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PREFACE

The changing character of the sciences is now an accepted phenomenon. Yet there is
remarkably little documentation about the nature of changes taking place or those
that may be expected. Wha ire the influences acting as agents of change? What will
be their impact on future building design and const-uction? These are significant
questions requiring answers if the nature of adaptability needed in science and
engir.eering buildings is to be clearly determined.

Certainly, a major academic building—during its useful life of a half century or
more—will need to accommodate many different activities and their environmental
requirements. And, during this half century, technology, teaching methods and
subject emphasis, as well as university size and organization, will be continually
changing. Obviously, there is need for academic buildir gs that can be easily modified
or altered to accommodate changing requirements.

Thus, a fundmental objective of ABS research as becn to determine the degree of
adaptability needed. Buildings for sciences and engineering were especially appro-
priate for study because these disciplines are complex, require relatively high rates of
change, and involve space types (offices, classrooms and laboratories) common to
many otker academic disciplines. The ABS research involved four main lines of
enquiry: User Requirements, Performance Standards, Cost Base, and Subsystems
Options.

This document presents data and conclusions resulting from a series of user studies,
involving a spectrum of individuals, disciplines and space types, concerning activity
patterns in, and reactions to, existing facilities. Additionally, background studies of
academic methods were made to ascertain the range of ways academic buildings may
have t0o meet the needs of future users. These studies also provided irisight into the
attributes and functions of the university as a complex st cial system of aims, values
and personal relationships.

Environmental requirements are thus reviewed in the context of the user’s
experiencc. The major intent has been to establish the range of activities and
environmental conditions that the ABS system must accommodate. It is believed
that this information will stimulate new creative thinking in the programming and
the designing of academic facilities, and will set a pattern for extending such studies.
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BACKGROUND

Building user requirements are those requirements originating in the needs of the
various users that must be met by the programming, design, construction, and
operation of a building. Whereas in programming a building, specific requirements
for a particular group of users must be stated within an academic context, this study
is concerned with only ‘‘general requirements of academic buildings’’—those
requirements that are basic to the nature of learning, teaching and research activities.

The main thesis is that future academic buildings must be seen as structures capable
of accommodating a changing variety of space types and departments. Departments
must become accustomed to being tenants rather than owners of buildings. The
single function of the single department building for classrooms or for a single
discipline is no longer appropriate to the pace of change on the campus.

This study presents a general picture of three aspects of university academic
buildings. These aspects are:

1. The various kinds of users of academic facilities.

2. The typical activities of the users: teaching, learning and research.

3. The environment and characteristics of academic buildings in
which the users perform these activities.

Throughout the study, emphasis is on activities and corollary requirements rather
than on building types. The principai focus is on the common attributes of users and
their environmental requirements whether they be students, staff or faculty in
engineering, the sciences, or other disciplines. Di'ferences are also noted as
appropriate.

Assumptions. The user study has been performeri against the background of certain
underlying assumptions about the nature of academic buildings and building users.
in general, these assumptions have proven valid. The assumptions are as foliows:

1. Similar basic activities impose similar requirements on the physical environ-
ment, regardless of administrative or geographic location. For example, reading,
writing, typing, or conducting a seminar require similar physical conditions on
different campuses regardless of geographical location.

s/
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2. Similar basic activities impose similar environmental requirements regardless of
the specific disciplines involved. For example, a professor of bio-chemistry, a
graduate student in civil engineering, and an assistant professor in psychology
will require similar environmental conditions for reading, writing, or conduct-
ing a seminar.

3. Certain common characteristics exist in the required environment regardless of
geographic or administrative location or discipline. In addition, specialized
conditions are required by different activities, geographical locations, in-
dividuals.

4. An academic building during its useful life—of more than half a century—
should be able to accommodate the environmental needs of many activities. In
view of present and future resources, treating every requirement with a
customized solution is neither necessary, desirable nor feasible.

Method of Investigation. A major intent of the AES program is to develop a means
whereby universities can begin to construct areas of generic space, with indetermi-
nate programs, but with confidence, because of the ABS system, that their program
needs will be accommodated. To this end, data collection for the user study relates
to a spectrum of space types and disciplines. The method of data collection has been
as follows:

1. Preliminary pilot surveys of faculty reactions to existing academic buiidings by
University of California staff for building systems projects.

