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This study was designed to identify those specific mathematics

computational and application skills, and combinations of mathematics

skills, which have a positive relationship to success in introductory

chemistry for community college students.

Additional areas of interest investigated, but secondary to the

main study, were the relationships between mathematical growth

shown by students during first quarter chemistry and chemistry

success, and comparisons of mathematics ability and chemistry

success between those students who had, and had not, previously

studied chemistry.

Students enrolled in participating introductory chemistry classes

during fall quarter 1977 at four Oregon community colleges were

included in this study, The student population consisted of 185

students who had no previous study of chemistry and 206 students who



previously had obtained some formal instruction in chemistry. Data

from these two groups of students were analyzed separately.

A mathematics survey, consisting of a computational problem

and an application problem for each of 26 selected mathematics skills

used during first quarter chemistry, was prepared. This 52-item

mathematics survey was given during the first week of classes as a

pretest, and again during the last week of fall quarter as a posttest.

As a measure of chemistry success, the students were given a 56-

item chemistry final examination covering subjects taught in all of the

participating classes. The data thus obtained were subjected to

statistical analysis at the Oregon State University Computer Center.

A summary of the findings is as follows:

Students obtain an approximately equivalent knowledge of

chemistry by taking introductory chemistry at any of the Oregon

community colleges.

There is a relationship between total incoming mathematics

skills and chemistry success. Pearson correlation coefficients for

the mathematics pretest scores vs. the chemistry final examination

scores were 0.588 for the group of students with no previous

chemistry and 0.604 for the group with previous chemistry.

The majority of the specific skills on the mathematics survey

had a significant relationship to chemistry success. Items which

were significantly related to chemistry success for students without



previous chemistry did not match exactly those items significant for

the students with previous chemistry.

Entering community college introductory chemistry students do

not possess all of the mathematics skills needed for the course. For

example, less than 50% of the total students taking the mathematics

pretest could solve variable equations or indirect variation prob-

lems, or multiply or divide using negative exponents or scientific

notation.

On the mathematics pretest, and again on the posttest, students

in the non-chemistry group showed an equivalent ability to solve

computational and application problems. Similar results were noted

for the students with previous chemistry.

Mathematics pretest application total scores correlated only

slightly higher than mathematics pretest computational total scores to

chemistry success, with correlation coefficients of 0.581 and 0.550

for the non-chemistry group, and coefficients of O.607 and 0.549 for

the group with previous chemistry.

Significant mathematical growth took place during the first

quarter for both groups of students enrolled in the introductory

chemistry course.

The mathematical growth of students scoring below the mean on

the mathematics pretest was compared to chemistry success.

Students who showed the most mathematics improvement tended to



have higher chemistry final examination scores. There were also a

number of specific mathematics items on which improvement was

related to chemistry success.

Students who have previously studied chemistry have better

mathematics skills and do better in first quarter introductory com-

munity college chemistry than students who have had no previous

study of chemistry.

Letter grades assigned by instructors are closely related to

the chemistry final examination scores, correlating at 0.708 for the

non-chemistry group and 0.693 for the group with previous chemistry.
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THE RELATIONSHIP OF CERTAIN MA THEMA TICS
SKILLS TO SUCCESS OF STUDENTS IN

INTRODUCTORY COMMUNITY
COLLEGE CHEMISTRY

I. INTRODUCTION

neral Backcround

Growth of Community Colleg_es

There have been few phenomena in American education more

impressive than the growth of the community college. Since the

establishment of Joliet junior. College in 1901, this country has wit-

nessed the development of over 1200 two-year institutions of higher

learning. At present, community or junior colleges operate in all of

the 50 states, e,nrolling approximately 36 percent of the undergraduates

in the nation (48, p. 2).

Along with the rapid growth of the community college has come

a gradual change in its mission. Early versions of the institution con-

centrated on providing the first two years of a typical college or

university program, and were referred to as "junior colleges. "

Today, these schools have generally expanded their roles to include a

wide variety of vocational, general education, and adult education pro-

grams in addition. to transfer courses. The title "community college"
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or "comprehensive community college is often now used to reflect

more accurately the current educational mission of these schools.

In the state of Oregon, 207,955 students (unduplicated head-

count) were enrolled at the 13 public community colleges during the

1976-77 school year. Of these students, 20.2 percent were enrolled

in lower division transfer courses and 33.8 percent were in vocational

education programs (125).

Characteristics of ComrniailyColl e Students

The unique educational role of the community college attracts a

varied student body. The average age of students in the two-year

institutions is about 30 (48, p. 1). Monroe (119, p. 181-206),

Thornton (165, p. 145-55), and Raines (139) have described the

characteristics of community college students, pointing out that the

typical community college student may be from a family of lower

income, more likely to he self- employed as a major source of support,

and may have enjoyed less academic success in high school.

Monroe (119, p. 183-84) summarizes the community college

population by writing:

Community-college students as a group are almost as hetero-
geneous as the community in which the college is located.
In many respects, the community college resembles the local
high school in the nature of its student body. The chief dif-
ference is that the college students are a few years older
and hopefully somewhat more motivated because no one is
compelled to attend the community college.
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Student Prerequisites for Success in Chemistry

The instructor of chemistry at the community college faces a

more diversified group of students than does the four-year college

instructor. This diversity is brought about in part by the liberal

admission policies of community colleges, which often specify no

entrance requirements other than a willingness to learn or the ability

to benefit from instruction. This "open-door" policy, while consistent

with the community-based mission of the institutions, leads to certain

problems in counseling and guidance. Each student must be carefully

helped to select courses in which he or she can reasonably be sure of

success. Thornton (165, p. 35-36) explains:

. . .the community junior college is keenly aware that it is
not possible to predict college success with anything approach-
ing perfect accuracy; hence it plans to provide a chance for
any applicant who, after competent counseling, insists that
he would like to attempt a given course. It does not, of
course, guarantee that every student will succeed. Its
purpose is to make sure that every person is granted the
opportunity to succeed or fail by his own efforts.

Gagne has written extensively on the subject of prerequisite

skills, emphasizing that the effective learning of a new skill requires

knowledge of a subordinate skill. The learner who has the subordinate

skill will succeed more readily than one who does not possess the

subordinate skill. Hence, Gagn (61, p. 239-40) calls for a learning

hierarchy:
A learning hierarchy, then, identifies a set of intellectual
skills that are ordered in a manner indicating substantial
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amounts of positive transfer from those skills of lower
position to connected ones of higher position.

. . . the theoretically predicted consequence of a subordinate
skill that has been previously mastered is that it will facili-
tate the learning of the higher level skill to which it is related.
In contrast, if the subordinate skill has not been previously
mastered, there will be no facilitation of the learning of the
higher-level skill. This latter condition does not mean that
the higher-level skill cannot be learned--only that, on the
average, in the group of students for whom a topic sequence
has been designed, learning will not be accomplished readily.

As will be pointed out in Chapter II, a number of studies have

been carried out which attempt to identify factors related to success in

chemistry. Among those factors showing a positive relationship is a

knowledge of mathematics. Gagne (61, p. 256-57) comments upon the

reasonableness of this relationship:

The hierarchy of capabilities that is learned when an individual
studies science has several features in common with the
learning of mathematics. There appear to be two primary
reasons for this. First is the fact that both subjects must
start with a consideration of concrete objects in order that
the earliest forms of learning will be made possible. And
second, the student of science very early begins to use the
concepts and principles of mathematics, for example, in
counting and measuring natural phenomena or in dealing with
proportions and directions and sizes.

In another paper, Gagr4 (60, p. 620) concludes;

. . .acquisition of new knowledge depends upon the recall of
old knowledge, . . . The learner acquires a new item of
knowledge largely because he is able to integrate previously
acquired principles into new principles, and he cannot do this
unless he really knows these previously learned principles.

. . . there are many, many specific sets of 'readinesses to
learn.' If these are present, learning is at least highly
probable. If they are absent, learning is impossible. So,
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if we wish to find out how learning takes place, we must
address ourselves to these specific readinesses, which I
have also called subordinate knowledge.

An instructor of chemistry, meeting a new class at the beginning

of the course, can assume a portion of the college's responsibility

for counseling by advising students of prerequisite skills that have a

relationship to success in the course, and determining whether the

students possess those skills.

If mathematics is subordinate knowledge to the successful study

of chemistry, it behooves us to identify as precisely as possible those

specific mathematics skills that relate positively to chemistry

success. It was to this issue that this study addressed itself.

Statement of the Problem

This study was designed to identify those specific mathematics

computational and application skills, and combinations of mathematics

skills, which have a positive relationship to success in introductory

chemistry for community college students.

Additional areas of interest investigated, but secondary to the

main study, were the relationships between mathematical growth shown

by students during first quarter chemistry and chemistry success, and

comparisons of mathematics ability and chemistry success between

those students who had, and had not, previously studied chemistry.
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Statistical Analyses Performed

The mathematical competency of students was measured both at

the beginning and end of fall quarter 1977. Chemistry success was

measured by a first quarter final examination. Data from students

who had no previous chemistry were grouped and analyzed separately

from students who had previously studied chemistry.

To determine equivalence among students at participating

schools, preliminary hypotheses were tested to determine if any dif-

ference existed between the participating classes at different schools

with regard to scores on the mathematics pretest, the mathematics

posttest, and the chemistry final examination.

The major objective of the study was to identify specific mathe-

matics skills which had significant relationships to success in

chemistry. To determine these relationships, a null hypothesis of the

following form was tested for each of the 52 mathematics items on the

pretest and on the posttest:

There is no significant difference in mean chemistry
final examination scores between those students who solved
the mathematics item correctly and those who did not.

Correlation coefficients were also calculated between success on

each math item and the final chemistry examination score, and

regression analysis was utilized to determine that combination of
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mathematics skills most highly related to success on the chemistry

final examination. Similar analyses were repeated for posttest

items.

A number of analyses were performed to study the cognitive

levels of skills possessed by students and the relationship of these

levels to chemistry success. A hypothesis was initially tested to

determine if a difference existed between the mean computational

score and the mean application score on the pretest. This test was

repeated on the posttest. Correlation coefficients were next calculated

between mathematics pretest scores and chemistry final examination

scores; between pretest computational scores and chemistry final

examination scores; and between mathematics pretest application

scores and chemistry final examination scores. These were also

repeated for the posttest results.

A subsidiary study was made of the amount of student mathe-

matics growth and its relationship to chemistry success. To deter-

mine overall mathematics growth, hypotheses were tested to deter-

mine the difference between mean mathematics scores on the pretest

and on the posttest; between mean computational scores on the pretest

and the posttest; and between mean application scores on the pretest

and on the posttest.

For students scoring less than the mean on the pretest, mathe-

matics improvement (posttest minus pretest score) was correlated to
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results on the chemistry final examination. The relationship of

student improvement on each specific mathematics skill to chemistry

success was also analyzed by testing the hypothesis that there was no

difference in chemistry success between (a) students who got an item

correct on both the pretest and the posttest, (b) students who got the

item correct on the pretest but not on the posttest, (c) students who

missed the item on the pretest but got it correct on the posttest, and

(d) students who missed the item on both the pretest and posttest.

Although riot included as a major emphasis of the study, data

were available to perform comparisons between the group of students

who had no previous chemistry and the group of students who had pre-

vious chemistry. Hypotheses were tested to determine whether differ-

ences existed between these groups on mathematics survey scores,

mathematics computation scores, mathematics application scores,

and chemistry final examination scores.

Detailed null hypotheses tested are listed in Chapter IV.

Importance of the Study

Considerable interest in this study has been shown by Oregon

community college instructors, who have expressed a need for better

guidance for new chemistry students. Identification of specific mathe-

matics skills relating to success in beginning community college
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courses may allow students to be more effectively counseled regarding

their chances for success in chemistry.

In 1975 a special commission of the National Association for

Research in Science Teaching, studying priorities for research in

science education (137), listed as a high priority item the need for

development of a reliable instrument: "For diagnosing student learn-

ing difficulties; these might include effectiveness in formal thought,

mathematical competence, and developed skills prerequisite to further

study. "

As indicated in Chapter II, only two previous studies were found

which were addressed to the identification of specific mathematics

skills related to chemistry success. Neither was directed to the

community college student. This current study attempts to fill the gap.

Further, there has been recent interest in relating Piaget's

cognitive development levels (130, 131) to success in science courses.

Kolodiy (94) and Beistel (10) are among those who feel that current

teaching techniques fail to take into account the cognitive levels of

students. Kolodiy (95) also concluded that college science education

does not raise cognitive levels, but rather eliminates nonformal

students through attrition.

There have been recent attempts to relate mathematical skills

to cognitive development. Renner and Paske (143) recently studied

the mathematical abilities of college freshmen, reporting that basic
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computational skills among the students were satisfactory, but that the

students had difficulty with problems of ratio and proportion. They

attributed this to a deficiency in cognitive structure at the Piagetian

formal (abstract reasoning) level. Dunlop (50) presents a chart sum-

marizing recent research which indicates that as few as 25 percent of

incoming freshmen may reason at the formal level.

It was desired that this study provide additional insight into

current research on the relationship of cognitive development of

students to success in science courses. By separating mathematics

tasks into those which required only computational skills, and those

which utilized higher level application skills, an opportunity was

presented to analyze the types and levels of mathematics skills leading

to chemistry success.

Basic Assumptions

In this study, it is assumed that:

1. The students utilized in this study are a representative sample

of the population of community college beginning chemistry

students in the state of Oregon.

2. The measurement instruments utilized exhibit both validity and

reliability.

3. Relatively similar instructional techniques and learning oppor-

tunities exist at the various schools participating in this study.
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Limitations of the Study

The following limitations were placed upon this study:

1. Data were obtained from only those Oregon community college

students whose instructors were willing to participate in the

study.

2. Data were not used for individual students who objected to

participation in the study.

3. Data were utilized from only those students for whom complete

mathematics pretest, posttest, and chemistry final examination

papers were available.

Delimitations of the Study

1. Only certain Oregon community colleges were invited to par-

ticipate in this study.

2. Only community college students who were enrolled in an

introductory chemistry course were utilized in this study.

3. Mathematics skills and chemistry performance were the only

factors of concern in this study. No attempt was made to control

for age, IQ, motivation, and other factors which may have had

an effect on chemistry success.

4. Only student progress on topics and subject matter taught uni-

formly by all schools participating in this study was considered

as a measure of success in chemistry.
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Definition of Terms

Student with Previous Chemistry: A community college student

who in the past has taken a chemistry (not general science) course at

the high school or college level, for which a passing grade appears on

a transcript or official school record.

Introductory CommChemistry: An entry-level

chemistry course designed primarily for non-chemistry majors.

Mathematics Computational and Application Skills:

Computational skill - The ability to satisfactorily solve a specified

mathematics problem containing one or more clearly-defined

operational steps at the cognitive knowledge or comprehension

level.

Application skill The ability to satisfactorily solve a specified

mathematics problem containing one or more clearly-defined

operational steps at the cognitive application or analysis level

(13, p. 62-143).

Summary

This chapter has outlined the unique position of the community

college in American higher education and the characteristics of the

students attending these two-year institutions. The importance of

mathematics in a hierarchy of learning leading to chemistry success
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for these students has been discussed, and a study to determine

which specific mathematics skills are related to chemistry success

has been outlined.

Chapter II reviews the related literature associated with this

problem, and Chapter III discusses in detail the design of the study.
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II. REVIEW OF RELATED LITERATURE

The relationship of various factors to success in chemistry at

both the high school and college level has been the subject of numerous

studies and journal articles through the last 50 years. Some of these

attempt to relate variables other than mathematics to chemistry

success, while others include mathematics as one of the factors

which may have a relationship to success in chemistry.

This section reviews in brief those works which touch upon non-

mathematical factors relating to chemistry success, then looks in

more detail at those which include mathematics as a factor.

Non-mathematical Factors Related
to Chemistry Success

One of the most-studied relationships has been the effect of

previous chemistry on success in a subsequent chemistry course. In

most cases, reports in the literature note that the chance for success

in chemistry is enhanced, particularly in the early stages, by previous

chemistry study. Examples of authors reaching this conclusion

include Betts (11), Beuhler (12), Brown (23), Cangemi (28), Carlin

(29), Clark (33, 34), Coley (36), Cottingham (39), Currier (41),

Everhart and Ebaugh (54), Garard and Gates (62), Glasoe (64),

Hanson (70), Herrmann (76), Hill (79), Hines (80), Hunter (86),

Kunkel (98), Meyer (117), Powers (135), Rosengren (149), Steiner



15

(161), Thomson (164), West (171), and Williams and Lafferty (172).

The evidence favoring previous chemistry is not universal, however.

A few authors question whether the previous study of chemistry

markedly improves success in subsequent courses, including Fry

(59), Hoff (81), Noll (123), and Yett (177).

Other reports in the literature cover a wide spectrum of factors

which relate to chemistry success. Bray (19) reported a connection

between reading ability and chemistry achievement, Carpenter (30)

concluded that success in high school chemistry was greater for those

with general science preparation than biology preparation, and

Gemberling (63) found that sex was not related to attainment of cog-

nitive knowledge in chemistry.

Much interest has been shown in studying the effect of cognitive

variables on chemistry success. Atwood (2, 3) found that with regard

to the CHEM Study course, students who showed a strong preference

to memory facts were at a disadvantage to those who showed a strong

preference for fundamental principles, critical questioning of informa-

tion and practical applications. Fazio and Zambotti (55) used a

cognitive preference survey to find that chemistry majors seemed to

operate at a higher order of cognitive functioning. In comparing

CHEM study and traditional chemistry students, Hardy (71) reported

no significant interaction between chemistry program and mental

ability, as far as level of critical thinking was concerned. Baker and
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Talley (8) found chemistry majors in undergraduate college may be

more superior in visualization abilities than general ability as com-

pared to freshman students. Siemankowski and Mac Knight (154)

found that physics, biology, and geoscience majors measured sig-

nificantly higher in spatial cognition than nonscience- oriented

students, but that chemistry majors did not have statistically signifi-

cant higher scores. Cleare (35) concluded that there is a significant

teacher-student cognitive interaction with performance on CHEM

Study tests related to how closely similar the students and teachers

are with respect to their cognitive patterns, and Edwards and Wilson

(51) found that intrinsic interest in science and achievement in high

school chemistry are correlated.

Ring and Novak (147, 148) reported that relevant cognitive

structure, rather than general ability traits, is the determinant of

learning success in chemistry, with the possession of both relevant

facts and relevant subsuming concepts necessary for superior

achievement in college chemistry. However, Herron and Gabel (77)

pointed out several limitations in the above study and questioned

whether the conclusions could be supported. Rothman (150), utilizing

a science-related semantic differential instrument, was able to iso-

late statistically significant predictors of freshman college chemistry

achievement. Herron (78) found a high correlation between per-

formance on a battery of Piagetian tasks and success in a college
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chemistry course, but Albanese et al. (1) suggest that such skills

may be already accounted for in more standard entry or placement

examinations.

Attempts also have been made to relate IQ scores with chem-

istry achievement. Cook (37) found that Terman IQ scores were of

more value in predicting success in high school chemistry than the

Iowa Chemistry Aptitude Test, but that predictions made on the basis

of either score were not reliable. Hanske (69) also found positive

correlations between improvised objective chemistry tests and

Terman IQ's, but noted that the correlations were very low. Similar

findings were reported by Porter and Anderson (133), Powers (136)

and Wolf (175). However, Kurek and Buell (99) reported that the IQ

score appeared to be the best estimate of chemistry achievement.

A number of authors studied the effect of several separate

factors, or combinations of factors, upon chemistry success. Bray

(20) reported that higher chemistry achievement was related to those

who had taken previous chemistry, graduated from larger high

schools, learned to read in city school systems, had high school

physics, took chemistry as an elective, and were male. Davis (42)

isolated several teacher characteristics that were related to student

success in chemistry, and Hovey and Krohn (84) combined items from

the Iowa Aptitude and Toledo Chemistry Achievement tests to develop

a first semester general chemistry predictive test. Jensen (88) found
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differences in two instructional groups of high school chemistry

that appeared to be primarily attributable to factors which represented

prior experience and/or aptitude, but recommended that further study

be made of individual characteristics in relation to achievement under

different instructional methods.

Jones (89) correlated 19 variables with chemistry achievement

and developed a regression equation which included the Kuder Science

Scale, IQ, chemistry activities, Iowa Reading Test, mechanical

activities and Kuder persuasive scale. Mann (110), in a similar

study, developed an equation which utilized IQ, AC T score, sex and

high school chemistry as a predictor of mid-term grades in community

college chemistry. Kinzer and Kinzer (92) found higher marks from

students who said they planned to study more hours per week, and

lower marks from students who were an only child, but no statistical

difference between students with positive or negative attitudes toward

mathematics and chemistry, between male and female students, or

between veterans and non-veterans.

Marking (112) determined several high school instructor

variables which affected student performance, and also found no dif-

ferences in performances among students of different sex, but did find

that tenth graders performed better than eleventh graders, who in

turn performed better than twelfth graders; a correlation of 0.344 was

also found between IQ and chemistry achievement. In a study of
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factors in chemistry achievement among eleventh grade girls and

boys, Smith (157) administered 15 subtests of factors thought basic

to chemistry achievement. Boys scored significantly higher on eight

of the subtests; girls excelled on one. Six factors for the girls and

six factors for the boys were extracted; those pertaining to both

groups included verbal reasoning and scientific orientation.

Reusser, Brinegar and Frank (144) noted that either the Iowa

Chemistry Aptitude Test or the Iowa Chemistry Training Test gave

a more accurate prediction of college chemistry success than did

the Ohio Psychological Examination, but neither yielded a sufficiently

high correlation with chemistry marks to make it very valuable for

prediction of success in a first year college chemistry course. In an

earlier analysis, Smith and Trimble (158) also noted that the use of

the Iowa Chemistry Aptitude Test predicted with some accuracy the

performance of the best and poorest students, but gave no evidence as

to the performance of the middle half of the students.

Wengert (170) found that differences due to attitude,

sex and previous abilities in science that are significant in the con-

ventional classroom are not significant in the individualized, self-

paced classroom.

Ogden (124) recently undertook to summarize 24 published works

which dealt with the effect of high school chemistry upon achievement
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in college chemistry, concluding:

There is some indication that the taking of high school chem-
istry may be used as an indicator of success in college
chemistry. There are indications that a math/physics back-
ground, high placement scores, achievement test scores,
intelligence, and age may be better, or at least as good, as
indicators. There is also evidence that no indicator is all
that accurate.

Relationship of Mathematics to Chemistry Success

In their studies of factors relating to chemistry success,

numerous authors have included mathematics as one of the variables

under consideration. A summary of such studies at the high school

level is here presented, followed by a review of the literature dealing

with college-level chemistry.

Studies at the High School Level

Bae (4, 5) found that among eleventh grade girls, numerical

ability and mathematical concepts appeared among the most valid

predictors of success along with several other factors, but that

attitude and interest in science had negligible predictive effect. The

most efficient predictors fell into three categories: general intelli-

gence, background experience in science and mathematics, and read-

ing comprehension. Similar results were noted by Bailiff (6), who

discovered that among high school students, the most satisfactory

predictors of chemistry grades were measures of mathematical
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ability, previous study of chemistry, and overall academic achieve-

ment. Ota (127) also found that among eleventh grade boys, verbal

and numerical factors of intelligence, previous learning in science

and mathematics, and reading comprehension appeared all highly

related to learning in chemistry.

Pointing out that a relatively high correlation between achieve-

ment in chemistry and mathematics has been shown to exist, Brown

(24) gave a treatment group of high school students a special 21-hour

program in math skills along with their regular chemistry instruction.

It was concluded that the program had no significant effect on

either the attitude or achievement in high school chemistry. Earlier,

Goldman (65) found in a similar study that a special math treatment

had no significant effect on chemistry course grades, and that the

control group scored higher on a standardized chemistry test.

Loiseau (104) also found no significant difference between an experi-

mental mathematics group and a control group in chemistry success.

In another study of eleventh grade students, Diamond (46)

found that important predictor variables for chemistry success were

student motivation, verbal IQ, and mathematics, reading and science

achievement. Among Canadian twelfth grade students, Even (52)

reported that the most important variables relating to chemistry

achievement were mathematics aptitude and verbal aptitude. In a

later study (53) he showed positive correlations between chemistry
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achievement and SAT mathematics scores. It was also noted that

teacher-assigned grades were not highly related to achievement test

scores in chemistry.

Freeman (58) studied the relationship of several variables to

achievement in high school chemistry, finding that the best single

predictor of success for both sexes was the Algebra II grade.

Homman (82, 83) studied two methods of teaching high school

chemistry. His results showed that neither prior science nor mathe-

matics preparation was found to be a significant factor in the achieve-

ment of the objectives of high school chemistry in any instance.

Lawrence (101 ) found a significant correlation between achieve-

ment in mathematics and achievement in high school chemistry.

