore aluminum exerts a greater attracting foree on its electrons and
is the smallur atom.

Niokel (Ni) has 28 protons and iron (Fe) has 26 protons, therefore
nickel exerts a greater attracting force on its electrons and is the
emaller atom.

47,
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Unit 3. Oriterion Test
1. The nunber of protons in lead (Pb) is s

2. Which of the following has the greatest nuclear charges iren (Fe),
niokel (N4) or cobalt (Go)? BExplain your answer.

3, Which of the following nuolei exerts the greater force on its
\ electronss cardon (0), nitrogen (N), or oxygen (0)? Explain your
ansver, )

4, Which has the largest atomic radiuss silicon (Si), Phosphorus (P) or
sulfuzr (8)¢ Explain your answer,

5, Dosoribe briefly the nucleus and shslls of tho atom and include o
d“ﬂtﬂg .

6. Nearly all the volume of the atom is occupied by .

7. Give the maximum number of electrons in the following shellss K 2
L ' M » X .

e———

8. Does the adding of a shell make the corresponding atom larger or
emaller or does it remain the game? .
Explain your ensver.

9. Potassium (K) has a diameter of 2.05 angstroms which is larger than
the diamster of bromine (Br) 1.14 angstrems. Explain why. |

: ERlﬁ‘
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10, 8cdivwm (Na) has & dismeter of 1.57 angstroms which 1s larger than
the dismeter of aluminum (Al)(1.25 angstrems). Explain why,

11, Ohlorine (Ol) has a diameter of .99 angstrems which is larger than
the diameter of fluorine (F) .72 angstroms, Explain why,

12. Neon is larger than helium. Explain why.

13, Sulfur (8) has a diemeter of 1.04 angatr‘ome whioch is larger then the
dismeter of oxygen (0) .74 angstrema. Explain why.

14, Megnesium (Mg; hae a diameter of 1.36 angstroms and the diemeter of
tellurium (Te) is 1.35 angstroms and these are nearly equal in
radius, Explain why.

15, Lithium (11) has a radius of 1,25 engstroms and this ie nearly equal
.. to the radius of vansdium (V) which is 1.22 angstroms. Explain why.

k9,



Unit 3, Progrsmmed Learning Material Goncerning A

All molecules of a liquid are in ocontinuous random motion, and
while sore molecules are moving very rapidly and others very slowly at
a given temperature, there is a definite average molecular motion, The
average molecular motion of a substance is proportional to the temper
ature. When the temperature of a sudbstance is inoreased by heating it,
thie addition of energy increases the average molecular motion. For
1iquids this inoreased motion is primerily exhibited in the wvidbration
of the molecules., The greater the energy of a liquid the greater the
average back and forth vibration of its molesules. This vibration
affects the volume the liquid cocupies, becsuse as the vidration in-
orsases, the offective space occupied by the molesuls increases; and so
the volume of the liquid increases, We have restricted the disoussion
%o liquide so far, because although the same effect is true in general
for solids and gases, there are important differences between liquids
and solids and gases that will not be discussed at this time,

1. A8 the temperature of a liquid decreases, the average molesular
motion « Explain.

AR

2. A8 the motion of the molecules in a liquid insreases, the volume
osoupied by the liguid + Explain,

Ryt

Look at the answers on the next page.
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dnevers

1, Deareases. The averags energy of the molecules decreases as the
Temperature is decreased, and since this energy is mainly shown as
molecular motion the average molecular motion also deoreases,

2, Inoreases. As the molecular motion inocreases this is reflected in a
greater vibration of the molecules. This greater vibration increases
the effective space cooupied by a molesule, and the volurie of the
liquid inoreases.

51,
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Unit 5, Programmed Lesrning Material Qoncerning B

A polar molecule has an uneven distribution of slestrons, causirg
one end to be slightly negative and the other end to be slightly positive
as shown in the disgrams

O

Water is one of the many substances whose molecules are polar. The
attraotion of the oppositely oharged ends of thess molecules ctuses them
to form polar bondo as showni

I-polur bond

OO

Although this bond is rather weak and is often broken by the random
viocation of the molecules, these bonds attash two or mors molecules to-
gether for a short time and at equilibrium when one bond is broken anothe

. er tends to form at the same timeé, The number of thess bonds that exist
: at any one time is constant end determined by the average molecular

motion.