2. A two-day conference attended by 25 faculty representatives from nine
University of California campuses seeking reactions to existing academic
building environments and ideas for future planning.

3. A series of background studies exploring academic methods for future trends
that indicate a different emphasis in the way buildings may have to meet the
needs of users.

4. Individual interviews with academicians and administrators {see listing, Appen-
dix B) to provide testimony on current trends in teaching and research and
cortesponding facilities requirements.




5. Interviews, by project teams, of users of academic buildings on Indiana and
California campuses. Six buildings were selected for study as representative of
the building types likely to be designated as ABS demonstration projects by the
two universities. These types were biological sciences buildings in California
and engineering buildings in Indiana. Detailed cost/performance studies of the
same six buildings are summarized in the ABS publication: Cost/Performance
Study: Six Sciences and Engineering Buildings. These buildings are as follows:

a. Biological Sciences Unit 3 (Storer Hall), University of California,
Davis, California.
Natural Sciences Unit 1, University of California, Irvine, California.

c. Biological Sciences Unit 2, University of California, Santa Barbara,
California.
Jordan Hall, Indiana University, Bloomington, Indiana.

e. Krannert Hall, Indiana University and Purdue University,
Indianzpolis, Indiana.

f.  Civil Engineering Building, Purdue University, L.afayette, Indiana.

Some 150 persons from the six sample buildings—staff, students and faculty—were
interviewed in groups of six for three-hour periods. To start the interview sessions,
the consultant provided a form whereon participants were asked to indicate the
space types most commonly used for their activities. Thereafter, the discussions
were free-ranging with interviewers attempting to let points of emphasis emerge
from the groups. That sought from the interviews was information on user activities,

and the user’s estimate of the extent to which present buildings supported these
activities.

This section summarizes the interview notes of the consultant. The attitudes
expressed, and quotations, where used, have been selected because they were
typical.




THE USERS

Users of academic buildings can be broadly classified in two groups—direct and
indirect. The direct users are those persons occupying or regularly using space in a
building. They include faculty, students, laboratory technicians and administrative
non-academic staff. Indirect users are persons who by virtue of their responsibility
must make decisions ultimately affecting building design, operation or maintenance.
The indirect users include university programmers, architects, building committees,
building managers, custodians, and physical plant personnel.

Perhaps one of the greatest barriers to effective planning is that these two groups
have somewhat conflicting interests in a building. The direct user is primarily
concerned with obtaining enough space and equipment to support his activities in a
comfortable environment. The indirect user is responsible for buildings being
constructed and maintained within the constraints of cost and time as often imposed
by funding agencies and others. These values conflict to the extent that the direct
and indirect users do not understand one another’s problems.

An architect, in developing his design, must reconcile the conflicting values of the
indirect and direct users. At the same time, he introduces a third set of values
deriving from legitimate concerns such as his professional irtegrity and the objective
application of accepted logic and aesthetics. He may also have a personal need for
self-expression. Communication and an honest expression of differences between the
users (direct and indirect) and the architect is paramount to understanding user
requirements.

Translation of user requirements into building requirements traditionally occurs
during the programming stages of a project. One faculty member interviewed
described the programming process as a “‘balancing act.” He felt that those involved
should refer back to the users more often, pointing out that compromises aie often

negative and that either of two extremes may be better than a compromise which
satisfies no one.

A statement of user requirements is initially unrelated to constraints of cost or time,
put an architect must inevitably work within these constraints. In doing so, his
solutions may involve compromises that disappoint the users. Each user, by
clarifying his prioritiss, can assist the architect. Similarly, the architect can help the
user enormously to establish these priorities if he explains the alternatives 2vailable
within the relative constraints of cost or other factors that apply to these choices.



Chart 1

USER’S CHART

USERS DIRECT INDIRECT

Campus President, Chancellor,

Administration business office.