Mauro (115) found a number of factors correlating significantly with

high school chemistry achievement, including biology, mathematics,

general science, reading comprehension, and others. Verbal and

science achievement and aptitude variables were numerically more

efficient predictors of chemistry achievement, but for females,

mathematics variables were more specifically significant. McKinty

(106) taught chemistry to ninth graders, and while remarking that

general maturity and a better background in mathematics might have

led to higher achievement, he felt that the best criteria for selection

of ninth grade students for chemistry included ability in mathematics,

reading ability, and past academic achivement.
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Fletcher (56), in a summary of some of the available literature

emphasizing mathematical skills required for high school science

courses, concluded:

In general, one can conclude that the measures of quantitative
ability are positively and significantly correlated with success
in the physical sciences. The importance of general ability
and particularly the importance of verbal ability in predicting
successful achievement in both mathematics and the sciences is
of primary concern.

Studies at the College Level

Bajah (7) reported that high school math and chemistry grades

had a higher correlation with achievement in freshman college chem-

istry than did high school GPA, with the math grade showing a slightly

higher correlation. Of ACT scores, the mathematics score had the

highest correlation. Another study of success in freshman college

chemistry by Bordas (16) found the following variables were related

to success in order of importance: aptitude examination scores, high

school chemistry grades, and having had high school mathematics,

chemistry and physics. Completion of high school physics, solid

geometry and trigonometry had fairly strong positive influence on

success, whereas algebra and plane geometry had some influence.

Brasted (17) observed that students performed better in college

chemistry if they had taken high school chemistry, attended a paro-

chial rather than public school, and had taken three or more mathe-

matics classes.
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Braun (18) cited the results of his study of predictive variables

affecting success in general college chemistry, revealing the best

combination of factors to be a placement test, the high school mathe-

matics average, and the SAT mathematics score. Bray (21) noted that

the Iowa Chemistry Aptitude Test, including mathematical, reading

and general science sections, was a fairly accurate instrument for

predicting the success of superior students, but did not assure that

a low-scoring student would do poorly in chemistry. Brewington (22)

concluded that an algebra test and high school grade point average

were important factors in predicting success in beginning college

chemistry. Completion of a high school chemistry course also had a

positive, but low, correlation with success. Foster (57) felt that

neither high school physics nor high school mathematics seemed to

have any appreciable effect on college chemistry, the principle

factors being high school chemistry and intelligence.

Cornog and Stoddard (38) reported that an aptitude test which

included 20 arithmetical problems along with reading and general

science problems was capable of predicting with reasonable accuracy

the success in freshman college chemistry. Crosby and Crosby (40)

have more recently also claimed success in placing incoming college

freshmen into appropriate chemistry sequences by use of an examina-

tion which includes 20 arithmetical problems and 10 questions that

assess the student's prowess in elementary math analysis.
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Hendricks (74) and Hendricks, Koelsche and Bledsoe (75)

reported on selected high school courses as related to first quarter

chemistry marks, No difference was found among students who had

or had not taken high school chemistry, but students who had taken

high school advanced math courses made better grades, and students

who had taken both advanced mathematics and chemistry in high

school made significantly better grades than those who had none of

these courses. There was no significant sex difference, and the best

predictors were the high school average and the SAT mathematics

score.

Jackson (87) showed correlations between success in freshman

chemistry and the ability to perform the fundamental arithmetic

operations, and to read materials involving chemistry. Kinzer and

Kinzer (91) found that an arithmetic placement test was not a good

predictor of chemistry success among low-scoring math students

prior to remedial mathematics instruction, but after remedial help,

the scores on the second form of the arithmetic placement test

correlated 0.52 with the chemistry mark. Kunhart, Olsen and

Gammons (97) found a positive, but low, correlation between high

school chemistry and algebra as related to junior college chemistry,

and warned that in view of low correlations, none of the predictive

factors should be used without considerable qualification.
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In a study of the relationship between scores on the SAT test

and college marks in chemistry, Dickter (47) showed higher correla-

tions with the mathematical section than with the verbal section, as

did Hazel and Ober ly (72) and Pickering (132), but Pedersen (128)

found that neither section of the SAT gave good predictability.

Hadley, Scott and Van Lente (67) reported that students who

had a combination of high school chemistry, physics and mathematics

made the best records in a beginning college chemistry class;

students who had high school chemistry, irrespective of other courses,

made better records than those who did not have the high school

chemistry. Haffner (68) discussed an equation used at the Air Force

Academy to predict chemistry grades; the equation uses ACS Exami-

nation scores, a math validation score and an academic composite

score as a valid and useful tool in placing cadets into freshman

chemistry courses, and the predicted chemistry grade proved to be

the best single predictor of performance in general chemistry.

Lamb, Waggoner and Findley (100) tested residual chemistry

knowledge of former high school students prior to their entrance into

college chemistry. Results indicated that the value of a high school

chemistry course was questionable, that older students made better

scores, that students who had taken mathematics and science courses

other than chemistry in college prior to the test made better grades,

and students who had the better academic records as evidenced by
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higher high school averages, higher SAT mathematics and/or SAT

verbal scores, made better scores.

A study by Lindner (102) of factors contributing to success in

first semester college chemistry showed that sex was not a significant

predictor, but that the ACT mathematics score, class standing, age

and high school grades appeared among the list of predictors.

Longmire (105) reported no statistical significance between per-

formance in college chemistry versus completion of high school

chemistry, preparation in other sciences, student's socioeconomic

status or ACT scores. A significant relationship was found between

preparation in secondary school mathematics and college chemistry

success.

MacPhail and Foster (107) showed that scores on the Iowa

Chemistry Training Test and a mathematics achievement test corre-

lated better with general college first semester chemistry grades

than did psychological test scores or high school rank. Mancott (109)

found that the best predictor of success in a college chemistry course

for medical laboratory technologists was a nonverbal battery con-

sisting of symbol progression, numerical progression and symbolic

analogy.

Martin (113) compared student failures in college chemistry

with failures in other subjects, noting that nearly 75 percent of the

students who failed chemistry the first time also failed mathematics
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or English or both. He also pointed out that the better success in

chemistry of those who had high school chemistry could be partially

explained by the better mathematics preparation of the high school

chemistry students. Students who made high college chemistry

grades ranked in the upper quartile of a mathematics test, while those

receiving a D grade were in the lower third of the class in the mathe-

matics test. McQuary, Williams and Willard (108) reported that

students with high school chemistry were as a group superior to those

with no high school chemistry in terms of intellectual characteristics

such as high school rank, reading comprehension scores and mathe-

matics achievement. There was strong indication that the intellectual

variables are highly correlated with the grades received.

Merzbacher (116) computed correlations between college

chemistry grades and sections of the ACE Psychological Examinations

and the Iowa High School Content Examination, reporting the best

correlations found were with the Quantitative section of the ACE

examination and the Science section of the Iowa examination. The

correlation with the Mathematics section of the Iowa examination,

which tests computational and manipulative mathematics skills, was

0.308.

Miller (118) studied two classes of college chemistry being

taught by different methods. Significant relationships were found

between chemistry achievement and high school rank, and ACT test
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scores. No other group of variables was found to be related to

achievement, but analysis of the data suggested the possibility of

several other relationships, including cumulative semesters of high

school chemistry, physics and mathematics.

Naibert (120) investigated factors relating to success in college

chemistry, finding the two significant factors at the one percent level

of confidence to be the average of grades attained in all high school

mathematics courses taken, and New York State Regents Chemistry

and Physics Examination scores. Puzzuoli (138) listed 17 factors

related to first semester chemistry marks, including high school

chemistry experience and high school mathematics experience.

Ramey (140), in a study of remediation of mathematical skill

deficiencies in freshman college chemistry, found a significant cor-

relation between mathematical skill mastery and chemistry achieve-

ment.

Reiner (141) reported on a successful two-variable equation

used as a chemistry placement instrument, based on a mathematics

examination score and high school rank. Schelar, Cluff and Roth

(151) also noted the success of an experimental chemistry placement

test which utilized arithmetic and chemical problems, an intellectual

ability section, and a factual recall section based on high school

chemistry. This test had higher correlation to final chemistry grades

than did mathematics tests alone. The value of the Toledo Chemistry
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Placement Examination, consisting of mathematics and chemistry

items, is discussed by Hovey and Krohn (85). They note that this test

predicts with satisfactory accuracy which students should be denied

admission to a college level general chemistry course, but is of much

less value as a predictor of achievement in the higher score ranges.

Rider (145) concluded that there was no significant difference

in college chemistry achievement between students who had taken high

school chemistry and those who had not, and that students with high

school chemistry were not intellectually superior to, nor higher in

chemistry achievement than, students without this background. Cor-

relation results showed a relationship of mathematical and spatial

abilities to success in chemistry.

Scofield (152) observed that for students who had taken high

school chemistry, good high school mathematics and/or chemistry

grades are useful in predicting good chemistry students, but place-

ment grades are better for picking poor students. For non-high

school chemistry students, placement grades were best for identifying

both potentially good and poor students. Scott (153) generalized that

grades received in high school science and mathematics are usable

predictors of success in college science and mathematics and Wakeham

(166, 167) had also remarked upon the positive influence of high school

science and mathematics courses.
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Sieveking and Savitsky (155) and Sieveking and Larson (156)

utilized regression analysis to develop a predicted college chemistry

grade score. The variables in the final equation were the ACS score,

high school average, SAT math score, and school of registration.

Webb (169) found that high school chemistry does not make a

measurable contribution to college success in chemistry, but com-

mented that a mastery of the fundamentals of mathematics is neces-

sary for academic success in chemistry. In his study, all of the

students had attained the same general level of preparation in mathe-

matics before taking college chemistry, obtained through math courses

either at the high school or college level.

A study conducted by Winegardner (173) showed positive correla-

tions between geometry, algebra and IQ versus success in chemistry,

with geometry as the best single item to use in predicting success in

both chemistry and physics. Mathematics grades were suggested as a

moderately dependable basis for guidance and counseling as far as

work in physics and chemistry are concerned. Yekeson (176) deter-

mined by regression analysis that six variables were effective pre-

dictors of a general chemistry grade, These were the ACT English

score, the ACT mathematics score, high school mathematics, social

studies, and natural science grades, and the ACS test score or a

chemistry placement score.
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Specific Mathematics Skills Related
to Chemistry Success

Concern over Mathematics Skills

The concern of chemistry instructors over the mathematics

skills of their students is not a new issue. As early as 1931,

Hendricks (73) summarized seven papers on the subject, saying:

There is quite a general agreement that arithmetic does
bother first-year students of chemistry. These papers may
express the fact that the arithmetic troubles of the student
of chemistry are becoming an annoyance to the teacher.

More recently in Great Britain, Booth (15) noted:

It is not new for chemistry teachers to complain about the
inability of their pupils to handle modest mathematical
requirements in school chemistry syllabuses.

Wartell (168) wrote that "open door" admissions policies, and

other factor s,

. . .has led to large fractions of entering college classes
being composed of ill-prepared students. These students,
as a result of either interest or their need to satisfy
distributive requirements, find themselves enrolled in
introductory science courses, lacking the necessary back-
ground in mathematics and unable to read at an acceptable
level. 'Dropping out' of science is the most common result.

Osborne (126) points out that the discoverer of a scientific con-

cept uses mathematics to help make the discovery, then asks:

If a student in an inquiry situation in science does not
possess the mathematical capability to find the numerical
pattern, can he make the scientific discovery? There are
several examples from the history of science which indicate
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the failure to make a scientific discovery depended upon
not having the appropriate conceptual base in mathematics.

Kinzer and Fawcett (90) reported that in the year 1945 at one large

university, of 1,439 students given a placement examination including

a section of arithmetic, 534 students solved fewer than one-third of

the problems correctly. The problems on the examination included

reduction of fractions, conversion of fractions to decimals, ratio and

proportion, computation of percentage, verbal problems of ratio and

proportion, and an exponent problem. Marcus (111) also investigated

mathematical proficiencies of entering college chemistry students,

and found that the items giving the most trouble were those incorpo-

rating several kinds of manipulations in one problem, and those

involving logarithms, graphs, units, and algebraic equations.

Kotnik (96) analyzed questionnaires dealing with the needs of

the underprepared student, which were returned from 400 colleges,

noting:

The most common weaknesses listed are poor math prepara-
tion, poor reading ability, lack of inductive and deductive
reasoning, and communication deficiencies. In plain English,
the underprepared student cannot read or write properly and
his math training is poor. He cannot handle algebra or word
problems. Often he even has difficulty with handling fractions
and decimals.

A recent study by Crosby and Crosby (32) at another university

showed a drop of 16 percent in scores on a test of knowledge of basic

arithmetic skills given to entering freshmen over the past six years.
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Taylor (163) speaks of the pressures being placed on mathe-

matics instructors to go back to the basics, and introduces a position

paper (134) of the National Council of Supervisors of Mathematics

on the subject of basic mathematical skills. The position paper calls

for emphasis on ten basic skill areas: problem solving; applying

mathematics to everyday situations; alertness to the reasonableness

of results; estimation and approximation; appropriate computational

skills; geometry; measurement; reading, interpreting and construct-

ing tables, charts and graphs; using mathematics to predict; and

computer literacy.

Mathematics Skills Used in Chemistry

Several authors have written about the specific skills required

in the study of chemistry. Boles and Webb (14) reviewed 15 high

school chemistry texts and 18 college texts to determine the exact

mathematics skills contained therein. They found that about 85

percent of themathematics offered by chemistry texts was presented in

the first one-third of the book, and the attention to mathematics was

similar in relation to amount, type and applications at both high school

and college levels in proportion to the size of the texts. The highest

amount of relative space taken up by mathematics in any book was

4.1 percent. Over four-fifths of the total mathematics presented

involved the principle of simple proportion. Multiplication,
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addition, division, equations, algebra, subtraction and logarithms

made up the rest.

Rendahl (142) undertook a study of similar nature, analyzing

three high school chemistry textbooks. Of 396 problems found in the

books, addition of whole numbers or decimals was found 232 times,

subtraction 24 times, multiplication 604 times, and division 360

times. Fifty percent of the operations were multiplication, 30 percent

division, 19 percent addition and 1 percent subtraction. There were

no cases of addition, subtraction or division of fractions, although

multiplication of fractions was found 88 times. Percentage problems

were found 139 times, proportions with one unknown were used 69

times, and squaring, cubing and cube root were each found once.

Fundamental operations on minus numbers were infrequent, numbers

were substituted in a formula in 14 cases, and little use was made

of measurements. A total of 82 different mathematical terms was

found in the vocabulary of the three books.

Lockwood (103) also studied seven high school chemistry books

and eight high school physics books to determine the mathematical

processes used. He presents a table outlining the processes used

in each chemistry text. In order of frequency of use in the textbook

material, they are: chemical equations; ratio, proportion and

variation; percentage; and formulas. In the end-of-chapter activities,

they are: ratio, proportion and variation; chemical equations;
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formulas; and percentage. It was noted that none of the processes

were those considered to be advanced topics at the high school level,

with a first course in algebra sufficient to meet the mathematical

content of the courses.

Another study was reported by Cain and Lee (26), in which

mathematical concepts and processes were identified in high school

biology, chemistry and physics course materials. In chemistry,

traditional, CBA and CHEM Study materials were analyzed. Mathe-

matical concepts and processes used included linear equations;

quadratic equations; ratio, proportion and variation; graphs; formu-

las; intuitive plane geometry; logarithms; powers of ten; intuitive

solid geometry; and intuitive calculus. Probability, trigonometric

functions and vectors were not used. The new chemistry courses

showed only a slight increase in the use of mathematics over the

traditional courses, that primarily in the use of graphs.

Swartney (162), in a study of learning difficulties in the CHEM

Study program, determined the CHEM Study math skills to be arith-

metic skills such as the manipulation of numbers in addition and

subtraction; algebraic skills such as the solution of simple equations;

the use of scientific notation and significant numbers; and pictorial

skills involved in the reading and interpretation of graphs, charts and

tables. In interviews with the poorer CHEM Study students, more

than half of the students were not able to carry out the arithmetic
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processes of long division, solve simple algebraic equations of one

unknown, solve problems involving ratio and proportion, or manipu-

late numbers involving uncertainty.

Dence (43) commented on four areas in which he found students

deficient when entering college chemistry: solutions to algebraic

equations; functional relationships among variables, operations with

logarithms; and probability and statistics. Rimer (146) noted the lack

of drill exercise in modern mathematics courses in Britain and pointed

out that the list of mathematics requirements for the Nuffield 0-level

course requires little more than a working knowledge of the four basic

arithmetical processes. For work to A-level, a knowledge of

algebraic manipulations, solution of linear and quadratic equations,

and simple integration were deemed necessary.

The British Committee on Chemical Education (31, 114)

recently completed a report in which a list of mathematics skills was

presented to teachers, and teachers responded by reporting the fre-

quency of use of each skill and the age level at which the skill would

be used in chemistry. Although British children take chemistry for

several years, rather than a one-year course as presented in the

United States, the matrix resulting from the survey reveals similar

results to those reported in the above studies.
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Relationship of Specific Mathematics
Skills to Chemistry Success

Two studies have looked directly at the relationship of specific

math skills to chemistry success. Kinzer and Kinzer (93) obtained the

results of an arithmetic placement test for 1,100 students at a large

university in 1945. The correlation of the total math score with

chemistry marks was 0.45. Each of the 15 items on the test was also

correlated with the chemistry mark, with correlation coefficients

ranging from 0.17 to 0.38. However, a group of five math items

correlated 0.46 with the chemistry grade and was considered, for all

practical purposes, to be as good as the entire 15 items.

Denny (44, 45) isolated ten mathematics skills from high school

chemistry textbooks, These skills were; computation; use of paren-

theses; signed number usage; use and manipulation of fractions; use of

decimals; use of exponents; manipulation of numbers with exponents

and logarithm equivalence; use of percentage; manipulation of one-

variable equations; use of ratio and proportion; and producing and

interpreting x, y graphs. A test was prepared over these items and

administered to high school students near the end of the year chemistry

course. The students were also given the ACS-NSTA High School

Chemistry Test. Correlations were run between each mathematics

skill category and total score on the chemistry test, and also against

the subset of chemistry test questions which included mathematical
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work. Correlation coefficients ranged between 0.633 and 0.823 for all

pairings. It was concluded that there was a significant relationship

between each math skill category and the chemistry achievement score.

Summary

Chapter I provided an introduction to the general problem of

relating mathematics skills to chemistry achievement. This chapter

has reviewed the literature covering factors related to chemistry

success, and Chapter III will describe the experimental design

utilized to further identify those specific mathematics skills related to

student success in beginning community college chemistry.
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III. DESIGN OF THE STUDY

This study was performed to identify those specific mathematics

skills which have a positive relationship to success in introductory

community college chemistry. This chapter discusses the design of

the study, including descriptions of the student population, the test

instruments used, and the procedures followed in collecting, preparing,

and processing the data.

The Experimental Design

A mathematics survey was administered to introductory chem-

istry students at several Oregon community colleges as a pretest at

the start of fall quarter 1977, and readministered at the end of the

quarter as a posttest. A final examination in chemistry was also

given to the same students at the end of the quarter.

The relationship of the mathematics skills on the mathematics

pretest and on the mathematics posttest to the student scores on the

chemistry quarter final examination was analyzed to identify those

skills which show a positive relationship to success in chemistry, and

to determine the combination of mathematics skills which has the

greatest relationship to success in beginning chemistry. Statistical

techniques included use of analysis of variance, independent and

paired t-tests, Pearson product-moment coefficients of correlation,

and regression analysis.
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The Population

Students enrolled in participating introductory chemistry classes

at four Oregon community colleges were included in this study. The

schools represented were: Lane Community College, Eugene; Linn-

Benton Community College, Albany; Mt. Hood Community College,

Gresham; and Portland Community College, Portland. Students from

both the Sylvania campus and the Rock Creek campus of Portland

Community College took part, In total, 11 sections of introductory

chemistry taught by ten instructors were included. All courses were

first year classes, designed for non-chemistry majors. Previous

study of chemistry was not a prerequisite to enrollment.

All students were read an informed consent statement at the

beginning of the fall quarter, advising them of their inclusion in the

study and of their right not to participate if they so desired, Fewer

than five students declined to take part in the study.

During the first week of classes, a total of 557 students from

participating classes completed the mathematics pretest. Distribu-

tion between students who had, and had not, studied previous chem-

istry was approximately equal. During the last week of fall quarter

the mathematics survey was readministered, and the final examina-

tion in chemistry was given during finals week. Only data from

students who completed the entire quarter's work, and for whom
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complete mathematics pretests, mathematics posttests, and chemistry

final examinations were available, were used for the final analysis.

Data from 391 students were available for this purpose, as shown in

Table 1.

Table 1. Student Population.

Community
College Section/Course

Students with No
Previous

Chemistry

Students with
Previous

Chemistry
Lane 1 CH 101 13 13

2 CH 101 16 21
3 CH 104 14 34

Linn-Benton 1 CH 104 19 27
2 CH 104 4 12
3 CH 4.205 28 7

Mt. Hood 1 CH 104 22 18
2 CH 104 28 33

Portland 1 CH 104 12 18
2 CH 104 12 14
3 CH 104 17 9

Totals 11 185 206

The Mathematics Survey

Since no commercially-available mathematics test (25) appeared

suitable for this study, an instrument was developed by the author for

use as a mathematics pretest and posttest.

Chemistry textbooks and course outlines used by each of the par-

ticipating schools were analyzed for first quarter mathematics
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content. Based on this content, a list of 46 skills to be tested was

prepared, and a pair of problems to test each skill at the computa-

tional and application level was developed. Emphasis was placed on

skill performance, with problems designed to be solved with minimal

pencil and paper calculations.

To allow students to demonstrate their competence, a multiple-

choice format was not used. Space was allowed for students to work

each problem on the test sheet. This procedure eliminated the "guess

factor" and allowed the corrector to compensate for minor errors when

checking for student ability to perform a major skill. The order of the

92 problems on the test was randomized. No time limit was estab-

lished for the test, although it was expected that most students would

be able to complete it in approximately one hour.

Because the outcome of the study relied heavily upon the

effectiveness of individual mathematics test items in measuring the

specified mathematics skills, considerable emphasis was placed upon

preparation and screening of the mathematics survey items.

In order to enhance the content validity of the instrument, the

extent to which a test measures a representative sample of the subject

matter content under consideration (66, p. 77-80), a panel of four

experienced mathematics instructors of Masters Degree competence

or higher was asked to verify that each problem tested the appropriate

skill listed at the specified cognitive level. The panel of experts was
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also asked to judge the construct validity of the test items, that extent

to which test performance can be interpreted in terms of certain

psychological traits or qualities (66, p. 89-93). Comments and

suggestions of the panel members were incorporated into the trial

version of the math survey.

To determine the reading difficulty level of the math survey, a

reading level computer analysis was performed by the reading

laboratory at Linn-Benton Community College. The reading level as

determined by various readability formulas is shown in Table 2.

Table 2. Reading Ease of Mathematics Survey Trial
Version.

Computation Reading Ease

Far r- Jenkins-Paterson 10th-12th Grade
Flesch 8th-9th Grade
SMOG 10th Grade

Fry 9th Grade

Dale-Chall (1948) llth-12th Grade

It was anticipated that the preliminary mathematics instrument

would contain a number of problems that were simple enough to be

solved by almost all students. Therefore, a trial run of the mathe-

matics survey was made during the summer of 1977, using 45

mathematics and chemistry students in midterm at Lane Community
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College, Linn-Benton Community College, and Oregon State University.

Calculator use was not permitted during this trial. Problems of

inappropriate difficulty, as well as problems which did not discrimi-

nate positively between those students who showed a strong per-

formance on the instrument and those students who did not, were

modified or discarded in the preparation of the final form of the

mathematics test instrument.

The test item analysis was made by determining the difficulty

and discrimination index for each problem using the test scoring

service of the OSU Computer Center (9).

The item difficulty for each problem was determined by the

formula:

Difficulty - ---2-
N

where N is the number of students who get the item right and N is

the total number of students. An item difficulty of 0.50, for example,

means that one-half of the students were able to do the problem

correctly. It was attempted to use no problem with an item difficulty

less than 0. 35 or greater than 0,85 in the final form of the mathe-

matics instrument.

The item discrimination index was determined by the point

biserial correlation coefficient:

Pbis xp xq
SD FT ,
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where SD is the standard deviation, xp is the mean right, xq is the

mean wrong, p is the proportion of students with a correct answer,

and q is the proportion of students with an incorrect response. This

procedure is a measure of the relationship between a student's total

score on the test and the score on the item under consideration.

Maximum discriminating power occurs if all pupils in the upper

portion of the group get the problem right and all those in the lower

portion of the group get it wrong. An item not discriminating between

students in the upper and lower groups would result in an index of

0.00 (66, p. 248-56). Nedelsky (121, p. 97) suggests that the con-

tribution of an item to the test's reliability is considered low if the

index is less than 0.2 and high if greater than 0.4.

The OSU Test Scoring Service also provides a t-test (159, p. 59-

60) of significance for each test item. For the purpose of this study,

it was attempted to use only problems with a discrimination index

higher than 0.25 or a t-test significance at least at the 0.05 level in

the final form of the mathematics pretest.

Reliability of the test was determined by the Kuder-Richardson

formula 20 (160), utilizing the test scoring service of the Oregon State

University Computer Center.

A non-randomized copy of the trial version of the mathematics

survey is attached as Appendix I. The results of the item analysis on

the trial version for difficulty index (Di), the discrimination index
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(Ds), and the t-test of significance (Ts) when applicable, are shown in

Table 3. The problems selected for use in the final form of the mathe-

matics survey are marked with an asterisk (*) and in some cases

were modified slightly in an attempt to improve the difficulty or dis-

crimination index before being placed on the final form.