In water, these polar bonds tend to link the molecules into an open
strusture which contains spaces from which other water nolecules are

excluded as showns
>

* @’?ﬁ?ﬁ%@ RO

Not piotured are the many molecules of water that are not honded
but are moving independently.

This means that the formution of polar bonds increases the volume of
& given smount of water. At a glven temperature the number of bonds that
exist at any given time is constant, because although soms are being bro-
ken, an equal number is being formed. As the temperature is increased
the molecules have more energy and some of the bonds are broken. This
means that the number of polar bondo that exist at any given time is Ju-
creased as the temperature is increased. .

Tty
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1. Desoribe a polar moleculs and explein why it oocurs using s drawing.

Look for the answer on the next page.

2. Desoride a polar bond end explain why it osours ueing a drawing.

Look for the answer on the next page.

3, Une a drawing to illustrate the effects of the formation of polar
bonds on the volume of water.

Look for the answer on the next page.

4, As the temperature of water molecules is decreasod; the formation of
polar bonds detween molesuies is « Explain.

Lock for the answer on tho next page.

5. A8 moro polar bonds are formed, the volume of the water
Explain, .

Look for the answer on the next page.
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Ansvers

1. A polar moloocule has an unequal charge distribution. One end is
el.ghtly positive and the other end is slightly negative, due to un-
equal sharing of the electrons and looks likes

I

2., A polar bond is the bond betwsen two polar molecules caused by the
attraction of the + end of one molecule for the negatime end of an-
other molecule as showns

] I

3. The formation of polar bonds.in water, oreates a stricture with open
spaces as showns

>e
D% 00 -

{rom which other molesules are excluded. 7This meker ths volume of a
given smount of water larger.

4. increased. The molesules have lees energy, and so fewer of the
polar bonds formed are broken by the rendom molecular motion.

5. increases. As mors polar bonds are formed, there are more open
spaces from which water molecules are exoluded, and the volume of a
given amount of water inorcsass,

©
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Unit 3, Oriterion Test

1. As the temperature of the water deocreamses, does the average mole-
oular motion incruase, deorease, or stay the sanet

2. As the motion of the water molecules decreases, does the space
oceupied by a molecule increase, decrosse, or stay the same? Explain
your enswar,

3, As the temperature of water molecules is decreased, is the formation
of Hydrogen bonds between ths water molecules increased, deoressed or
does it atay the same?

4, Doos the inoreased formation of Hydrogen bonds cause the volume of
the water to increass, dacrease or stay the sane?! Use a diagram to
explain your answer.

25
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Volume Vs. Temperature (for 100 grams of 1,0)

103
Volume 102

1,
(in ml.) o,

100

99 L

98 1 1

o
)
1B
3
&

Temperature in Degrees Centigrade

5, Explain in terms of the behavior of the molecules, why the volume of
the water decreases as the temperature is deoreased; reaches & mini-
mum et 4 degrees 0., and then the volume of the water increases as
the temperature is docreased still more,

56.
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Unit 4. Programmed Learning Material Conocerning A

A chemical formule represents all of the followings

a. wvhich elements are present in the compound

b. how many atoms are present in one molecule

6., the retio of atoms of one element to atoms of another element
For example, one molecule of AIOI’ oonteins one atam of Al and three
atoms of Ol.

The formula of s substance is obtained by analyzing the compound.
The formulas obtained ave expressed as the lowest whole number ratio of

atoms by convention and are called simplest formulas. Therefore the
formula for water i{s writien H30 and not H,0, or 3605'

1, What is the ratioc of atoms of sarbon (0) to ohlorine (01) in 001,t
Look for the answer on the next page.

2. What is the ratio of atoms of phosphorus (P) to oxygen (0) 1n.9205t
Look for the answer on the next page.

3, What is the ratio of potassium (K) atoms to sulfur (8) atoms in

80,1
Eﬁathis the ratic of sulfur (8) atoms to oxygen (0) atoma?
What is the ratio of potassium to oxygen atcma?

Look for the answer on the next page.

°T.
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1. In 0Cl, the ratio of carbon to chlorine atoms is 1 to &4,
2. The ratio of phosphorus to oxygen atoms in 9205 is 2 to 5.
3, The ratio of potassium to sulfur atoms in xasok is 2% 1.
The ratio of sulfur to oxygen atems is 1 to 4.,
The ratio of potassium to oxygi.i or 45 1 %0 2 (this 48 the same

as 2 ?o 4 but At is customary te reduce the ratioc to its smallest
terms).

