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The problem with which this investigation is concerned

is that of a survey of the various integrated laboratory

sequence programs at college and university chemistry de-

partments. A preliminary questionnaire served to determine

which chemistry departments had tried an ILS approach.

Those departments which responded that they had tried an

ILS approach and were willing to answer a questionnaire

concerning it were sent copies of the main questionnaire.

The returned copies of these two questionnaires form the

source of data for the dissertation.

The dissertation is organized into five chapters.

The first chapter gives the background and significance,

statement of the problem, the purposes and delimitations

of the study, and a definition of terms.

Chapter II is a review of the literature.

Chapter III describes the collection of data. Con-

struction, validation, administration, and analysis of

the questionnaire are considered.

The findings of the study are presented in Chapter IV.

After an introduction, the occurrence of ILS programs and

the reasons for trying or not trying an ILS approach are
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tabulated. The nature of the ILS programs which have been

tried and the problems and changes that have occurred in

the various programs are presented. The last part of

Chapter IV is devoted to the perceived advantages and

disadvantages of the ILS approach.

Chapter V presents a summary of the findings. Con-

clusions are drawn and recommendations are made on the

basis of the findings.

About a fourth of the college and university chemistry

departments which are approved by the American Chemical

Society have an integrated laboratory sequence program of

some type. Most of the ILS programs do not cover the

entire undergraduate laboratory experience; rather, they

extend through one, two, or three of the four years of

the undergraduate program.

The most common reasons given for implementing an

ILS approach center around unhappiness with the traditional

laboratory program and a desire to keep pace with the

changing environment. Many feel the ILS approach is

worthy of implementation but do not do so because of the

time and effort required to promote a successful change.
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CHAPTER I

INTRODUCTION

Background and Significance

The two most basic teaching tools of the university

undergraduate chemistry course are the lecture and the

laboratory. Traditionally the laboratory is considered

a subordinate part of the lecture. It is an opportunity

to demonstrate physically the concepts that are presented

and discussed in the lecture. A consequence of this is

that the laboratory experiments sacrifice coherency with

each other for the relevancy of the lecture. Each labora-

tory session is designed with the current topic of the

lecture in mind. Correlating the laboratory into a single

structure within itself is a matter of lesser importance

and near impossibility.

Henry Altmiller recognizes this problem:

New principles are almost always first pre-
sented in the lecture and then exemplified by a
laboratory experiment. As a result of the domi-
nance of expository teaching, students are given
no opportunity to act as scientists or learn as
a scientist learns. 1

The student perceives this traditional relationship

between the laboratory and the lecture and often makes the

'Henry Altmiller, "Another Approach to Freshman Chem-
istry," Journal of Chemical Education, L (April, 1973),
249.

1
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assumption that the laboratory is less important than the

lecture. His feelings are reinforced by the fact that usu-

ally a faculty member teaches the lecture while laboratory

instruction is relegated to an advanced undergraduate or

graduate student. Traditionally, laboratory grades are

usually a minor component of the course grade, being com-

bined with and overshadowed by the lecture component. Thus,

excluded from the forefront of importance, the laboratory is

often neglected by the student, who then finds great diffi-

culty in associating the direct relationship between the

laboratory and the lecture.

Under the traditional system, if the student does not

relate the principle discussed in the lecture with the lab-

oratory experiment, he finds himself performing a "cookbook"

procedure he doesn't understand. The total process has

little meaning to the student and serves only as enforced

drudgery. Such a laboratory system lacks value unless the

student continually realizes and comprehends its relation-

ship to the lecture.

The integrated laboratory sequence (ILS) approach is an

attempt to set the laboratory part of undergraduate chemistry

formally apart from the lecture. In this approach there are

no separate laboratories completely devoted to the subject

matter of each course in chemistry. As the name implies, a

sequence of laboratory experiments is used which integrates

the various divisions of chemistry in order to cultivate
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within the student a problem-centered approach to the lab-

oratory. 2 The student is encouraged to think rather than

merely follow directions.3 It is this unification of the

progressive experience of the laboratory exercises into an

individual stream of learning apart from the lecture that

distinguishes the integrated laboratory sequence from the

traditional program.

This integrated laboratory sequence is designed to

build upon the increasing laboratory experience and ability

of the student, who can progress at his own rate and is

allowed to spend as much time as necessary on any area.

The student is free to see the relationship that exists

between the theory of the lecture and the practice of the

laboratory, but one is not subjugated to the other. Thus,

the integrated laboratory sequence approach serves as an

independent tool for teaching undergraduate chemistry.'

By structuring the traditional program so that a stu-

dent must enroll in the lecture section in order to take

the laboratory, individuals who are not totally involved

2Joe V. Michael, Philip L. Southwick, and David E.
Wood, "The First Year of an Integrated Course for Chemistry
Majors," Journal of Chemical Education, XLIX (September,
1972), 636-637.

3Howard J. Sanders, "Era of Ferment in Chemical Edu-
cation," Chemical and Engineering News (Ocotber 9, 1972),
pp. 20-41.

4T. Kurusev, "The Design of Laboratory Exercises,"
Journal of Chemical Education, XLIX (September, 1972),
628-629.-
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in the pursuit of a degree in chemistry tend to be excluded

from the advanced laboratory work in specific areas which

might be beneficial to them. The integrated laboratory se-

quence approach attempts to overcome the foregoing limitations

by allowing the student to proceed at his own speed and to

choose, to some extent, the experiments that lie in his field

of interest.5

The traditional laboratory approach usually makes little

or no provisions for students to become familiar with research

techniques. The outcome of an experiment tends to be a fore-

gone conclusion and the object seems to be to reach it as

quickly and painlessly as possible, while observing the

underlying principle. Under the integrated laboratory se-

quence approach the student is challenged to increase his

laboratory technique, ability, and knowledge. The experi-

ments he does tend to have less predictable results but

greater ability to nurture the student in the art of the

laboratory. There seems to be a trend in the teaching of

chemistry away from the answer-centered philosophy toward

a problem-centered approach.6 The student has a degree of

freedom to select experiments which will prove to be a

challenge to him. His selections may be chosen for some

5D. E. MacDuffie, "Learning Through Practical Work,"
Education in Chemistry, X (May, 1973), pp. 87-88.

'Sanders, "Era of Ferment," pp. 20-41.
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particular interest he has in them. Indeed, in advanced work

some schools require the student to postulate original solu-

tions to laboratory problems and then, under guidance, carry

them through on an experimental basis.'

The rewards of this form of individualized instruction

are well put by Doyle:

Individualized projects in the laboratory result
in greater student enthusiasm, develop self confi-
dence, and provide a greater variety of experience
than do the more common experiments found in labora-
tory manuals. . . . The use of such independent
student projects in the organic chemistry labora-
tory has provided a better understanding of chem-
ical reactions and techniques and has allowed
students to experience the rewards and frustra-
tions of research.8

Undoubtedly, the overwhelming limitation of the tradi-

tional laboratory system approach is the inability of the

student to assimilate the body of unrelated experiments into

a single body of knowledge sufficiently related to provide

him with the basic ability to function independently in the

laboratory.

James Marshal states,

The old laboratory curriculum included a
classical sequence of courses that treated the
various disciplines as separate and distinct
fields. In this traditional curriculum, the
student could not see the interdependence of

7John C. Cochran and others, "The Integrated Under-
graduate Laboratory Program at Colgate," Journal of Chem-
ical Education, XLIX (September, 1972), 630-633.

8Michael P. Doyle and William S. Mungall, "A New
Approach to Organic Laboratory Projects," Journal of
Chemical Education, L (May, 1973), 358.
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the various fields, and he was led to believe that
chemistry is separated into a number of independent
areas. This sharp separation of areas is no longer
applicable and is in fact misleading at a time when
disciplines such as physical biochemistry, organo-
metalic chemistry, and instrumental analysis that
bridge the classical subjects are becoming common-
place. The new integrated laboratory sequence
cuts across the artificial boundaries of organic,
inorganic, physical, and biochemistry to present
a progressively deepening experience in a total
approach to chemistry.9

This total approach to chemistry allows the student an

involvement in the learning process. No longer tied to the

abstractness of narrow fields, the ILS approach can be re-

lated more easily to the total environment of the student.

It provides a method of making chemistry exciting while

retaining the academic standards necessary in today's

scientific world.10

A considerable number of universities have tried the

integrated laboratory sequence in one form or another. As

is the case with many new ideas, while seemingly helpful,

it has not proved to be the panacea of all chemistry lab-

oratory problems. It is more demanding of faculty time,

and the scheduling of students, equipment, and instructors

is a mammoth problem.'' Some students are slow to complete

'James L. Marshal, "The Chemistry Laboratory Sequence
at North Texas State University," Chemistry Laboratory Se-
quence (Denton, 1972), p. iii.

'0M. A. Wartell, "A New General Laboratory Scheme:
Observation, Deduction, Reportage," Journal of Chemical
Education (May, 1973), p. 361.

'Cochran and others, "The Integrated Program at
Colgate," 630-633.
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their work in the unstructured system. Others never finish.

Questions frequently arise about what to do about grades and

how to insure that each student has equal opportunity to

achieve his own goals within the framework of the course

requirements.

Most of the schools who have tried the integrated lab-

oratory sequence have had three to five years experience

with it now, which is a sufficient amount of time to allow

these institutions to become intimately familiar with the

advantages and disadvantages of the integrated laboratory

sequence approach.1 2 There is a concern among these various

institutions about the extent to which other schools have

experienced the same problems that they have had. They are

interested in whether or not their own problems are unique

or are broadly experienced by others who have used the inte-

grated laboratory sequence approach. They are interested,

too, in the changes that have been effected in the ILS pro-

grams of other chemistry departments. The effectiveness of

these changes is of primary importance in selecting ways to

overcome the obstacles of an effective laboratory program.13

Considerable interest exists in the overall results

that have been achieved elsewhere. These results, when

compared with each institution's own results will provide

"2Theodore L. Brown, "The Integrated Undergraduate
Laboratory Program at Illinois," Journal of Chemical Edu-
cation, XLIX (September, 1972), 633-635

'"Sanders, "Era of Ferment," pp. 20-41.
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a more realistic outlook on the entire program. Universities

who have not yet attempted an ILS program are acutely inter-

ested in all aspects of it. They need valid information on

all facets of the program in order to make a realistic

appraisement of the advisability of incorporating them

into their undergraduate chemistry programs. The initial

motivation, the results, and an overall evaluation are im-

portant to these potential users.

In general there is a great deal of interest in all

aspects of the integrated laboratory sequence program. An

air of open willingness, even eagerness, to exchange infor-

mation exists. Only a method of communication has been

lacking.

Statement of the Problem

The problem of this study was to investigate the under-

graduate chemistry integrated laboratory sequence approach.

Purposes of the Study

The purposes of the study were as follows:

1. To determine the per cent of chemistry departments

approved by the American Chemical Society that have

tried the integrated laboratory sequence approach.