For the 45 students who took the 92-question trial version of the

mathematics survey, the mean score was 68.29 correct, with a

standard deviation of 11.10. The reliability of the trial version

mathematics survey was 0.893.

From the 46 mathematics topics in the trial version, 26 topics

were selected for use in the final version of the mathematics survey,

resulting in a test of 52 questions, as shown in Table 4.

A copy of the mathematics survey, as presented to students

during fall quarter 1977, is located in Appendix II.

A questionnaire concerning the student's previous chemistry

background was attached as the last page of the mathematics pretest,

and responses on this page served as the basis for dividing partici-

pants into sections of students who had and had not previously studied

chemistry.

A reading difficulty level analysis was performed by the Linn-

Benton Community College reading laboratory on each applicable

question. Results of this computer analysis are summarized in

Table 5.



Table 3. Difficulty and Discrimination Indices for the Mathematics Survey Trial Version.

Topic
Computational

Problem
Application

Problem
Di Ds Ts Di Ds Ts

Whole Numbers
Addition 0.93 0.29 NS 0.93 0.31 0.05
Subtraction 0.87 0.21 NS 0.96 0.08 NS
Multiplication 0.76 0.18 NS 0.87 0.31 0.05
Division 0.80 0.22 NS 0.80 0.25 NS
Combined Operations 0.93 0.18 NS 0.96 -0.02 NS

Fractions
Concept 1.00 0.00 NS 0.87 0.38 0.01

*Multiplication 0.80 0.46. 0.01 0.82 0.23 NS

Decimals
Addition 0.93 0.07 NS 0.67 0.23 NS

Subtraction 0.80 0.31 0.05 0.98 0.13 NS
Multiplication 0.87 0.26 NS 0.84 0.07 NS

*Division 0.67 0.36 0.01 0.82 0.17 NS
*Combined Operations 0.62 0.45 0.01 0.80 0.28 NS
*Rounding 0.58 0.32 0.05 0.84 0.22 NS
Significant Figures 0.29 0.36 0.05 0.33 0.41 0.01

Percent
Concept 0.87 0.29 NS 1.00 0.00 NS
Decimal-Percent Conversion 0.93 0.21 NS 0.71 0.22 NS

*Finding Percent of a Number 0.80 0.49 0.01 0.64 0.28 NS
*Computation of Percent 0.67 0.57 0.01 0.67 0.41 0.01

(Continued on next page)



Table 3. (Continued)

Topic
Computational

Problem
Application

Problem
Di Ds Ts Di Ds Ts

Graphing and Charting
*Drawing and Interpreting Graphs 0.51 0.53 0.01 1.00 0.00 NS
Reading and Developing Charts 1.00 0.00 NS 0.93 0.18 NS

Algebra
*Positive-Negative Integer Operations 0.78 0.21 NS 0.78 0.25 NS
*Solving Numerical Equations 0.62 0.43 0.01 0.69 0.49 0.01
*Solving Variable Equations 0.73 0.52 0.01 0.69 0.45 0.01
*Solving Ratio-Proportion Problems 0.80 0.27 NS 0.78 0.29 NS
*Solving Direct Variation Problems 0.62 0.36 0.05 0.58 0.44 0.01
*Solving Indirect Variation Problems 0.49 0.40 0.01 0.38 0.43 0.01

Exponents
0.84 0.17 NS 0.49 0.50 0.01*Squaring a Number

Finding Square Root 0.91 0.17 NS 0.98 0.23 NS
*Concept of Positive Powers of 10 0.58 0.28 NS 0.40 0.20 NS
*Concept of Negative Powers of 10 0.40 0.02 NS 0.60 0.50 0.01
*Concept of Positive Exponents 0.82 0.15 NS 0.76 0.36 0.05
*Concept of Negative Exponents 0.16 0.36 0.05 0.44 0.16 NS
*Multiplication with Positive Exponents 0.82 0.34 0.05 0.71 0.31 0.05
*Multiplication with Negative Exponents 0.69 0.60 0.01 0.67 0.49 0.01
*Division with Positive Exponents 0.76 0.49 0.01 0.62 0.54 0.01
*Division with Negative Exponents 0.49 0.36 0.05 0.47 0.57 0.01
*Scientific Notation Conversions 0.82 0.38 0.01 0.96 0.10 NS
*Multiplication with Scientific Notation 0.60 0.55 0.01 0.62 0.42 0.01
*Division with Scientific Notation 0.27 0.49 0.01 0.40 0.35 0.05

(Continued on next page)



Table 3. (Continued)

Topic
Computational
Problem

Application
Problem

Di Ds Ts Di Ds Ts

Measurement
*Metric-Metric Conversion 0.73 0.08 NS 0.73 0.29 NS
English-Metric Conversion 0.82 -0.07 NS 0.93 0.30 0.05

Geometry
Terminology: Radius, Diameter 0.93 0.28 NS 0.84 0.03 NS
Terminology: Cube, Tetrahedron, Sphere 0.93 0.12 NS 0.89 0.22 NS
Concept of Volume 0.98 -0.05 NS 0.87 0.40 0.01
Volume of a Rectangular Solid 0.91 0.13 NS 0.78 0.06 NS
Concept of Angles 0.91 0.25 NS 0.76 0.29 NS

"Indicates item selected for use in final version of mathematics survey.

0
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Table 4. Topics Represented on Mathematics Survey.

Topic Computation
Problem No.

Application
Problem No.

Multiplication of Fractions 52 4

Division of Decimals 1 44

Combined Decimal Operations 21 43

Rounding 3 49

Finding Percent of a Number 33 26

Computation of Percent 9 19

Use of Graphs 46 36

Positive-Negative Integer Operations 39 29

Solving Numerical Equations 40 14

Solving Variable Equations 34 48

Solving Ratio-Proportion Problems 28 8

Solving Direct Variation Problems 11 50

Solving Indirect Variation Problems 18 16

Squaring a Number 10 41

Concept of Positive Powers of 10 51 30

Concept of Negative Powers of 10 25 47

Concept of Positive Exponents 35 13

Concept of Negative Exponents 5 2

Multiplication with Positive Exponents 22 45

Multiplication with Negative Exponents 31 7

Division with Positive Exponents 37 27

Division with Negative Exponents 24 12

Scientific Notation Conversions 15 6

Multiplication with Scientific Notation 32 42

Division with Scientific Notation 17 23

Metric-Metric Conversion 20 38
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Table 5. Reading Ease of Mathematics Survey.

Problem
Grade Level Reading Ease

FJP Flesch SMOG Fry Dale-Chall
11948)

2 10-12 10-12 13 11 13-15
3 13-16 16 8 7-8
4 10-12 8-9 11 9-10 11-12
5 16 13-16 11 11-12
6 13-16 16 12 13-15
7 10-12 8-9 11 9 11-12
8 10-12 7 7 9-10
9 8-9 6 7-8

10 13-16 7 7 9-10
11 16 8-9 11 9 13-15
12 13-16 10-12 12 11 11-12
13 16 13-16 11 16
14 16 13-16 12 13-15
15 16 16 14 16

16 13-16 13-16 13 12 16
18 16 8-9 12 9 16
19 10-12 10-12 12 10 16
22 7 6 6 5-6
23 13-16 13-16 12 7-8
24 10-12 8-9 12 9 9-10
25 10-12 8-9 11 9 9-10
26 8-9 7 7 11-12
27 13-16 7 7 7-8 9-10
28 5 5 4 5-6
29 13-16 13-16 12 16
30 8-9 10-12 7 10 13-15
31 8-9 8-9 11 8-9 7-8
33 13-16 7 6-7 7-8
35 16 10-12 8 10 9-10
36 16 13-16 17 13-15
37 10-12 8-9 8 8-9 5-6
38 13-16 10-12 9 10 9-10
40 16 13-16 14 9-10
41 10-12 8-9 10 8 9-10
42 10-12 7 8 7 7-8
43 8-9 8-9 10 8 11-12

(Continued on next page)
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Table 5. (Continued)

Problem
Grade Level Reading Ease

FJP Flesch SMOG Fry Dale-Chall

44 13-16 10-12 10 11 16

45 8-9 7 7 7-8
46 10-12 8-9 8 8 11-12
47 13-16 16 12 13-15
48 10-12 7 11 7 13-15
49 7 7 8 7 11-12
50 13-16 13-16 11 11-12
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The Chemistry Final Examination

Permission was obtained from the examinations committee of the

Division of Chemical Education, American Chemical Society, to use

selected multiple choice questions from ACS examinations as a

chemistry final examination. Fourteen such examinations printed

from 1970-1977 were obtained from the ACS to serve as a source of

potential final examination items.

Based on analysis of the textbooks used by the participating

schools and course outlines prepared by instructors, a matrix of

topics covered by all classes was prepared. Approximately 450

questions were extracted from the ACS examinations and categorized

according to the matrix. This set of questions was analyzed by each

instructor and questions which did not appear appropriate were

deleted from the selection by individual instructors. After this pro-

cedure, approximately 140 questions remained covering the following

general topics:

Measurement
Matter
Atomic Structure
Electron Configuration
Periodic Table
Ionization
Compounds and Bonding

Nomenclatur e
Oxidation Number s
Balancing Equations
Mole Concept
Percentage Composition
Empirical and Molecular Formulas

From these questions, which were acceptable to all participating

instructors, 56 were selected to be utilized on the first quarter final
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examination. A copy of the examination as presented to students at

the end of fall quarter 1977 is attached as Appendix III.

Collection and Preparation of the Data

Copies of the mathematics survey pretest were delivered to all

participating instructors a week before the start of fall quarter 1977

classes. Instructors were reminded to provide ample time for

students to complete the survey, to have students show all work on the

survey papers, and not to permit the use of calculators. Students

were also to be assured that the results of the survey would not affect

course grades.

The math surveys were given by all instructors during the first

week of fall quarter 1977 and were collected by the author at the end of

that week. The surveys were then hand-corrected by the author.

Generally, computational problems were considered to be

correct only if a correct answer was shown, with no consideration

given for minor errors which caused answers to be wrong. However,

in complex computational problems requiring several operations, if

the primary operation tested was carried out satisfactorily with a

wrong answer being obtained only because of a clearly-discernible

minor arithmetic error in an operation not being specifically tested in

the problem, credit was given.
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Similarly, if a student showed in writing an approach to the

solution of an application problem which would have resulted in a

correct answer, had there not been a minor arithmetic error, the

problem was considered to have been correctly solved.

Each instructor was provided a list of the total number of

problems missed by each student in his or her class and was authorized

to disclose this information to the individual students, if desired.

Information about specific problems missed or results from other

classes or schools was not distributed.

The student results were coded to preserve anonymity and

placed on mark-sense forms in a "right-wrong" format for item

analysis by the Oregon State University Test Scoring Service. Math

survey results from two introductory chemistry class sections not

participating in the study were also included in this pretest item

analysis. In total, 634 completed tests were subjected to this

analysis, obtained from 310 students who had taken no previous

chemistry and 324 students who had previously studied chemistry.

Instructors at the participating institutions taught their courses

in the normal manner through the fall quarter 1977, then readminis-

tered the same mathematics survey as a posttest during the last week

of regular classes fall quarter 1977. These papers were picked up,

corrected, and prepared for analysis as before. Only those papers

from students who also had on record a completed mathematics
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pretest and later, a completed chemistry final, were submitted to the

computer for posttest item analysis.

The chemistry final examination consisting of 56 multiple choice

questions was delivered to instructors approximately one week before

final examination week. A single draft copy had been mailed earlier

so that instructors could prepare additional questions to round out the

examination so as to reflect local variations in course content. For

this two-hour examination, access to a periodic table of the elements

and the use of a hand calculator were permitted. In some instances,

instructors had students mark their answers to the 56 questions used

in this study directly onto Oregon State University mark-sense forms;

in other cases, students used answer blanks from their own respective

schools.

When instructors had completed correction of the examinations

for use in their quarter grade preparation the test copies, which had

previously been sequentially numbered, were collected and accounted

for and the student answer blanks and lists of student final course

grades were obtained from the instructors.

Answers which had been placed on non-OSU answer blanks were

transferred to mark-sense forms, and all forms were checked for

errors and coded prior to being sent to the Oregon State University

Test Scoring Service for analysis. Only those forms from the 391
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students who had previously completed a mathematics pretest and

posttest were utilized for this purpose.

After test item analysis was complete, a cross-check was

performed to insure that all mark-sense forms for the mathematics

pretest, the mathematics posttest, and the chemistry final examina-

tion had been read correctly. A few minor errors were rectified and

the forms for the mathematics pretest and the mathematics posttest

were returned to the Oregon State University Computer Center where

they were re-read and punch cards prepared in readiness for statisti-

cal analysis. The cards were cross-checked for errors prior to

statistical processing. The scores on the chemistry final examination

were coded, listed, and sent to the OSU Computer Center to be key-

punched onto cards for inclusion in the statistical study. A verification

of data was performed to insure accuracy of the key-punch operation.

The data thus prepared were then subjected to statistical analysis.

Statistical Processing of the Data

All statistical work relative to the final processing of the data

was performed by the staff of the Oregon State University Computer

Center. The analyses were performed on the Center's Cyber 73

computer, using the Cyber Statistical Package for the Social Sciences,

SPSS (122).
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Statistical techniques used in the comparison of groups included

analysis of variance (159, p. 258-98; 129, p. 203-38) and independent

and paired t-tests (159, p. 91-118; 129, p. 125-53).

In an attempt to identify individual mathematics skills that

correlated highly with chemistry success, each mathematics skill was

correlated with the chemistry final examination score, using the

Pearson product-moment coefficient of correlation (174, p. 644-50;

159, p. 172-75).

The correlation coefficient is a measure of the mutual relation-

ship between two variables. A value of 1.00 indicates a perfect posi-

tive correlation, a value of 0.00 indicates no relationship between the

variables, and a value of -1.00 indicates a perfect negative relation-

ship. Results obtained from correlational designs must be subjected

to prudent analysis, since a high correlation does not necessarily

indicate a causal factor. However, as pointed out by Campbell and

Stanley (27, p. 64),

Such data are relevant to causal hypotheses inasmuch as they
expose them to disconfirmation. If a zero correlation is
obtained, the credibility of the hypothesis is lessened. If a
high correlation occurs, the credibility of the hypothesis is
strengthened in that it has survived a chance of disconfirma-
tion. To put the matter another way, correlation does not
necessarily indicate causation, but a causal law of the type
producing mean differences in experiments does imply
correlation.

Regression analysis was performed to determine that set of

computational and application skills which had the greatest
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relationship to chemistry success as measured by the chemistry first

quarter final examination.

Linear regression analysis attempts to obtain a linear equation

which best fits the data provided. The general model is

Y = bo + b
1X'

where bo is the mean of the population corresponding to X = 0 and

b
1

is the regression coefficient. In each case in this study, the

dependent variable (Y) is the chemistry achievement score and the

independent variable (X) relates to success on the mathematics item

under consideration (49, p. 1-35).

Summary

Chapter I gave a preliminary introduction to the problem of

identifying factors relating to student success in introductory chem-

istry at the community college level. Chapter II reviewed the litera-

ture relating to the problem, and this chapter has discussed the

experimental design used to analyze those specific mathematics

skills which are related to chemistry success. Chapter IV now turns

to the presentation and interpretation of the findings of this study.
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IV. PRESENTATION AND INTERPRETATION
OF THE FINDINGS

This study was designed to examine the relationships between

certain mathematics skills and success in introductory chemistry at

the community college level. The student population was taken from

four Oregon community colleges and included 185 students who had no

previous study of chemistry and 206 students who previously had

obtained some formal instruction in chemistry.

The students were given a mathematics survey pretest during the

first week of classes fall quarter 1977, covering 26 mathematics

topics with one question each at the computational and application

level. The same mathematics survey was readministered as a post-

test during the last week of classes fall quarter 1977.

As a measure of student success in chemistry, a 56-item

multiple-choice test was given as a final examination during the final

examination week of fall quarter 1977.

The data from the mathematics pretest, the mathematics post-

test, and the chemistry final examination were subjected to analysis at

the computer center at Oregon State University. This chapter pre-

sents the results of the statistical analyses performed.
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Analysis of the Test Instruments

The Mathematics Survey: Pretest

Completed mathematics surveys were obtained from 634

students at the beginning of fall quarter 1977, some of whom were not

represented in the study student population at the end of the quarter.

The student papers were hand-corrected and each answer was

recorded as a "right" or "wrong" on a mark-sense form. The 634

forms thus prepared were subjected to a test item analysis by the

Oregon State University Test Scoring Service. A summary of the total

test results is contained in Table 6.

Table 6. Summary of Mathematics Pretest Results.

Student
Category

No. of
Students

Possible
Points

Mean
Score

Standard
Deviation

Test
Reliability

Students with
no previous
chemistry 310 52 21.95 11.30 0.932

Students with
previous
chemistry 324 52 27.45 12.05 0.938

Combined
group 634 52 24.76 12.00 0.938

The difficulty index (Di) and the discrimination index (Ds) for

each mathematics survey item is shown in Table 7. Each of the 52
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Table 7. Difficulty and Discrimination Indices for the Mathematics
Pretest,

Item No.

Students with Students with
No Previous Previous Combined
Chemistry Chemistry Group
Di Ds Di Ds Di Ds

1 0.62 0.26 0.63 0.28 0.62 0.27

2 0.40 0.36 0.51 0.43 0.46 0.41
3 0.48 0.29 0.53 0.41 0.50 0.35
4 0.62 0.45 0.72 0.46 0.67 0.46

5 0.08 0.36 0.12 0.33 0.10 0.35
6 0.51 0.25 0.58 0.30 0.55 0.28
7 0.38 0.57 0.47 0.56 0.42 0.57
8 0.78 0.37 0.75 0.37 0.76 0.35
9 0.51 0.59 0.57 0.60 0.54 0.59

10 0.84 0.40 0.88 0.26 0.86 0.34
11 0.59 0.29 0.65 0.31 0.62 0.30
12 0.18 0.56 0.31 0.66 0.24 0.63
13 0,62 0.40 0.70 0.25 0.66 0.33
14 0.46 0.56 0.59 0.55 0.52 0.56
15 0.39 0.60 0.62 0.62 0.50 0.63
16 0.07 0.35 0.18 0.50 0.12 0.46
17 0.07 0.42 0.19 0.50 0.13 0.49
18 0.37 0.51 0.45 0.51 0.41 0.52
19 0.50 0.54 0.55 0.56 0.53 0.54
20 0.44 0.48 0.64 0.46 0.54 0.49
21 0.42 0.45 0.54 0.31 0.48 0.39
22 0.52 0.58 0.65 0.53 0.58 0.56
23 0.15 0.50 0.28 0.62 0.22 0.59
24 0.23 0.58 0.34 0.64 0.29 0.62
25 0.31 0.51 0.44 0.41 0.38 0.47
26 0.49 0.56 0.62 0.61 0.56 0.59
27 0.34 0.51 0.45 0.63 0.40 0.58
28 0.67 0.48 0.76 0.49 0.72 0.49
29 0.62 0.49 0.72 0.53 0.67 0.52
30 0.32 0.17 0.28 0.22 0.30 0.18
31 0.38 0.63 0.56 0.64 0.48 0.65

32 0.26 0.60 0.50 0.57 0.39 0.61

33 0.59 0.47 0.69 0.55 0.64 0.52
34 0.21 0.55 0.41 0.65 0.31 0.63
35 0.66 0.36 0.72 0.40 0.69 0.38

(Continued on next page)
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Table 7. (Continued)

Item No.
Students with Students with
No Previous Previous Combined

Chemistry Chemistry Group
Di Ds Di Ds Di Ds

36 0.43 0.54 0.59 0.53 0.51 0.55
37 0.46 0.70 0.58 0.66 0.52 0.68
38 0.36 0.62 0.56 0.49 0.46 0.57
39 0.45 0.51 0.55 0.47 0.50 0.50
40 0.43 0.44 0.53 0.53 0.48 0.50
41 0.18 0.53 0.32 0.57 0.25 0.57
42 0.35 0.58 0.55 0.56 0.46 0.59
43 0.70 0.43 0.71 0.51 0.71 0.46
44 0.57 0.40 0.65 0.48 0.61 0.45
45 0.29 0.56 0.44 0.58 0.37 0.59
46 0,25 0.52 0.37 0,43 0.31 0.49
47 0.22 0.59 0.40 0.59 0.31 0.61
48 0.25 0.47 0.44 0.55 0.34 0.54
49 0.51 0.36 0.53 0.36 0.52 0.36
50 0.32 0.55 0.46 0.54 0.39 0.55
51 0.48 0.39 0.53 0.33 0.51 0.36
52 0.60 0.37 0.67 0.40 0.64 0.39
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questions was also subjected to a t-test to determine if the item

discriminated between students based on the total pretest score. In

all cases, each question discriminated positively at the 0.01 con-

fidence level.

The Mathematics Survey: Posttest

The mathematics surveys administered as a posttest at the end

of fall quarter 1977 were processed in the same manner as the pre-

tests, with an item analysis performed on the tests completed by 390

members of the study student population. Results of the analysis are

summarized in Table 8.

Table 8. Summary of Mathematics Posttest Results.
Student No. of Possible Mean Standard Test
Cate or Students Points Score Deviation Reliabilit

Students with
no previous
chemistry 185 52 31.06 10.32 0.916

Students with
previous
chemistry 205 52 35.39 9.68 0.911

-Combined
group 390 52 33.34 10.21 0.917

The difficulty index (Di) and the discrimination index (Ds) for

each item on the mathematics survey posttest is shown in Table 9. A

t-test to determine whether each item discriminated between students
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Table 9. Difficulty and Discrimination Indices for the Mathematics
Posttest.

Item No.

Students with
No Previous
Chemistry

Students with
Previous
Chemistry

Combined
Group

Di Ds Di Ds Di Ds

1 0.79 0.26 0.80 0.26 0.79 0.26
2 0.52 0.30 0.52 0.29 0.52 0.29
3 0.53 0.32 0.54 0.38 0.53 0.35
4 0.74 0.44 0.85 0.45 0.80 0.46
5 0.11 0.39 0.21 0.48 0.16 0.45
6 0.63 0.23 0.67 0.28 0.65 0.26
7 0.54 0.47 0.64 0.52 0.59 0.50
8 0.81 0.41 0.86 0.28 0.84 0.36
9 0.62 0.52 0.74 0.55 0.68 0.55

10 0.94 0.38 0.95 0.31 0.94 0.35
11 0.72 0.21 0.77 0.22 0.75 0.22
12 0.33 0.55 0.50 0.59 0.42 0.59
13 0.78 0.30 0.76 0.21 0.77 0.24
14 0.71 0.37 0.76 0.31 0.74 0.34
15 0.83 0.47 0.87 0.46 0.85 0.46
16 0.26 0.45 0.49 0.52 0.38 0.52
17 0.23 0.45 0.36 0.57 0.30 0.53
18 0.51 0.51 0.53 0.46 0.52 0.48
19 0.66 0.52 0.74 0.53 0.70 0.53
20 0.82 0.40 0.87 0.29 0.84 0.35
21 0.65 0.24 0.71 0.33 0.68 0.29
22 0.71 0.56 0.83 0.38 0.77 0.49
23 0.32 0.54 0.46 0.53 0.39 0.55
24 0.38 0.56 0.57 0.64 0.48 0.62
25 0.39 0.37 0.50 0.38 0.45 0.38
26 0.59 0.64 0.72 0.47 0.66 0.57
27 0.54 0.56 0.69 0.52 0.62 0.56
28 0.81 0.57 0.90 0.52 0.85 0.55
29 0.78 0.39 0.85 0.38 0.82 0.39
30 0.29 0.16 0.28 0.31 0.28 0.23
31 0.62 0.52 0.71 0.47 0.67 0.50
32 0.75 0.49 0.80 0.40 0.78 0.45
33 0.67 0.59 0.76 0.54 0.72 0.57
34 0.48 0.51 0.63 0.48 0.56 0.51
35 0.79 0.19 0.80 0.39 0.79 0.29

(Continued on next page)
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Table 9. (Continued)

Item No.

Students with Students with
No Previous Previous Combined
Chemistry Chemistry Group
Di Ds Di Ds Di Ds

36 0.61 0.42 0.79 0.38 0.70 0.42
37 0.64 0.61 0.77 0.52 0.71 0.58
38 0.71 0.48 0.78 0.39 0.74 0.44
39 0.61 0.55 0.65 0.41 0.63 0.48
40 0.62 0.43 0.73 0.37 0.68 0.42
41 0.41 0.51 0.47 0.59 0.44 0.55
42 0.72 0.47 0.79 0.44 0.76 0.46
43 0.79 0.39 0.82 0.32 0.81 0.35
44 0.76 0.41 0.82 0.45 0.79 0.44
45 0.50 0.45 0.61 0.53 0.56 0.50
46 0.35 0.48 0.47 0.50 0.41 0.50
47 0.49 0.55 0.66 0.38 0.58 0.49
48 0.48 0.48 0.63 0.54 0.56 0.53
49 0.61 0.22 0.61 0.27 0.61 0.24
50 0.61 0.48 0.69 0.50 0.65 0.50
51 0.54 0.30 0.61 0.28 0.57 0.30
52 0.78 0.39 0.81 0.35 0.79 0.37
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based on the total posttest score showed significant discrimination for

each item at the 0.01 confidence level.