Faculty Department heads May be involved in building
Professors and space allocation committees
Associate Professors at campus or departmental level.
Assistant Professors

Faculty- Teaching assistants

Students Research assistants

Students Graduate
Upper division
Lower division

Staff Departmenta! secreiaries Maintenance personnel
Faculty secretaries (departmental, building)
Laboratory technicians buildings and grounds,

personnel (campus}.
Others Visitors
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ACTIVITIES

To gan insight into octivity patterns and space use in academic buildings, interviews
with students, statt and faculty were conducted in terms of what individuals do—not
'« terms of what they want. Thus, a portion of all interview sessions was devoted to
brief reports of each person’s activities. The activity reports were further amplified
by in depth gruup discussions of space use, and individual and group needs for
teact ing. learning and research activities. Those activities typically performed are
outlined herein. Subjective reactions to the existing environments and implications
for space design are discussed in subsequent sections.

The direct users of an academic building are typically engaged in four categories of
activity as follows:

1. Activities involved in the formal teaching and learning process.
2. Activities related to research.
3. Activities of the community within a building, comprising a mixture of

academic, social, formal and informal functions.
4. Various activities of individuals in and around a building.

Although these must necessarily be overlappir J (i.e., individual activities also belong
in each of the other categories), surh broad categorization assists in providing an
overview of activities performed in academic buildings, in relation to both group and
individual space needs and environmental requirements.

TEACHING AND LEARNING ACTIVITIES

In recent years, universities have tended to emphasize upper division and graduate
instruction and the research inherent in these levels. Concomitant changes in
curricula have not, however, altered the basic forms of teaching and learning.
Despite change, the classroom remains the principal place for disseminating
information and exchanging problems and solutions. And, the fundamental tools for
teaching and learning continue to be the textbook for study and a teacher
demonstrating lab processes or lecturing to a group of students.

¥



Traditionally, lower division courses in a university ave introductory courses
designed for large numbers of first and second vyear students. Such courses are
usually taught by a professor lecturing from a podium (equipped with demonstra-
tion bench and sliding chalkboards) to a class of several hundred students for
approximately an hour. The lecture hall is often equipped with TV mcnitors,
strategically located, to convey the details of demonstrations throughout the hall.
Slides or films may also be projected onto these monitors.

Despite criticism of the impersonal nature of undergraduate instruction, classroom
size generally remains a function of cost and the large lecture session persists.
Universities are increasingly being forced to expand the size of lower division classes
in which unilateral information is delivered, while attempting to hold down the size
of graduate courses involving bilateral problem solving. Overall costs and shrinking
budgets are dictating higher student to faculty ratios, increased use of technology to

stretch instructional talent and use of parafaculty or graduate student teaching
assistants.

Thus, although an undergraduate student may visit a professor in his office, consult
with his advisor, or in some cases arrange for individual or group study under the
supervision of a faculty member, his contacts with the faculty are extremely limited.
In contrast, graduate level courses are commonly organized as seminars or small
discussion groups meeting for approximately two-hour periods. A graduate student,
because he performs his research in the laboratory of the professor in charge of his
studies, has more opportunity for faculty contact than an undergraduate student.

Innovative programs replacing traditional lecture and laboratory methods have
proven successful, both in improving educational quality and in alleviating
shortages of money and space. Successful innovative programs include taped
television lectures played and audio-tutorial programs. Tests indicate that TV
lectures are an effective means of instruction, although some students prefer a more
personal live lecture presentation of material. Audio-tutorial programs appear to be
superior to conventional lectures, as they allow a student to repeat a week’s course,
if necessary, to ensure that information is completely assimilated.

Rl 2
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The photograph below shows audio-tutorial facilities in Jordan Hall at Indiana
University. These arrangements were designed and built by the building staff.

Originally the room was a teaching laboratory designed for forty-two stations. Now,
thirty audio-tutorial booths have been arranged on the existing laboratory benches
with the other twelve spaces forming a demonstration area. If necessary, the booths
can be removed and the space reverted to conventional laboratory use.