58,
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Unit 4, Programmed Learning Material Concerning B

In the early 1800's Amadeo Avogadro formulated the theory that
equal volumes of all gases at the seame conditions of temperature and
pressurs contain equal numbers of molecules. The qualification of equal
temperature and pressure is important and is usually controlled by keep~
ing the gases at standard temperature and presecure. STP is the abdre-
viation used for standard 4emperature and pressure and means a tempera-
ture of 273 degrees Kelvin and 1 stmosphere pressure. 275 degrees
Kelvin is equal to O degrees Centigrade (Celsius) and to 32 degrees
Fahrenheit; and 1 atmosphere of pressure is the pressure of dry air at
sea level which is equal to 14,7 pounds per square inch and to 760
millimeters of mercury in a barometer. In the following disoussion all
gases are at STP.

In a gas the moleculea ars moving very rapidly and ars, on the
average, quite far apart. For this reason the mass and radius of the
atoms do not affect the volume of the gas. If the atoms ware much
oloser together as they are in a solid, the radius of the atom would
affect the volume but the mass would not.

‘Fhe theory that equal volumes of gases contain equal numbers of
molecules has been verified by many experiments. For example, iwo
bottles, at STP, whish contain 2.0 liters of NH, and 2.0 liters of N,,
contain equal numbers of molecules. A bottle ugich contains 3.0 liters
of 0O, has thres times as many molecules as one which contains 1.0
1iters of Ne at STP. This law holds regardless of the nature of the
molecule., Diatomic molecules contain 2 atoms per molecule and examples
are Oy, Fé. H. and CO. Monoatomic molecules contain one atom per mole-
cule and examﬁlas are Ne, He, Hg and Na. Gases which contain three,
four or five atoms per moleculs also exist, and examples are 002,.80
and COl,. Not all of thes substances mentioned are gases at STP (Mg dnd
Na are not) but any substance can be changed into a gas if the tempera=-
ture is high enough.

1. How would the number of molecules of O, in 5.0 liters coupare to the
number of molecules of NO, in 1.0 liters if both gases are at the
game temperature and pressure.

Turn the page for the anawer.

2, How would the number of molecules in 3.0 liters of S0, compare to the
number of molecules in 2.0 liters of SFg if both gases are at the
same temperature and pressure.

Turn the page for the answer.

29.
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1. There are five times as many molccules in 5.0 liters of 0, as there
are in 1.0 liters of NO,.

2. Thore are three molecules of SO, for each 2 molecules of 326.

60,
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4,

Unit 4. Oriterion Test
The formula for caloium ohlorids is CaCl,, therefore there are/is

A. 6qual numbers of atoma of caloium und chlorine

B, one caleium atom for two chlorine atoms

0. w0 calsium atoms for one chlorine atom

D. no spascific relationship between the number of atoms of calcium
and chlorine

¥hat 4s meant by a diatomioc gas?

When H.,0 is analyzed the number of atoms of hydrogen and the number
of atoms of oxygen obtained will be

A. equal to each other

B, two atoms of hydrogen for one atom of oxygen

0. one atonm of hydrogen for two atoms of oxygen

D. no specific relationship bstween the number of atoms of hydro-
gen and oxygon

In 200 ml. bottle of neon gas and 100 ml, bottle of helium gas at the

same temperature and pressurs thers is/are .

A. equal numders of atoms in eash bottle

B. twice as many atoms of neon as helium in the bottles

. ten times as many atoms of neon as helium in the bottles

D. there is no relation between the number of atoms of neca and
helium ~

In bottles of the two diatomic gases A and B, at the same temperaturs
and prsssure, the number of atoms of A compared to B depends on

A. the volume of the gases
B, the mass c¢cf the atoms
C,» the radius of the atoms
D. all of the above

E. none of the above

61.
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A chemical substance ia decomposed completely to give two different
monoatomic gasss A and B. The volumes of the gases are not equalj
2.0 liters of A are formed when 3.0 liters of B are formed. WXhat is
the formula for the original subatance? Explain your answer.

When a substance is analyzed nompletely by electralysis two different
diatomis gases, and ¥,, are formed., The amount of each gas 1s not
equal; 30 ml. of X, forms whsn 10 ml. of ¥, forms. what is the
formula for the original substence? Explaln your answer.