The Chemistry Final Examination

The chemistry examination was given during finals week of fall

quarter 1977. Answers to the 56 multiple-choice questions were

placed on mark- sense forms for item analysis by the Oregon State

University Test Scoring Service. A summary of the overall test

results is shown in Table 10.

Table 10. Summary of Chemistry First Quarter Final Examination
Results.

Student No. of Possible Mean Standard Test
Category Students Points Score Deviation Reliability

Students with
no previous
chemistry 185 56 39.19 9.28 0.893

Students with
previous
chemistry 206 56 42.82 7.67 0.865

Combined
group 391 56 41.10 8.65 0.885

Table 11 shows the difficulty index (Di) and the discrimination

index (Ds) for each question on the chemistry first quarter final

examination. T-tests of the discriminating power of each question

showed significance at the 0.01 confidence level in all cases for each
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Table 11. Difficulty and Discrimination Indices for the Chemistry
Examination.

Item No.

Students with Students with
No Previous Previous Combined
Chemistry Chemistry Group
Di Ds Di Ds Di Ds

1 0.76 0.10 0.83 0.13 0.80 0.13
2 0.61 0.31 0.66 0.38 0.64 0.35
3 0.67 0.37 0.70 0.34 0.69 0.35
4 0.82 0.35 0.86 0.10 0.84 0.25
5 0.43 0.40 0.47 0,40 0.45 0.39
6 0.76 0.33 0.85 0.46 0.81 0.40
7 0.91 0.17 0.93 0.29 0.92 0.23
8 0.39 0.26 0.44 0.28 0.42 0.27
9 0.79 0.42 0.85 0.35 0.82 0.40

10 0.60 0.47 0.72 0.46 0.66 0.48
11 0.66 0.53 0.83 0.43 0.75 0.51
12 0.69 0.47 0.77 0.32 0.73 0.41
13 0.57 0.39 0.66 0.47 0.62 0.44
14 0.51 0.49 0.58 0.50 0.55 0.50
15 0.84 0.21 0.86 0.12 0.85 0.17
16 0.65 0.24 0.67 0.17 0.66 0.20
17 0.68 0.39 0.78 0.32 0.73 0.37
18 0.90 0.34 0.92 0.31 0.91 0.33
19 0.97 0.20 0.98 0.22 0.98 0.21
20 0.75 0.32 0.77 0.34 0.76 0.33
21 0.72 0.39 0.81 0.33 0.77 0.37
22 0.94 0.31 0.99 0.15 0.96 0.27
23 0.81 0.37 0.93 0.23 0.87 0.34
24 0.70 0.39 0.70 0.46 0.70 0.42
25 0.47 0.38 0.58 0.46 0.53 0.43
26 0.59 0.32 0.65 0.12 0.62 0.23
27 0.85 0.48 0.88 0.46 0.87 0.47
28 0.69 0.45 0.79 0.40 0.74 0.44
29 0.28 0.15 0.32 0.27 0.30 0.21
30 0.62 0.47 0.73 0.45 0.68 0.47
31 0.64 0.50 0.76 0.48 0.70 0.50
32 0.76 0.38 0.78 0.31 0.77 0.34
33 0.75 0.28 0.72 0.21 0.73 0.23
34 0.69 0.42 0.87 0.28 0.79 0.39
35 0.77 0.54 0.90 0.36 0.84 0.49

(Continued on next page)
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Table 11. (Continued)

Item No.

Students with Students with
No Previous Previous Combined
Chemistry Chemistry Group
Di Ds Di Ds Di Ds

36 0.58 0.54 0.79 0.44 0.69 0.53

37 0.50 0.26 0.60 0.32 0.55 0.30

38 0.90 0.23 0.95 0.30 0.93 0.27

39 0.79 0.52 0.86 0.52 0.83 0.53

40 0.51 0.32 0.60 0.42 0.56 0.38

41 0.74 0.47 0.82 0.34 0.78 0.42

42 0.76 0.48 0.88 0.36 0.83 0.45

43 0.63 0.46 0.72 0.46 0.68 0.47

44 0.65 0.33 0.74 0.27 0.70 0.31

45 0.56 0.52 0.54 0.29 0.55 0.39

46 0.89 0.49 0.95 0.29 0.92 0.42

47 0.84 0.34 0.84 0.28 0.84 0.31

48 0.63 0.19 0.69 0.32 0.66 0.26

49 0.89 0.42 0.95 0.39 0.92 0.42

50 0.90 0.40 0.92 0.46 0.91 0.42

51 0.69 0.42 0.74 0.46 0.71 0.44

52 0.75 0.53 0.84 0.44 0.80 0.50

53 0.77 0.49 0.84 0.24 0.81 0.39
54 0.60 0.53 0.67 0.49 0.63 0.51

55 0.85 0.40 0.89 0.39 0.87 0.40
56 0.50 0.39 0.44 0.44 0.47 0.39
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question, with the following exceptions. In the group of students with

no previous chemistry, questions 7 and 29 discriminated at the 0.05

level and question 1 did not discriminate at the 0.05 level. In the

group with previous chemistry, problems 16 and 22 discriminated at

the 0.05 level and numbers 1, 4, 15, and 26 did not discriminate at

the 0.05 level. In the combined group, question 1 discriminated

at the 0.05 level. Questions not discriminating at least at the 0.05

level do not contribute as effectively to the usefulness of the test, but

the number of such items was small and was not considered to be

detrimental to the overall quality of the chemistry final examination.

Discussion

The mathematics survey pretest presented an opportunity to

obtain a general impression of the mathematics skills possessed by

incoming chemistry students, For example, from the combined group

data in Table 7, it is possible to note that less than half of the students

taking the mathematics survey pretest could perform the skills

required by items 2, 5, 7, 12, 16, 17, 18, 21, 23, 24, 25, 27, 30,

31, 32, 34, 38, 40, 41, 42, 45, 46, 47, 48, and 50. These items

represent the following skills:

Combined Decimal Operations-Computation
Use of Graphs-Computation
Solving Numerical Equations-Computation
Solving Variable Equations-Computation
Solving Direct Variation Problems-Application
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Solving Indirect Variation Problems-Computation and
Application

Squaring a Number-Application
Concept of Positive Powers of 10-Application
Concept of Negative Powers of 10-Computation and Application
Concept of Negative Exponents-Computation and Application
Multiplication with Positive Exponents-Application
Multiplication with Negative Exponents-Computation and

Application
Division with Positive Exponents-Application
Division with Negative Exponents-Computation and Application
Multiplication with Scientific Notation-Computation and

Application
Division with Scientific Notation-Computation and Application
Metric-Metric Conversion- Application

It is apparent that new chemistry students have certain mathe-

matical weaknesses, particularly in the use of equations, exponents

and scientific notation.

Comparison of Participating Classes

Although a comparison of participating chemistry classes was

not an integral part of the study, one-way analyses of variance were

performed to determine whether differences existed between classes

with respect to entry and exit level mathematics scores, and final

chemistry examination scores. The purpose of these analyses was

to determine whether there was approximate equivalence among the

participating classes. Hypotheses were tested at the 0.01 level

of significance.
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Mathematics Survey Pretest: Students
without Previous Chemistry

The mean scores on the mathematics pretest for students

without previous chemistry are shown in Table 12.

Table 12. Mathematics Pretest Scores:
without Chemistry.

Students

Class n Mean S.D.

1 13 23.54 10.821
2 16 21. 13 9.121
3 14 33.29 10.491
4 4 21.25 11.177
5 19 27. 26 12. 220
6 28 22.21 8.925
7 17 28.71 10.439
8 12 19.42 10.570
9 12 29.17 12.474

10 22 18.55 11.960
11 28 18.79 10.038

To determine whether a significant difference existed between

these classes, the following null hypothesis was tested:

H0: There is no significant statistical difference between the
classes as measured by the mean scores on the mathematics
survey pretest.

The one-way analysis of variance resulted in a F value of 3.5097.

With 10 and 174 degrees of freedom, this value is significant at the

0.01 level. Therefore, the hypothesis was rejected.
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Mathematics Survey Pretest: Students
with Previous Chemistry

The mean scores on the mathematics pretest for students with

previous chemistry are shown in Table 13.

Table 13. Mathematics Pretest Scores:
Chemistry.

Students with

Class n Mean S. D.

1 13 31.92 9.937
2 21 26.33 12.403
3 34 38.12 7.018
4 12 32.17 11.923
5 27 30.93 12.057
6 7 24.57 8.541
7 9 25.22 9.484
8 14 21.57 12.870
9 18 33.33 9.197

10 18 23.50 10.662
11 33 28.15 11.697

To determine whether a significant difference existed between

these classes, the following null hypothesis was tested:

H0: There is no significant statistical difference between the
classes as measured by the mean scores on the mathematics
survey pretest.

The F value from the one-way analysis of variance was 4.4803, which

with 10 and 195 degrees of freedom, is significant at the 0.01 level.

Therefore, the hypothesis was rejected.



Mathematics Survey Posttest: Students
without Previous Chemistry

The mean scores on the mathematics survey posttest for

students without previous chemistry are shown in Table 14.

Table 14. Mathematics Posttest Scores:
without Chemistry.

Students

Class n Mean S.D.

1 13 30.31 11.593
2 16 31.56 8.966

3 14 34.86 8.831

4 4 28.50 7.326

5 19 32.84 10.046

6 28 32.04 8.669

7 17 37.12 7.532

8 12 28.17 11.385

9 12 36.83 8.851
10 22 24.59 12.378
11 28 27.25 10.168

To determine whether a significant difference existed between

these classes, the following null hypothesis was tested:

H0: There is no significant statistical difference between the
classes as measured by the mean scores on the mathematics
survey posttest.
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The one-way analysis of variance yielded a F value of 2.8356, which

with 10 and 174 degrees of freedom, was significant at the 0.01 level.

Therefore, the hypothesis was rejected.
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Mathematics Survey Posttest: Students
with Previous Chemistry

The mean scores on the mathematics survey posttest for

students with previous chemistry are shown in Table 15.

Table 15. Mathematics Posttest Scores:
Chemistry.

Students with

Class n Mean S. D.

1 13 33.08 9. 023
2 21 34.00 10.431
3 34 39.91 7.246
4 12 39.58 8.490
5 27 35.00 10.612
6 7 30.57 5.711
7 9 36.33 5.590
8 14 30.14 11.608
9 18 37.72 7.729

10 18 33.50 11.419
11 33 33.45 10.557

To determine whether a significant difference existed between

these classes, the following null hypothesis was tested:

H0: There is no significant statistical difference between the
classes as measured by the mean scores on the mathematics
survey posttest.

The analysis of variance resulted in a F value of 2.0608. This was

not significant at the 0.01 value with 10 and 195 degrees of freedom,

and therefore the hypothesis was not rejected. However, this value

of F is significant at the 0.05 level.
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Chemistry Final Examination: Students
without Previous Chemistry

The mean scores on the chemistry final examination for this

group of students are shown in Table 16.

Table 16. Chemistry Examination Scores:
without Chemistry.

Students

Class n Mean S. D.

] 13 38.85 9.763
2 16 40.31 7.236
3 14 44.93 5.622
4 4 28.25 8.539
5 19 36.37 10.730
6 28 41.71 8.313
7 17 37.65 7.441
8 12 37.42 10.613
9 12 42.50 9.663

10 22 38.41 10.966
11 28 37.93 9.067

To determine whether a significant difference existed between

these classes, the following null hypothesis was tested:

H0: There is no significant statistical difference between the
classes as measured by the mean scores on the chemistry
final examination.

The F value from the analysis of variance was 1.884, which with 10

and 174 degrees of freedom was not significant at the 0.01 or 0.05

level. Therefore, the hypothesis was not rejected.
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Chemistry Final Examination: Students
with Previous Chemistry

The mean scores on the chemistry final examination for students

who had previously studied chemistry are shown in Table 17.

Table 17. Chemistry Examination Scores:
with Chemistry.

Students

Class n Mean S.D.

1 13 45.08 6.639
2 21 43.14 7.920
3 34 44.50 5.373
4 12 41.75 6.454
5 27 43.00 7.751
6 7 39.00 5.164
7 9 41.44 4.667
8 14 40.21 8.980
9 18 43.89 7.356

10 18 39.67 9.834
11 33 43.70 9.221

To determine whether a significant difference existed between

these classes, the following null hypothesis was tested:

H0:
0

There is no significant statistical difference between the
classes as measured by the mean scores on the chemistry
final examination.

The F value for the analysis of variance was 1.0552, which with 10 and

195 degrees of freedom is not significant at the 0.01 or 0.05 level.

Therefore, the hypothesis was not rejected.
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Discussion

The participating classes in both the non-chemistry group and

the group with previous chemistry varied significantly in mean

mathematics pretest scores. This finding was not entirely unexpected,

since some of the classes had more rigid mathematics entrance

requirements than others.

This variance in mean mathematics scores was again evident

among the non-chemistry classes on the posttest, but the group with

previous chemistry did not vary at the 0.01 level on the mathematics

posttest. There was variance at the 0.05 level.

There was no significant variance between the participating

classes on mean chemistry final examination scores for either

group. This finding was interpreted as support for the assumption

that relatively similar instructional techniques and learning oppor-

tunities exist among the individual class sections at the various

schools.

Relationships of Specific Mathematics Items
to Success in Chemistry

The primary objective of this study was to identify those

specific mathematics skills which show a relationship to success in

introductory community college chemistry. To analyze these rela-

tionships, three statistical procedures were utilized: Pearson
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product-moment correlation coefficients, analysis of variance, and

regression analysis. Hypotheses were tested at the 0.01 level.

Correlation Coefficients: Students
without Previous Chemistry

To obtain a preliminary picture of the relationship of each item

on the mathematics pretest and on the mathematics posttest to

success on the chemistry final examination, Pearson product-moment

correlation coefficients were calculated between success on each item

and score on the chemistry examination. Results of these computa-

tions are summarized in Table 18.

Correlation Coefficients: Students
with Previous Chemistry

Pearson product-moment correlation coefficients were also

calculated for the group of students who had previously studied

chemistry, comparing success on each mathematics item to the

chemistry final examination score. A summary of results is shown

in Table 19.

Discussion

Most of the correlation coefficients calculated for both groups

of students showed a positive relationship between the individual

mathematics items and the score on the chemistry final examination
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Table 18. Correlation Coefficients for Mathematics Items vs.
Chemistry Examination Scores: Students without
Chemistry.

Item Pretest
r Significance Posttest

r Significance

1 0.277 0.01 0.171 0.05
2 0.167 0.05 0.174 0.05
3 0.206 0.01 0.230 0.01
4 0.403 0.01 0.248 0.01
5 0.187 0.01 0.261 0.01
6 0.195 0.01 0.156 0.05
7 0.372 0.01 0.289 0.01
8 0.118 NS 0.333 0.01
9 0.327 0.01 0.385 0.01

10 0.173 0.05 0.134 NS
11 0.101 NS 0.160 0.05
12 0.362 0.01 0.427 0.01
13 0.208 0.01 0.142 NS
14 0.415 0.01 0.298 0.01
15 0.362 0.01 0.345 0.01
16 0.303 0.01 0.291 0.01
17 0.268 0.01 0.468 0.01
18 0.281 0.01 0.329 0.01
19 0.390 0.01 0.419 0.01
20 0.333 0.01 0.333 0.01
21 0.290 0.01 0.182 0.05
22 0.222 0.01 0.287 0.01
23 0.366 0.01 0.467 0.01
24 0.285 0.01 0.373 0.01
25 0.281 0.01 0.251 0.01
26 0.392 0.01 0.429 0.01
27 0.298 0.01 0.325 0.01
28 0.352 0.01 0.365 0.01
29 0.285 0.01 0.282 0.01
30 0.018 NS -0.019 NS
31 0,296 0.01 0.266 0.01
32 0.337 0.01 0.374 0.01
33 0.303 0.01 0.408 0.01
34 0.368 0.01 0.337 0.01
35 0.120 NS 0.109 NS
36 0.284 0.01 0.265 0.01

(Continued on next page)



Table 18. (Continued)

Item Pretest
r Significance Posttest

r Significance

37 0.312 0.01 0.416 0.01
38 0.421 0.01 0.362 0.01
39 0.319 0.01 0.412 0.01
40 0.175 0.05 0.211 0.01
41 0.281 0.01 0.419 0.01
42 0.372 0.01 0.389 0.01
43 0.334 0.01 0.318 0.01
44 0.120 NS 0.255 0.01
45 0.321 0.01 0.278 0.01
46 0.274 0.01 0.283 0.01
47 0.280 0.01 0.416 0.01
48 0.335 0.01 0.380 0.01
49 0.227 0.01 0.159 0.05
50 0.312 0.01 0.275 0.01
51 0.174 0.05 0.153 0.05
52 0.271 0.01 0.362 0.01
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Table 19. Correlation Coefficients for Mathematics Items vs.
Chemistry Examination Scores: Students with Chemistry.

Item Pretest
r Significance Posttest

r Significance

1 0.080 NS 0.111 NS
2 0.312 0.01 0.243 0.01
3 0.258 0.01 0.310 0.01
4 0.348 0.01 0.300 0.01
5 0.241 0.01 0.363 0.01
6 0.166 0.05 0.242 0.01
7 0.356 0.01 0.322 0.01
8 0.223 0.01 0.131 NS
9 0.344 0.01 0.457 0.01

10 0.030 NS 0.229 0.01
11 0.167 0.05 0.183 0.01
12 0.406 0.01 0.381 0.01
13 0.136 NS 0.130 NS
14 0.378 0.01 0.189 0.01
15 0.340 0.01 0.263 0.01
16 0.381 0.01 0.396 0.01
17 0.326 0.01 0.371 0.01
18 0.353 0.01 0,355 0.01
19 0.359 0.01 0.382 0.01
20 0.257 0.01 0.226 0.01
21 0.250 0.01 0.198 0.01
22 0.234 0.01 0.214 0.01
23 0.364 0.01 0.387 0.01
24 0.310 0.01 0.392 0.01
25 0.242 0.01 0.296 0.01
26 0.380 0.01 0.382 0.01
27 0.360 0.01 0.366 0.01
28 0.214 0.01 0.397 0.01
29 0.277 0.01 0.244 0.01
30 0.068 NS 0.174 0.05
31 0.223 0.01 0.268 0.01
32 0.328 0.01 0.299 0.01
33 0.326 0.01 0.386 0.01
34 0.406 0.01 0.408 0.01
35 0.186 0.01 0.240 0.01
36 0.329 0.01 0.268 0.01

(Continued on next page)



Table 19. (Continued)

Item Pretest
r Significance Posttest

r Significance

37 0.375 0.01 0.300 0.01
38 0.320 0.01 0.198 0.01
39 0.234 0.01 0.204 0.01
40 0.263 0.01 0.143 0.05
41 0.310 0.01 0.430 0.01
42 0.342 0.01 0.272 0.01
43 0.277 0.01 0.135 NS
44 0.322 0.01 0.251 0.01
45 0.389 0.01 0.341 0.01
46 0.214 0.01 0.346 0.01
47 0.410 0.01 0.309 0.01
48 0.455 0.01 0.350 0.01
49 0.242 0.01 0.220 0.01
50 0.276 0.01 0.320 0.01
51 0.144 0.05 0.136 NS
52 0.258 0.01 0.279 0.01
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at the 0.01 level of significance. Some additional items showed a

positive correlation at the 0.05 level.

The Pearson correlation coefficient is primarily designed to be

used when both variables are continuous. Although the calculations

here compared dichotomous variables (right-wrong on the mathe-

matics item) to a continuous variable (chemistry examination score),

it was possible to obtain useful preliminary estimates of the relation-

ships between individual mathematics items and chemistry success

from the correlation coefficients.

For a more thorough investigation of this topic, analysis of

variance was next utilized.

Analysis of Variance: Students
without Previous Chemistry

To study the relationship of each mathematics item to success

on the chemistry final examination, students were grouped into two

categories for each mathematics item: (a) students who solved the

mathematics item correctly, and (b) students who missed the

mathematics item. The mean scores on the chemistry examination

for students in each category were then compared by analysis of

variance (with two groups, equivalent to a t-test) to test the following

null hypothesis for each mathematics item:

H0: There is no significant difference in mean chemistry final
examination scores between those students who solved the
mathematics item correctly and those students who did not.



86

The hypothesis was tested at the 0.01 level of significance in each

case. Results of the analysis of variance and the hypothesis tests

are summarized in Table 20.

Analysis of Variance: Students
with Previous Chemistry

A similar analysis of variance was performed with students who

had previously studied chemistry to test the null hypothesis:

H0: There is no significant difference in mean chemistry final
examination scores between those students who solved the
mathematics item correctly and those students who did not.

Results of the analysis of variance and the hypothesis tests at the

0.01 level are summarized in Table 21.

Discussion

Where a large number of statistical tests are performed, as in

this section, it is possible that one of two types of error may occur.

These errors are referred to as Type I errors, which take place

when we reject a null hypothesis when it should not have been

rejected, and Type II errors, which take place when we fail to reject

a null hypothesis when it should have been rejected (129, p. 110-12).

The possibility of errors of these types should be considered in the

interpretation of the findings.
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Table 20. Results of Hypothesis Tests Relating Mathematics Items to
Chemistry Success: Students without Chemistry.

Chemistry Exam
Item Mean Scores AOV Significance Hypothesis

Group with Group with F Rejected
Problem Problem Values (1,183 d.f.)

Right Wrong

1 Pre 40.90 35.27 15.206 0.01 Yes
1 Post 40,05 36,15 5.515 0.05 No

2 Pre 40.96 37.84 5.240 0.05 No
2 Post 40.78 37.55 5.702 0.05 No

3 Pre 41.21 37.39 8.108 0.01 Yes
3 Post 41.23 36.97 10.171 0.01 Yes

4 Pre 42,21 34.54 35.432 0.01 Yes
4 Post 40.59 35.33 12.013 0.01 Yes

5 Pre 45.54 38.75 6.621 0.05 No
5 Post 46.20 38.38 13.425 0.01 Yes

6 Pre 40.84 37.20
7' 2

0.01 Yes
6 Post 40.34 37.35 4.569 0.05 No

7 Pre 43.46 36.41 29.419 0.01 Yes
7 Post 41.70 36.32 16.659 0.01 Yes

8 Pre 39.75 36.91 2.598 NS No
8 Post 40.72 32.83 22.799 0.01 Yes

9 Pre 42.21 36.14 21.879 0.01 Yes
9 Post 42.08 34.75 31.816 0.01 Yes

10 Pre 39.83 34.96 5,665 0.05 No
10 Post 39.55 34.50 3,350 NS No

11 Pre 39.96 38.03 1.874 NS No
11 Post 40.14 36.82 4.788 0.05 No

12 Pre 45.95 37.55 27.559 0.01 Yes
12 Post 44.95 36.48 40.803 0.01 Yes

(Continued on next page)
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Table 20. (Continued)

Chemistry Exam
Item Mean Scores AOV Significance Hypothesis

Group with Group with F Rejected
Problem Problem Values (1,183 d.f.)