Facilities requirements and space use vary significantly among disciplines and by
student level. Characteristically, in the Humanities, a student performs much of his
research in the library; in the Sciences, individual exploration takes place in the
laboratory. Mathematics courses are seldom laboratory courses but often require the
use of computer facilities. The percentage of time spent in a facility varies with the
academic level of a student. Most students in the sciences are invclved in at least one
laboratory per day; however, a lower division student may spend 10% of his time in
the lab; an upper division student 50% and a graduate student 90%.

No scientist or educator today questions the value of laboratory experience in the
sciences, at both undergraduate and graduate levels, but there is debate concerning
the content and conduct of undergraduate lab courses. Traditional laboratory
exercises performed by undergraduate students are not really experiments because
the outcomes are known. Many educators feel that once a student has learned jab

10
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processes, even undergraduate laboratory experience should be truly experimental.
At the same time, some professors question the competence of graduate teaching
assistants to supervise the traditional undergraduate laboratory, and therefore prefer
a TV demonstration as a surrogate laboratory.

The availability of laboratory space, equipment and supervisory talent all have an
important bearing on the modus operandi. Use of the laboratory as an educational
tool may range from pure observation to the physical manipulation of sophisticated
equipment. Some laboratories are moving away from the use of actual equipment,
converting to simulators requiring less space. Or, to meet industrial requirements,
some departments have substituted small elements for heavy thermo-dynamics
equipment.

Innovation and uses of technology in teaching will undoubtedly have important
implications for the allocation of space and equipment in future academic buildings.
The large lecture theater, also useful for audio-tutorial teaching, continues to be an
important facility. But, as “fact” becomes transitory, courses are becoming more
discussion-oriented and less lecture-oriented. Student participation with teachers
acting as discussion leaders is becoming the form. Interviews with faculty during the
ABS user study indicated that all disciplines would prefer small seminars and
discussion groups to large lecture classes.

RESEARCGH ACTIVITIES

Research activities are as varied as the number of individuals and disciplines
involved. Despite this multiplicity, it is possible to distinguish three groups of
activity resulting in the need for particular kinds of environment. These groups are:

1. Rcsearch activity consisting primarily of mental activity.
2. Research activities requiring relatively traditional laboratory space and services.
3. Research activities requiring very specialized space, equipment and services.

Much pure research—the search for new concepts or posing of questions—is most
dependent on the human intellect and least dependent on equipment. For example,
projects in mathematics are predominantly intellectual, requiring only an office for
reading and writing, a blackboard and possibly a computer terminai. Pure
mathematicians, as opposed to number theorists, do not even use computers.

11
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Similarly, much research in psychology requires no more than the ability to gather
small groups of people together and to utilize a paper, pencil and possibly a siide
projector and tape recorder.

The majority of scientific research requires relatively traditional laboratory spaces
and services. Such activities are normally performed in conventionally sized
spaces—large or small laboratories—offering a variety of conventional services. The
requirements for services, however, vary enormously among disciplines and
individual researchers. Hence, it is indeed futile to attempt to predict all the needs.
Instead, the need is for expandable or divisible spaces to which a variety of services
can be readily supplied.

Research activities requiring traditional laboratory space characteristically involve
the use of instrumentation. Both the natural and the physical sciences disciplines
now use electronic equipment. In biology, for example, electronic means are used to
study animal behavior patterns. The type of instrumentation used affects the spatial
and environmental requirements. Two examples of different kinds of experimen-
tation requiring instrumentation are as follows:

1. Psychologists studying memory and verbal learning need spaces with con-
necting wiring between rooms to link people with equipment. Controlled
environments, such as sound-proof and light-proof rooms, may also be
required. Computer-run experiments may require special electrical shielding
and controlled environment for the computers. However, research in psy-
chology seldom requires unusually large spaces or spaces with high floor-
loading capacities.

2. Experimentation in the natural sciences requires readily available multiple
services and precisely controlled conditions. Low electrical voltages or
temperature controls with small tolerances are often necessary. With the
exception of specialized equipment, such as electron microscopes, almost-all
activities require relatively small spaces and items of equipment.

Research activities generating the need for very specialized space, equipment and
services are most typical of the engineering and physical sciences. Radiation hazards
are often high. In high energy physics, high voltages and large amounts of power are
essential. High energy accelerators require a cavernous space more than one story
high, whereas laser research requires 'ong, narrow, dark chambers.