2. To determine the stated reasons those universities

had for trying the integrated laboratory sequence

approach.
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3. To determine the reasons that other universities

did not try the integrated laboratory sequence

approach.

4. To determine the nature of the integrated labora-

tory sequences that have been tried in the various

institutions.

5. To determine the problems that have been encoun-

tered with the integrated laboratory sequence

approach.

6. To determine changes that have been effected in

various ILS programs that are being conducted.

7. To determine the perceived advantages and dis-

advantages of the ILS programs as compared to

traditional chemistry laboratory programs.

8. To recognize trends in the type of ILS programs

being used and the merits, proglems, and limita-

tions inherent in each type.

Definition of Terms

Integrated laboratory sequence approach refers to a

laboratory series which is independent of the formal lecture

courses. The laboratory is a learning process within itself

and is not considered an extension of the lecture. It at-

tempts to integrate various disciplines such as organic,

physical, and biochemistry into a continuous experimental

approach and individual laboratory experience and competency.
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Typically the student may be encouraged to attempt research

type problems at the upper level as part of the laboratory.

The total emphasis of the integrated laboratory sequence

approach is the development of laboratory skills and ability

at successively higher levels of sophistication.

Traditional laboratory approach refers to a system of

using the laboratory as an extension of the formal lecture.

The laboratory is used to exemplify chemical and physical

principles and is coordinated closely with the lecture. The

experiments do not necessarily have any relation to each

other since the emphasis is placed on realizing the concepts

involved in the lecture.

Delimitations of the Study

1. This study is limited to the institutions approved

by the American Chemical Society in 1972.14

2. This study is limited to institutions in the United

States.

3. This study is limited to undergraduate chemistry

laboratory programs.

26.
''Chemical and Engineering News, May 15, 1972, pp. 22-



CHAPTER II

REVIEW OF THE LITERATURE

The modern literature of chemical education begins with

the end of World War II. Returning veterans, taking advan-

tage of veterans' benefits, led the great increase in the

number of students attending college. The increasing num-

ber of students attending college necessitated expansion of

facilities and faculties, and the aggressive attitude and

superior ability of these students brought about the begin-

ning of a change in chemical education philosophy.

Soviet space exploration in the late 1950's spurred the

scientific emphasis of the 1960's which led to increased

self evaluation and modification of programs by many chem-

istry departments. In general there was a trend away from

the classical, historical approach to chemistry. Instead,

the emphasis tended toward a professional preparation pro-

cedure.

This informal change is described well by Patterson:

Although we have laboratories which are
coupled to or associated with various courses,
quite a number of years ago we decided to change
the content of these laboratories to combine in
them the analytical techniques which had been
taught separately as "analytical chemistry" for
several years after W W II. Accordingly, advanced
laboratory techniques are taught in all labora-
tories from first-year to the most advanced,
without distinction as to whether they are quali-
tative or quantitative, organic or inorganic.

11
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etc. etc. The course content similarly draws from
the broadest range of examples which can be chosen,
without compartmentation into the older fields of
chemistry.

Further, we try to get our better students
into research activity as early as possible, and
so students who as freshpersons elect advanced
first-year courses (physical or organic) are
urged to undertake directed research in this
or other departments, acting as apprentice grad-
uate students in every proper sense of the de-
scription. Many of these complete MA degrees
in the four years they are here.

It may thus become apparent that while we
have not consciously changed laboratory offer-
ings to an integrated laboratory sequence, that
is in fact what we are offering, as most of
these labs operate independently from (though
taken concurrently with) lecture courses.1

Some departments perceived this evolution and attempted

to formalize it. Even before the term "integrated laboratory

sequence (ILS)" came into use, some aspects of it were de-

scribed in 1963 by Newman and Gassman,who list the main

points of "An Experimental Laboratory Course" as follows:

Each student has laboratory space of his own.
The type of laboratory apparatus supplied each
student is comparable to that provided to grad-
uate students doing research for advanced degrees.
There is no assigned laboratory manual.
The use of the library is taught and encouraged.
Qualitative organic analysis as a course is not
given.
Numerous lectures on laboratory aspects of
organic chemistry are given.
Experiments requiring special apparatus and
techniques may be assigned.

'Letter from Andrew Patterson, Jr., Professor of
Chemistry and Director of Undergraduate Studies, Yale
University, New Haven, Connecticut, May 21, 1973.
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In all of the work done in this course the empha-
sis is placed on doing superior work, not just on
getting a certain number of experiments finished.2

This marks the first literature report of a total de-

parture from the traditional chemistry laboratory to what

eventually came to be called the integrated laboratory

sequence. It is interesting to note the authors' comments

concerning the program as they candidly admit to some of

the drawbacks of their program. It requires considerable

money, space, and faculty time.

In recognizing this, the authors state the following:

Unless a teacher with considerable personal
interest in laboratory techniques and their con-
tinual improvement is available it would be better
not to try to install such a course.3

Chemistry departments at other institutions perceived

the inadequacies of the traditional laboratory program.

There was, however, understandable reluctance to make such

a radical change as the integrated laboratory sequence rep-

resented. Instead, there was considerable piecemeal replace-

ment of outdated subject material and combinations of several

courses into one."

2Melvin S. Newman and Paul G. Gassman, "An Experimental
Laboratory Course," Journal of Chemical Education, XL (April,
1963), 203-204.

'Ibid., p. 204.

"J. P. Chesick, "Integrated Physical-Analytical Course,"
Journal of Chemical Education, XL II (April, 1965), 199-201.
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Walter reports the results of a survey designed to de-

scribe the changing curriculum in chemistry.' The dynamic

state of chemistry instruction at the time is depicted by

the fact that 95 per cent of the respondents had made some

changes in their curriculum. In his survey, Walter did not

make provision for the separation of lecture and laboratory.

His findings, however, are of importance:

One can discern some trends in the curriculum
changes which have been reported. It seems clear
that many schools are just now breaking away from
the traditional course sequence: general, analyt-
ical, organic, and physical chemistry plus one
advanced course. Possibly the most general trend
is in the direction of teaching all of the basic
courses in the first three years, with the fourth
available for one or more specialized advanced
courses and research. 6

In 1967 the Advisory Council on College Chemistry re-

ported on the diversity of ways in which college chemistry

departments were attempting to unify laboratory courses.'

Nine colleges were specifically cited and their laboratory

programs briefly described. The extent of unification spans

from two-semester programs such as the one at the University

of North Carolina to four-year programs such as the one at

Lousiana State University at New Orleans.

5Robert I. Walter, "The Changing Curriculum in Chemistry:
Some Contemporary Developments," Journal of Chemical Educa-
tion, XLII (October, 1965), 524-528.

'Ibid., p. 526.

7"Teachers Try to Unify Laboratory Courses," Chemical
and Engineering News, XLV (November 20, 1967), 53-54.
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The chemistry department at Lousiana State University

at New Orleans fully implemented an integrated laboratory

sequence in the fall of 1966. The first literature report

of it appeared in 1968 and is important because it repre-

sents the first literature statement of the basic philosophy

of the integrated laboratory sequence.'

Tucker states the philosophy:

In an attempt to help students realize that
chemistry is a single discipline in which the
various "areas" (inorganic, organic, etc.) are
actually interrelated and interlocking parts, the
department of chemistry at LSUNO has undertaken a
new approach to the undergraduate laboratory in-
struction.

This new concept cuts across the classical,
artificial separation into general, qualitative,
quantitative, etc., and presents the laboratory
work as an ever deepening experience in laboratory
operations.'

More on the practical side, there is the problem of

how grades are given and the program conducted.

Tucker continues to explain their method:

At LSUNO the lecture and the laboratory
portions of our chemistry courses are separate;
the student receives a grade in each just as if
they were two completely different courses.
Under the new approach no attempt is made to
correlate the laboratory work and the classroom
presentation; instead, an hour of lecture each
week is part of the laboratory course. This
lecture is more sophisticated and theoretical
than the usual simple instructions for conduct-
ing an experiment. Obviously one can not cover

'W. C. Tucker, "An Integrated Six or Seven Semester
Laboratory Course," Journal of Chemical Education, XLV
(August, 1968), 523.

'Ibid., p. 523.
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all the theoretical background needed in one hour
per week, and therefore, we do endeavor to keep
the experiments relatively within the range of
the students' classroom encounters. 10

The integrated laboratory sequence at Lousiana State

University in New Orleans covers the entire four years of

the undergraduate program. There were initially three lab-

oratory textbooks which were written by faculty members.

These have been retained and converted into a looseleaf

arrangement to facilitate the changing of individual ex-

periments. While there have been problems with the inte-

grated laboratory sequence, the faculty there has been well

pleased with the ILS approach. 1

An advanced practices laboratory course was reported

at Northwestern University in 1971. It is designed to lend

coherence to the undergraduate laboratory curriculum and to

provide broad based experiments that more closely resemble

the kind of work a chemist actually does. The program is a

break away from traditional exercises and in fact if not in

name is an integrated laboratory sequence.

As Lucchesi states,

To achieve this scope, the methods and tech-
niques traditionally learned in courses labeled
inorganic, physical, and analytical chemistry have
been combined to give the student an opportunity
to integrate his earlier chemical experience.12

"0Ibid., p. 523.

"Letter from Mary Good, Professor of Chemistry,
Lousiana State University in New Orleans, March 19, 1973.

12Claude A. Lucchesi, "Chemical Experimentation:
Principles and Practice at Northwestern University,"
Analytical Chemistry, XLIII (January, 1971), 28.
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The Northwestern University program is designed pri-

marily for advanced students. It places heavy emphasis on

instrumentation and oral reports. As would be expected, it

makes heavy demands on faculty time in addition to the ob-

vious equipment use.

Elizabethtown College also has an ILS program designed

for advanced students. Encompassing three semesters, empha-

sis is placed on individual work and a problem oriented

approach.

A departmental statement briefly states the philosophy:

This two-three semester laboratory course in
chemistry has been developed as a vehicle to intro-
duce chemistry majors to many of the inter-related
facets and techniques of chemical experimentation
under conditions and in contexts similar to those
in which a chemist might encounter them. The pri-
mary objective of this course is to develop in the
student the ability to think and act like a chemist
as much and as early as possible. This includes
the ability to use the appropriate laboratory meth-
ods and tools. As an ultimate objective, the
student should be prepared to undertake a research
project in chemistry under the supervision of a
member of the faculty.13

Other chemistry departments perceived advantages in

unifying the laboratory program for the less advanced stu-

dent. The faculty at Gustavus Adolphus College objected

to the traditional laboratory approach because it causes

the student to work on a new, unrelated experiment each

laboratory period, leading to an unnatural chemical

13Advanced Chemistry Laboratory Objectives and Proce-
dures, Course Syllabus, Elizabethtown College Department of
Chemistry, Elizabethtown, Pennsylvania.
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situation which does not approach a real research experience.