62,
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Unit 5. Programmed Learning hatarial Concerning A

A liter is a unit of volume and is equal to 1000 ml. It 48 usually
more convenient to measure the volime of a gas than to welgh it because
the weight is so small. The amount of that gas i8s not specificd how=
ever, unleas the pressure and temperature are given. For example, 1
liter of O, gas at 10 atmospheres is far more oxygen than 1 liter of 02
gas at one atmosphere of priyssure. The temperature and pressure are
commonly kept at standard conditions so the volumes can be compared.
Standard conditions are a pressure of 1 atmosphere and O degrees Conti-
grade, One atmosphere is the pressure of the atmosphere at sea lasvel
and can also be given as 14,7 pounds per square inch or 76.0 om. of
mercury in a barometer. In a barometer 76 om. is the height of a column
of mercury that will be supported by a pressure of one atmosphsre.

A mole of any gas ocoupies a volume of 22.4 liters at standard con=
ditions. Thus 22.4 liters of oxygen is one mole and 44.8 liters of hy-
drogen is two moles at standard temperature and pressure,

1., What is the volume of 2.0 moles of C0, gas at STP?
2. What is the volume of .50 moles of argon gas at STP?
5. 67.2 liters of NH, gas at STP is how many moles?

p)
4, 33 ,£ liters of N,O gas at STP is how many moles?

Turn to the next page for the answers.
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Anaswers

- 1. The volume of 2.0 moles of 00, at STP is 44,8 liters, since 22.4
1iters equals one mole at B‘!P%
2. The volume of .50 moles of argon (Ar) gas st STP is 11.2 liters,
since 22.4 liters equals one mole at 87P,
3, 67.2 liters of m-l’ gas at 8TP is 3,0 moles aince 22.4 liters equals
one mole at STP.
4, 33,6 liters of Nao gas at STP is 1.5 moles since 22.4 liters equals
one mole at 8TP,
~— 6k,
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Unit 5. Progrsammed Learning Material Concerning B

The amount of a subastance can be determined by weighing it. In the
chemistry laboratory the unit of meas (or weight) is the granm.

Chemical formulas can be written for many common substances such as
water (nao. salt (NaCl) end cardon dioxide (CO,). The formula gives the
kind of atoms present ana the number of atoms gf each element in the
moleocule, For example, a molecule of sulfuric acid, nasoa. is composed
of 2 hydrogen atoms, 1 sulfur atom and 4 oxygen atoms.

The atomic weight of each element is given on the periodic chart
and repreasents the weight of the average atom of that element compared
to the weight of a carbon atom which is teken to be 12,0000, Thus M%
(24.3) atoms are a little more than twice as heavy as G (12) and He (4)
is about 1/3 as heavy as G (12.0). The atomiec weights are not usually
whole numbera because the average includes isotopes of different weights,
although many are close to whole numbers because a particular 3sotope is
most common.

The formula weight of a substance is found by ediing the atomie
weight of each element as often as it oosurs. For ¢:amples, the formula
veight of 05013815 40 # 2(35.5) = 111 and for K80,. 2(1) # 32 + 4(16) =

. 2¢32¢+64 .

: 1. What is the formula weight of NaP K
2. K,00: ____
50 062
he No

. (NEYFo

Turn to the next page for the answers,

The formula weight in gramé of any substance is called a mole. For
example, 98 grams of Hy04 18 one wole of HyS0, and 222 grams of Call,
is two moles of 0all,. ~
1. 22 grams of COz is hov many moles?

2., 63 grams of NaF is how many moles?

= 3. % moles of N, is how many grams?
4. .8 moles of A12(804)3 1§ how many grams?
Be 2.5 moles of x2005 is how many grams?
6. 196 grams of H,S0; is hovw many moles?

Turn to the next page for the answers,

65.
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Answocrs

1. 22 grams of C0p = .5 molea since 44 grams = 1 mole of 00 (22/44 =
0

2. 63 grams of NaF = 1,5 moles since 42 grams « 1 mole (43/42 = 1,5)
3. 3 moles of Ny = 84 grams sinoe 28 grams = 1 mole (3 x 28 = 84)

4, .8 moles of Ala(sob)’ = 273.6 grams since 342 grems = 1 mole (.8 x
342 = 273.6)

5. zis’moloa of K005 = 345 grams since 138 grams = 1 mole (2.5 x 138 »
345

_6e 196 grams of HoSO, = 2 moles since 98 grams = 1 mole (196/98 » 2)

1. The formula weight of NaF 48 23 ¢ 19 = 42,

2. T;; formula weight of Kp005 18 2(39) » 12 ¢ 3(16) w 78 ¢ 12 ¢ 48 =
138.

5+ The formula weight of CO, 18 12 + 2(16) = 12 + 32 = 44,
4. The formula weight of N, 1s 2(14) = 28.