Right Wrong

13 Pre 40.77 36.81 8.288 0.01 Yes
13 Post 39.92 36.73 3.740 NS No

14 Pre 42.82 35.09 38.059 0.01 Yes
14 Post 40.98 34.87 17.763 0.01 Yes

15 Pre 43.29 36.45 27.524 0.01 Yes
15 Post 40.69 32.22 24.749 0.01 Yes

16 Pre 49.46 38.45 18.500 0.01 Yes
16 Post 43.73 37.60 16.978 0.01 Yes

17 Pre 47.60 38.49 14.143 0.01 Yes
17 Post 47.24 36.87 51.193 0.01 Yes

18 Pre 42.25 36.97 15.729 0.01 Yes
18 Post 42.20 36.09 22.202 0.01 Yes

19 Pre 42.61 35.34 32.911 0.01 Yes
19 Post 42.02 33.81 39.023 0.01 Yes

20 Pre 42.30 36.12 22.798 0.01 Yes
20 Post 40.70 32.71 22.859 0.01 Yes

21 Pre 42.18 36.77 16.787 0.01 Yes
21 Post 40.45 36.91 6.252 0.05 No

22 Pre 41.13 36.99 9.512 0.01 Yes
22 Post 40.94 35.07 16.444 0.01 Yes

23 Pre 46.81 37.70 28.343 0.01 Yes
23 Post 45.56 36.26 50.939 0.01 Yes

24 Pre 43.46 37.57 16.195 0.01 Yes
24 Post 43.62 36.49 29.634 0.01 Yes

25 Pre 43.09 37.46 15.671 0.01 Yes
25 Post 42.11 37.35 12.264 0.01 Yes
(Continued on next page)
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Table 20. (Continued)

Item
Chemistry Exam

Mean Scores AOV Significance Hypothesis
Group with Group with F (1, 183 d.f. ) Rejected

Problem Problem Values
Right Wrong

26 Pre 42.73 35.45 33.165 0.01 Yes
26 Post 42.52 34.40 41.329 0.01 Yes

27 Pre 43.22 37.31 17.791 0.01 Yes
27 Post 42.01 35.95 21.622 0.01 Yes

28 Pre 41.30 34.08 25,802 0.01 Yes
28 Post 40.89 32.33 28.111 0.01 Yes

29 Pre 41.18 35.63 16.182 0.01 Yes
29 Post 40.60 34.25 15.750 0.01 Yes

30 Pre 39.47 39,11 0.062 NS No

30 Post 38.94 39.34 0.069 NS No

31 Pre 42.56 36.95 17.622 0.01 Yes
31 Post 41.18 36.10 13.920 0.01 Yes

32 Pre 43.86 37.11 23.496 0.01 Yes
32 Post 41.25 33.28 29.753 0.01 Yes

33 Pre 41.30 35.40 18.542 0.01 Yes
33 Post 41.89 33.82 36.638 0.01 Yes

34 Pre 45.34 37.32 28.628 0.01 Yes
34 Post 42.55 36.28 23.500 0.01 Yes

35 Pre 39.95 37,51 2.689 NS No

35 Post 39.74 37.24 2,199 NS No

36 Pre 42.06 36.77 16.075 0.01 Yes
36 Post 41.21 36.18 13.831 0.01 Yes

37 Pre 42.24 36.44 19.734 0.01 Yes
37 Post 42. l0 34.05 38.199 0.01 Yes

38 Pre 44.01 36.04 39.392 0,01 Yes
38 Post 41.42 34.05 27.652 0.01 Yes
(Continued on next page)
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Item
Chemistry Exam

Mean Scores AOV

Values

Significance

(1,183 d.f.)
Hypothesis

RejectedGroup with
Problem

Right

Group with
Problem

Wrong
39 Pre 42.48 36.52 20.746 0.01 Yes
39 Post 42.35 34.54 37.430 0.01 Yes

40 Pre 40.91 37.67 5.749 0.05 No
40 Post 40.77 36.75 8.511 0.01 Yes

41 Pre 44,28 37.88 15.732 0.01 Yes
41 Post 43.93 36.02 38.855 0.01 Yes

42 Pre 43.56 36.47 29.407 0.01 Yes
42 Post 41.46 33.37 32.619 0.01 Yes

43 Pre 40.99 33.76 22.987 0.01 Yes
43 Post 40.70 33,32 20.563 0.01 Yes

44 Pre 40.13 37.85 2.664 NS No
44 Post 40.57 35.04 12.766 0.01 Yes

45 Pre 43.87 37.31 21.029 0.01 Yes
45 Post 41.85 36.69 15.270 0.01 Yes

46 Pre 43.09 37.55 14.859 0.01 Yes
46 Post 42.84 37.31 15.964 0.01 Yes

47 Pre 43.50 37.64 15.573 0.01 Yes
47 Post 43,15 35.43 38.313 0.01 Yes

48 Pre 44.13 37.26 23.088 0.01 Yes
48 Post 42.89 35,83 30.802 0.01 Yes

49 Pre 41.21 36.99 9.954 0.01 Yes
49 Post 40.42 37.40 4.751 0.05 No

50 Pre 43.17 37.09 19.798 0.01 Yes
50 Post 41.29 36.07 14.925 0.01 Yes

51 Pre 40.87 37.64 5.706 0.05 No

51 Post 40.56 37.72 4.357 0.05 No

52 Pre 41.15 35.93 14.502 0.01 Yes
52 Post 41.05 33.02 27.603 0.01 Yes
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Table 21. Results of Hypothesis Tests Relating Mathematics Items to
Chemistry Success: Students with Chemistry.

Item
Chemistry Exam

Mean Scores AOV

Values

Significance

(1, 204 d.f.)

Hypothesis

RejectedGroup with
Problem

Right

Group with
Problem

Wrona

1 Pre 43.29 42.01 1.326 NS No
1 Post 43.25 41.12 2.547 NS No

2 Pre 44.99 40.19 22.042 0.01 Yes
2 Post 44.59 40.88 12.765 0.01 Yes

3 Pre 44.56 40.59 14.505 0.01 Yes
3 Post 45.04 40.29 21.623 0,01 Yes

4 Pre 44.37 38.25 28.060 0.01 Yes
4 Post 43.81 37.47 20.242 0.01 Yes

5 Pre 47.38 42.08 12.591 0.01 Yes
5 Post 48.23 41.40 31.011 0.01 Yes

6 Pre 43.88 41.30 5.766 0.05 No
6 Post 44.12 40.19 12.673 0.01 Yes

7 Pre 45.52 40.08 29.568 0.01 Yes
7 Post 44.67 39,54 23,545 0.01 Yes

8 Pre 43.74 39.65 10.628 0.01 Yes
8 Post 43,24 40.40 3.560 NS No

9 Pre 44.80 39.31 27.411 0.01 Yes
9 Post 44.91 36.96 53.857 0.01 Yes

10 Pre 42.90 42.11 0.184 NS No
10 Post 43.24 35,45 11.287 0.01 Yes

11 Pre 43.64 40.83 5.854 0.05 No
11 Post 43.59 40.29 7.040 0.01 Yes

12 Pre 46.73 40.35 40.366 0.01 Yes
12 Post 45.74 39.91 34.632 0.01 Yes

(Continued on next page)
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Item
Chemistry Exam

Mean Scores AOV Significance Hypothesis
Group with Group with

Problem Problem Values (1' 204 d.f.) Rejected

Right Wrong

13 Pre 43.45 41,11 3.814 NS No
13 Post 43,39 41.10 3.484 NS No

14 Pre 45.08 39.13 33.897 0.01 Yes
14 Post 43,64 40.28 7.513 0.01 Yes

15 Pre 44.71 39.24 26.687 0.01 Yes
15 Post 43.59 37.54 15.135 0.01 Yes

16 Pre 48.85 41.42 34.548 0.01 Yes
16 Post 45.91 39,86 37.900 0.01 Yes

17 Pre 47.48 41.49 24.312 0.01 Yes
17 Post 46.61 40.70 32.450 0.01 Yes

18 Pre 45.57 40.18 28.971 0.01 Yes
18 Post 45.39 39.95 29.407 0.01 Yes

19 Pre 45.03 39.42 30.096 0.01 Yes
19 Post 44.57 37.93 34.843 0.01 Yes

20 Pre 44.05 39.69 14.396 0.01 Yes
20 Post 43.50 38.37 11.010 0.01 Yes

21 Pre 44.54 40.70 13,626 0.01 Yes
21 Post 43.81 40,49 8.320 0.01 Yes

22 Pre 43.92 39.89 11.854 0.01 Yes
22 Post 43.58 39.28 9.745 0.01 Yes

23 Pre 46.79 40.87 31.235 0.01 Yes
23 Post 46.02 40.09 35.869 0.01 Yes

24 Pre 45.74 40.90 21.756 0.01 Yes
24 Post 45.44 39,39 36.929 0.01 Yes

25 Pre 44.88 41.17 12.633 0.01 Yes
25 Post 45.07 40.54 19.606 0.01 Yes

(Continued on next page)
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Item
Chemistry Exam

Mean Scores
Group with Group with

Problem Problem Values (1,204 d, f.) Rejected

Ri ht Wron

AOV Significance Hypothesis

26 Pre 44.91 38.77 34.513 0.01 Yes
26 Post 44.67 38.22 34.763 0.01 Yes

27 Pre 45.55 40.05 30.299 0.01 Yes
27 Post 44.70 38.66 31.568 0.01 Yes

28 Pre 43.55 39.15 9.781 0.01 Yes
28 Post 43.88 34.05 38.186 0.01 Yes

29 Pre 44.01 39.04 16.891 0.01 Yes
29 Post 43.60 38.30 12.955 0.01 Yes

30 Pre 43.61 42.49 0.937 NS No
30 Post 44.95 41.99 6. 357 0.05 No

31 Pre 44.09 40.52 10.078 0.01 Yes
31 Post 44.14 39.63 15.739 0.01 Yes

32 Pre 44.99 39.92 24.610 0.01 Yes
32 Post 43.96 38.24 19.984 0.01 Yes

33 Pre 44.44 38.98 24.242 0.01 Yes
33 Post 44.52 37.69 35.620 0.01 Yes

34 Pre 46.08 39.87 40.197 0.01 Yes
34 Post 45.23 38.79 40.631 0.01 Yes

35 Pre 43.63 40.32 7.271 0.01 Yes
35 Post 43.77 39.26 12.445 0.01 Yes

36 Pre 44.65 39.35 24,835 0.01 Yes
36 Post 43.88 38.84 15.775 0.01 Yes

37 Pre 44.93 38.92 33.327 0.01 Yes
37 Post 44.09 38.67 20.146 0.01 Yes

38 Pre 44.73 39.69 23.253 0.01 Yes
38 Post 43.64 40.00 8.336 0.01 Yes

(Continued on next page)



Table 21. (Continued) 94

Chemistry Exam
Item Mean Scores AOV Significance Hypothesis

Group with Group with
Problem Problem Values (1, 204 d.f.) Rejected

Right Wrong
39 Pre 44.22 40.54 11.762 0.01 Yes
39 Post 43.97 40.69 8.885 0.01 Yes

40 Pre 44.46 40.35 15.144 0.01 Yes
40 Post 43.48 41.02 4.237 0.05 No

41 Pre 45.86 40.98 21.650 0.01 Yes
41 Post 46.31 39.72 46.244 0.01 Yes

42 Pre 45.02 39.71 27.014 0.01 Yes
42 Post 43.91 38.84 16.246 0.01 Yes

43 Pre 44.03 39.08 16.997 0.01 Yes
43 Post 43.31 40.62 3.779 NS No

44 Pre 44.46 39.11 23.670 0.01 Yes
44 Post 43.72 38.73 13.675 0.01 Yes

45 Pre 45.89 39.93 36.449 0.01 Yes
45 Post 44.90 39.55 26.904 0.01 Yes

46 Pre 44.78 41.45 9.781 0.01 Yes
46 Post 45.63 40.33 27.730 0.01 Yes

47 Pre 46.32 40.01 41.238 0.01 Yes
47 Post 44.52 39.53 21.588 0.01 Yes

48 Pre 46.44 39.48 53.357 0.01 Yes
48 Post 44.85 39.29 28.393 0.01 Yes

49 Pre 44.42 40.68 12.702 0.01 Yes
49 Post 44.15 40.70 10.339 0.01 Yes

50 Pre 44.98 40.75 16.879 0.01 Yes
50 Post 44.45 39.14 23.222 0.01 Yes

51 Pre 43.79 41.58 4.302 0.05 No
51 Post 43.67 41.55 3.831 NS No

52 Pre 44.09 39.75 14.529 0.01 Yes
52 Post 43.86 38.41 17.228 0.01 Yes
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In both groups, the majority of mathematics items, both on the

mathematics pretest and the posttest, had a significant relationship

to chemistry success at the 0.01 level.

Items which were not significant on either the pretest or post-

test at the 0.01 level were numbers 2, 10, 11, 30, 35, and 51 for the

non-chemistry group, and numbers 1, 13, 30, and 51 for the group

with previous chemistry.

Some items which had no 0.01 level significance on the pretest

showed a significant relationship on the posttest. Whether this

indicates a skill learned in the chemistry class primarily by the best

chemistry students, or the learning of a skill elsewhere resulting in

greater chemistry success, or both, is unclear and may be deserving

of further research. Examples of these skills include items 5, 8,

40, and 44 for the non-chemistry group, and items 6, 10, and 11 for

the group with previous chemistry.

The reverse situation was also evident; that is, a few pretest

items showing 0.01 level significance on the pretest were not signifi-

cant on the posttest. For the non-chemistry group, this included

items 1, 6, 13, 21, and 49; for the other group, items 8, 40, and 43

fell into this category. The fact that the chemistry and non-

chemistry groups differed in these items may reveal a difference in

the characteristics of the two groups which could merit further

investigation.



96

The posttest analyses serve primarily to indicate those skills

which are more likely to be possessed at the end of the quarter by

students who do well in chemistry. It is not established by this study

whether teaching these skills to students enhances their chances for

success in chemistry, but we do know which mathematics skills are

exhibited to a higher degree by successful chemistry students at the

end of the first quarter.

A more utilitarian view of these analyses may be obtained by

concentrating on the pretest results. From these it is possible to

determine which entry level skills are most highly related to chem-

istry success. This information is necessary in any attempt to

develop an instrument for use in predicting success among new

chemistry students.

To assist in interpreting the pretest results, charts summariz-

ing the results of the correlation studies and individual hypothesis

tests conducted in this section were prepared. The results at the

0.01 level of significance for the non-chemistry group are shown in

Table 22 and the results for the group with previous chemistry are

contained in Table 23. These condensed charts name each mathe-

matics topic and show the result of the analysis for each computational

and application item. Since most of the items reveal a positive

relationship to chemistry success, it may be argued that a student

who shows all of these skills upon entry to a chemistry course has a



Table 22. Summary of Correlation Coefficients and Analysis of Variance F Values Relating Mathe-
matics Pretest Items to Chemistry Success: Students without Chemistry.

Topic
Computation Application

Item r* F* Item r* F*

Multiplication of Fractions 52 0.271 14.502 4 0.403 35.432

Division of Decimals 1 0.277 15.206 44 NS NS

Combined Decimal Operations 21 0.290 16.787 43 0.334 22.987

Rounding 3 0.206 8.108 49 0.227 9.954

Finding Percent of a Number 33 0.303 18.542 26 0.392 33.165

Computation of Percent 9 0.327 21.879 19 0.390 32.911

Use of Graphs 46 0.274 14.859 36 0.284 16.075

Positive-Negative Integer Operations 39 0.319 20.746 29 0.285 16.182

Solving Numerical Equations 40 NS NS 14 0.415 38.059

Solving Variable Equations 34 0.368 28.628 48 0.335 23,088

Solving Ratio-Proportion Problems 28 0.352 25.802 8 NS NS

Solving Direct Variation Problems 11 NS NS 50 0.312 19.798

Solving Indirect Variation Problems 18 0.281 15.729 16 0.303 18.500

Squaring a Number 10 NS NS 41 0.281 15.732

Concept of Positive Powers of 10 51 NS NS 30 NS NS

Concept of Negative Powers of 10 25 0.281 15.671 47 0.280 15.573

Concept of Positive Exponents 35 NS NS 13 0.208 8.288

(Continued on next page)
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Table 22. (Continued)

Topic Computation Application
Item r* F* Item r F*

Concept of Negative Exponents 5 0.187 NS 2 NS NS

Multiplication with Positive Exponents 22 0.222 9.512 45 0.321 21.029
Multiplication with Negative Exponents 31 0.296 17.622 7 0.372 29.419
Division with Positive Exponents 37 0.312 19.734 27 0.298 17.791

Division with Negative Exponents 24 0.285 16.195 12 0.362 27.559
Scientific Notation Conversions 15 0.362 27.524 6 o. 195 7. 252

Multiplication with Scientific Notation 32 0.337 23.496 42 0.372 29.407
Division with Scientific Notation 17 0.268 14.143 23 0.366 28.343
Metric-Metric Conversion 20 0.333 22.798 38 0.421 39.392

Significant at the 0.01 level.



Table 23. Summary of Correlation Coefficients and Analysis of Variance F Values Relating
Mathematics Pretest Items to Chemistry Success: Students with Chemistry.

Topic Computation Application
Item r* F* Item r* F*

Multiplication of Fractions 52 0.258 14.529 4 0.348 28.060

Division of Decimals 1 NS NS 44 0.322 23.670

Combined Decimal Operations 21 0.250 13.626 43 0.277 16.997

Rounding 3 0.258 14.505 49 0.242 12.702

Finding Percent of a Number 33 0.326 24.242 26 0.380 34.513

Computation of Percent 9 0.344 27.411 19 0.359 30.096

Use of Graphs 46 0.214 9.781 36 0.329 24.835

Positive-Negative Integer Operations 39 0.234 11.762 29 0.277 16.891

Solving Numerical Equations 40 0.263 15.144 14 0.378 33.897

Solving Variable Equations 34 0.406 40.197 48 0.455 53.357

Solving Ratio-Proportion Problems 28 0.214 9.781 8 0.223 10.628

Solving Direct Variation Problems 11 NS NS 50 0.276 16.879

Solving Indirect Variation Problems 18 0.353 28,971 16 0.381 34.548

Squaring a Number 10 NS NS 41 0.310 21.650

Concept of Positive Powers of 10 51 NS NS 30 NS NS

Concept of Negative Powers of 10 25 0.242 12.633 47 0.410 41.238

Concept of Positive Exponents 35 0.186 7.271 13 NS NS
,$)(Continued on next page) ,$)



Table 23. (Continued)

Topic Computation Application
Item r* F* Item r* F*

Concept of Negative Exponents 5 0.241 12.591 2 0.312 22.042

Multiplication with Positive Exponents 22 0.234 11.854 45 0.389 36.449

Multiplication with Negative Exponents 31 0.223 10.078 7 0.356 29.568

Division with Positive Exponents 37 0.375 33.327 27 0.360 30.299

Division with Negative Exponents 24 0.310 21.756 12 0.406 40.366

Scientific Notation Conversions 15 0.340 26.687 6 NS NS

Multiplication with Scientific Notation 32 0.328 24.610 42 0.342 27.014

Division with Scientific Notation 17 0.326 24.312 23 0.364 31.235

Metric-Metric Conversion 20 4:257 14.396 38 0.320 23.253

Significant at the 0.01 level.
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better chance to succeed in the course. Basically, this is an argu-

ment for good prior mathematics preparation in the listed skill areas

for students who plan to take beginning chemistry. Because the

average percentage of problems correct on the overall pretest was

45.1 percent for the students in the study population with no previous

chemistry, and 57.3 percent for the students with previous chemistry,

it appears that the mathematics preparation of these incoming students

may not be as strong as desirable.

To provide a general picture of the mathematics skill levels of

incoming community college chemistry students, another summary

chart was prepared, listing those mathematics skills identified in this

section as being significantly related to chemistry success at the

0.01 level for both groups of students. Mathematics pretest scores

for students in both groups were combined and the percentage of

total students who got each item correct on the pretest was indicated.

This chart, which includes pretest results from additional students

who were not in the study population, is shown in Table 24.

It is readily noted from this table that less than 50 percent of the

students were able to correctly solve variable equations or indirect

variation problems, or multiply or divide with negative exponents or

scientific notation, In fact, none of the skills showed above a 72 per-

cent success ratio. It appears obvious that community college



102

Table 24. Percentage Correct on Significant Mathematics Pretest
Items: Combined Groups.

Topic
Computation Application

Item Correct Item Correct
Multiplication of Fractions 52 64 4 67

Combined Decimal Operations 21 48 43 71

Rounding 3 50 49 52

Finding Percent of a Number 33 64 25 56

Computation of Percent 9 54 19 53

Use of Graphs 46 31 36 51

Positive-Negative Integer Operations 39 50 29 67

Solving Numerical Equations * * 14 52

Solving Variable Equations 34 31 48 34

Solving Ratio-Proportion Problems 28 72 ,,,, *

Solving Direct Variation Problems ,,,, * 50 39

Solving Indirect Variation Problems 18 41 16 12

Squaring a Number * * 41 25

Concept of Negative Powers of 10 25 38 47 31

Multiplication with Positive Exponents 22 58 45 37

Multiplication with Negative Exponents 31 48 7 42

Division with Positive Exponents 37 52 27 40

Division with Negative Exponents 24 29 12 24

Scientific Notation Conversion 15 50

Multiplication with Scientific Notation 32 39 42 46

Division with Scientific Notation 17 13 23 22

Metric-Metric Conversion 20 54 38 46

* Item not significant for both groups.
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chemistry teachers cannot assume that their new students have all of

the mathematics skills needed during the first quarter chemistry

course.

Chemistry instructors who wish to analyze the mathematics

skills of their own new students may not find it practical to carry out

an extensive mathematics testing program. For these instructors, it

would be desirable to isolate a few key mathematics items that could

be used as a predictive tool for new students. There are a few items

on the pretest that show relatively high correlation coefficients and

F values, such as the application problems in solving numerical

equations, finding percent of a number, and computing percent.

However, in the selection of a few problems for use as a predictor of

success in chemistry, interactions between the individual mathe-

matics items must be considered. The best statistical approach to

this problem is regression analysis, which was next utilized in an

attempt to select the best combination of items to serve as a pre-

dictive instrument.
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Regression Analysis: Students
without Previous Chemistry

The initial regression analysis procedure utilized was that of

forward selection (49, p. 169-71). This procedure selects as the first

variable the mathematics item most highly correlated with chemistry

success. The partial correlation coefficients of all variables not in

the equation are then calculated, and the next variable to enter is the

one with the highest partial correlation coefficient. This process is

continued until a satisfactory equation is obtained.

It was hoped that selection of a 15-variable equation would be

useful in providing a shortened version of the mathematics survey

pretest. The equation obtained using 15 variables picked by the for-

ward selection process, showing the variables in order of selection,

was as follows:

Y = 27.00 + 1.92 X38 + 4.61 X14 + 2.57 X34 + 4.20 X1

+ 1.56 X19 + 4.38 X43 - 3.51 X44 + 4.11 X12 + 2.70 X26

+ 2.09 X13 2.78 X31 + 2.12 X39 + 2.20 X48

1.57 X40 + 2.91 X16

The R2 value for the equation was 0.51.

A shorter, six -item version which had a R2 value of 0.41 was

also obtained as follows:
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Y = 27.83 + 2.72 X38 + 4.19 X
14

+ 5.11 X34 + 3.58 X1

+ 3.16 X19 + 3.50 X43

By way of comparison, a regression equation containing all 52

items showed a R2 value of 0.58.

The statistical advisors for this study expressed some reserva-

tion about the appearance of negative coefficients in the original 15-

item equation. Although such coefficients are normal in linear

regression analysis, it was felt that they might be difficult to interpret

if a student should get those particular items correct on a shortened

version of the mathematics survey, since they would actually detract

from the total predicted score. Therefore, it was decided to attempt

to determine an equivalent regression equation which contained only

positive coefficients. This was done by dropping the negative

coefficient items as they appeared during the stepwise process. The

result of this work was to obtain the following 13-variable equation,

which had a R2 value of 0.47:

Y = 27.23 + 3.11 X1 + 1.75 X4 + 2.39 X12 + 3.13 X14

+ 2.90 X16 + 1.67 X19 + 2.53 X23 + 1.95 X26 + 1.51 X34

+ 1.19 X38 + 1.33 X39 + 2.78 X43 + 1.78 X48

This equation was then subjected to a backward elimination

procedure (49, p. 167-69), which consecutively drops the variable
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contributing least to the overall equation, thus reducing the equation

in size each step. Utilizing this procedure, the following 7-variable

shortened equation was selected:

Y = 27.69 + 3.71 X1 + 3.94 X12 + 4.24 X14 + 3.61 X23

+ 3.16 X26
+ 3.64 X43 + 3.04 X48

The R2 value of this equation was 0.43.

Regression Analysis: Students
with Previous Chemistry

The forward selection technique was also utilized to obtain a

15-variable equation for the group of students who had previously

studied chemistry. The equation thus obtained, showing the 15

variables in order of selection, was as follows:

Y = 35.14-1 3.22 X48 + 2.41 X47 + 2.52 X4 f 1.88 X14

+ 1.00 X42 + 1.29 X19 - 3.58 X10 + 1,78 X45 + 1.39 X18

+ 1.51 X44 -i 0.88 X51 + 1,71 X5 + 0.93 X3

+ 1.13 X38 1.05 X31

The R2 value for this equation was 0,46.

A six-item equation was also obtained, as follows:

Y = 33.53 + 4.09 X48 + 2.98 X47 + 2.78 X4 + 2.36 X14

+ 2.04 X42 + 2.07 X19
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The R 2 value of this equation was 0.40. For comparison, the

equation with all 52 variables had a R2 value of 0.49.

As in the previous section, an additional regression study was

performed to develop an equation containing only positive coefficients.

This work resulted in the following 13-variable equation with a R2

value of 0.44:

Y = 32.45 + 1.07 X3 + 2.28 X4 + 1.54 X5 + 1.01 X12

+ 1.78 X14 + 1.37 X18 + 1.36 X19 + 1.14 X38 +0.78 X42

+ 1.39 X44 + 1.03 X45 + 2.04 X47 + 2.74 X48

This equation was then subjected to the backward elimination

process, by which the following 7-variable equation was selected:

Y = 33.58 + 2.82 X4 + 2.25 X14 + 1.66 X18 + 1.95 X19

+ 1.80 X45 + 2.75 X47 + 3.42 X48

The R 2 value of this shortened version of the regression equation

was 0.41.

Discussion

In the group of students with no previous chemistry, there is

some duplication of mathematics items between the 6-item equation

selected by the forward selection process and the 7-item equation

selected by the backward elimination process. Additionally, the R2
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values for the two equations are similar. It appears that either

equation might equivalently be used for prediction of chemistry

scores. Similar comments apply to the two shortened equations for

the students with previous chemistry.

In both groups, application items were predominately selected

by the regression process, but the items selected for the second

group were generally different than those selected for the first group.

The procedure for utilizing a regression equation to predict a

student's score on the chemistry final examination is to determine

which of the mathematics items in the equation the student can work

correctly, insert a 1 into the equation for each correct response and

a 0 into the equation for each incorrect response, and evaluate the

equation. The value obtained is an estimate of the student's score on

the chemistry final examination.