They also objected to experiments which tend to have pre-

dictable results. To counter these objections, they have

employed independent laboratory projects with emphasis on

a research type approach. They initiated the program with

a small group of students and found the major problems to

be the disparity in backgrounds of the students and the dif-

ficulty in exposing the beginning student to the number of

techniques, manipulations, and laboratory operations which

should be found in an introductory laboratory course.14

Other schools developed integrated laboratory sequence

approaches which span other parts of the undergraduate cur-

riculum. An ILS procedure combining physical, analytical,

and inorganic chemistry was developed at Brooklyn College.

Howery expresses the need for the ILS program:

The artificially rigid classical structure of
chemistry does not adequately reflect the structure
of chemistry as practiced today. Analytical, in-
organic, organic, and physical chemistry must slowly
but surely be reorganized into substructures which
will stress greater integration of subject matter
and will promote the extension of boundaries of
chemistry. 15

Howery goes on to say that while there is a great deal

of lip service to the ILS approach, few schools show a

1 4A. G. Splittgerber, D. B. MacLean, and J. Neils, "A
Unified Introductory Chemistry Laboratory," Journal of Chem-
ical Education, XLVIII (May, 1971), 330-332.

"sDarryl G. Howery, "An Integrated Laboratory-Lecture
Sequence in Physical-Analytical-Inorganic Chemistry,"
Journal of Chemical Education, XLIX (May, 1972), 355.
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willingness to commit themselves to such a program. The ILS

program at Brooklyn College itself represents a compromise

between no change and a total four-year ILS program. This

faculty reluctance to change has been addressed by Walter

and seems to be one of the larger impediments to the imple-

mentation of ILS programs everywhere.16

Another example of the ILS philosophy applied on a

limited scale is found in an article written by Nugent.'?

The article concerns only a two-semester organic chemistry

laboratory, but one which is completely oriented to a prob-

lem solving approach, placing responsibility on the indi-

vidual students. The laboratory is of interest here because

it can be viewed as a subdivision of an ILS type program and

the results applied generally to ILS programs. Of primary

interest is the fact that only seven per cent of the students

failed to complete the second semester of the laboratory.

Reception of the laboratory was sufficient for it to be

expanded to include the freshman year.

In general, the results at Tulane University support

the belief of Kurucsev that a laboratory must be interest-

ing in order to be a worthwhile endeavor.18

16 Robert I. Walter, "Faculty Reluctance to Confront
Student Change," Journal of Chemical Education, XLIX (May,
1972), 323-325.

'Maurice J. Nugent, "Organic Chemistry Laboratory:
A Non-Traditional Approach," Journal of Chemical Education
XLIX (July, 1972), 491-492.

'8T. Kurucsev, "The Design of Laboratory Exercises:
An Analytical Approach," Journal of Chemical Education,
XLIX (September, 1972), 628-629.
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Dence, too, echoes this sentiment:

Compared with the traditional "cookbook
method," an integrated laboratory has the peda-
gogic advantage of directly instilling into the
student a sense of the unity and coherence of
chemical ideas. In addition the sequence has
the "flavor" of a research project designed to
stimulate the interests of students.19

Dence continues to report that the students in the ILS

program at Florida State University consider the laboratory

stimulating. They are clearly aware of the unity of the ILS

but are divided as to whether they prefer the traditional or

integrated laboratory programs.20

Colgate University uses an ILS program which spans the

junior and senior years. Within the program, students must

perform a certain number of experiments from a basic set.

Beyond that, they are allowed to choose work in their area

of interest. There is a gradation of difficulty assigned

to experiments to prevent the students from exceeding their

ability but they are encouraged to extend themselves to their

limits. Research problems are an integral part of the pro-

gram which is not limited to chemistry majors. The ILS

program at Colgate University has generated enthusiasm

among students and staff. In essence it provides for in-

dividual laboratory programs. Problems have appeared;

scheduling of the students and the equipment for the

19Joseph B. Dence, "An Integrated Laboratory Course
in Chemistry," Journal of College Science Teaching, (April,
1973), p. 39.

2 0Ibid., pp. 39-40.
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experiments presents considerable difficulty. The second

major problem is that of students who finish late or not

at all. Finally, the ILS requires more faculty time than

the traditional laboratory program required. In a sense,

however, this is an advantage since the increased contact

time between the faculty and students fosters a breadth of

experience for both groups.21

The ILS program at the University of Illinois begins

in the sophomore year. There is emphasis on the training

of techniques, but the greater emphasis is on leading the

student to see his laboratory work as a process of learning

how to go about answering questions through experimentation.

Brown states the philosophy:

We felt we could not hope to bring the stu-
dent to a point of reasonably high competence in
the use of a large variety of laboratory techniques.
Rather, we have sought in the core laboratory pro-
gram to teach the student how to go about learning
to use any appropriate laboratory tool, and apply
it in solving a particular problem.22

The ILS is divided into three courses. The first

course, which spans a semester, emphasizes the characteri-

zation of compounds. Laboratory instructions are structured

to maximize the students' intellectual involvement and allow

as much freedom of procedure as possible.

21John C. Cochran, David K. Lewis, William R. Stagg,
and Walter A. Wolf, "The Integrated Undergraduate Labora-
tory Program at Colgate," Journal of Chemical Education,
XLIX (September, 1972), 630-632.

22Theodore L. Brown, "The Integrated Undergraduate
Laboratory Program at Illinois," Journal of Chemical Edu-
cation, XLIX (September, 1972), 634.
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The second course emphasizes experimental measurements.

Of special importance are evaluations of chemical equilibria

and the rates of chemical reactions. As in the first course,

the laboratory sections, which number less than twenty each,

meet for approximately eighty hours during the semester.

The third course in the ILS program at Illinois is pri-

marily concerned with the application of physical principles

to gain understanding of the fundamental properties of mat-

ter. The course involves two four-hour laboratory periods

and a laboratory conference each week. In addition to the

three courses in the core laboratory, the students are re-

quired to take two other laboratory courses, one of which

can be a senior research project. No examinations are

given and student evaluations are based entirely on stu-

dent performance in the laboratory and student reports.23

The ILS program at Carnegie-Mellon University also

starts in the sophomore year. A freshman laboratory is

offered but is optional. In contrast to the ILS program

at Illinois, the emphasis at Carnegie-Mellon University

in on laboratory technique.

The literature report explains the objective:

We are certain at this point that our stu-
dents will be excellent technicians when they
finish this two year sequence. Our hope is that
they can extrapolate from experiment to theory
learned in courses at a later data and, thereby,
master the theory in a more meaningful fashion

2 3Ibid., pp. 633-635.
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while at the same time gain new insight into the
experiment which they have completed as much as
two years earlier.24

This type of philosophy is obviously designed to pro-

duce someone who can perform adequately in the laboratory.

The student spends from two to three afternoons a week in

the laboratory where the primary emphasis is on manipula-

tion. Understandably, the only student complaint is the

lack of theoretical preparation.

It is most interesting to note the variation of ILS

programs that have been reported. In these last two exam-

ples the emphasis and philosophy of each program are di-

rectly opposite to those of the other program. Yet, both

programs use the ILS approach.

Rose and Seyse have noted this diversity of integrated

laboratory programs.25 Their own one-year ILS program at

Texas A&M University is of the more formalized type. Junior

students spend six hours a week in the laboratory to complete

ten integrated experiments and a special project during the

course of a year. Laboratory theory is imparted in sixteen

hours of laboratory lecture at the start of the semester.

The most serious problem of the ILS program at Texas A&M

24Joe V. Michael, Philip Southwick, and David E. Wood,
"The First Year of an Integrated Course for Chemistry Ma-
jors," Journal of Chemical Education, XLIX (September, 1972),
636.

25T. L. Rose and R. J. Seyse, "An Upper Level Labora-
tory Course of Integrated Experiments," unpublished manu-
script (April, 1973).
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University is the high demand on the time of both the faculty

and the students. A lesser problem has been the scheduling

of equipment for laboratory use. The authors feel that the

main advantages of the program are the approximation of re-

search situations and the breadth of experience that such a

program allows.

It has become evident that a great deal of diversity in

chemistry laboratory instruction exists. Even within the ILS

approach there is a wide range of emphasis.

Howard Sanders concisely states the most basic reasons

for this:

.Every chemistry department is a reflection
of the views and personalities of its past and
present faculty members. Every chemistry depart-
ment is also strongly influenced by the size and
nature of its student body. In a real sense,
every chemistry department is unique.26

Despite the diversity, some trends in the attitudes of

chemistry departments toward their laboratory instruction

are evident. Probably the most obvious trend is that of

making the laboratory more interesting to the students. 2 7

The declining number of students taking chemistry, coupled

with a more active student interest in changing the curricu-

lum, has forced many departments to change their approach.

2"Howard J. Sanders, "Era of Ferment in Chemical Edu-
cation," Chemical and Engineering News (October 9, 1972) ,
p. 21.

27D. E. MacDuffie, "Learning Through Practical Work,"
Education in Chemistry, X (May, 1973), 87-88.
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Another major trend is that of increased emphasis on

problem solving. This departure from an answer oriented

tradition seems to be in response to the demands being

made on the professional chemist today. It is a matter

of preparing students properly for today's world of chem-

i stry. 28

The technical advancement of science, however, has

caused the most striking change in the chemistry laboratory.

All chemistry departments are placing much greater emphasis

on advanced instruments for carrying out experimental meas-

urements, yet, analytical chemistry as a laboratory course

is rapidly becoming extinct.

All of the radical changes evident in chemistry today

seem to indicate the evolution of a totally different lab-

oratory program than that which has existed in the past.

The lack of divisional lines characteristic of an inte-

grated laboratory sequence approach seems to be a natural

outgrowth of the present fluid nature of chemistry.

2 8 Robert J. Niedziel ski , "Chemical Careers," Journal
of Chemical Education, L (May, 1973), 355.



CHAPTER III

COLLECTION OF DATA

The problem of this study was to survey the various

integrated laboratory sequence programs in college and uni-

versity chemistry departments approved by the American

Chemical Society. The procedures for collecting the data

were as follows: (1) construction of a preliminary ques-

tionnaire, (2) administration of the preliminary question-

naire, (3) construction of the main questionnaire, (4) vali-

dation of the main questionnaire, (5) administration of the

main questionnaire.

Construction of the Preliminary Questionnaire

Construction of the preliminary questionnaire began with

a thorough search of the literature in an attempt to gain

some comprehension of the approximate number of chemistry

departments that have tried an integrated laboratory se-

quence approach. It was determined that approximately two

dozen schools might be able to respond affirmatively to a

questionnaire concerning the presence of an integrated lab-

oratory sequence (ILS) program at their schools. To enhance

the return of the preliminary questionnaire, it was limited

to one page. To further encourage its prompt return, a

check answer type of format was employed.

26
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The goal of the preliminary questionnaire was to deter-

mine if the individual chemistry departments (1) were con-

tent with their present programs, (2) have made any recent

changes in their programs, (3) have tried an integrated

laboratory sequence approach, (4) have considered and re-

jected the integrated laboratory sequence approach. If

the ILS approach has been considered and rejected, the

reasons for the rejection were asked. For a copy of the

preliminary questionnaire, see Appendix C.