5. The foraula weight « (NH,).PO; 418 3(14) + 12(1) ¢ 31 & 4(16) = 42 »
12 + 31 ¢ 64 u 149, 4157

5. ??e fo;:ula woight of A12(8Q4)5 is 2(27) + 3(32) ¢ 12(16) = 54 ¢ 96 +
1;0 20

g




' Unit 5. Oriterion Test
1. Glucose has the formula OgH, 06‘ Give the number of atoms of eash
elemont in one molecule of glucose.
0
B
0

2. The atomic weight of potassium (K) s .

3. The furmuls wédight of carbon dioxide (002) is ____
4. A mole of axmonia (NH,) is grana,

5. STP stends for (be specific)

L4

6. The mass of .7 moles of Sré'gaa at 8TP is o

7. The volune of two moles of 30, gas at STP is

8. The volume of 1.85 moles «f 518 gas at STP is

9. The volume of 77 grams of 0Ul;, gas at SIP le .
Explain how you obtained your answer.

10.The mass of 44,8 liters of 00, gas at STP is

Explain how you got your unowor.
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Unit 6. Programmed Learning Material Concerning A

Reaotions take place whon molecules collide with each other. The
kinetie molecular theory states thats
1. all molecules are in constant metion
2. the motion of molecules 48 randon
3+ the meclecules collide very frequently
4. collisions cften result in a trunsfer of energy with one mole-
. oule gaining onergy and the other losing energy
5. dndividual molecules at a given temperaturs do not all move at
the same speed but the aspeeds vary over a large range
6. most molecules have the average velocity at a constant tempore
ature
To when the temperature of the molecules is increased by adding
energy, the average speed of the moleoules is inoreased, al-
though there are still some slow and some fast molecules,

A simplified systom of cheminals centaining two gases will bs con-
sidered. When the molecules collide the energy of collision varies
greatly. 1If two molecules are moving in the same direction with one
moleouls moving faster and catching up to the other, the enargy of
collision will be relatively small. If the seme molecules collide when
moving directly toward each other, the energy of collision will be much
larger, The molecules present have a large range of speeds and a col-
lision between two molecules tha® are both moving very fast will pro-
duce more enorgy than & collision between two slow moving molecules,

For a given set of reactants, say hydrogen and chlorine, there is s
certain minimal level of collision energy required if a reaction is to
take place. If the energy produced is less than this amount the mole-
cules will rebound uncombined. If the energy is greater thau this a
raaction will ocour,

1. Do all molecules move at the same speed &t a gived tempuraturet

2. Do molecules collide with other molecules often?

3+ adding energy to inorease the temperature of a iubstance mekes the
molecules movs .

e

4. The energy of collision of two molecules depends on
and o
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Answers

1. No. Some molecules are moving very slowly and others are moving very
rapidly although most molecules move with an average speed.

2, Yes, ‘'~ molecules collide very frequently.

5« Faster

4, The energy of collision of two molecules depends on the speed and
direction of their motion. The energy is greatest when the molecules
are moving directly towsrd eash other at high speuvds.

69.
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Unit 6. Programmed Leaming Maic:ial Goncerning B

Reactions take place when molecules sollide with each other. Some
of the random collisions that ocoour are highly energetic and some have
iow collision energies. If a ocollision between two molecules is to pro-
duce a reaction it must produce a certain minimum smount of energy
called the aotivation energy. The amount of the activation energy re-
quired depends on the nature of the reactonts. Jolecules which have a
low activation energy are very reamoctive and thus readily ccmbine with
other molecules.,

The activity of an olement is related to many factors but can be
genorally determined by looking at the poriocdis ochart. The elements
on the lef't side of the chart are called metals and inorease in aotive
ity as one goes down the chari. For example potassium (K) is more
reactive than sodium (Na). The elements on the right side of the chart
are calleod non-metals and decrease in astivity as one goes down the
.ohart, An exsmple is bromine (Br) which is more sctive than iodine (I),

1. Collieicns between molecules froduce energy which can enable the mole-
cules to react. The minimum amount of energy needed ie called the

2. Which is more active, barium (Ba) or strontiuaz (8r)?
3+ Which is more active tellurium (Te) or selenium (Se)?

T0.
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Anasvors

1. Activation energy

3, Selenium (Se)

T1.
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2.