As an example, suppose that a student who had no previous

chemistry did the seven problems from the 7-item equation for non-

chemistry students, working items 1, 26 and 43 correctly, and

missing items 12, 14, 23, and 48. Substituting in the equation, the

predicted chemistry final examination score for the student would be

found as follows:

Y = 27.69 + 3.71 (1) + 3.94 (0) + 4.24 (0) + 3.61 (0)

+ 3.16 (1) + 3.64 (1) + 3.04 (0) = 38.20
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The processing of student mathematics scores in this manner

can be done fairly efficiently with a hand-held programmable cal-

culator if access to a larger computer is not possible.

This predicted score may be compared to the distribution of

scores or percentiles on the chemistry final examination for the

students in this study who had taken no previous chemistry (Table 25).

The distribution for students who have had previous chemistry is

shown in Table 26, and Table 27 illustrates the combined distribution

for both groups,

It should be emphasized that predicted scores obtained by use of

the regression equations in the above manner are not absolute; that

is, they are statistical estimations subject to variation. A student's

actual final examination score may vary considerably from that pre-

dicted. For instance, in the sample problem calculated above, the

prediction interval at the 95 percent level of confidence ranges from

24.0 to 52,4, or a spread of 28.4 points, At the 99 percent confi-

dence level, the range is from 19.5 to 56.9, or a spread of 37.4

points. Thus, at the 95 percent level the confidence limits might be

expressed as 38.2 ± 14.2 and at the 99 percent level the predicted

score could be expressed as 38.2 + 18.7.

Several other prediction limits were calculated for possible

student responses on a 7-item mathematics test for students without

previous chemistry, In each case the limits covered the same



Table 25. Chemistry Final Examination Distribution of Scores: Students without Chemistry.

56 OU7STInNS

TEST PEPC7N-
SCORE T/L7

56

Z-
SCCR7

11 1- -3.04
1? 1- -2.11
13 1- ..7.97

14 1- -2.71
15 1- -2.61
16 1. -2.51
17 1 -2.39
18 1 -2.21
19 2 -2.11
20 3 -2.17
21 4 -1.96
22 5 10,C;
23 6 -1.74
24 6 -1.64
25 5 -1.53
26 10 -1.42
?7 11 -1.31
28 1? -1.21
?9 14 -1.10
30 17 -0.99
31 19 -0.11
32 22 -0.77
33 75

-28

-9.67
34 -0.56
35 32 -0.45
36 14 -0.3.
37 38 -1.24
78 4? -0.13
39 LF -0.92
40 48 .09
41 52 .20
42 =7 .9
43 63 .41
44 65 .57
45 69 .61
46 "3 .7T
47 76 .84
48 80 .97
49 15 1.15
FA 99 1.16
51 91 1.27
r? 93 1.11
53 95 1.41
54 97 1.61
F5 99 1.71

WITTAN = 49

01INTS

1-
CO SR

155

R:712-

CF.NT

20 .5:-%
21 0%
22 9%
23 0%
24 0%
25 .54%
2F 9%
27 1.08%
28 .54%
29 1.09'/.
30 1.01%
31 .5.,.7
33 191%
34 .54%
35 2.1F.%
36 2.16%
37 .547.
38 0%
39 3.71%
40 2.70%
41 2.71%
42 2.16%
43 3.78%
44 1.24%
45 3.24%
.7 2.15%
48 4.32%
49 4.86%
50 1.62%
51 4.32%
5? 2.797
53 7.57%
54 1.71%

31-UnENT5 "4FtN = 39.19 5.n.

FR7- CUm. FL!!-,70UF5:f GISTRIEUTTnN
Ou-7NCY 5950. (FILCH * ;-J-.7,.P.7_57NT5 ONE STU5F4T)

123456789+1234E6784*
1 1.

.

0 1

0 1

0 1

1 1

1 2 *
0 2
2 4 44
1. 7 *
2 7 4
7 9 **
1 10 *
2 1? **
1 13 *

4 17 ****
4 21 **v.*

1 2? *
0 22
7 29
5 34 *444*
5 39
4 43 4***
7 50
6 56
6 62i 66 ****
8 74 .*** ****
9 83 *********
3 86 ***
5 94
5 99

14 113 * * * * ** *** * ,..4

7 120
3 123 ***

r, ,-.U.4. 9 132
57 3.71% 7 139
58 2.797 5 144
39 4.32% 8 152
El 5.95% 11 163
62 2.70" 5 161
63 1.08% 2 179 **
64 2.70% = 175 **v.**

65 1.087 2 172 *4
66 3.24% 5 183
67 1.n17 2 185 *

12145628941234-76,1194



Table 26. Chemistry Final Examination Distribution of Scores: Students with Chemistry.

56 OUESTI^NS 56 POINTS 206 iTUCENT5 MEAN = 4?.02 S.C. = 7.57

TEST PERCEN- Z- 7- PER- FSE- CUM. PkEOUFrf7Y OISTRIUTION
SCORE TILE SCORE SCOPE CENT QUEJCY Fz.FC. (EACH * P=P0-7:,:NTS f_i= STUET)

121456789*1214567171456739*
12 1- -4.0? 10 .49% 1 1 *

13 1- -7.39 11 0% 0 1
14 1- -3.75 12 0% 0 1

15 1- -3.63 14 0% 0 1
16 1- -3.59 15 0% 0 1
17 1- -3.37 16 0% 0 t

is 1- -3.24 18 0% 0 1

19 1- -3.11 19 0% 0 1

20 1- -2.93 20 .41% 1 2 *

21 1 -!.24 22 0% 0
22 1 -2.71 23 .97% 2 4 **
23 2 -2.53 24 .49% 1 5 *
24 2 -2.45 25 0% 0 5

25 1 -2.3? 27 .97% 2 7 **
26 4 -2.19 28 .97% 2 9 **
27 4 -2.06 29 .49% 1 10 *

28 5 -1.93 31 .49% 1 11 *

29 5 -1.10 32 07. 0 11
30 F -1.67 33 1.46% 3 14 ***
31 7 -1.54 35 1.46% 3 17 ***
32 8 .1.41 36 .41% 1 13 *

33 10 -1.28 37 2.917 6 24
34 12 -1.15 39 1.94% 4 29 ****
35 15 -102 40 3.31% 3 36
36 18 -0.89 41 2.43% c 41
37 21 -1.75 42 2.91% 5 47
38 24 -0.53 44 7.417. 5 5?
39 26 -0.51 45 2.41% c 57 *****
40 30 -0.37 46 4.8c:% 10 67
41 33 -0.24 43 1.94% 4 71 ****
42 37 -0.11 49 5..13% 12 57
43 43 .07 51 6.31% 13 96
44 49 .15 5? 5.347 11 107
45 57 .23 53 1.717. 20 127
46 63 .41 54 3.13% 3 135
47 67 .54 5F 3.51% 8 143
48 72 .63 57 r.347 11 15+
49 77 .31 53 5.34% 11 165
Fn 31 .94 59 5.83% 12 177
51 11 1.07 61 3.33% 5 18;
52 31 1.21 52 2.91% 6 191
¶3 94 1.31 63 2.91% 6 197
54 97 1.45 55 3.49% 7 204
55 99 1.59 66 .41% t 705 *

56 99+ 1.7? 57 .49% 1 706 *
123456789*1234561789*12345571?*

MEOIAN = 44



Table 27. Chemistry Final Examination Distribution of Scores: Combined Groups.

56 QUESTIONS 56 POINTS 311 iTUOENT`: MEAN = 41.10 S.O. = A r

TEST PERC7N- 7- T- PFP- FRE- CW1. FREQUENCY 17,ISTPIBUTION
SCORE TILE SCORE SCORE CENT OUFNCY FRED. (EACH * RroP7SFNTS O"..7. STU7ENT)

12345E7914123456741+123455739*
11 1- -3.43 15 .n% 1 1 *
12 1- -3.35 16 .2F% 1 7

13 1- -3.21 18 11 1 2
14 1- -3.13 19 07, 0 ?
15 1- -3.1? 20 n% 9 ?

16 1 -2.90 21 .267 1 3 *

17 1 -7.479 22 1% 0 3
15 1 -2.67 23 .51% 2 5 **
19 1 -2.51 24 .25% 1 6
20 ? -2.44 ?6 .77% 3 9 ***
21 2 -2.3? ?7 .51% 2 11 **
22 3 -2.21 28 .77% 3 14 **A
23 4 -2.01 ,c) .77% 3 17 ***
24 4 -1.94 30 .25% 1 IS *

25 5 -1.4E 31 1.57% 6 24
26 7 -1.75 33 1.53% 6 30
27 8 -1.63 34 .51% 2 3? **
28 3 -1.51 35 .2E% 1 33 *

29 9 -1.40 36 1.79% 7 43
30 11 -1.73 37 2.05% 8 49
31 13 -1.17 38 2.05% 8 55
32 15 -1.0c 39 1.23% F. 61
33 17 -0.94 41 3.32% 13 74
34 20 -0.32 42 2.56% 10 84
35 23 -0.71 43 3.547. 14 99
36 26 -0.51 44 2.30% 9 107
37 ?9 -0.47 45 3.58% 14 121 x***
38 33 -0.35 46 3.53% 14 135 ** **

39 35 -0.24 48 2.05% 9 143
40 31 -0.13 41 4.60% 19 161
41 42 -0.01 50 2.307. 1 170
42 47 .tn 51 E.6=-% 2C 196 *

43 53 .22 52 E.12% 20 21C
44 57 .33 53 3.54% 14 230
45 67 .45 55 7.42% 29 251
46 58 .57 56 3.54% 15 ?74
47 7/ .53 57 3.32% 13 287
48 76 .30 58 4.9F% 19 305 ******44
ug it .91 59 5.53% 2? 32A
50 SF 1.01 50 4.3E% 17 345
51 89 1.14 61 2.56% 10 355
C2 9? 1.25 63 ?.81% 11 366
53 95 1.34 64 2.0F% 9 374 ...

54 97 1.49 55 3.32% 13 187
55 99 1.E1 66 .77% 3 391 ***
56 99+ 1.7? 67 .2F% 1 391

123455219*123456799*1?745674*

MECIAN. = 42



113

general range as in the example above. On several trial calculations

for the students with previous chemistry, the range of predicted

values at the 95 percent level was approximately 24 points, and

approximately 32 points at the 99 percent level.

Cognitive Skill Levels

As mentioned in Chapter I, there has been recent interest in

studying the relationship of cognitive skill levels to the success of

students in science courses. This study presented an opportunity to

analyze mathematical skill levels of beginning chemistry students and

the relationship of those skill levels to success in the chemistry

course. Each of the 26 mathematics skills included on the mathe-

matics survey was represented by a computational level problem and

an application problem. The degree of skill levels possessed within

each group of students, and the relationship of the skill levels to

chemistry success was analyzed by the use of t-tests and correlation

coefficients. Hypotheses were tested at the 0.01 level of significance.

Computational vs. Application Skills:
Students without Previous Chemistry

To determine whether students in the non-chemistry group

showed a difference between their ability to solve computational

problems and their ability to solve application problems on the
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pretest, the following hypothesis was tested:

There is no significant statistical difference between theH0:
mean computational score and the mean application score
on the mathematics pretest.

The mean computational score was 11.87 and the mean applica-

tion score was 11.59. The t value was 1.16 which with 184 degrees of

freedom was not significant at the 0.01 or 0.05 level. Therefore, the

hypothesis was not rejected.

For the posttest, a similar hypothesis was tested:

H0: There is no significant statistical difference between the
mean computational score and the mean application score
on the mathematics posttest.

The mean computational score was 15.50 and the mean

application score was 15.51. The t value was -0.02, which with 184

degrees of freedom was not significant at the 0.01 or 0.05 level.

Therefore, the hypothesis was not rejected.

Computational vs. Application Skills:
Students with Previous Chemistry

To determine whether students in this group showed a differ-

ence between their ability to solve computational and application

problems on the pretest, the following hypothesis was tested:



Ho: There is no significant statistical difference between the
mean computational score and the mean application score
on the mathematics pretest.
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The computational mean was 15.06 and the application mean

was 14.74. With 205 degrees of freedom, the t value of 1.33 was not

significant at the 0.01 or 0.05 level. Therefore, the hypothesis was

not rejected.

For the posttest, a similar hypothesis was tested:

HO: There is no significant statistical difference between the
mean computational score and the mean application score
on the mathematics posttest.

The mean computational score on the posttest was 17.47 and

the mean application score was 17.82. The t value was -1.64, which

with 205 degrees of freedom was not significant at the 0.01 or 0.05

level. Therefore, the hypothesis was not rejected.

Cognitive Levels vs. Chemistry
Scores: Both Groups

Pearson correlation coefficients were determined for both groups

of students, comparing chemistry scores to the mathematics pretest

scores, pretest computational scores, pretest application scores,

mathematics posttest scores, posttest computational scores, and

posttest application scores. A summary of the correlation
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coefficients obtained in each case is shown in Table 28. All correla-

tions were significant at the 0.01 level.

Table 28. Correlations of Mathematics Survey Results
to Chemistry Scores: Both Groups.

Mathematics Survey
Cognitive Level

Correlation with
Chemistry Score

Students
without

Chemistry

Students
with

Chemistry

Total Pretest 0.5883 0.6042

Pretest Computational 0.5498 0.5492

Pretest Application 0.5809 0.6074

Total Posttest 0.6789 0.6693

Posttest Computational 0.6363 0.6320

Posttest Application 0.6625 0.6447

Discussion

Upon entry into the chemistry course, the non--chemistry group

showed approximately equivalent ability to solve computational and

application problems. At the end of the first quarter, this group

still showed no appreciably greater ability to solve one cognitive

level of problem than the other. The same results were noted in the

group of students that had previously studied chemistry. Apparently,

one quarter of chemistry does not change the proportion of computa-

tional to application problems that a student can solve.
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When the mathematics pretest scores were correlated to

chemistry final examination scores, the correlation coefficients were

high enough to confirm a relationship between success on the mathe-

matics pretest and success in chemistry. The correlation coefficients

for both groups were very close in this regard, suggesting that the

relationship between incoming mathematics scores and chemistry

success holds whether or not the student has had previous chemistry.

In both groups, the pretest application scores had only a

slightly higher correlation to chemistry success than did the pretest

computational scores, If it can be assumed that the application items

measured a higher cognitive level than did the computational items,

then it raises the question of whether cognitive level has an appre-

ciable effect on the success of students in first quarter chemistry.

Although the correlation coefficients from the posttest were

universally higher, the relationships noted above were again evident.

Student Mathematics Growth

A subsidiary study was conducted to determine the extent of

student mathematical growth during the quarter and to analyze the

relationship of such growth to success in chemistry. This study

investigated both overall growth and growth on individual mathematics

skill items. Hypotheses were tested at the 0,01 level,
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Overall Mathematics Growth: Students
without Previous Chemistry

Hypotheses were tested to determine whether there was growth

on the overall mathematics survey, as well as improvement on only

the computational items and only on the application items. To deter-

mine whether there was overall mathematics growth, the following

hypothesis was tested:

HO: There is no significant statistical difference between the
mean mathematics scores on the pretest and on the posttest.

The mean score on the pretest was 23.46 and the mean score

on the posttest was 31.01. The t value was -16.58, which with 184

degrees of freedom was significant at the 0.01 level. Therefore, the

hypothesis was rejected.

To determine whether there was mathematics growth on the

computational skills, the following hypothesis was tested:

HO: There is no significant statistical difference between the
mean computational scores on the pretest and on the posttest.

The mean computational score on the pretest was 11.87 and the

mean score on the posttest was 15.50,, With 184 degrees of freedom,

the t value of -13.12 was significant at the 0.01 level, and the

hypothesis was rejected.



To determine whether there was mathematics growth on the

application items, the following hypothesis was tested:

H
0

: There is no significant statistical difference between the
mean application scores on the pretest and on the posttest.
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The mean application score on the pretest was 11.59 and the

mean score on the posttest was 15.51. The t value of -14.83 with 184

degrees of freedom was significant at the 0.01 level and the hypothe-

sis was rejected.

Overall Mathematics Growth: Students
with Previous Chemistry

Similar hypotheses were tested for the group of students with

previous chemistry. To determine whether there was overall mathe-

matics growth, the following hypothesis was tested:

H
0

: There is no significant statistical difference between the
mean mathematics scores on the pretest and on the posttest.

The mean score on the pretest was 29,80 and the mean score

on the posttest was 35.29, With 205 degrees of freedom, the t value

of -12.50 was significant at the 0.01 level. Therefore, the hypothesis

was rejected.

To determine whether there was mathematical growth on the

computational items, the following hypothesis was tested:



HO: There is no significant statistical difference between the
mean computational scores on the pretest and on the posttest.
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The mean computational score on the pretest was 15.06 and the

mean score on the posttest was 17.47. The t value of -9.73 with 205

degrees of freedom was significant at the 0.01 level. Therefore, the

hypothesis was rejected.

To determine whether there was mathematical growth on the

application items, the following null hypothesis was tested:

H0: There is no significant statistical difference between the
mean application scores on the pretest and on the posttest.

The mean application score on the pretest was 14.74 and the

mean score on the posttest was 17.82. The t value of -11.57 with 205

degrees of freedom was significant at the 0.01 level. Therefore, the

hypothesis was rejected.

Discussion

It was observed that significant mathematics growth for both

groups took place on the computational skills, the application skills,

and on the overall mathematics score. Evidently, the taking of

chemistry is accompanied by an improvement in mathematics ability.

Whether this is brought about by the coverage of certain mathematics

topics in the chemistry course, or by other factors was not estab-

lished by this study.
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Overall Mathematics Improvement
vs. Chemistry Success: Students
without Previous Chemistry

To determine whether there was a relationship between the

amount of mathematics improvement by a student and success in

chemistry, the students who scored less than the mean (23.46) were

selected for additional study. The amount of mathematics growth for

each of these students was determined by subtracting the pretest

score from the posttest score. This figure was then correlated with

the chemistry final examination score. The students who scored

above the mean were not included in this phase of the study because

their mathematics results left less latitude for improvement.

In the group of students without previous chemistry, 97 student

scores were analyzed in this manner. The Pearson correlation

coefficient for mathematics improvement vs, chemistry final

examination score was 0.4252. A t-test of significance (159, p. 184-

85) resulted in a value of 4.579, significant with 95 degrees of

freedom at the 0.01 level. A scattergram of chemistry scores vs.

mathematics improvement for this group of students is shown in

Figure 1.
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Figure 1. Scattergram of Chemistry Scores vs. Mathematics Improvement: Students without Chemistry.



123

Overall Mathematics Improvement
vs. Chemistry Success: Students
with Previous Chemistry

From the group of students with previous chemistry, 92 students

scoring below the mean (29.80) were selected for study. The mathe-

matics growth was determined as described above and correlated with

the chemistry final examination score.

The Pearson correlation coefficient for this set of students was

0.3836. The t-test of significance resulted in a value of 3.941,

which with 90 degrees of freedom, was significant at the 0.01 level.

A scattergram of chemistry scores vs. mathematics improvement is

shown in Figure 2.

Discussion

It is evident that a relationship exists between mathematics

improvement and success in chemistry. Students who show the most

mathematics improvement tend to also have higher chemistry scores.

Whether mathematics improvement is a causal factor in producing

higher chemistry scores, or vice versa, was not analyzed by this

study but is a topic worthy of further research.
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Specific Skill Improvement vs.
Chemistry Success; Students
without Previous Chemistry

One-way analysis of variance was utilized to determine whether

a relationship existed between various categories of success on each

mathematics item and success in chemistry. For this analysis,

students were divided into four categories, as follows: (1) students

who got the item correct on both the pretest and the posttest;

(2) students who got the item correct on the pretest but not on the

posttest; (3) students who missed the item on the pretest but got it

correct on the posttest; and (4) students who missed the item on both

the pretest and the posttest.

For each item on the mathematics survey, the following null

hypothesis was tested:

H0; There is no significant statistical difference between the
four categories of students as measured by the mean
chemistry final examination scores.

Each hypothesis was tested at the 0.01 level of significance.

Results of the hypothesis tests are summarized in Table 29.

The computer analysis also provided a Scheffe procedure (159,

p. 271), which determines significant differences between the indivi-

dual categories at the 0.05 level. This procedure groups the cate-

gories into subsets, the means of which do not vary statistically at



Table 29, Results of Hypothesis Tests and Scheff4 Tests Relating Mathematics Item Improvement to
Chemistry Success: Students without Chemistry.

Item Category/Chemistry Mean AOV

Value

Significance
(3, 181 d, f. )

Hypothesis
Rejected

Scheffe 0.05
Subsets

1 2 3 I II III

1 41,10 39.08 35.79 34.69 5.301 0.01 Yes 4,3,2 2,1
2 41.27 39.89 39.81 36.96 2.565 NS No 4,3,2,1
3 42.51 38.67 39,31 36.07 4.965 0.01 Yes 4,2,3 2,3,1
4 42.25 41.93 36.26 32.62 12.997 0.01 Yes 4,3 3,2 2,1
5 45.70 45.00 46.70 38.26 5.037 0.01 Yes 4,2,1 2,1,3
6 42.20 37.84 37.42 36.92 4.170 0.01 Yes 4,3,2 3,2,1
7 44.33 40.95 38.49 34.98 12.288 0.01 Yes 4,3,2 2,1
8 40.73 34.54 40.65 29.09 8.606 0.01 Yes 4,2 2,3 3,1
9 42.70 39.15 40.50 33.78 12.743 0.01 Yes 4,2 2,3,1

10 39.91 37.83 36.29 31.17 2.442 NS No 4,3,2,1
11 41.46 34.81 37.53 38,92 4.396 0.01 Yes 2,3,4 3,4,1
12 47.15 42.70 43.15 35.94 17.371 0.01 Yes 4,2 2,3,1
13 40.75 40.88 38.23 33.96 3.963 0.01 Yes 4,3,1,2
14 43.02 41.89 37.73 31.26 17.798 0.01 Yes 4 3,2 2,1
15 44.01 33.20 37.89 32.04 15.915 0.01 Yes 4,2 2,3,1
16 49.50 41.86 37.52 8.715 0.01 Yes 4,3 3,1
17 49.40 44.00 46.56 36.62 18.941 0.01 Yes 4,2 2; 3,1
18 42.42 41.74 41.83 34.58 11.222 0.01 Yes 4 2,3,1
19 42.98 40.53 39.92 31.71 19.776 0.01 Yes 4 3,2,1
20 42.84 36.63 37.94 31.50 12.970 0.01 Yes 4,2 2,3,1
21 42.84 40.43 38.03 34.93 7.063 0.01 Yes 4,3,2 2,1
22 42.06 34.33 38.65 35.29 7,002 0.01 Yes 2,4,3 3,1
23 47.92 43.00 43.94 35.87 20.427 0.01 Yes 4,2 2,3,1
24 45.08 38.62 41.84 36.22 11.070 0.01 Yes 4,2 2, 3,1
25 43.38 42.47 40.65 36,30 7.383 0.01 Yes 41, 3,2 3,2,1
(Continued on next page)



Table 29. (Continued)

Item
Category/Chemistry Mean

AOV
Significance Hypothesis

Scheffe 0.05
Subsets

1 2 3 4 Value
(3, 181 d. f. ) Rejected

I II III

26 43.40 40.33 40.63 32.09 21.208 0.01 Yes 4 2, 3, 1

27 43.74 41.50 40.54 34.86 10.980 0.01 Yes 4,3,2 3, 2, 1

28 41.51 38.00 37.84 30.71 12.481 0.01 Yes 4,3,2 3, 2, 1

29 41.90 36.76 37.40 32.39 8.920 0.01 Yes 4, 2, 3 2, 3, 1

30 38.52 40.20 39.38 39.03 0.194 NS No 1, 4, 3, 2
31 43.95 35.92 37.87 36,14 9.528 0.01 Yes 2, 4, 3 1

32 44.79 35,83 39.12 32.90 15.848 0.01 Yes 4, 2 2, 3, 1

33 42.42 36.57 39.96 32.16 14.361 0.01 Yes 4, 2 2, 3 3, 1
34 45.66 43.33 40.14 35,82 12.759 0.01 Yes 4, 3, 2 2, 1

35 39.86 40.67 39.31 35.00 1.906 NS No 4, 3, 1, 2
36 42.47 40.86 39.54 34.16 8.883 0.01 Yes 4 3, 2, 1

37 43.72 34.93 39.44 33.78 15.621 0.01 Yes 4, 2 2, 3 3, 1
38 44.29 42.00 38.54 32.50 19.189 0.01 Yes 4 3, 2 2, 1
39 43.65 38.17 40.44 33.38 15.717 0.01 Yes 4, 2 2, 3, 1

40 41.24 39,91 40.11 35.33 4.308 0.01 Yes 4, 2, 3 2, 3, 1

41 46.32 36.38 42.24 35.99 14.532 0.01 Yes 4, 2 2, 3 3, 1
42 44.10 39.78 39.11 32.00 18.158 0.01 Yes 4, 3, 2 2, 1

43 41.69 36.22 36.08 30.58 11.644 0.01 Yes 4, 3, 2 2, 1

44 40.69 36.14 40.29 34,55 4.336 0.01 Yes 4, 2, 3 2, 3, 1

45 44.74 41.60 39.67 35.76 9.813 0.01 Yes 4, 3, 2 3, 2, 1

46 44.00 40.08 40.48 36.98 6.569 0.01 Yes 4, 2, 3 2, 3, 1

47 44.31 39.25 42.16 35.07 13.938 0.01 Yes 4, 2 2, 3, 1

48 45.95 39.53 40.61 35,15 14.918 0.01 Yes 4, 2 2, 3, 1

49 41.82 39.54 37.90 36.21 3.966 0.01 Yes 4, 3, 2 3, 2, 1

50 43.72 40.45 39.02 35.29 9.002 0.01 Yes 4, 3, 2 2, 1

51 41.66 39.17 38.67 37.00 2.630 NS No 4, 3, 2, 1
52 42.51 33.67 37.77 32.54 12.767 0.01 Yes 4, 2, 3 1
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the 0.05 level of confidence. These subsets are also summarized in

Table 29

Specific Skill Improvement vs.
Chemistry Success: Students
with Previous Chemistry

Students who had previous chemistry were divided into four

categories as was done in the non-chemistry group. One-way analysis

of variance was again utilized to test the following null hypothesis for

each mathematics item:

H
0

: There is no significant statistical difference between the
four categories of students as measured by the mean
chemistry final examination scores.