Administration of the Preliminary Questionnaire

Copies of the preliminary questionnaire were mailed to

the chairmen of each chemistry department approved in 1972

by the American Chemical Society. See Appendix A. In order

to be able to identify the respondents, the name of the in-

stitution was typed on each copy of the questionnaire. A

letter, Appendix B, which explained the purpose of the

questionnaire, was enclosed. The letter also served to

define what the ILS is. A stamped, return addressed enve-

lope was enclosed with each questionnaire.

Construction and Validation of the Main Questionnaire

After an exhaustive literature search of chemistry lab-

oratory education in general and ILS programs in particular,

a questionnaire concerning the ILS approach was constructed

and presented to the doctoral advisory committee. Revisions

stipulated by the committee were made and the questionnaire,
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Appendix G, was submitted to five faculty members of the

North Texas State University Chemistry Department, who are

involved with the ILS. By each question the terms "valid"

and "not valid" were typed. A letter of instructions,

Appendix D, accompanied the questionnaire and explained the

purpose of the questionnaire and the reason for asking their

assistance. They were asked to read each question and cir-

cle either "valid" or "not valid" to express their judgment

of the value and validity of the question. The pre-determined

criteria for retaining each item was the consideration by at

least three of the faculty members that it was a valid ques-

tion.

Four of the five faculty members thought all questions

were valid. The fifth objected conditionally to three ques-

tions and completely to one other question. Under the cri-

teria established, the questionnaire was considered to be

valid as written.

Administration of the Main Questionnaire

The preliminary questionnaire forms which were returned

supplied the information necessary for the mailing of the

main questionnaire forms. If a respondent indicated that

his department had attempted an ILS program and also indi-

cated that a detailed questionnaire would be completed,

sufficient copies of the questionnaire for each member

involved in the laboratory program were sent to the pre-

liminary questionnaire respondent. No more than five
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questionnaire forms were sent to each institution. Each

questionnaire was accompanied by a stamped, return addressed

envelope to facilitate its return. A letter accompanied each

package of questionnaire forms, thanking the respondent for

completing the preliminary questionnaire and his willingness

to assist further in the project. In most cases this was the

form letter which is in Appendix E. However, because of com-

ments made by respondents on the preliminary questionnaire,

many of the letters were specifically written in order to

maintain a personal contact with the respondent.

Finally, if the results of the preliminary questionnaire

had been requested, a one-page summary of results at that time,

Appendix F, was sent with the main questionnaire. Appendix G

is a copy of the main questionnaire, with the per cent response

distribution of each question.

Analysis of the Questionnaire

The preliminary questionnaire findings were hand tabu-

lated and calculations were performed manually on a desk

calculator. No deadline was set and all returned question-

naire forms were included in the final calculations. A few

of the returns, however, were received too late for those

respondents to receive a main questionnaire.

The main questionnaire returns were placed on standard

computer cards. Means, standard deviations, and frequency

distributions were performed by the North Texas State
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University Computing Center using standard programs from

the statistical library.

Because of the extreme similarity among the returns

from any given institution, only one return, chosen at ran-

dom, was used from each institution.



CHAPTER IV

PRESENTATION OF FINDINGS

Introduction

The preliminary questionnaire was mailed to 467 insti-

tutions. Of the 367 institutions whose department chairmen

returned the questionnaire, 259 had not tried an integrated

laboratory sequence (ILS) approach while the remaining 108

institutions had tried some kind of ILS program. This repre-

sents a 79 per cent return on the original questionnaire. Of

those responding, 29 per cent responded that there was an ILS

program at their institution.

Of the respondents who indicated they had an ILS program,

eight (7 per cent) returned the preliminary questionnaire too

late to be included in the mailing of the main questionnaire.

Another twenty-two (20 per cent) indicated that while they

had an ILS program, they would not complete a more detailed

questionnaire concerning it. The remaining seventy-eight

institutions (73 per cent) indicated that a detailed ques-

tionnaire would be completed.

A total of 323 copies of the major questionnaire,

accompanied by letters, were sent to these respondents

of the preliminary questionnaire. In response to some

comment made by the respondents on the preliminary

31
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questionnaire, twenty-two (35 per cent) of the letters were

specifically worded for that particular respondent.

Respondents at 51 (67 per cent) of the institutions

returned 113 copies of the main questionnaire. Many re-

spondents included letters, reprints, or short notes with

the questionnaire. The per cent response distribution of

the results is given in Appendix G.

The Percentage Occurrence of ILS Programs

Of the 467 preliminary questionnaire copies returned

by chairmen of chemistry departments approved by the American

Chemical Society, 108 (29 per cent) of the departments state

that they have some form of an ILS program.

Reasons for Trying an ILS Approach

How well chemistry departments are satisfied with the

traditional and the ILS approaches, and the per cent occur-

rence of the ILS approach is indicated in Table I.

TABLE I

OCCURRENCE AND SATISFACTION OF ILS PROGRAMS

Program Percentage Evaluation

Traditional Laboratory Satisfied (60%)
Program 71 Not Satisfied (40%)

ILS Program 29 Satisfied (80%)
Not Satisfied (20%)
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General dissatisfaction with the traditional approach

seems to be the motivation to try an ILS approach as shown

in Figure 1.

Thought the ILS to be an_____
outstandingly good concept

Unhappiness with the tra-
ditional program

Believed the ILS would be

an improvement

10 20 30 40 50
Per cent of reasons

Fig. 1--Reasons given for trying an ILS approach

In almost all instances the decision to try an ILS pro-

gram was made by a committee of chemistry faculty members.

Sixty-nine per cent of the decisions were made by the entire

faculty, 12 per cent by a curriculum committee, and another

12 per cent by some combination of the previous two groups.

The department chairmen accounted for only 6 per cent of the

decisions.

For the most part, when the decision to try an ILS was

made, the chemistry faculty was in favor of it. Ninety-six

per cent of the decisions were supported by at least half

of the chemistry faculty.

The Reasons an ILS Was Not Tried

Of those respondents who had not tried the ILS approach,

55 per cent had considered and rejected it. Seventy per cent

of those rejecting it gave at least one reason for the
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rejection. The most prominent reason, which was listed

by 35 per cent of those giving reasons, was simply that

the program was not sufficiently beneficial. Another 17

per cent considered the program beneficial , but could not

generate enough enthusiasm in the department to effect

the program implementation. Some respondents report the

lack of anyone being willing to take the time, lethargic

faculty members, and make other, similar remarks.

A summary of the reasons is presented in Table II.

TABLE II

REASONS GIVEN FOR NOT TRYING AN ILS PROGRAM

Reason

Thought the program was not beneficial..

Lack of sufficient quantity of equipment
or facilities ". . . . . . . . .

Need a more complete evaluation of the
ILS approach . . . . . .. . . .. . .

Not enough time . . . .... . . . .

Insufficient faculty/student ratio . . .

Too many students.................

Lethargy . ". . . . . .

Too few students . .a . . . . ." .

Insufficient student ability

Per Cent of
Response

. .35

12

10

. .. s . . 10

...9

9

7

4

. . . . 4
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The Nature of the ILS Approach

About one-third (37 per cent) of the institutions used

a trial program before making the commitment to an ILS ap-

proach. Most of the trial programs were conducted in summer

school. Further, 92 per cent of the departments have had

either no, or only some, discussion with other faculties

about the ILS approach. Only 2 per cent have had extensive

discussions with other chemistry departments.

The bulk of the departments report that their ILS pro-

grams have been in effect for one to five years. Of the

programs, 29 per cent are from one to two years old and

45 per cent are from three to five years old.

All chemistry departments have some balance in emphasis

between research and teaching. The respondents report to

the effect that 8 per cent consider research more important;

36 per cent have an equal balance; and 44 per cent have an

emphasis of three-fourths teaching and one-fourth research.

Twelve per cent of the departments have their total emphasis

on teaching.

The responsibility of the ILS program rests with a

faculty committee in 36 per cent of the departments and

a faculty member in 48 per cent of the departments. The

remaining 16 per cent are evenly split between the depart-

ment chairman and no one in particular.

As shown in Figure 2, not all years are included in

every ILS program.
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Freshman OCOm0mm.

Sophomore COC00.00 C

J u n i o r o mmmmmmmmmmmmmmmmm Oomo |

Senior ......... 00

5 15 25 50
Per cent

Fig. 2--Per cent inclusion of each year in all
existing ILS programs.

Just as the four academic levels do not have equal in-

put into ILS programs, not all ILS programs are of equal

breadth. The distribution is shown in Figure 3.

One Year 20

Two Years .... 2.22.....22o .2222 i

Three Years 000000000

Four Years 00

10 20 30 40 50
Per cent

Fig. 3--Distribution of the number of years included
in the ILS programs.

Single year ILS programs at the freshman level account

for 13 per cent of all ILS programs. The single year junior

level accounts for 12 per cent of the programs. Sophomore

and junior level single year ILS programs account for only

2 per cent each of the ILS programs. The remaining 71 per

cent is accounted for by programs spanning two or more years.
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Freshman and sophomore combinations account for 4 per cent,

as do total, four-year programs. Sophomore and junior level

combinations account for 14 per cent and the junior and

senior level combinations account for 31 per cent of all

ILS programs. The two three-year combinations show the

freshman through junior year sequence to account for 12 per

cent of the programs and the junior through senior year sen-

ior year sequence to account for 6 per cent.

With these trends in mind, and with a knowledge of de-

creasing numbers of students in each progressive level, it

is easier to understand the populations of the various types

of ILS programs at each level. Forty-three per cent of the

ILS programs have less than one-fourth of the chemistry

students involved. Twenty-one per cent of the programs

have a fourth to a half of the chemistry students involved.

Only nine per cent of the programs involve between half

and three-fourths of the chemistry students, but 27 per cent

of the sequences involve over three-fourths of the chemistry

students.

Of interest is the fact that there is no relationship

between the number of students taking chemistry and the pro-

portional part of them involved in the ILS program. The low-

est number of students in an ILS program is eight, and the

highest number is 1000. The average is 139.

The ILS programs differ within themselves as well as

from the traditional laboratory programs they replaced.
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Thirty-five per cent of them are considered by the respond-

ents to be completely new from concept to exercises. Another

43 per cent of the respondents claim a restructering of the

old program and 16 per cent see their ILS as a modification

of the old program to conform to new goals and concepts.

The experiments themselves present a slightly different

picture. Approximately half (49 per cent) of them were com-

pletely rewritten. Only 18 per cent were greatly modified,

but 29 per cent were slightly modified. Additional comments

by respondents clearly show that the general trend is to keep

experiments which are adaptable to an ILS program, perhaps

with some modification, and drastically change or replace

those which are not compatible with the ILS approach.

Just how well the approach became integrated is reflected

in the evaluation of the experiments. Only 10 per cent feel

that their laboratory experiments are completely integrated,

emphasizing no particular discipline. The bulk (57 per cent)

feel that their experiments are pretty well integrated but

that they still emphasize particular areas. One-third clas-

sify their experiments as a mosaic of emphasis from the var-

ious disciplines of chemistry.