12
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cal research laboratory,’”” as the photographs below
hers are ‘‘desk peopile,’”” as in operations research.
ywratory work, such as illumination studies of aircraft
e fog chamber with full-size cockpit arrangements.
require great quantities of power; others require

Spaces for the variety of activities within an
ay range from special interdisciplinary institutes to
ing or the use of industrial facilities housed in an
= they are highly specialized or noisy, dirty, odorous
ring departments experiments involving the use of
. and water tanks, as in hydraulic engineering, are
puter simulation.
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COMMUNITY ACTIVITIES

Direct users, in addition to structured teaching, learning and research activities,
perform a multitude of activities within a community. The community is, first, the
department and, second, the building, perhaps housing several departments.
Although interaction among disciplines is becoming increasingly important, building
design often isolates members of the academic community, making interaction
difficult. In the buildings examined, the desired support for communication among
the building community was universally lacking. Even departmental notice boards
are often too small for the number of messages the community wishes to exchange.

The concept of a departmental community implies activity extending outward into
the public community as well as internal interaction. Increased university involve-
ment in public concerns is producing a need for greater unity among the various
academic, social, and cultural communities. Just as advances in the state of
knowledge are removing the barriers amang academic disciplines, attempts to
personalize the university environment are breaking down barriers among adminis-
tration, faculty, and students. These movements are also closely related to new
concepts of teaching and learning.

14
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As yet, the idea that teaching, learning and research effectively occur in areas other
than offices, classrooms and laboratories is relatively unrecognized in building
programming and budgeting. Thus, informal, comfortable spaces for meeting in
small groups are seldom obtainable except by programming subterfuge. The resulting
lack of space for small group and community interaction within acal~mic buildings
was substantially noted by both facuity and students during the survey.

INDIVIDUAL ACTIVITIES

The following activity reports by faculty, students and staff represent typical days in
the lives of the users interviewed.

Professor A (Indiana University). His major field is soil mechanics.

8:30 a.m. Arrived at his office; prepared a lecture.
10:3C Taught a class in the same building.
71:30 Lunch
12:30 p.m. Taught another lecture class in the same building.
1:20 Conferred with individual students in his office.
2:30 Had a research conference in his office with two other
people.
3:30 Attended a function in the senior high school.
8:30 After dinner, returned to his office until around midnight.

Professor B {University of California). He teaches half-time in the College of Creative
Studies and half-time in the College of Letters and Sciences. His major
field is population environmental biology. He reported on the previous
day which was his ““free day.”

6:30-11:00 a.m. Answered several letters; prepared a class schedule and
worked on a lecture for the next day; was interrupted by
prescheduled meeting with a graduate student.
11:00 Met with the department business officer.
12:00 p.m. Went to the beach to collect seawater samples, swim, and set
traps in the lagoon.

Returned to his office, worked on a research paper, con-
tinued his earlier discussion with the graduate student,
checked on the progress of several projects; went to the

Marine Laboratory, and again to the lagoon tu check his
traps.

15
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Professor B — continued

In the late afternoon he rushed home to entertain dinner
guests. After dini.2r attended a community meeting, leaving
early to return to the campus for a meeting on budget
problems.

10:00 Went home.

Professor B explained that much additional time and effort is
expended defending his research. Becausz of its controversial
nature, it has incurred angry responses from hundreds of
people throughout the world.

Professor C (Indiana University). His maior field is microbiology.

7:30 a.m. Arrived at work; prepared a lecture.
9:00-10:15 Talked with two or three graduate students and a lab
technician.
10:30-11:30 Lectured.
12:00 p.m. Lunch.
12:30 Talked with students and read.
3:30-5:00 Taught and talked with two graduate students.
Went home.

Professor D (Purdue University). His major field is Engineering Materials.

8:30-9:30 a.m. Worked in his office, takirg a coffee break before 9:30.