3

5e

As the temperature is increased what happens to the energy of
collision? Explain your answer,

Unit 6.

Criterion Teat

Explain why sodium (Na) reacts with sulfur (8) at room temperature
while iron (Fe) does not reaot with sulfur (8) at room temperature.

At room temperature a mixture of nitrogen and oxygen does not react.
At 400 degrees U. the reaction ocours.

Explain why.

At room temperature-(25 degrees O.) a mixture of ohlorine and oxygen
reacts, but a mixture of bromine and oxygen doos not. Explain way.

H, H, H, i
Br, o1, Br, 012
25° G, 25° Q. 285° ¢, 285° @,

There are two containers et room temperature (25 degrees C.).

In one

container equal mumbers of molecules of hydrogen and bromine are
mized and in the other container equal numbers of molecules of hydre-
After several hours there 1s no evidence

gen and chiorine are mixed.
of a reaction in either container.

When the temperature is incressed

to 285 degrees 0. there is a reaction in the container which holds
the hydrogen and chlorine but nct in the containce which holds the

hydrogen and the bromire.
container and not in the other.

T2.

7Y

Sxplain why the reaction ocsccurs in one
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100° K.

Ca

100° K.

Ca

200° K.

300° X,

§. There are two containers at 100 degrees K.
are equal numbers of molecules of caloium
the other container

sulfur (8) are mixed.

reaction in either container.

ocreased to 300 degrees K.
oaleium (Ca) and oxygen (G

(0a) and sulfur (8). Explain
or and not in the other.

78

In one container there
(Ca) and oxygen (0) and in
equal numbera of molocules of caloium (Ca) and
After several hours there is no evidence of a
When the temperature of both is in-
there is a reaction in the
) but not in the container with the calcium
why the reaction oscurs in one contain-

container of



Unit 7. Frogrammed Learning Material Concerning A

The molscules of & gas are relatively far apart and are in scoastant
motion. The molecules oocupy 8pace by excluding other moleoules from
that space when they collide with them. As the temperature of & gas is
increased the molecules gain energy and their average speed increases.
fhe faster motion of the molecules allows each molecule to occupy more
space and the total volume of the gas increases. Therefore heating a
gss inoreases its temperature and its volume.

Tho temperature of gases is commonly measured in degrees Kelvin.
The tempersturs in degrees Kelvin can be found by adding 273° to the
eentigrade temporature. Examples 10%centigrade is 283° Kelvin, 1If the
temperature in © Kelvin is doubled, the molecules move twice an fast and
the volume is twice as large. If the temperature in © Kelwin i+ 3.5
times greater, the volume is 3.5 times greater also.

1. In a gas are the molecules close together or far apartt
2, How do gas molecules ocoupy spacet

3, As the temperature of a gas 18 inoressed the motion of tha mole-
cules ’ .

.

4. As the temperature of the gas is inoreased, vhat happens to the
volume of the gast Explain your answer.

¢ the temperature of 5.0 liters of a gas is increased from 200°

" Kelvin to 600° Keivin what happens to the volume? Explain your
ansvwer. .

Answers on next page

Th‘ .
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Ansvers
1. In & gas the molecules are relatively far apart.

2. Gas molecules ocoupy space by moving exnd exsluding other molecules
from that spase through collisions.

3. As the temperature of a gas is increased the molecules move faster.

4, As the temperature of a gas is increased the volume inoreases because
the increased metion of the molecules allows the molecules to ocoupy
nore space.

5. Hoat is added to increase the temperature and the molecules move
faster and occupy a larger volume., In tlils case the temperature is
three times greater and the volume will be three times greater or
15.0 liters. '
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Unit 7. Programmed Learaing Material Concerning B

The molecules of a gas are relatively far apart and are in gconstant
motion. The collisions of the gas molecules on the walls of the con-
tainer are responsible for the pressure exerted by the gas,

V2o || piston
' Voo |——
- "7..

In this diagram the gas molecules are contained by a piston in a
cylinder. The pressure exerted by the piston on the gas is just equal
to the pressure exerted dy the gas on the container. If the piston is
moved t0 the left, the molecules are forced to occoupy a smaller volume,
As the volume ococupied Lssomes emaller, thu molecules collide with the
walls more frequently and exert a greater pressurs on the walls of the
container. The pressure of the gas molecules on the piston will again
be equal to the new pressure of the piston on the gas molesules. There=
fore decreaging the volume of a gas requires en increase £ applied
pPressure and causes an increased pressure of the gas molecules. It is
also true that increasing the preesure on a gas decreases the volume of
the gas., The pressure of a gas is usually measured in atmospheres where
one atmosphers is the pressure ¢f the atmosphere at sea level, If the
pressure is doubled to two atmospheres the volume is % as much. If the
pressure is five times higher the volume would be 1/5th as great.