On a broad basis, it is interesting to note just which

disciplines are included in the ILS approach. The extent of

inclusion of each discipline is noted in Figure 4.
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Analytical moooooooooooom

Biochemistry ~oo~~1

Inorganic OmomoomoOmo |

Organic _______

Physical mOOOOOOOm j

10 20 30 40 50
Per cent

Fig. 4--Per cent inclusion of areas of chemistry
into ILS programs.

The laboratory lecture is performed by a faculty mem-

ber in 92 per cent of the programs. Two per cent do not

have a laboratory lecture, and graduate students as lec-

turers account for 6 per cent.

All respondents report giving credit for the laboratory.

Seventy-three per cent grade it as a free-standing course,

separate from the lecture. The other 27 per cent make the

laboratory a part of the lecture course grade.

The responsibility allotment for organization is handled

in a variety of ways. Thirty per cent of the ILS programs

have no organization. Eight per cent of the programs carry

a faculty member through the entire program with the same

students. Much like the traditional laboratory program,

52 per cent of the ILS program faculty members carry a spe-

cific area assignment repeatedly. The remaining 10 per cent

place the responsibility of running the program in the hands

of a committee.
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Respondents overwhelmingly state that no alternate

program is available to the students. Only 16 per cent of

the departments have an alternate program. Further, the

alternate programs are spread throughout the levels of in-

struction.

The wide range of programs that are reported under the

ILS classification is well illustrated by the perceived re-

lationship of the laboratory to the lecture course. Fourteen

per cent report no relationship at all. Twenty-two per cent

report very little, and 32 per cent report some relationship.

Twenty-four per cent report considerable relationship, and 8

per cent report that a great deal of relationship. exists be-

tween the lecture and the laboratory. Probably more important

than the actual per cents is the lack of sharp delineation of

the responses into groups. The result is indicative of a

rather continuous spectrum of program variation.

Just as diverse is the written material which is used

and its source. Material written by a single faculty mem-

ber accounts for only 13 per cent of the sources. Material

written by several faculty members accounts for 51 per cent,

making a total of 64 per cent of the written material sources

come from the particular department itself. Miscellaneous

other material sources account for 4 per cent and 32 per

cent are standard publications available from publishers.

The kinds of written materials and the extent of their

uses are listed in Table III.
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TABLE III

PER CENT USE OF VARIOUS WRITTEN TEACHING MATERIALS

Material Per Cent Use

Handouts........ ... .......... 40
Library material..... . . . . . 22
Lab books . . .....21
Textbooks ................. . . . 16

Again, probably more indicative of the nature of the

programs is the range of selections. For example, 86 per

cent of the respondents indicate two or more types of written

materials and 60 per cent of the departments obtained mate-

rial from two or more sources.

Problems Encountered with ILS Approaches

The opposition to and unhappiness with the ILS approach

seem to be parallel to involvement of the areas of chemistry,

with two exceptions. Inorganic chemistry accounts for 26 per

cent of the involvement, but only 5 per cent of the unhappi-

ness. Biochemistry supplies the opposite approach to a

lesser degree. While it accounts for only 9 per cent of the

involvement, it accounts for 18 per cent of the opposition

and unhappiness. The degree of the problems from each area

is depicted in Figure 5.
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Analytical ocooooooooooooo m cooooooooo

Biochemistry

Inorganic ~EE

Organic i c mooooOO00 0

Physical mOooooooooo t
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Per cent

Fig. 5--Areas and per cent occurrence of problems
in existing ILS programs.

All of this must be greatly tempered by the fact that

74 per cent of the respondents note no opposition or unhap-

piness at all. Even where opposition is present, the respond-

ent indicates that it is slight in many cases.

Most of the institutions that have implemented an ILS

program have a balance between research and teaching. Eight

per cent of the departments report teaching as only one-

fourth of their duty, while 36 per cent report an equal

split of responsibility. The largest group, 44 per cent,

report that research occupies only one-fourth of the em-

phasis while 12 per cent say the emphasis is all teaching.

On the whole, the institutional administration appears

to have little to do with the problems directly connected

with the ILS programs. Six per cent of the respondents re-

port that the administration is not sympathetic toward the

problems associated with the program. Nine per cent respond

that there is some understanding, and 39 per cent say the
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administration is sympathetic to the problems. The most

prominent response, 40 per cent, however, is that they do

not know the attitude held by the administration.

The released time provided to the faculty for an ILS

development is judged adequate by 35 per cent of the respond-

ents. Another 20 per cent report having some release time

provided, but that it was inadequate. The remaining 45 per

cent report that no release time was provided for the ILS

development.

There was no retraining of the faculty in 69 per cent

of the reports. Only 29 per cent report some retraining of

the faculty, and 2 per cent of the respondents report con-

siderable work in the area.

The philosophy of the ILS approach is never explained

to students of one-fourth of the ILS programs. Another

fourth of the programs' students have the philosophy of

the program explained generally throughout the program.

The largest percentage of the explanations, 34 per cent,

occur when students enter the program. Upper level ex-

planations of the philosophy of the ILS approach occur in

only 6 per cent of the programs and careful overall instruc-

tion of the philosophy occurs in 10 per cent of the institu-

tions.

When the ILS programs were implemented, almost half,

48 per cent, experienced no effect on students' degree plans.

At the other end of the scale, only 2 per cent experienced
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drastic changes. Between these two extremes, slightly modi-

fied are 38 per cent and considerably modified are 12 per

cent.

When comparing the faculty time involved in operation

of an ILS program to the time required to operate a tradi-

tional program, no one claims that the ILS approach requires

much less time. Only 4 per cent believe it requires less

time. The most often checked response, claimed by 43 per

cent of the respondents, indicates the two programs require

the same amount of time. Thirty-five per cent of the re-

spondents believe the ILS approach requires more time than

the traditional approach, and 18 per cent believe it requires

much more time.

A survey of the responses to the subject emphasis change

with the advent of the ILS shows that in every area the ma-

jority of the responses indicate that there was no change.

Within the remaining responses, only biochemistry and in-

organic chemistry have undergone increased (18 per cent)

emphasis due to the ILS implementation. Analytical, or-

ganic, and physical chemistry each suffered a decrease in

emphasis in about 6 per cent of the departments.

Better than half of the departments report that they

have not had serious problems with their ILS approaches.

Problems became apparent immediately for 21 per cent of

the respondents; 6 per cent of the institutions had prob-

lems after a semester; and the remaining 19 per cent did
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not discover problems until the ILS program had been in oper-

ation a year.

Any change in a program tends to create problems for

the people involved. However, 42 per cent of the respond-

ents state that the ILS implementation caused no problems.

The distribution of problems among student groups is shown

in Figure 6.

Me d i c al Ooooooooooooom T

Transfer memo i

Engineering 0000

Biology -030

Chemistry =CO
Changing majors

Part time _-

10 20 30 40 50
Per cent of problems

Fig. 6--Student groups encountering problems and their
per cent occurrence.

The junior year is the most often checked as the source

of the most problems. The freshman year receives 31 per cent

of the votes for most problem prone year, and the sophomore

and senior years are almost even with 14 and 15 per cent each,

respectively.

The junior year also receives the most responses for

requiring the most time for development, representing 54

per cent of all responses. It also received 49 per cent
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of the responses for the year requiring the most time to

operate. The freshman year again follows by requiring the

most time to develop in 20 per cent of the cases and the

most time to operate in 23 per cent of the cases. The

sophomore year is the third most often cited year with

14 per cent in each category, and the senior year is

fourth with 14 per cent for operation and 12 per cent for

development.

The problems of the ILS programs are depicted in

Table IV

TABLE IV

PROBLEMS ENCOUNTERED WITH THE ILS APPROACH

Prbnhem Per Cent Occurrence

Demand on faculty time . r . . . .. r.s . .
Demand on equipment ........ ....... ...

Structuring of the laboratories.. . . . . . .
Students falling behind in their work...."....
Demand on student time . . .
Lack of student ability ... . . . . . . . ...
Inadequate teaching assistants ..... .

27
27
13
13

9
4
4

The last aspect of the problems of the ILS is that of

satisfaction with written material. Approximately half (48

per cent) of the respondents are happy with the written

teaching material. While 44 per cent are somewhat satis-

fied, 8 per cent are not satisfied with the written mate-

rials.
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Changes in ILS Approach Programs

No changes in the ILS programs are reported by 80 per

cent of the respondents. Six per cent of the responses were

changes in the experiments and changes designed to impose more

structure on students' work. Adding sophomore and junior

years to ILS programs accounts for 2 per cent each of the

responses. Dropping an alternate program represents 4 per

cent and adding one represents 2 per cent of the responses.

The advent of the ILS program caused the demise of a

course in only 49 per cent of the responding institutions.

Of this 49 per cent, analytical chemistry accounts for 80

per cent of the courses dropped, excluding laboratories.

The other 20 per cent are inorganic chemistry. Of course,

the ILS replaced the traditional laboratory program and

dropping the traditional laboratories is not considered.

The Perceived Advantages and Disadvantages
of the ILS Program

With the advent of the ILS program, 43 per cent of the

respondents think the emphasis on principles did not change.

Sixteen per cent think the emphasis is less with the ILS

approach. In the other direction, 29 per cent believe the

ILS approach slightly increased the emphasis on principles

and 12 per cent think the emphasis on principles is much

more than it was in the traditional program.
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The advent of the ILS approach has greatly changed the

student utilization of instruments. Respondents state that

the freshman year instrument utilization increased at 42 per

cent of the institutions and 52 per cent of the institutions

at the sophomore level. The greatest increase is in the

junior year; 71 per cent of the institutions have experienced

an increase in instrument use with the ILS implementation.

Only in the senior year did any institution report the ILS

causing less instrument use, reported by 2 per cent of the

respondents. However, the bulk of the senior year change

is an increase, reported by 47 per cent of the institutions.

Student interest in the various areas of chemistry with

the advent of the ILS has not changed so drastically. For

analytical chemistry, 78 per cent of the respondents report

no change in student interest. Twenty per cent of the re-

spondents report that there is more interest in analytical

chemistry under the ILS approach. For biochemistry, 84 per

cent of the respondents report no change and 14 per cent re-

port increased interest. Two per cent respond with less

interest.

Inorganic chemistry maintained the same student interest

at 80 per cent of the institutions with ILS implementation.

Fourteen per cent experienced an increase and 6 per cent ex-

perienced a decrease. Organic chemistry experienced an in-

crease of interest at 12 per cent of the institutions and a

decrease of interest at 4 per cent. Physical chemistry
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experienced an increase in student interest at 14 per cent

and a decreased interest at 8 per cent of the institutions

which implemented an ILS approach.

The ILS approach seems to induce greater rapport be-

tween faculty and students than existed under the traditional

laboratory program. Sixty-one per cent of the respondents

report greater rapport under the ILS approach. Twenty-nine

per cent report less rapport. An additional 8 per cent are

unable to determine any change and report they do not know.