9:30-11:30 Still in his office, prepared for class and answered mail.
11:30-12:30 p.m. Lectured
12:30-1:00 Lunch
1:30-2:30 Conferred with graduate students concerning registration.
2:30-3:30 Involved in class preparation.
3:30-4:30 Lectured
4:30 Went home. During the evening at home he worked on class

preparations for the next day.
Graduate Student A (University of California). He is a biological sciences miajor.

9:00-10:00 a.m. Worked in the laboratory.

10:00-11:00 Attended class
11:00-12:00 p.m. Performed surgery in the lab.
12:00-12:30 Discussed his laboratory research with the department chairman.
12:30 Lunch
16




Graduate Student A — continued

Spent the entire afternoon working in the lab.

After dinner at home, returned to the lab until 4:30 a.m. He
had worked until 3 a.m. the previous night. He spends 60 to
70 hours a week in lab work.

Graduate Student B (University of California). He is working for a doctor’s degree in
the Institute of Environmental Stress; has an office in a graduate space
with 14 others.

His day begain by writing on his doctoral dissertation,
followed by a conference with the Director of the Institute.
Except for two hours of work with two teaching assistants,
the remainder of the day until 5 p.m. was spent writing.

After dinner at home, he2 returned to the building to work
from 7 to 11 p.m. with the building engineer; from 11 to 12
p.m. was spent writing. He left the building at midnight.

Graduate Student B generally spends five nights a week in the
building, reading and writing until 11 to 12 p.m.

Graduate Student C (Indiana University). He is majoring iri engineering.

8:30 a.m. Arrived in the Engineering Building, then went to the
computer center.

9:30 Returned to the Engineering Building (shares office with two
other graduate students). Talked with an undergraduate
student.

10:00 Worked on a research project in his office.

11:30 After lunch in his office, returned to the computer center.

12:15 p.m. . Worked out in the gym for 45 minutes; returned to the
computer center.

2:30 Returned to his office to work.

3:00 Attended a seminar.

4:30 Worked in his office for an hour; again went to the computer

center, subsequently leaving for the day.

Undergraduate Student A (University of California). He is a sophomore in the
Institute of Environmental Stress at Santa Barbara.

8:00-9:00 a.m. Met with a graduate student whom he is assisting in a study.
9:00-12:00 p.m. Attended classes.

17




Undergraduate Student A — continued

12:00-1:00
1:00

7:00

Studied.
Attended class and then returned to the Institute for an hour.

Assisted the graduate student in rat surgery for two hours;
then went home.

Returned to the Institute to work in the graduate study area.

He is usually in the building or in classes from 8 a.m. tc 11
p.m. Most of his study activity involves reading and writing.

Undergraduate Student B (Indiana University). He is majoring in Biochemistry.

Arriving at 8:30 a.m., he spent the tirst L.our checking the
results of a research project and the placement of posters
around the building. Then attended an hour and a half
lecture in the large lecture theater. A two-hour lab class
followed before a break for lunch.

In the afternoon he took two people through the greenhouse,
attended a two-hour class on the history and philosophy of
medicine (a small class of about 15). He then attended a
two-hour class in biochemistry with a small group. Until 7
p.m. was spent in the laboratory. Much of the time was

devoted to hunting for space with suitable equipment and
utilities.

Teaching Assistant (Indiana University)

A typical day is from 7:30 or 8:00 a.m. to 5 p.m., followed
by study at home.

One TA working for a physiology professor started work at
7:30 a.m. He supervises five or six hourly workers arid the
monitoring of constant temperature and pressure ooms.
These rooms require meonitoring until 10:30 or 11 p.m. He
has only one class during the day; does most of his reading
and calculating at home.

Lab Technician A (Indiana University)
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Arrived at work at 8:25 a.m., answered two phone calls, met
for an hour and a half with the Fire Inspector concerning a



Lab Technician A — continued

partition placement and removal of equipment from the
corridor. Then checked the mail, discussed budgets and
orders for materials, made two phone calls to the purchasing
department and checked invoices of payments to faculty.
Worked on preparation of the annual equipment order; was
interrupted for 30 minutes to scrutinize a bid for another
department.

She then talked with two students about technical details,
costs and availability of microscopes; wrote supporting
statements for academic equipment; and made some emer-
gency requests for research equipment. During all of these
activities, she kept track of Buildings and Grounds staff who
were moving partitions in one laboratory and resurfacing lab
tops in another.