Each hypothesis was tested at the 0.01 level. Results of the

hypothesis tests, and results of the Scheffe procedures at the 0.05

level., are summarized in Table 30.

Discus sion

All but five items (numbers 2, 10, 30, 35 and 51) from the non-

chemistry group and six items (numbers 1, 10, 11, 13, 30 and 51)

from the second group showed significant discrimination between the

four categories of students at the 0.01 level. In the majority of

cases, category 1 students showed a significantly higher chemistry

mean score than category 4 students, as would be expected from the



Table 30. Results of Hypothesis Tests and Scheffe' Tests Relating Mathematics Item Improvement to
Chemistry Success: Students with Chemistry.

Item Category/Chemistry Mean AOV
F

Value

Significance
(3, 202 d.f. )

Hypothesis
Rejected

Scheff6 0.05
Subsets

1 2 3 4 I II III

1 43.11 44.47 43.55 38.75 2.801 0.05 No 4, I, 3,2
2 45.32 44.16 42.41 39.29 8.800 0.01 Yes 4,3 3,2,1
3 45,35 42.07 43.77 39.56 8.312 0.01 Yes 4,2,3 2,3,1
4 44.56 42.08 40.47 34.70 12,881 0.01 Yes 4 3,2 2,1
5 47.65 47.00 48.62 40.95 13.451 0.01 Yes 4 2,1,3
6 45.06 39.89 42.11 40.40 5,895 0.01 Yes 2,4,3 3, 1
7 45.95 43.70 42.42 38.00 14.240 0.01 Yes 4 3,2,1
8 43.81 43.12 40.76 36.85 4.449 0.01 Yes 4,3,2 3,2,1
9 45.34 39.33 43.28 36.29 19.545 0.01 Yes 4,2 2,3 3,1

10 43.18 35.71 44.00 35.00 3.792 0.05 No 4,2,1,3 -
11 44.12 40.95 41.68 39.73 3.401 0.05 No 4,2,3,1
12 47.70 43.12 42.65 39.28 18.363 0.01 Yes 4,3,2 2,1
13 43.83 41.86 41.79 40.09 2.013 NS No 4,3,2,1
14 45.35 43.53 39.68 38.29 11,877 0.01 Yes 4,3,2 2, I
15 44.97 39.17 40.10 37.05 11.217 0.01 Yes 4,2,3 2,3,1
16 49.08 46.00 44.15 39.68 18.235 0.01 Yes 4,3,2 2, I
17 48.54 44.09 44.87 40.40 13.724 0.01 Yes 4,2 2,3,1
18 46.60 42.29 42.47 39.18 14.039 0.01 Yes 4,2,3 2,3,1
19 45.28 42.92 42.58 36.34 16.755 0.01 Yes 4 3,2,1
20 44.05 44,13 41.51 35.95 7.380 0.01 Yes 4,3,1,2 -
21 44.96 42.91 41.87 39.03 6.171 0.01 Yes 4,3,2 3,2,1
22 43,91 44.00 42.13 36.92 6,321 0.01 Yes 4,3,1,2
23 47.44 44.69 44.30 39.32 17.004 0.01 Yes 4 3,2,1
24 46.46 40.60 43.80 39.24 13.878 0.01 Yes 4,2 2,3,1
(Continued on next page)



Table 30. (Continued)

Item Category /Chemistry Mean AOV
SignificanceF Hypothesis

Scheffe 0.05
Subsets

(3, 202 d. f. )
Value

Rejected
1 2 3 4 I II III

25 45.17 44.19 44.90 39.23 9.916 0.01 Yes 4 2,3,1
26 45.96 39.78 40.41 37.22 18.986 0.01 Yes 4,2,3 1

27 46.47 41.90 42.22 37.07 18.236 0.01 Yes 4,2 2,3,1
28 43.89 34.17 43.72 34.00 12.608 0.01 Yes 4,2 3,1
29 44.17 42.15 41.00 35.35 8.314 0.01 Yes 4,3,2 3,2,1
30 45.58 41.65 44.22 42.09 2.285 NS No 2,4,3,1
31 44.43 41.76 43.00 38.79 6.225 0.01 Yes 4,2,3 2,3,1
32 45.24 43.00 41.73 36.04 13.202 0.01 Yes 4 3,2 2,1
33 45.26 38.67 41.14 37.15 15.099 0.01 Yes 4,2,3 1

34 46.60 39.29 41.95 38.74 18.390 0.01 Yes 4,2,3 2,3,1
35 44.13 41.00 42.28 36.83 5.846 0.01 Yes 4,2,3 2,3,1
36 45.22 41.57 40.76 36.23 12.255 0.01 Yes 4,3,2 2,1
37 45.25 41.92 40.30 37.46 13.137 0.01 Yes 4,3,2 2,1
38 44.95 43.25 40.58 38.27 8.655 0.01 Yes 4,3,2 2,1
39 45.04 41.75 41.26 39.85 5.803 0.01 Yes 4,3,2 3,2,1
40 45.06 41.52 40.10 40.71 6.481 0.01 Yes 3,4,2 2,1
41 47.36 40.47 44.53 39.59 16.919 0.01 Yes 4,2 2,3 3,1
42 45.60 41.47 40.88 37.19 12.679 0.01 Yes 4,3,2 2,1
43 44.26 42.75 39.92 36.69 6.583 0.01 Yes 4,3,2 2,1
44 44.82 40.85 40.05 37.58 9.796 0.01 Yes 4,3,2 2,1
45 46.61 42.35 41.60 38.79 15.757 0.01 Yes 4,3,2 2,1
46 45.95 40.68 44.94 40.26 9.332 0.01 Yes 4,2 2,3,1
47 46.86 43.29 41.38 38.59 16.745 0.01 Yes 4,3,2 2,1
48 47.26 41.87 40.53 38.65 21.950 0.01 Yes 4,3,2 1

49 44.95 42.67 42.14 39.67 5.723 0.01 Yes 4,3,2 3,2,1
50 45.28 42.92 43.11 38.16 10.503 0.01 Yes 4,2 2,3,1
51 44.06 43.09 42.85 40.56 2.235 NS No 4,3,2,1
52 44.26 42.69 42.43 35.43 9.804 0.01 Yes 4 3,2,1
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earlier analyses relating overall mathematics skills to chemistry

success. Once again, the possibility of Type I and Type II errors

should be considered.

To determine those skills on which improvement related

positively to chemistry success, the Scheffel procedures were used to

note the items for which category 3 students significantly outperformed

category 4 students. For the non-chemistry group, items 5, 8, 9, 12,

14, 15, 17, 18, 19, 20, 23, 24, 26, 32, 33, 36, 37, 38, 39, 41, 47

and 48 fell into this category. For the students who had previously

taken chemistry, items 4, 5, 7, 9, 17, 19, 23, 24, 25, 27, 28, 32,

41, 46, 50, and 52 were selected.

Students who improved their performance on these items

during the first quarter of chemistry showed significantly higher

chemistry scores than those who showed no improvement, but some

students who decreased their performance on certain of these items

also did better than those who showed no improvement. For

example, there are some instances where category 1, 2, and 3

students all outperformed category 4 students. In these cases, it

appears as though students who can perform the skill on the pretest,

posttest, or both, outperform students who cannot correctly perform

the skills on either.
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Comparisons of Groups

As noted in Chapter II, there is some evidence that students

who have previously studied chemistry have greater success in

introductory college chemistry than those who have had no previous

study of chemistry. Since data were readily available to compare the

two groups of students used in this study, t-tests were used to analyze

them with regard to mathematics skills on the pretest, mathematics

skills on the posttest, and chemistry final examination results.

Hypotheses were tested at the 0.01 level, using a pooled estimate of

variance (159, p. 101-02) in all cases.

Mathematics Pretest

To compare the performance of the two groups on the mathe-

matics survey pretest, the following null hypothesis was tested:

H0: There is no significant statistical difference between the
two groups as measured by the mean scores on the
mathematical survey pretest.

The mean pretest score for the group without previous chemistry

was 23.46 and the mean score for the group with previous chemistry

was 29.80. The t value was -5.46, which with 389 degrees of free-

dom was significant at the 0.01 level. Therefore, the hypothesis was

rejected.
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To compare the two groups with respect to performance on the

computational problems on the mathematics pretest, the following

hypothesis was tested:

H0: There is no significant statistical difference between the
two groups as measured by the mean computational scores
on the mathematics survey pretest.

The mean computational pretest score for the first group was

11.87 and the mean score for the group with previous chemistry was

15.06. With 389 degrees of freedom, the t value of -5.33 was sig-

nificant at the 0.01 level. Therefore, the hypothesis was rejected.

To compare the two groups with respect to scores on the mathe-

matics pretest application items, the following null hypothesis was

tested:

H0: There is no significant statistical difference between the
two groups as measured by the mean application scores on
the mathematics survey pretest.

The mean application score for the group without previous

chemistry was 11.59 and the mean score for the second group was

14.74. The t value was -5.14, which with 389 degrees of freedom

was significant at the 0.01 level. Therefore, the hypothesis was

rejected.



Mathematics Posttest

A comparison of the performance of the two groups on the

mathematics posttest was made by testing the following null

hypothesis:

H0: There is no significant statistical difference between the
two groups as measured by the mean scores on the
mathematics posttest.
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The mean score of the group with no previous chemistry was

31.01 and the mean score of the group with previous chemistry was

35.29. The value of t was -4.21, which with 389 degrees of freedom

was significant at the 0.01 level. Therefore, the hypothesis was

rejected.

A comparison of the two groups with respect to computational

mean scores on the posttest was made by testing the following null

hypothesis:

H0
There is no significant statistical difference between the
two groups as measured by the mean computational scores
on the mathematics posttest.

The mean computational score of the first group was 15.50 and

the mean score of the group with previous chemistry was 17.47. With

389 degrees of freedom, the t value of -3.68 was significant at the

0.01 level. Therefore, the hypothesis was rejected.
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To compare the two groups with respect to performance on the

application items of the mathematics posttest, the following null

hypothesis was tested:

Ho . There is no significant statistical difference between the
two groups as measured by the mean application scores
on the mathematics posttest.

The mean application score for the non-chemistry group was

15.51 and the mean score for the group with previous chemistry was

17.82. The t value of -4.35 with 389 degrees of freedom was sig-

nificant at the 0.01 level. Therefore, the hypothesis was rejected.

Chemistry Final Examination

To compare the two groups on success in chemistry as measured

by scores on the chemistry final examination, the following null

hypothesis was tested:

Ho: There is no significant statistical difference between the
two groups as measured by the mean scores on the chem-
istry final examination.

The mean score for the group of students who had no previous

study of chemistry was 39.23 and the mean score for the group of

students with previous chemistry was 42.83. With 389 degrees of

freedom, the t value of -4.19 was significant at the 0.01 level and the

hypothesis was rejected.
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Discussion

The last finding is consistent with previous research showing

that students who have previously studied chemistry do better in

introductory college chemistry. It was also noted that the group of

students with previous chemistry scored significantly higher in

mathematics on each of the tests performed. Since this study has

already noted that higher mathematics performance is related to

success in chemistry, this may be one of the reasons that students

with previous chemistry perform better in an introductory chemistry

course than do those students with no previous study of chemistry.

Additional Findings

Since student letter grades for the first quarter chemistry

course were available, the relationship of these letter grades to the

scores obtained on the chemistry final examination was studied by

use of the Pearson correlation coefficient. The letter grades were

assigned values of A = 4, B = 3, C = 2, D = 1, and F = 0, and corre-

lated to scores on the chemistry examination. The correlation

between the chemistry final examination scores and the first quarter

letter grades was 0.708 for the non-chemistry group and 0.693 for

the group of students with previous chemistry. Both of these values

were significant at the 0.01 level. Apparently, letter grades
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assigned by instructors at the participating schools are related to

success in chemistry as measured by the final examination utilized

in this study.

Scattergrams of final grades vs. chemistry final examination

scores are shown in Figure 3 (non-chemistry group) and Figure 4

(group with previous chemistry).
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V. CONCLUSIONS AND RECOMMENDATIONS

Chapter IV presented the detailed findings of this study, con-

ducted during fall quarter 1977 at four Oregon community colleges.

The purpose of the study was to identify those specific mathematics

skills which have a positive relationship to success in introductory

chemistry for community college students. Additional areas of

interest investigated were the relationships between mathematical

growth shown by students during first quarter chemistry and

chemistry success, and comparisons of mathematics ability and

chemistry success between those students who had, and had not,

previously studied chemistry.

Students starting introductory chemistry courses were given a

mathematics survey as a pretest, which was again administered at

the end of the quarter as a posttest. During final examinations week,

a chemistry test was given to measure student success in the course.

The data thus obtained were subjected to statistical analysis at the

Oregon State University Computer Center.

This chapter presents the conclusions drawn from the study and

makes certain recommendations based on these conclusions.
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Conclusions

Comparison of Participating Classes

Based on the tests of hypotheses, it was determined that

students come to the various Oregon community colleges with varying

mathematics backgrounds, but that these backgrounds tend to level out

somewhat by the end of the first quarter. Since student scores on the

chemistry final examination do not vary significantly between class

sections or colleges, there appears to be uniformity of instruction

among the various classes at different schools. Students can obtain

an approximately equivalent knowledge of chemistry by taking any of

the community college introductory chemistry classes.

Relationship of Mathematics Skills
to Chemistry Success

1. For the group of students without previous chemistry, 42 of

the 52 items on the mathematics survey pretest and 41 of the items

on the posttest were significantly related at the 0.01 level to chem-

istry success. For the students with previous chemistry, 45 items

on both the pretest and posttest were significantly related to chem-

istry success. It was concluded that the majority of the mathematics

items had a significant relationship to chemistry success. Items for

the non-chemistry group which showed particularly high significance
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included application problems in metric-metric conversion, solving

numerical equations, multiplication of fractions, and finding percent

of a number. For the group with previous chemistry, high signifi-

cance was found for application problems in solving variable equa-

tions, concept of negative powers of 10, division with negative

exponents, and computation involving the solution of a variable

equation.

2. Those items which were significant for one group did not

match exactly those significant for the second group, indicating a

possible difference in the characteristics of the two groups.

3. Mathematics preparation of incoming students is not as

strong as might be desired. Of the 634 community college beginning

chemistry students given the mathematics pretest at the beginning of

fall quarter 1977, students without previous chemistry averaged only

42.2 percent of the total items correct; students with previous

chemistry scored 52.8 percent correct.

Of the 39 mathematics items showing a significant relationship

at the 0.01 level to chemistry success for both groups of students, the

percentage of problems worked correctly by the 634 students ranged

from 12 percent to 72 percent. Less than 50 percent of the students

could solve variable equations or indirect variation problems, or

multiply or divide with negative exponents or scientific notation. It is
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concluded that entering community college introductory chemistry

students do not possess all of the mathematics skills needed for the

course.

4. The total scores on the overall mathematics survey pretest

correlated 0.588 to scores on the chemistry test for the non-

chemistry group, and 0.604 for the group with previous chemistry.

It was concluded that overall incoming mathematics ability is posi-

tively related to chemistry success. Correlations between the post-

test and the chemistry final examination scores were even higher;

0.679 and 0.669 for the two groups, respectively.

Cognitive Levels

1. On the mathematics pretest, and again on the posttest,

students in the non-chemistry group showed an equivalent ability to

solve computational and application problems. Similar results were

noted for the students who had taken previous chemistry. It was con-

cluded that one quarter of chemistry does not change the proportion

of computational to application mathematics problems that students

can solve.

2. Mathematics pretest application total scores correlated only

slightly higher than mathematics pretest computational total scores to

chemistry success. For the non-chemistry group, the computational

correlation coefficient was 0.550 and the application correlation
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coefficient was 0.581, For the group with previous chemistry, the

computational correlation coefficient was 0.549 and the application

coefficient was 0,607. It seems doubtful that the ability to solve

problems at a higher cognitive level has an appreciable effect on the

success of students in first quarter chemistry.

Mathematics Growth

1. Significant mathematical growth for both groups of students

took place on the computational skills, the application skills, and on

the overall mathematics survey. The taking of chemistry is accom-

panied by an improvement in mathematics ability.

2. For students scoring below the mean on the mathematics

survey pretest, the correlation coefficient of mathematics improve-

ment vs. the chemistry final examination score was 0.425 for the non-

chemistry group and 0.384 for the group with previous chemistry.

Students who show the most mathematics improvement tend to have

higher chemistry scores.

3. Students who missed an item on the pretest and later

worked it correctly on the posttest were compared to students who

missed the item both times, On 22 of the mathematics items for the

non-chemistry group and on 16 items for the group with previous

chemistry, those students who showed improvement also scored

significantly higher at the 0.01 level on the chemistry examination.
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Improvement on these items is significantly related to success in

chemistry.

Comparison of Groups

Students who had no previous chemistry were compared to those

who had previous chemistry with regard to their scores on the mathe-

matics survey pretest and posttest, the computational and application

sections of the pretest and posttest, and the chemistry final

examination. In each case, the group with previous chemistry

scored significantly higher than the non-chemistry group. Students

who have previously studied chemistry have better mathematics skills

and do better in first quarter introductory community college chemis-

try than students who have had no previous study of chemistry.

Course Letter Grades

Letter grades assigned by instructors are closely related to the

chemistry final examination scores, correlating at 0.708 for the non-

chemistry group and 0.693 for the group with previous chemistry.

Recommendations

Based on the findings of this study, the following recommenda-

tions are made:

1. Inasmuch as mathematics skills have a bearing on
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chemistry success, mathematics pretests should be given routinely in

chemistry courses where background information is required as an

aid in counseling students.

2. To make the administration of mathematics pretests less

complex, the mathematics preview used in this study should be

shortened to eliminate those items not significantly related to

chemistry success for both groups of students, Utilization of a

multiple-choice format or a short version using a select few items as

selected by regression analysis could be considered.

3. Chemistry and mathematics instructors should be advised

of those mathematics items which relate significantly to chemistry

success, and of those items which showed student deficiencies upon

entry to chemistry. Adjustments to chemistry prerequisites and to

mathematics course structures might be considered.

4. Additional research should be conducted to determine if the

relationship between mathematics growth and success in chemistry is

one of cause, or effect. If it could be established that improvement

in mathematics skills leads to success in chemistry, this would have

an important effect on the manner in which students having trouble

in chemistry are helped to succeed.

5. Guidance counselors should be made aware of the relation-

ship of mathematics prowess to chemistry success, and urged to
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carefully consider individual students' mathematics backgrounds

when planning schedules that include introductory chemistry.

6. Students who have had previous chemistry do better in

introductory community college chemistry classes. Consideration

should be given to establishing separate classes or advanced place-

ment procedures for these students,

7. It is anticipated that the results of this study can be

generalized to other community colleges. Additional study should be

done at the high school and four-year college level to determine if

similar results are obtained at those institutions,

There have been numerous prior reports of research relating

mathematics ability to success in chemistry. This study has estab-

lished that the relationship between mathematics skills and

chemistry success at the community college level has important

ramifications for community college guidance counselors, chemistry

and mathematics instructors, and their students.
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CHEMISTRY MATH SURVEY

Dear Student,
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By taking this math survey, you are helping provide information that
will lead to better advising for new chemistry students in the future.

Because it is important to learn not only whether you can work each
problem, but also what steps you used to obtain your answers, please
write all of your work for each problem and do not use scratch paper
or calculators.

Easy and more difficult problems are mixed randomly throughout this
survey, so if you come to a problem that you cannot solve, move on to
the next one, which will probably be simpler. There is no time limit
and it is important that you try to do each problem.

You do not have to place your name on this paper, as individual student
names are not used in the analysis of the data. However, if you would
like to learn the results of your work, please write an address here to
which the information may be mailed in 2-3 weeks:

Thank you very much for your help.
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CHEMISTRY MATH SURVEY

TRIAL VERSION

(Non-randomized Format)

Whole Numbers

Addition of Whole Numbers:

a. Solve: 89 + 307 + 6 =

b. A student performed three experiments using copper metal.
In the first experiment, he used 47 grams of copper, in the
second he used 208 grams, and in the third he used 9 grams.
How many total grams of copper did he use?

Subtraction of Whole Numbers:

a. Solve: 2001 284 =

b. A test tube and its contents had a total weight of 405 grams.
If the empty test tube weighed 89 grams, what was the weight
of the contents ?

Multiplication of Whole Numbers:

a. Solve: 2019 x 508 =

b. A certain chemistry experiment requires 304 grams of sulfur
per student. If 48 students are to do the experiment, how
many total grams of sulfur will be needed?

Division of Whole Numbers:

a, Solve: 2472 4,- 12

b. A bottle contains 4530 grams of chemical, If the chemical is
to be distributed equally among 15 flasks, how many grams of
chemical should go into each flask?



Combined Operations:
160 34

6 x 7a. Solve:
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b. New boxes of test tubes contain 72 tubes each. If the test
tubes from 5 boxes are to be shared equally by 20 students,
how many tubes will each student receive ?

Fractions

Concept of Fractions:

a. What fraction of this diagram has been shaded by
dark lines ?

b. It takes 1837 electrons to equal the weight of one hydrogen
atom. Compared to a hydrogen atom, how heavy is one
electron?

Multiplication of Fractions:
1

a. Solve: 24 x 5 x

b. A chemist decides to reduce the amount of chemical in a
mixture to 4/5 of the original. If the original amount was
400 grams, how much will be needed for the new mixture?

Decimals

Addition of Decimals:

a. Solve: 12.4 + 0.32 + 230.094 =

b. A balance is known to give readings that are 0.041 grams too
low. If a student obtains a reading on this balance of 21.090
grams, what is the true weight of the object being weighed?

Subtraction of Decimals:

a. Solve: 12.401 6.3091
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b. A wet powder weighing 123.48 grams was heated to drive off
the water. After heating, the dry solid weighed 95.90
grams, How much water was removed?

Multiplication of Decimals:

a. Solve: 12.4 x 0.205 =

b. A certain chemical reaction gives off 1.208 liters of gas per
second. How much gas will be given off in 2.43 seconds ?

Division of Decimals:

a. Solve: 57.153 4-0,03 =

b. A number of students each obtained 25.68 grams of a
chemical sample from the stockroom, If 385.2 total grams
were given out, how many students picked up samples?

Combined Operations:

a, Solve: 22.4 x 0,11
0.2 x 1.1

b. A student planned to use 5,28 grams of a chemical in an
experiment. The instructor advised him to get 2.5 times
that much chemical, and to split it into four equal samples.
How many grams would then be contained in each of these
samples ?

Rounding:

a. Round to the nearest hundredth: 245.0449 =

b. A balance reads 2.39 grams. If the balance is known to be
accurate only to the nearest gram, how would you report
the weight?



Significant Figures:
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a. How many digits in this measurement are significant?
0.0304 meters

b. In a certain experiment an object traveled 21.34 meters in
1.3 seconds. In determining the speed of this object, the
following division was performed on a calculator (the cal-
culator registered the answer given in the box):

21.43 meters ÷ 1.3 seconds 16.41538 meters /second

With respect to the data used in its calculation, does the
answer contain the appropriate number of significant digits ?
If not, how should the answer be recorded?

Percent

Concept of Percent:

a. If 21 out of every 100 molecules of air are oxygen molecules,
what percent of air is composed of oxygen molecules ?

b. An instructor prepares a mixture of salt, sulfur and sugar.
The mixture includes 20% salt and 75% sulfur. What percent
of the mixture is sugar ?

Decimal-Percent Conversion:

a. Write 0.035 as a percent:

b. The salt in a solution makes up 0.2 of the solution by weight.
What percent of the solution is salt?

Finding Percent of a Number:

a. Find 23% of 40.

b. 42% of the weight of a substance is known to be due to its
silver content. If a piece of the substance weighs 12 grams,
how many grams of silver does the piece contain?
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Computation of Percent;

a. 6 is what percent of 30 ?

b. 32 grams of a chemical compound are analyzed and found to
contain 2 grams of hydrogen, 8 grams of nitrogen and 22
grams of oxygen. What percent of the compound is nitrogen?

azILIChartLn...g.