Thirty-nine per cent of the stated goals of the ILS

approach are to produce a better practicing chemist. The

next two most often stated goals are to make the laboratory

more interesting and to orient students more toward research.

They each represent 23 per cent of the stated goals of the

ILS. The other goal of interest is to emphasize different

areas than are possible in a traditional laboratory approach.

Fifty-four per cent of the respondents think most of

the goals of the ILS have been realized. Another 42 per

cent believe that a few of the goals of the ILS program

have been achieved; 2 per cent believe no goals have been

attained, and 2 per cent believe they have been attained

completely.

The student response to the ILS approach is fairly

favorable. Sixty per cent of the programs have students

who understand and like the program. Twenty per cent of

the respondents state that the students are indifferent.
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Another 8 per cent perceive that although their students

do not understand the program, they like it. Some respondents

note that the student response is mixed and diverse. That is,

a variety of student responses are reflected against the ILS

approach.

Fifty-one per cent of the chemistry departments report

that under the ILS the students use the library more than

they did under the traditional program. Sixteen per cent

use it much more. Thirty-one per cent of the departments

believe the library use does not differ between the two pro-

grams and 2 per cent believe the ILS approach induces less

library use.

No evaluation of the ILS program has been done by 10

per cent of the respondents. A gut feeling evaluation is

expressed by 36 per cent and 40 per cent claim a qualita-

tive evaluation of their ILS programs. Six per cent of

the departments have a quantitative evaluation of the pro-

gram and 8 per cent of the departments have been able to

do some follow-up evaluation on graduates. Notations by

respondents indicate that these follow-up evaluations are

usually in the form of the former student returning to the

department for a visit and expressing his retrospective

views on the program.

When asked if, based on present knowledge, the respond-

ent would support the proposal of an ILS approach, 40 per

cent voice complete favor, 50 per cent favor with
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reservations and no one opposes completely the ILS ap-

proach.

All of the respondents except 2 per cent feel that

it is practical to conduct an ILS program. Sixty-nine

per cent of them feel that four-year ILS programs are

feasible. Of the remaining 29 per cent, 4 per cent feel

only the freshman year is feasible. Nineteen per cent

feel only the junior and senior years are feasible and 6

per cent feel that the sophomore, junior and senior years

are feasible.



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The return of the preliminary questionnaire shows that

slightly more than one-fourth of the colleges and university

chemistry departments which are approved by The American

Chemical Society have an integrated laboratory sequence

(ILS) approach in at least part of their undergraduate

laboratory instruction program. The reasons that these

departments have tried an ILS center around general improve-

ment of the undergraduate program. Apparently the tradi-

tional approach to chemistry laboratory instruction has not

kept pace with the changing attitudes and interests of stu-

dents and the demands being made by society on the graduate.

The department chairmen reflect this feeling of deficiency

by expressing a general uneasiness concerning satisfaction

with the laboratory program. Only 60 per cent of the de-

partments still using the traditional approach are relatively

satisfied with it. The most prevalent reasons for going to

an ILS approach are unhappiness with the traditional program

and a belief that the ILS approach is an improvement.

The decision to implement an ILS approach was a group

decision in almost all cases. Since the success of the pro-

gram depends on the efforts of individual faculty members,

52
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group support by the chemistry faculty is mandatory for the

success of such a program. Unanimous support is somewhat

difficult to obtain in all cases, however, due to the per-

ception by some faculty members that the ILS approach threat-

ens their area of chemistry and therefore their personal se-

curity.

Not all chemistry departments who considered the ILS

approach were willing to try it. Almost half of those who

have not tried the ILS approach report considering and re-

jecting it. The most often listed reason for rejecting it

is the belief that the ILS approach is not preferable to the

traditional one. Thus, the most prominent factor in whether

an ILS is implemented or not is the subjective comparison of

the ILS and the traditional laboratory approaches.

A less often cited reason for not implementing an ILS

program is the inability to generate sufficient department

enthusiasm, even though the ILS approach was accepted as

preferable in principle. Apparently the initial development

work for such a project deters those who are not strongly

motivated as a group to actively upgrade the quality of in-

struction.

The development and implementation of ILS programs is

amazingly devoid of careful examination of the successes

and failures of other attempts in the area. Further, only

a third of the institutions report using a trial program

before full implementation of their ILS program. This
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individualistic approach of chemistry departments undoubtedly

accounts for much duplication of inherent problems. The in-

stitutions which slowly incorporated the ILS approach into

their program experienced much less difficulty and are far

more pleased with the results. These tend to be institutions

that have had ILS programs for more than the average number

of years.

The years of inclusion in the ILS program present two

different approaches to ILS programs. A considerable number

of freshman one-year ILS programs are reported. Careful

examination of the freshman chemistry laboratory shows it

to be the most broadly based of the levels of laboratory

instruction in the traditional approach. It, therefore, is

convertable to an ILS approach with a minimal amount of

effort and change.

The other type of ILS program may include the freshman

year, but concentrates on multiple-year advanced programs

which center around the junior year. These might be consid-

ered the "real" ILS programs. Some cover the entire under-

graduate program and others cover only one or two of the

advanced years, but they contrast the single-year freshman

ILS program by being more distinct from the traditional lab-

oratory program.

There is also a diversity of percentages of chemistry

students involved in the ILS program. The trend is for

either very few or most of the students to be involved in
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the ILS program. The largest response shows that less than

one-fourth are involved and the second most common response

lists better than three-fourths of the students in the ILS

program. The tendency is clear to carry the ILS program as

either an auxiliary program with a few students involved or

as the main approach, encompassing most of the chemistry stu-

dent body. The number of students in departments which have

an ILS varies greatly and no trend is established.

Within the programs themselves, a tremendous amount of

variety exists. While it is true that some departments wrote

"all new" experiments when switching to an ILS approach,

these tend to be the less comprehensive programs. The pro-

grams spanning more years tend to be comprised of experiments

which were either completely rewritten to fit the ILS philos-

ophy or were already of such a nature. This mixed process

results in the restructuring of old programs into the new

program being predominant, but closely followed by the prac-

tice of implementing a totally new laboratory program for the

ILS approach.

A close examination of the experiments themselves shows

that the bulk of them still emphasize to a small degree some

particular discipline. That is, the experiments themselves

are not completely integrated. Only a small part of the

experiments are completely integrated, emphasizing no par-

ticular discipline. Between these two groups, a third of

the respondents feel that their attempts to produce an ILS
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have produced a mosaic of experiments, each area being empha-

sized on some particular experiment, producing an overall

integrated effect.

There seems to be an exclusion of biochemistry from

the ILS programs. The low incidence of inclusion does not

relate to the academic levels included in the ILS or with

the incidence of unhappiness with the ILS approach. However,

it does correspond well with the extremely high incidence of

problems created for medical students by the ILS. Thus, the

solution to these problems in many cases has apparently been

to exclude biochemistry from the ILS.

The only reason for computing the laboratory grade as

part of the lecture grade in an ILS approach is convenience.

Of those institutions which do not grade the laboratory as

a free standing course, the vast majority have either one-

or four-year ILS programs. For those with one-year programs,

the convenience can be the deciding factor, providing a homo-

genity of technique throughout the curriculum. Those insti-

tutions which have multiple-year programs and which incorpo-

rate the laboratory grade into the lecture grade tend to

have ILS programs which are less integrated than those that

grade the labs as free standing courses. That is, their

laboratory programs are less removed from the traditional

laboratory approach than the average ILS program.

It is not surprising that better than half of the in-

stitutions report individual faculty members having
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responsibility for a particular aspect of the ILS program.

However, that 30 per cent of the institutions do not have

a particular organization is surprising. The only apparent

result of this is the lack of a trial program before full

implementation of the ILS program.

Most ILS programs use several types of written materials.

The most typical are the laboratory manual and handout written

by one or more faculty members at the institution which uses

it. Some laboratory manuals are the snap ring type which

allow individual pages to be replaced, added, or removed.

The remainder of the written material is mostly of the stan-

dard publication nature and is available in the library. In

general it seems that because materials designed for the ILS

approach have not been readily available, many departments

have reverted to preparing material specifically tailored

to their own programs. Further, the use of a variety of

materials is predominant in the ILS approach, in contrast

to the traditional method of using only one source of written

material.

Almost three-fourths of the respondents with an ILS

program report no unhappiness with it. The opposition that

does exist must be viewed as a comparison between it and

the amount of inclusion of each area into the ILS program.

With the exception of inorganic and biochemistry, the un-

happiness with the ILS program is proportional to involve-

ment. Inorganic chemistry accounts for less displeasure



58

with the ILS approach than would be expected on a pro rata

basis. On the other hand, while biochemistry is involved

only to a small degree in the ILS programs, it accounts for

twice its pro rata share of unhappiness with the program.

The institutions that have an ILS program tend to have

a balance in emphasis between research and teaching. Be-

tween the two, the greater emphasis is on teaching.

In general the administration had little or nothing to

do with the ILS development. Approximately half of the in-

stitutions report that no release time was provided to

develop the program. There was no retraining of the faculty

in the great majority of the institutions.

When ILS programs were implemented, about half of them

experienced no effect on students' degree plans. The other

half experienced varying degrees of impact on the degree

plans. The underlying philosophy is explained to different

degrees, also. The most common explanation method is when

students enter the program, followed to a lesser extent by

an explanation which continues throughout the program.

About a fourth of the institutions never explain the philos-

ophy of the ILS approach to the students.

The emphasis on various areas of chemistry has changed

in only a few institutions as a result of the ILS implementa-

tion. In those institutions where it has changed, only bio-

chemistry and analytical chemistry have received increased

emphasis.
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The ILS approach requires as much or more faculty time

to operate as the traditional approach requires. Respondents

are about equally split on the two options. The junior year

requires the most time to develop and operate and presents

problems in more institutions than the other years. It is

followed closely by the freshman year, and the sophomore and

senior years trail about equally. By far the group of stu-

dents encountering problems most often because of the ILS

approach is medical students. Other groups encountering

problems are transfer students and students in engineering.

Of the problems associated with the ILS approach, the

most severe are the demand on faculty time and the demand

on equipment. Despite the problems, slightly better than

half of the departments believe their goals have been rea-

sonably realized. Most of the others believe that at least

some of their goals have been realized.

Once the ILS program is underway, most institutions do

not make major changes. Experiments are modified to some

extent and a more structured system is imposed on the stu-

dents in some cases. Congruent with the ILS implementation,

analytical chemistry as a separate course is often dropped.

Inorganic chemistry is sometimes dropped.

The ILS approach induces much greater instrument use

than the traditional laboratory approach. This increase

is greatest in the junior year and least in the freshman

year.
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Greater rapport between the faculty and students is

fostered by an ILS approach. The faculty thinks the ILS

should produce a better practicing chemist, and they seem

to think it is doing just that. They also believe it does

a better job of preparing students for research than the

traditional program.

The students themselves favor the ILS approach. It

places more responsibility on their shoulders. They use

the library more and find it easy to fall behind in their

work, but as a whole, they like it.

Most departments have evaluated their ILS program, at

least informally. Most favor the ILS approach and almost

all feel the ILS approach is feasible.