1. In a gas are the molecules olose together or far apart? Stationary
or moving? :

2. Explain how gas molecules exert preasure,

P

3+ As the pressure on a gas !s increased what happens to the volume of
the gas? Explain your answer,

k. When the pressure of § liters of oxygen is changed from three
atmospherss to two atmospheres, what happens to the volume?! Explain
your answer,

T6.
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Answers

The molecules in o 848 are relatively far apart and are in constant
motion,

Gas molecules exort pressuce by eolliding with each other and the
valls of the contaiues,

48 the pressure on a gas 18 inoreased the volume of the gus decreases
weiause the gas molocules are foreed to oocoupy a smaller volume ¢o
balsnce the inoreased preaaure of the container,

8ince the pressure ig dooreased the gas oxpands in volume., The new
bressure is 2/3 of the original pres.ure so the volume will be 3/2
es large or 9 liters,



Unit 7. Oriterion Test

1. In & gas the molecules are (small, large) distances apart and are
always (stationary, in motion). Oircle the correct answer.

2. When 2.0 liters of neon (Ne) gas is heated from 150° Kelvin to 300°
Kelvin, what is the volume? Explain your answer, '

3, When 3.5 liters of oxygen gas is heated from 200° Kelvin to 500°
Kelvin what is the volume? Explain your answer.

4, When the pressure on 8.0 liters of helium (He) is inoreased frem 2
atmospheres to 4 atmospheres, what is the volume? Explain your
answIr, .

5., When the pressure on 12,0 liters of nitrogen is inoreased from 4
atmospheres to 6 atmospheres, what is the volume? Explain your
answer,

6., When 16 liters of oxygen 80) gas at 200° Kelvin and 2 atmospheres of
pressure is heated to 400° Kelvin while the pressure is increased to
4 atmospheres, what is the volume? Explain your answer,

7. When 4 liters of nitrogen(N) at 300° Kelvin and 1 atmosphere of pres-
sure is heated to 450° Kelrin and the pressure is increased to 1.5
atmosphores, what is the volume? Explain your answer,
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Unit 8. Programmed Learning Material Ooncerning A

A closed chemical system (onme in which nothing is added or may es-
cape) in equilibrium, under constant conditions, is a dynamie process in
which two oppooing reactions are ocouring at equal rates, AL equilid-
rium in the reactions

A+ B=u0 ¢De hoat

Lhe number of molecules of A and B reasting to produce 0 and D and re-
lease heat at any one moment is equal to the number of molecules of c
and D using up heat while reacting to produce A and B. The maintenance
of thia equilibrium requires oonstant eonditions.

If any of the conditions ohange the soneentrations of the sub- '
stances present change to make a new equilibrium in a way that will re-
move the stress. For example, if heat is added, the system adjusts by
changing the oomposition of the substances. In the reaction above the
added heat will be absorbed by reacting G and D molecules and will pro=-
duce mere \ and B molecules so the concentration of A and B will in-
orease and the concentration of O and D will decreass. We then say the
equilibrium has shifted to the left avay from the added heat. In the
equations Heat » NH.Ol + H,0 » NH;,0) the addition of heat would
displace the eqpilggrisﬁ)to gﬁo rigﬁ%. (sq)

1. What 48 a closed chemical system?

2, Write a chemical equation end use it to describe chemical equilid~
rium,

3. A change in a closed chemioal syetom produces a stress on the
equilibrium which 4s relisved by

R

h. Explain why the addition of heat to the system in oquilibrium de-
soribed by the reactions

Ha + 12 o 2HI < Head

will cause the equilibrium to shift to the left.

m,
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Ansvers

1. A oclosed chemical system 1s one wheie nothing is eadded or peritted
to escape. This includos molecules and heat.

2. In the resctions Ou 4+ 8 » Oufl + lHeat
at equilidrium the numbder of ncliesules of Ou combining with S to form
OuS and releass heat at any one time is equal to the number of mole-
cules of CuS absorbing heat and splitting to form Ou and 8 molecules,

3¢ A change in a closed chemical system produces a stress on ths equi-

litriwas which is relieved by a change in the soncentrations of the
reactants and the products.