Drawing and Interpreting Graphs:

a. Place appropriate number scales on the axes of the blank
graph below, plot the data given, and sketch a line through
the points you have plotted:

Pressure (mm) Time (mini
1000 0

500 5

100 10
50 15
20 10

b. A melting curve for a certain chemical 80
is shown on the right. In the time
interval from 4 to 6 minutes, what
happens to the temperature? Temp

(°C)

70
60
50
40
30
20
10
0 1 2 3 4 5 6 7 8 9 10

Time (min)

T
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Reading and Developing Charts:

a, Determine from the following chart the vapor pressure at
70 degrees Centigrade (Celsius):

Temperature (°C) Vapor Pressure (mm)
60 150
70 234
80 355
90 526

100 760

b. A student obtained the following results during an experiment
with a liquid: When beginning the experiment at 3 pm, the
temperature was 5°C and the volume was 120 ml. At 3 :05 pm,
the temperature was 12°C and the volume was 121 ml. At
3:10 pm, the temperature had risen to 27°C and the volume
was 124 ml. Finally, at 3: 15 pm, the temperature was 33°C
and the volume had increased to 127 ml.
Set up a simple chart or table which summarizes the above
data:

Algebra

Positive-Negative Integer Operations:

a. Simplify: (-3)(2) (-4)
-2

b. A student measured the temperature of asolution three
times. The readings were as follows: 2 °C, -5 C, -12 C.
What was the average temperature reading ?

Solving Numerical Equations:
36 600
Y 50

a. Solve for Y:

b. The temperature of a chemical reaction rises to 900
Centigrade (Celsius). A chemistry manual warns that any
temperature above 190o Fahrenheit is dangerous, and pro-
vides these conversion formulas:

(oF
1.8

32) °F = 1. 8°C + 32

Is the reaction in any danger at the moment? Why?



Solving Variable Equations:

a. Solve this equation for D: 1 V
D

b. Density (D) is found by dividing mass (M) by volume (V),
follows:

D - M
V

What equation could be used to find volume if D and M
are known?

Solving Ratio-Proportion Problems:
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as

a. What number should be placed in the box to make this a true
statement?

The ratio 2:7 is the same as the ratio 10:

b. A certain mixture is produced by mixing 3 parts of sulfur
with 5 parts of sugar, by weight, If 18 grams of sulfur are
used, how many grams of sugar will be needed?

Solving Direct Variation Problems:

a. In the equation X = 3Y, if the quantity Y is doubled, how
many times greater does X become?

b. The volume of a gas is directly proportional to its Kelvin
temperature. What volume will 12 liters of sas at 100 oK

change to if its temperature is raised to 250 K?

Solving Indirect Variation Problems:

a. In the formula D = , if the quantity V is doubled and M
stays constant, what happens to the value of D?

b. The volume of a certain plastic substance is inversely pro-
portional to the pressure being applied to it. If 225 cubic
centimeters of the substance are subjected to a pressure
change from 2 atmospheres of pressure to 3 atmospheres of
pressure, what will be the new volume ?
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Exponents

Squaring a Number:

a. Solve 212 =

b. The number of electrons that can fit in a certain orbit (shell)
circling the atom is given by the relationship 2112, where n is
the number of the shell. How many electrons can fit in the
3rd shell of the atom?

Finding Square Root:

a, Solve: /127 =

b. The area of a square is obtained by the formula A = s2,
where s is the length of any side of the square. If a certain
square has an area of 144 square inches, how long is each
side of the square ?

Concept of Positive Powers of 10:

a. Write as a power of ten: 10,000,000 =

.b. A vial is known to contain 155 tiny latex spheres, Another
vial contains 1,000,000,000 spheres. How many total
spheres are contained in the two vials ?

Concept of Negative Powers of 10:

a. Write as a decimal: 10-4 =

0
b. An Angstrom unit (A) is defined as 10-8 centimeters. If an

atom has a diameter of .00000001 centimeters, what is its
diameter in Angstrom units ?

Concept of Positive Exponents:

a. Re-write without using exponents: 4
3
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b. An instrument analyzed 34 samples. Another instrument
reported results on an additional 27 samples. How many
total samples were analyzed?

Concept of Negative Exponents:

a. Re-write without using exponents: 2-3 =

b. Three instruments were tested for their response speed.
Instrument A responded in 2-4 second, instrument B
responded in 2-3 second, and instrument C responded in
2-5 second, Which is the fastest instrument?

Multiplication with Positive Exponents:

a. Solve, writing the answer as a power of 2:
22 x23 x25 =

b. A certain block of iron is known to contain 1023 atoms.
How many atoms would be in 105 such blocks (expressed as
a power of 10) ?

Multiplication with Negative Exponents:

a. Solve, writing the answer as a power of 3:
35 x 3 -2 x 3-4

b. In a laboratory study, 103 samples of a chemical were used,
each weighing 10-5 gram. How many total grams of the
chemical were used in this study (expressed as a power of
10) ?

Performing Division with Positive Exponents:

a. Solve, writing the answer as a power of 4: 47 ÷ 45 =

b. A sample weighing 107 milligrams was split into 103 equal
portions. How much did each of these smaller portions
weigh (expressed as a power of 10) ?
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Performing Division with Negative Exponents:

a. Solve, writing the answer as a power of 3: 3-4 3-7 =

b. A solution contained 10-5 liters of alcohol. If the solution
was divided into 102 equal parts, how many liters of alcohol
would be in each of the equal parts (expressed as a power of
10)?

Scientific Notation Conversions:

a. Express in scientific (exponential) notation: 320000 =

b. One flask is known to contain 6.02 x 1023 molecules of
water. A second container holds 9,000,000,000 molecules
of alcohol, and a third contains 8.12 x 1015 molecules of
ether. Which vessel contains the most molecules ?

Multiplication Problems Using Scientific Notation:

a. Solve: (6.02 x 1023) x (4.0 x 10-6) =

b. A pound of sugar contains about 1.5 x 1025 molecules. How
many molecules are in a 20 pound bag of sugar ?

Division Problems Using Scientific Notation:
2 x 2.4 x 10-2

8.0 x 105
a. Simplify:

b. 24A cup holds about 2 x 10 molecules of water. If these
molecules were distributed equally among all the people on
earth (there are about 4,000,000,000 people on earth), how
many molecules would each person receive?

Measurement

Metric-Metric Conversion:

a. Convert: 10 centimeters = meter s
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b. Bill had 120 milliliters of water. He added this to 2 liters
of water. How many milliliters of water did he have after
combining the two portions ?

English-Metric Conversion:

a. Convert: 3.41 inches = centimeter s

(1 meter = 39.37 inches; 2,54 centimeters = 1 inch)

b. A probe which is 3.8 centimeters long has a handle which
extends an additional 6 inches. How long, in centimeters,
is the entire assembly? (2.54 centimeters = 1 inch)

Geometry

Terminology-Radius, Diameter:

a. In this circle, the diameter =
radius = centimeters.

centimeters and the

b. Ball A has a radius of 9 centimeters. Ball B has a
diameter of 18 centimeters. Which is longer ?

Terminology-Cube, Tetrahedron, Sphere:

a. Match each of these geometrical solids with its correct
name from the list on the right:

Hexagon
Sphere
Triangle
Tetrahedron
Cube
Pentagon
Cylinder
Square

b. Table salt forms crystals which are cubic in shape. Diagram
such a salt crystal:



Concept of Volume:

a. Complete this sentence by selecting the best word from
the list on the right:
The amount of space inside a
container is referred to as
its

178

Area
Length
Volume
Perimeter
Circumference

b. A 500 milliliter container was filled to the brim with small
round pieces of lead. Water was then poured over the lead.
It was found that the container had room enough to hold
150 milliliters of water. What was the total volume of the
lead?

Determining the Volume of a

a. What is the volume

Rectangular Solid:

of this block? 5 centimeters

2 centimeters

centimeters

b. The density (D) of a material is found by dividing its mass
(M) by its volume (V), as D = M /V. What is the density of a
piece of metal having a mass of 54 grams, with dimensions
as shown?

Concept of Angles:

3 centimeters
61 3 centimeters
3 centimeters

a. In the plane diagram shown here, what is the total alue in
degrees of angle A plus angle B plus angle C ?

b. Water molecules are composed of one oxygen ato and two
hydrogen atoms. The atoms are arranged with the oxygen
(0) in the center and one hydrogen (H) atom on each side.
The angle formed between the two hydrogens and the oxygen
is 105°. Diagram this molecule in the same manner as the
samples of other molecules shown here:

H-O-C-H
H

H
H-Br

H I H
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APPENDIX II

CHEMISTRY MATH SURVEY

FINAL VERSION



CHEMISTRY MATH SURVEY

Your name:

Instructor:

Dear Student,
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By taking this math survey, you are helping provide information that
will lead to better advising for new chemistry students.

Because it is important for us to learn not only whether you can work
each problem, but also what steps you used to obtain your answers,
please write all of your work for each problem on this paper. Do not
use scratch paper or calculators.

Easy and more difficult problems are mixed randomly throughout
this survey, so if you come to a problem that you cannot solve, move
on to the next one, which will probably be simpler.

There is no time limit, and it is very important that you try to do
each problem.

Thank you.
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CHEMISTRY MATH SURVEY

1. Solve: 57.153 4-0.03 =

2. Three instruments were tested for their response speed.
Instrument A responded in 2-4 second, instrument B responded
in 2-3 second, and instrument C responded in 2-5 second. Which
is the fastest instrument?

3. Round to the nearest hundredth: 245.0449 =

4. A chemist decides to reduce the amount of chemical in a
mixture to 4/5 of the original. If the original amount was
400 grams, how much will be needed for the new mixture?

5. Re-write without using exponents: 2-3 =

6. One flask is known to contain 6.02 x 1016 molecules of water.
A second container holds 9, 000, 000, 000 000,000 molecules of
alcohol, and a third contains 81.2 x 101D molecules of ether.
Which vessel contains the most molecules ?

7. In a laboratory study, 103 samples of a chemical were used,
each weighing 10-5 gram. How many total grams of the chemi-
cal were used in this study (expressed as a power of 10) ?

8. A certain mixture is produced by mixing 3 parts of sulfur with
5 parts of sugar, by weight. If 18 grams of sulfur are used,
how many grams of sugar will be needed?

9. 6 is what percent of 30?

10. Solve: 212 =
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11. In the equation X = 3Y, if the quantity Y is doubled, how many
times greater does X become?

12. A solution contains 10-5 liters of alcohol. If the solution were
divided into 10 2 equal parts, how many liters of alcohol would be
in each of the equal parts (expressed as a power of 10)?

13. An instrument analyzed 34 samples. Another instrument
reported results on an additional 27 samples. How many total
samples were analyzed?

14. The temperature of a chemical reaction rises to 90° Centigrade
(Celsius).

o
A chemistry manual warns that any temperature

above 190 Fahrenheit is dangerous, and provides these con-
version formulas:

°oc (F 32) of = 1.8°C + 321.8

Is the reaction in any danger at the moment? Why?

15. Express in scientific (exponential) notation: 320,000 =

16. The volume of a certain plastic substance is inversely propor-
tional to the pressure being applied to it. If 225 cubic centi-
meters of the substance are subjected to a pressure change
from 2 atmospheres of pressure to 3 atmospheres of pressure,
what will be the new volume?

17. Simplify: 2 x 2.4 x 10-z
8.0 x 105

18. In the formula D = if the quantity V is doubled and M stays
Vconstant, what happens to the value of D?

19. 32 grams of a chemical compound are analyzed and found to
contain 2 grams of hydrogen, 8 grams of nitrogen, and 22 grams
of oxygen. What percent of the compound is nitrogen?
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20. Convert: 3 kilograms

21. Solve: 22.4 x 0.11
0.2 x 1.1

grams

22. Solve, writing the answer as a power of 2: 2
2 x 23 x 25 =

23. A cup holds about 2 x 1024 molecules of water. If these
molecules were distributed equally among all the people on
earth (there are about 4, 000, 000, 000 people on earth), how many
molecules would each person receive?

24. Solve, writing the answer as a power of 3: 3-4+ 3-7 =

25. Write as a decimal: 10-2 =

26. 42% of the weight of a substance is known to be due to its silver
content. If a piece of the substance weighs 12 grams, how
many grams of silver does the piece contain?

27. A sample weighing 10 7 milligrams was split into 103 equal
portions. How much did each of these smaller portions weigh
(expressed as a power of 10) ?

28. What number should be placed in the blank to make this a true
statement?

The ratio 2:7 is the same as the ratio 10: ?

29. A student measured the temperature of a solution three times.
The readings were as follows: 2°C, -5 C, -12 C. What was the
average temperature reading?

30. A vial is known to contain 105 tiny spheres. Another vial con-
tains 1, 000,000 spheres. How many total spheres are contained
in the two vials ?



31. Solve, writing the answer as a power of 3: 35 x 3-2 x 3-4

32. Solve: (6.02 x 1023) x (4.0 x 10-6) =

33. Find 23% of 40.

34. Solve this equation for D: 1 -
D

35. Re-write without using exponents: 43 =

36. This graph shows the maximum amount of a certain chemical
that can stay dissolved in 100 cm 3 of water at different
temperatures:

Amount
(grams)

50-
40-
30-
20-
10

0
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20 40 60 80 100
Temperature (°C)

If 50 grams of the chemical are dissolved in 100 cm 3 of water at
100°C, and the solution is then cooled to 40°C, how many grams
of the chemical will remain dissolved ?

37. Solve, writing the answer as a power of 4: 47 ÷ 45

38. Bill had 120 milliliters of water. He added this to 2 liters of
water. How many milliliters of water did he have after com-
bining the two portions ?

39. Simplify: (-3)(2) (-4) --2

40. Determine the value of Y: 36 600
Y 50
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41. The number of electrons that can fit in a certain orbit (shell)
circling the atom is given by the relationship 2n2, where n is
the number of the shell. How many electrons can fit in the 3rd
shell of the atom?

42. A pound of sugar contains about 1.5 x 1025 molecules. How many
molecules are in a 20 pound bag of sugar ?

43. A student planned to use 5.28 grams of a chemical in an experi-
ment. The instructor advised him to get 2.5 times that much
chemical, and to split it into four equal samples. How many
grams would then be contained in each of these samples ?

44. A number of students each obtained 25.68 grams of a chemical
sample from the stockroom. If 385.2 total grams were given
out, how many students picked up samples ?

45. A certain block of iron is known to contain 1023 atoms. How
many atoms would be in 105 such blocks (expressed as a power
of 10)?

46. Place appropriate number scales on the axes of the blank graph
below, plot the data given, and sketch a line through the points
you have plotted:

Pressure (mm) Time (min)
1000 0

500 5

100 10
50 15

20 20

P
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0
47. An Angstrom unit (A) is defined as 10-8 centimeters. If an atom

has a diameter of .00000001 centimeters, what is its diameter
in Angstrom units ?

48. Density (D) is found by dividing mass (M) by volume (V), as
follows: D -

V
What equation could be used to determine volume if D and M
are known?

49. A balance reads 2.349 grams. If the balance is known to be
accurate only to the nearest tenth of a gram, how would you
report the weight?

50. The volume of a gas is directly proportional to its Kelvin
temperature. What volume will 12 liters of gas at 100°K change
to if its temperature is raised to 250°K?

51. Write as a power of ten: 10,000,000 =

152. Solve: 24
5 x -
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Background Information:

Have you at any time in the past taken a chemistry (not general
science) course at the high school or college level, for which a
passing grade appears on your transcript or official school record?

Yes No

If you answered Yes, please tell which course(s) you took:

If you answered No, have you had any special training or other formal
or informal experiences which have given you some knowledge of
chemistry that might be similar to that obtained in the first part of a
high school or college chemistry course ?

Yes No

(If you marked Yes here, would you please describe
briefly the chemistry experiences you have in mind: )
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APPENDIX III

CHEMISTRY FINAL EXAMINATION

Questions copyrighted by and
used with permission of the
American Chemical Society
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CHEMISTRY

First Quarter Final Examination.

Instructions: Select the one best answer for each of the following
questions.

1. What is -10°C on the Kelvin scale?
A. 253°K B, 263°K C. 273°K D, 283

oK

2. How many liters are equal to 634 cm3?

A. 6.34 x 10-3 B. 0.634 C. 634 D. 634,000

3. Which statement describes a physical property of elemental
oxygen?

A. Oxygen has a density of 1.43 grams/liter.
B. Oxygen supports the burning of paper.
C. Oxygen is needed for human metabolism.
D. Oxygen combines with iron to form rust.

4. What is the density of sulfuric acid solution if 50 ml of the
solution weighs 66 grams ?

A. 0.76 gram/ml C. 13.2 grams /ml
B. 1.32 grams /ml D. 50 grams /ml

5. If the density of iron is 7 g/cm 3, what is the weight of an iron
cube with 5 cm on a side?
A. 18 g B. 35 g C. 175 g D. 875 g

6. Which property is always conserved during a chemical
reaction?
A. Mass B. Volume C, Pressure D. Solubility



7. The energy that a molecule has because of motion is called
A. chemical 13. electrical C. kinetic D. potential

8. Rutherford1s alpha-particle bombardment of gold foil helped
develop our current model of the atom by
A. finding the mass of the electron.
B. showing the existence of the neutron.
C. showing that the electron carries a negative charge.
D. showing that the atom has a concentrated central charge.

9. In all neutral atoms, there are equal numbers of
A. protons and neutrons.
B. positrons and electrons.

5610. The species designated as
24X

is

A, Fe B. Ge C. Ba D. Cr
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C. neutrons and electrons.
D. electrons and protons.

11. The atomic number of an element is defined as the number of
A. neutrons in the nucleus.
B. protons in the nucleus.
C. electrons in the nucleus.
D. protons and neutrons in the nucleus.

12, How many neutrons are present in an atom of silver which has a
mass number of 108 ?

A. 14 B. 47 C. 61 D. 108

13. The atomic weight of oxygen is 16. This means that
A. one atom of oxygen weighs 16 grams.
B. an oxygen atom weighs 16/12 times as much as an atom

of carbon -12.
C. an oxygen atom weighs 12/16 times as much as an atom of

carbon- 12.
D. an oxygen atom weighs 16 times as much as an atom of

carbon- 12.

14. Isotopes of an element differ in

A. atomic number, C. number of neutrons.
B. number of protons. D. number of valence electrons.



15. The chemical activity of an atom is most closely related to
the number and arrangement of its
A. protons. B. neutrons.
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C. isotopes. D. electrons.

16. How many electrons are in the outer shell of an atom with
atomic number 16 ?

A, 8 B. 7 C. 6 D. 4

17. In order for electrons to occupy the same orbital in an atom
they must have different

A. charges
B. s pin quantum numbers.
C. magnetic quantum numbers.
D. angular momentum quantum numbers,

18. What is the maximum number of electrons that can occupy the
3s orbital?
A. 1 B. 2 C. 6 D. 8

19. What neutral atom has the electron configuration
1s22s 22p 6

3 s
23p 64s 1?

A. Na B. K C. Ca D. Ba

20. Emission spectra (line spectra) may be attributed to an
electron

A. spiraling into a nucleus.
B. changing its atomic energy level.
C. reversing its direction of spin.
D. escaping from the atom.

21. Which element has chemical properties ixiost closely
resembling those of aluminum,

13
Al?

A,
31

Ga B,
2 6

Fe C, 14Si D.
12

Mg

22, The atoms of the elements in Group IA of the periodic table have
the same number of

A. electrons in the outer (valence) shell.
B. neutrons.
C. protons.
D. total electrons.



192

23. Which set contains only transition elements ?

A. Elements 11, 12 and 13 C. Elements 26, 27 and 28
B. Elements 15, 16 and 17 D. Elements 48, 49 and 50

24. Which series of elements is listed in order of increasing
atomic radius ?

A. Na, Mg, Al, Si C. 0, S. Se, Te
B. C, N, 0, F D. I, Br, Cl, F

25. In the periodic table, the number of occupied atomic energy
shells or levels increases
A. left to right, C. top to bottom.
B. right to left. D. bottom to top.

26. Within a family (main group) in the periodic table of the
elements the most nonmetallic element is found

A. at the top of the family.
B. at the bottom of the family.
C. in the middle of the family.
D. at the top, middle, or bottom, depending on the family.

27. An ion having 18 electrons and 16 protons has a charge of

A. +18 B. -18 C. +2 D. -2

28. Metallic atoms become ions by

A. losing protons.
B. losing electrons.

C, gaining protons.
D. gaining electrons.

29, Which ion has the largest radius ?

A. CI- B. F C. 1K+ D, Cat}

30. How many electrons are in a chromium (III) ion, 52Cr3+?
24

A. 52 B. 27 C. 24 D. 21

31. A magnesium ion, Mg 2+, has the same number of electrons as
an atom of

A. neon,
B. sodium.

C. calcium.
D. fluorine,



193

32. Which of these elements loses electrons most readily?
A. Sodium (atomic no. 11)
B. Magnesium (atomic no. 12)
C. Aluminum (atomic no. 13)
D. Silicon (atomic no. 14)

33. Which element is the most electronegative?

.A.. Al B. CI C. Mg D. S

34. Which is a single compound?

A. Water B. Air C. Soil D. Milk

35. What is the total number of atoms represented by the formula
(N1-14)3PO4?

A. 20 B. 18 C. 17 D. 4

36. Sodium citrate has the formula Na3C6H5O7. What is the
formula for magnesium citrate?

A. Mg2C6H5O7 C. Mg3(C6H507)2

B. Mg3C6H5O7 D. Mg2(C6H507)3

37. The ions present in solid silver chromate Ag2CrO4 are

A. Ag+ and Cr04
- C. Ag+, Cr6+, and 02-

4-B. Ag 2+ and Cr0 D. Ag+, Cr 3+, and 02-

38. Which atom is most likely to have the same oxidation number
as magnesium, Mg?
A. Na B. Be C. Cl D. Al

39. What is the oxidation number of sulfur, S, in sodium sulfite,
Na

2
SO3?

A. +5 B. -3 C. +3 D. +4

40. In the ion H
2
P207 the oxidation number of P is:

A. 5 B. 2 C. 6 D. 4
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41. You are told to use some potassium iodide. The bottle is
labeled with the formula only. Which would be the correct
formula?

B. PI
3

C. KI D. PIA. KI
2

42. What is the formula for chromium (III) oxide?

A. Cr0 B. Cr20 C. Cr 30 D. Cr2O3

43. What is the name of the compound Fe3(SO4)3?

A. Iron (LI) sulfate C. Iron (II) trisulfate
B. Iron (III) sulfate D. Iron (II) sulfate (III)

44. What is the name of the compound having the formula CaH2?

A. Calcium amide C. Calcium hydrate
B. Calcium hydride D. Calcium hydroxide

45. Hypochlorus acid has the formula

A. HCIO B. HC102 C. HC1O3 D. HC104

46. Which expression for the complete combustion of pentane,
C5H12, is balanced?

A.

B.

2C51 -112 +802 10 CO2 + 12H 20

2 C
5
H12 + 5 02 10 CO2 + 6 H2O

C. C
5
H12 + 8 02 > 5 CO2 + 6 H2O

D. C
5
H12 + 8 0 ----> 5 CO

2
+ 12 H2O

47. When the equation, Al + 02 --> A1203 , is balanced,

which term will appear ?

A. 2 Al B. 2 Al C. 3 A1203 D, 2 A1203

48. What is the coefficient of P when the expression is balanced?

? H2SO4 + ? P ? H
3

PO4 + ? H2O + ? SO
2

A. 1 B. 2 C. 5 D. 4
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49. The weight of one mole of Fe(OH)3 is

A. 73 g B. 75 g C. 104 g D. 107 g

50. How many moles of hydrogen cyanide, HCN, are contained in
9.00 grams of HCN?

A. 0.0900 B. 0.333 C. 1.00 D. 9.00

51. How many molecules are there in 2.00 x 10-2 moles of carbon
tetrachloride, CC14?

A. 1.20 x 1022
B. 1.20 x 1023

C. 3.01 x 1023
D. 6.02 x 1023

52. How many molecules are in 11.0 grams of carbon dioxide, CO2 ?

A. 1.50 x 1023
B. 2.24 x 1023

C. 4.40 x 1023
D. 5.60 x 1023

53. What is the percent by weight of iron in iron (III) oxide,
Fe 203?

A. 70.0 B. 68.4 C. 55.8 D. 40.0

54. A sample of a compound contains 3.21 grams of sulfur, S, and
11.4 grams of fluorine, F. Find the empirical formula of
the compound.

A. SF B. SF2 C. SF
3

D. SF
6

55. A compound had the empirical formula CH2O. Its molecular
weight is 180. The molecular formula is

A. CH2O B. C
2
H402 C. C

4
H804 D. C

6
H1206

56. Assuming complete reaction, how many moles of ammonia
would form at constant temperature and pressure from a mixture
of 3.0 moles of nitrogen and 1.0 mole of hydrogen? (All
substances are gases.) N24 3 H

2
NH

3

A. 0.33 mole
B. 0.67 mole

C. 1.0 mole
D. 1.5 moles

PLEASE RETURN THIS SET OF QUESTIONS TO YOUR
INSTRUCTOR WHEN YOU COMPLETE THE EXAMINATION,