Conclusions

The integrated laboratory sequence refers, in practice,

to a great variety of programs. They are all integrated.

The difference is in what levels and areas are integrated

and how seriously the particular department has taken on

the task of making the program truly different from the

traditional laboratory approach.

There are areas and levels of chemistry more amenable

than others to the ILS approach. Analytical chemistry gives

way easily with the introduction of an ILS, and the junior

year is by far the year most often included in an ILS pro-

gram. This does not fulfill the ideal of an ILS program

covering every area of the entire undergraduate chemistry
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laboratory. Instead, the ILS programs, on the whole, repre-

sent a compromise of several factors. The often unswerving

implacability of some faculty members, the inertia of the

status quo, the physical limitations of the equipment, and

the limited ability of students are all pitted against the

merits, perceived and real, of the ILS philosophy and its

approach, and against a growing realization that the tra-

ditional laboratory sequence no longer satisfies the demands

of a technical society. Most of the ILS programs were

evolved independently of the other ILS programs that are

contemporary to it. Some of the more successful ones evolved

slowly without a conscious effort to become an ILS approach,

but rather as an attempt to satisfy the needs of students

and society. It seems strange that a field of science that

depends so heavily on the results of previous research should

benefit so little from the experiences of others in its own

teaching program.

Despite the problems, the ILS has proved to be a pro-

gressive change in laboratory instruction. Those who teach

in it work hard, but consider the results worthwhile. The

students, too, favor it, but also find that it requires more

effort than might be required by a traditional program. In

general, the ILS approach requires more faculty and student

time than the traditional approach.

More equipment of a more expensive nature is required

and innovative procedures become the rule rather than the
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exception. Students are given more responsibility for plan-

ning their work and progressing through it. As a result,

some fall hopelessly behind who would not do so under the

more rigid format of the traditional approach.

In conclusion, the ILS approach requires more time,

equipment, planning, and individual effort from both the

faculty and the students. For it to be successful, the

faculty must make a realistic commitment to provide the

input necessary to make the ILS work as a group project.

Those who have made the commitment and expended the effort

have found the results are compensatory.

Recommendations

Chemistry departments are composed of individual faculty

members, and as such, each department has a unique character

and should view the experiences of others carefully when ex-

tropolating those experiences to their own situation. Never-

theless, there is a great deal that can be learned from ob-

serving the actions of others and the results of those

actions.

It is recommended that chemistry departments considering

the implementation of an ILS approach contact faculty members

in other chemistry departments that have an ILS program.

Those institutions are listed in Appendix A. Much valuable

information can be gained by such a process and specific

areas can be investigated in great depth.
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The same recommendation applies to those institutions

that have an ILS program and are experiencing difficulty

with it. Information exchange will benefit those who wish

to expand or modify existing ILS programs. The free avail-

ability of knowledge and the results of experience are basic

to education and science and should be more fully utilized

with respect to the ILS approach.

It is recommended that chemistry departments look more

carefully at what they are doing and expend more effort to

evaluate the process and the result of that process so that

better comparisons can be made of the various laboratory

instruction techniques. Only then can informed decisions

be made to provide the best educational effort.

Finally, it is recommended that before a chemistry

department commits itself to an ILS approach, the faculty

members determine that they are, as a group, committed to

the effort required to carry through on the implementation

of an ILS program. Lacking the commitment from the entire

faculty, the department might be well advised not to attempt

an ILS approach, but rather, concentrate on improving their

present program.



APPENDIX A

DEPARTMENTS OF CHEMISTRY OF INSTITUTIONS ON THE APPROVED

LIST OF THE AMERICAN CHEMICAL SOCIETY WHICH

RESPONDED TO THE MAIN QUESTIONNAIRE

Ball State University
Muncie, Indiana 47306

Brooklyn College of New York
City University

Brooklyn, New York 11210

California, University of,
Los Angeles

Los Angeles, California 90024

Carnegie-Mellon University
Pittsburg, Pennsylvania 15213

Case Western Reserve University
Cleveland, Ohio 44106

Central State University
Wilberforce, Ohio 45384

Cincinnati, University of
Cincinnati, Ohio 45221

David Lipscomb College
Nashville, Tennessee 37203
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Drew University
Madison, New Jersey 07940

Elizabethtown College
Elizabethtown, Pennsylvania
17022

Franklin and Marshal College
Lancaster, Pennsylvania
17603

Geneva College
Bever Falls, Pennsylvania
15010

Georgia State University
Atlanta, Georgia 30303

Hamline University
St. Paul, Minnesota 55101

Hampden-Sydney College
Hampden-Sydney, Virginia
23368

Harvey Mudd College
Clairmont, California
91716

Howard University
Washington, D.C. 20001

Illinois, University of
Urbana, Illinois 61801

Iowa, University of
Iowa City, Iowa 52240

3-4

3-4

-- 0-25

Bio

3 Bio

3-4

1-3

3-4

0-25

0-25

Bio 26-50

10

10

30

40
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1 Bio 76-100 90

3 Bio 76-100 140

1 Bio
Phys

2-3

1 -3

26-50 500

-- 0-25 200

Bio 76-100 400

Lehigh University
Bethlehem, Pennsylvania 18015

3 Bio 76-100 27

Loyola University of Chicago
Chicago, Illinois 60626

Marshal University
Hinnington, West Virginia
25701

Maryland, University of
College Park, Maryland 20742

4 Bio
Inorg
Org

76-100 15

1-2 Phys 51-75 1000

3-4 Bio
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New Mexico, University of
Albuquerque, New Mexico 87106

New York, State University of,
at Albany

Albany, New York 12203

New York, State University of,
College at Cortland

Cortland, New York 13045

North Carolina, University of,
at Charlotte

Charlotte, North Carolina
28202

North Dakota State University
State College Station
Fargo, North Dakota 58102

Northeastern University
Boston, Massachusetts 02115

Northern Arizona University
Flagstaff, Arizona 86001

Oakland University
Rochester, Michigan 48063

Oregon State University
Corvallis, Oregon 97331

Randolph-Macon Woman's College
Lynchburg, Virginia 24501

Rensselaer Polytechnic
Institute

Troy, New York 12181

Rochester, University of
Rochester, New York 14627

San Francisco State College
San Francisco, California 94117

Scranton, University of
Scranton, Pennsylvania 18510

Seton Hall University
South Orange, New Jersey 07079
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3-4

1

2-3

Org

Org

Bio
Org

0-25

0-25

0-25

-- 0-25 150

Bio 0-25 15

3 Bio
Inorg

Org

1-3

1 -3

2-3

2-4

2-4

3-4

0-25

Bio 76-100 1000

-- 0-25

-- 0-25 100

Bio
Inorg

51 -75

-- 76-100 130

Bio

3 Bio

1 -3 Bio

3 Anal
Bio
Org

0-25

0-25

0-25

0-25

66

30

30

15

20

70

30

30

20

20

15



South Florida, University of
Tampa, Florida 33620

Stetson University
De Land, Florida 32720

Texas A &M University
College Station, Texas 77843

Thiel College
Greenville, Pennsylvania
16125

Trinity College
Hartford, Connecticut 06106

Tufts University
Medford, Massachusetts 02155

Ursinus College
Collegeville, Pennsylvania
19426

Wabash College
Crawfordsville, Indiana
47933

Washburn University of
Topeka
Topeka, Kansas 66621

Washington, University of
Seattle, Washington 98105

Wellesley College
Wellesley, Massachusetts 02181

Westminister College
New Wilmington, Pennsylvania
16142

Worcester Polytechnic
Institute

Worcester, Massachusetts 01609

3 Bio 26-50

3-4

1-3

All

Bio
Inorg

Bio

26-50

0-25

15

50
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-- 76-100 250

1 Bio 26-50 135
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APPENDIX B

LETTER ACCOMPANYING THE PRELIMINARY QUESTIONNAIRE

As part of my doctoral dissertation at North Texas State
University I am studying the Undergraduate Integrated
Laboratory Sequence that has been tried by various chem-
istry departments.

For clarification, the Integrated Laboratory Sequence
refers to a variety of programs, and may be considered
to be distinguished from the traditional approach by a
general separation of the lecture and the laboratory.
The Integrated Laboratory Sequence attempts to integrate
the various disciplines such as organic and physical into
a progressive approach which emphasizes experimental tech-
niques and individual laboratory experience and competency.

The Chemistry Department at North Texas State University
and I would greatly appreciate your assistance in com-
pleting the enclosed questionnaire. It is designed to
require a minimum of your time, and a return envelope is
provided for your convenience. If you would like to have
a summary of the findings, please so indicate on the
questionnaire you return. Any additional comments are
welcomed.

Thank you for your time and consideration. I look for-
ward to receiving the questionnaire from you.

Yours truly,

Larry G. Luce, M.S.
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APPENDIX C

GENERAL CHEMISTRY LABORATORY INSTRUCTION SURVEY

Please check the appropriate answers and return the ques-
tionnaire in the attached envelope.

1. Is your department relatively satisfied
with its present undergraduate labora-
tory teaching program?

2. Has your department made any major oper-
ational changes in the laboratory teach-
ing technique in the last five years?

3. Has your department ever considered the
introduction of an integrated laboratory
sequence program?

4. Has your department ever attempted an
integrated laboratory sequence of any
kind?

a. If you have, would you be willing
to complete a more detailed ques-
tionnaire concerning your program
and an evaluation of its results?

b. Would you encourage your faculty
members who are involved in the
laboratory program to complete a
questionnaire also?

Yes (65)

Yes (49)

No (35)

No (51)

Yes (71) No (29)

Yes (29) No (71)

Yes (80)

Yes (73)

No (20)

No (27)

c. How many of your faculty members are
involved in your laboratory program?

5. If your department considered the introduction of an inte-
grated laboratory sequence, but did not attempt it, would
you please indicate the reasons it was not tried.

12 Lack of sufficient quantity of equipment or facilities
0 Lack of sufficient quality of equipment or facilities
9 Insufficient faculty/student ratio
4 Too few students
9 Too many students
4 Insufficient ability of students

35 Thought the program was not beneficial

69
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27 Other (please specify)
(10) Need more complete evaluation
(10) Not enough time
( 7 ) Lethargy

6. Do you want a summary of the findings of this
questionnaire? Yes ( ) No ( )



APPENDIX D

LETTER REQUESTING VALIDATION OF THE MAIN QUESTIONNAIRE

Attached is a copy of the revised questionnaire concerning
the Integrated Laboratory Sequence. In order to establish
its validity, would you read each question and circle
either "Valid" or "Not valid," in keeping with your judge-
ment of the question.

The results of this validation will determine the content
of the questionnaire to be mailed to those chemistry depart-
ments responding affirmatively to the preliminary question-
naire, indicating that they have tried some sort of ILS
program.

I wish to thank you for the cooperation and advice I have
received. If you have any questions, I may be reached at
788-2085, 788-2300, or 387-0346.