4. The addition of heat causes more HI moleocules to split into H, and I,
molecules and the conoentration of Ha and Ia increases to relfeve the
stress impo.ed by the addition of heat. The equilibrium is shifted
to the left.
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Unit 8. Programmed Learning Material Goncerning B

A closed ohemical system (one in which nothing is added or may es-
oape) in equilibrium under certain conditions is a dynamic process in
which two opposing resctions are ococuring at equal rates. At equilid~

rium in “he reactions
A+8B « 0 ¢ D¢ Heat

the number of moleculcs of A and B reacting to produce O and D and give
off heat at any one moment is equal to the number of nolecules of 0 and D
absorbing heat and reacting to produce A and B. The maintenance of this
equilibrium requires constant conditions. _

A change in pressurs could upset the equilibrium and the system
would react to relieve the stress produced. For example, in the resce
tions

Na(g) * Pp(g) = H0(g)

an inorease only in pressure would shift the equilibrium to the right
becausa that would relieve the stress. On the left hand side of the
equation there are three moles of gas and on the right hand side there
are two moles of gas. Sines all moles contain the seme number of mole=
cules (5.0 x 1023) this means that there are fewer molecules present
when the equilibrium is displaced toward the right. The pressure of e
gas in a closed container is due to collisions between molecules and the
wall of the container. If more molecules are present, the number of
collisions will be greater and the pressure will be greater, so the
equilibrium shifts to the right - toward fewer molecules ~ and there are
less collisions.

An inorease in precsure on the above system, at equilibrium, will
produce a stress. This stress oan be relivved when the equilibrium is
displaced toward the side with fewer molecules because there will de less
molecules to oollide. Therefors, the above system would be displaced
toward the right when the pressure is inocreased and the oonsentration of
NO will inorease while the concentrations of’Na( ) and Op( )
dogsﬁlse. & T T8

1. What is a closed chemical system?
2. Write a chemical equation anq use it to dosoribe.ohomical equilibrium,.

3, A change in a olosed ohemical system produces a stress which 48 re-
lioved by .

_ —

4, Explain why an inoreasse in pressure on the system in equilibrium
dessribed by the equation 282(‘) + 02(8) - 2320(8) will cause the

oquilidrium to shift and which way the shift will osccur.
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Ansvers

1. A olosed chemioal system is one where nothing is added or permitted
to esoape, This includes molecules and heat,

2. In the reacotion 2Br2(‘) * !h(g’ - 2P8r2 » &b equilibrium the numbder

- of molecules of Br, combining with F, to fom Fir, at any one time is
equal to the uumheg of molecules of ?Brz splitting to give Fy and Br,
molecules,

3. A ohange in a closed ohemical system produces a stress on the equi-
14brium wrich is relieved by a change in the ooﬂoentrattone of the
roaotantl and the producte.

4, The equilidrium shifts to the right because the stress on the equie
' librium produced by an inorease in pressure can bs relieved by the
conbination of H% ) molesules with o ) molecules to produce uao( )
which deareases &5 nvmder of molecule‘ This snaller numbder of g
molecules hus fower collisions and thie relieves the stress and the
oconsentration of 820 inoreases as the consentrations of Ha and 02
decrease.

82,
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1,

2.

L

4.

De

Unit 8. Oriterion Test
A chango in a olosed chemioal system produces a stress which is re-
The following system is at equilibriums
2OO<8) + 02(8) - 2002(3) + Heat

and the pressure is inureased, Whioh way is the equilidrium shifted?
Explain your answer,

py
The following system is at equilibdriuas
2802(8) + Oz(z) ¢ Heat = 2805(3)

and the pressure is inoreased, which way is the equilibrium shiftedt
Explain your answer,

The following systen 48 at equilibriums
Heat < 0‘00,(.) = 0!0(") * 0025.8)

and heat is added. Which way is the equilibrium shifted? Explain
your answer, :

The following system is in equilibriums

Hoat + 2Hg0 = 2Hg + Op(

and heat is added, Which way s the equilidrium shifted? Explain
your answer,

830



6. The following system is at equilibriuus

When heat is added and the pressure 1s inoreasod what will happen
to the equilibrium position? Explain your answer.

7. The following system is at equilibriums
0
Heat < 2N (8) - 2N02(8}

When heat is added and the pressure is desreased vhat will happen to
the equilibrium position? Explain your answer.
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