Larry G. Luce
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APPENDIX E

LETTER ACCOMPANYING THE MAIN QUESTIONNAIRE

Thank you for so promptly returning the short questionnaire
concerning the integrated laboratory sequence. I am espe-
cially grateful not only for your willingness to complete
a longer questionnaire, but for your willingness to encour-
age your faculty members who are involved in your laboratory
program to complete one also.

Accordingly, questionnaires are enclosed for the number of
faculty members you stipulated. Each has a stamped return
addressed envelope to facilitate your convenience.

The results of the short questionnaire are enclosed. If
you would like to have a summary of the findings of this
questionnaire, please so indicate so on the questionnaire
you return. Again, thank you for your assistance.

Appreciatively,

Larry G. Luce
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APPENDIX F

GENERAL CHEMISTRY LABORATORY INSTRUCTION

SURVEY RESULTS

The results of the one page questionnaire have been cal-

culated and are as follows. Of those who responded, 60% were

happy with their laboratory program, regardless of whether or

not they had tried an ILS. 26% of the respondents were unhappy

and 14% had mixed feelings concerning their programs.

Of those departments who had not tried an ILS approach,

54% had made some major change in the last five years while

80% of those with an ILS program had made a major operational

change in the same time period (implementation of an ILS would

definitely be a major change).

Among those departments which had not tried an ILS, 68%

had considered the program and decided against it or deferred

the decision. The most often given reason was the belief

that the ILS was not sufficiently beneficial. Close behind

was the feeling that it was too great a task to place on an

already overburdened faculty. Other reasons were the reluc-

tance of one or two faculty members to any kind of change,

general faculty indifference, insufficient faculty/student

ratio, and lack of adequate facilities and equipment.

Of all respondents, 35% said they had tried some form

of an ILS program.
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APPENDIX G

PER CENT RESPONSE DISTRIBUTION: A SURVEY OF THE

INTEGRATED LABORATORY SEQUENCE (ILS)

Please indicate your answer by checking the appropriate blank.
More than one blank may be checked. Please feel free to alter
responses to better fit your answer and to make comments at
any point.

1. Who made the decision to try an integrated laboratory
sequence (ILS)?
6 The department chairman

12 The curriculum committee
9 The entire faculty
12 Other (please specify)

2. When the original decision to try an ILS was made, approxi-
mately what percent of the faculty was in favor ot it?

0-25%
4 26-50%

2W 51-75%
68 76-100%

3. What were the reasons for trying the ILS program in your
department?
1 Don't remember

T It was a popular idea at the time
30 Unhappy with the traditional program
45 Believed it would be a definite improvement7 Thought it to be an outstandingly good concept

1 Other (please specify)

4. Was there a trial program of the ILS in your department
before full implementation of it?
37Yes
63No

5. How many years have you had an ILS program?
6 Less than one
~ 1-2

45 3-5

~ 6-10
2 More than ten
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6. How much discussion has your faculty had with faculties
of other institutions about the ILS?
16 None
76 Some
6 Considerable
T A great deal

7. Has opposition or unhappiness with the ILS program come
from any particular area?
28 Analytical
18 Biochemistry
5 Inorganic

ZU Organic
23 Physical
0 Other (please specify)

8. Does the emphasis in your department lie in research or
teaching?
8 75% research, 25% teaching

36 50% research, 50% teaching
44 25% research, 75% teaching
12 100 % teaching

9. Was the administration sympathetic toward your department
concerning the problems associated with the ILS?
6 No
9 Somewhat

39 Yes
46 Don't know

10. Who has the leadership responsibility for the ILS program?
8 Department chairman

36 Faculty committee
48 Faculty member
W No specific person

11. Did the faculty members attempt to change their approach
to teaching in order to be compatable with the ILS?
29 No change needed

0 Yes, but they couldn't
33 Some did, others didn't
35 Yes, most changed sufficiently
7 Yes, total change

12. How would you describe the ILS used by your department
as compared to the previous system?
35 Completely new from concept to exercises
43 A restructuring of the program. Many experiments

changed
16 A modification of the old program to conform to the

new concepts and goals
4 A different emphasis on the same experiments
7 Only the name was changed
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13. How were the actual laboratory experiments changed when
the ILS program was implemented?
49 Completely rewritten
18 Modified greatly
29 Modified some
~4 Hardly changed
0 No change

14. Just how integrated are the experiments in the ILS?
10 Completely integrated so that no experiment emphasizes

a particular discipline
57 Pretty well integrated but experiments still emphasize

particular areas
33 Sort of a mosaic of experiments from each area such as

organic, physical, or biochemistry
0 None, the different disciplines are well separated

15. What areas are included in the ILS?
28 Analytical
9 Biochemistry

26 Inorganic
18 Organic
T9 Physi cal

0 Other (please specify)

16. What years are included in the ILS?
21 Freshman
17 Sophomore

T Junior
21 Senior

17. Approximately what percent of the undergraduate students
taking chemistry is involved in the ILS program?
43 0-25%
2T 26-50%

9 51-75%
27 76-100%

18. Approximately how many students does this represent?

19. To what degree is the philosophy of the ILS program ex-
plained to the students?
25 None

6 Explained only at the upper level
Explained generally to all students throughout the
program

34 Explained when students enter the program
Tl0The students are carefully instructed in the overall

philosophy and operation of the ILS
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20. How much faculty release time was provided for ILS
development?
45 None
27 Some, but inadequate
35 Adequate
_0_ More than adequate

21. How much retraining of the faculty was involved in the
ILS implementation?
69 None
29 Some
2 Considerable

22. With the implementation of the ILS, how were degree
plans affected?
48 None
3 Slightly
12 Considerably
2 Drastic changes

23. How much faculty time is involved in the operation of
the ILS program as compared to the traditional labora-
tory program?
0 Much less
4 Less

43 Same
35 More
18 Much more

24. How much student time is required by the ILS program as
compared to the traditional laboratory program?

0 Much less
TI Less
53 Same
23 More
6 Much more

25. Who performs the laboratory lecture?
2 There isn't one
2 Graduate student
4 Laboratory Instructor

92 Faculty member

26. How is laboratory credit given in the ILS program?
0 No laboratory credit given

73 Laboratory is a separate course, graded by semester
27 Laboratory is part of a lecture course

Other (please specify)
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27. How has the emphasis on subject areas changed with the
advent of the ILS?
Analytical 20 Greater 53 Same 27 Less
Biochem 22 Greater 72 Same 6 Less
Inorganic 31 Greater 57 Same 12 Less
Organic 14 Greater 66 Same 20 Less
Physical 18 Greater 58 Same 24 Less

28. How has the emphasis on principles changed with the advent
of the ILS program in place of the traditional program?

0 Much less
IT Less
43 Unchanged
2 Slightly more
12 Much more

29. What is the organizational relationship of the faculty
to the ILS program?
30 No organization
8 A faculty member stays with a group of students from

the first to the last year of the ILS program
52 A faculty member repeatedly has responsibility for a

particular level of the ILS program
10 A committee has charge and no one faculty member has

specific duties
Other (please specify)

30. Is there an alternate to the ILS program available to
the students?
84 No
IT Yes, students can choose which program
__ Other (please specify)

31. How long had the ILS program been in operation before
serious problems became evident?
21 Immediately
T A semester
-1 A year
54 Never

32. Since the ILS program was started, how has it changed?
0 Fr 0 Soph 0 Jr 0 Sr years dropped

Fr 4 Soph 4 Jr 0 Sr years added
4 Dropped 2 Added alternate program

80 No change
6 Other (please specify)
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33. Has the ILS created problems for particular student
groups?
42 No
4 Biology majors
4 Chemistry majors

~7 Engineering majors
27 Medical majors
10 Transfer students
4 Students changing majors
T Part time students
0 Commuting students
0 Other (please specify)

34. How has the student utilization of instruments changed
at each level with the advent of the ILS program?
Freshman 42 More 58 Same 0 Less
Sophomore 37 More T8 Same T Less
Junior T More 29 Same 0 Less
Senior 47 More 51 Same 2 Less

35. How did student interest in the different areas of
chemistry change as a result of the ILS program
implementation?
Analytical 20 More 78 Same 2 Less
Biochemistry 14 More 84 Same 2 Less
Inorganic T4 More 80 Same ~6 Less
Organic 12 More 84 Same 4 Less
Physical 14 More 78 Same 8 Less

36. Which years required the most faculty time in ILS
development?
20 Freshman
a Sophomore
54 Junior
12 Senior

37. Which years of the ILS require the most time in operation?
23 Freshman
7 Sophomore
49 Junior
14 Senior

38. For which years of the ILS are the problems most severe?
31 Freshman
1T Sophomore
40 Junior
15 Senior
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39. How much rapport exists between faculty and students
under the ILS program as compared to the traditional
laboratory program?
61 More
29 Same
7 Less
8 Don't know

40. What is the biggest problem of the ILS program?
27 The demand on faculty time
27 The demand on equipment
T3 The structuring of laboratories
~T The demand on student time
4 The inability of students to comprehend the program
T Inadequate ability of teaching assistants

T The tendency of students to fall behind in their work
3 Other (please specify)

41. What are the goals of your ILS program?
0 No goals set

39 Produce a better practicing chemistT Make the laboratory program interesting
0 Shift the work emphasis from faculty to students

23 Orient students more toward research
IT Emphasize different areas than would be possible

under a traditional approach
4 Other (please specify)

42. Have these goals been realized under the ILS program?
2 No

42 A few
54 Most
2 Completely

43. How much correlation exists between the lecture course
and the laboratory under the ILS approach?
14 None
22 Very little
32 Some
24 Considerable
8 A great deal

44. What is student response to the ILS philosophy and program?
2 They don't understand it and don't like it
8 They don't understand it but they like it
2 They understand it and don't like it
62 They understand it and like it
7 Indifferent
T'Other (please specify)
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45. What kind of written materials are employed in the ILS
program?
21 Lab books
40 Handouts
16 Textbook
22 Material available in the library
0 None
T Other (please specify)

46. Where were the written materials obtained?
13 Written by a single faculty member
5T Written by several faculty members
4 Other materials

32 Standard materials available through publisher
0 Other (please specify)

47. Are you satisfied with the written material used?
48 Yes

8 No
44 Somewhat

48. To what extent do students utilize the library under
the ILS program as compared to the traditional labora-
tory program?
16 Much more
51 More
31 Same
2 Less
0 Much less

49. What kind of ILS evaluation has been done by your depart-
ment?
10 None
36 Gut feeling
40 Qualitative

6 Quantitative
0 Quantitative with control groups
8 Follow up studies on graduates
0 Other (please specify)

50. In view of what you now know, if the ILS program were
being proposed for the first time in your department,
how would you state your position?

Oppose completely
Oppose with reservations

6 Undecided
50 Favor with reservations
41 Favor completely
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51. Do you feel it is practical to conduct an ILS program?
2 No

69 Yes
Only the 4 Fr 4 So 1_ Jr 25 Sr years are
feasible.

52. Has the advent of the ILS program caused the advent or
demise of any specific course?
51 No
49 Yes (please explain)
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