During her lunch hour she walked downtown to pick up her
car.

After lunch, she met with a faculty member; spent about 45
minutes working on a hardware problem, about 15 minutes
repairing a microscope and 10 minutes interviewing a
salesman, leaving the building at 6:45 p.m. Typically, she sees
about 40 salesmen a month—mostly at unscheduled times.

Lab Assistant B (University of California)

Lab Assistant B supervises eight work-study students, and is
in charge of all divisional equipment, the aquaria, labs,
budgets, and petty cash. She describes her job as a “’rat race.”’

Her work day usually runs from 7:15 a.m. until 6 p.m,
occasionally beginning at 2 a.m., and sometimes working
until 7 or 8 p.m. When classes are in session she must be in
the building at 7 a.m. to check equipment and confer with
teaching assistants.

On the previous day, sne checked her labs at 7:15 a.m. and

met with a professor to plan a lab setup. Next she had a
discussion with a worlk-study student; attempted to locate
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Lab Assistant B — continued

her lost frogs and ordereu some mice. On an errand to the
bank she met the dep.artment chairman; a discussion of his
problems followed.

During lunch in her office she gave directions to a work-study
student, checked his work, and ran upstairs "‘because the
elevators are always out’’ to repiace a microscope lamp. She
also made several new lab setups for students and classes;
removed used lab setups.

Typist A (University of California). She reports to a supervisor.

8:00-12:00 p.m. Typed correspondence for the department chairman; typed a
manuscript; ran errands to the Administration Building and
made several Xerox copies.

12:00-1:00 During the lunch hour she cut out a dress.

1:00-5:00 Prepared a publication list for the faculty; typed seve..l

ietters, and prepared a packet for a scientific society.

Typist A rarely works after five in the afternoon.
Department Secretary (Indiana University)

7:35 a.m. Arrived at work, made coffee and started work on the
department payroll.

8:00-12:00 p.m. Wrote letters, answered incoming phone calls and made about
10 outgoing calls.

12:00-1:00 Took a nap on three chairs in the office—there is no lounge in
the building. Had a bag lunch in the office.
1:00 Wrote several letters; made some phone calls; talked briefly
with a number of people and finished the payroll.
4:10 Went downtown on an errand and then home.

In addition to reporting on a typical day, those interviewed filled in charts indicating
the space types predominantly used for their activities. The pattern responses, as
shown in the three charts following, indicate that the activities of the groups are
quite different. For example, Chart 2, shows that a typist performs fewer
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activities—all within an office space—than a faculty member (Chart 3) who performs
a great number of tasks in a variety of spaces. Graduate students {(Chart 4) also

perform a variety of activities in a number of spaces, sometimes using corridors for
reading and writing.
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The survey indicated that both faculty and students lead highly pressured, and
physically and mentally exhausting lives.
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USER REQUIREMENTS

Chart 2

USER ACTIVITIES

i e S

STAFF TYPIST

SPACE

frequent
cccasional @

CONTFERENCE ROOM

INSTRUCTIONAL LABORATORY
CORRIDOR

RESEARCH LABORATORY
CLASSROOM

SEMINAR
LIBRARY/MUSEUM

OFTICE
OTHER

ACTIVITY

STUDY - independent
~ group
WRITING
READING B
RESEARCH - independent
- group
LECTURE or LAB. - prepare
- attend
- conduct

SEMINAR
LABORATORY RESEARCH - open
-~ bench
LABORATORY INSTRUCTION -~ open
- bench
COUNSELLING - professional
- student

MATERIALS - selection

.~ creating or improving

- display preparation
STUDENT WORK REVIEW
TESTING
MEETINGS
ADMINISTRATION/PLANNING
INFORMAL DISCUSSIONS
SOCIALIZING
FILING/TYPING
SOUND/VISUAL RECORDING
MAINTAINING
TELEPHONING
EQUIPMENT OPERATION s
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Chart 3

USER ACTIVITIES

FACULTY MEMBER

SPACE

freguent
occasional

RESEARCH LABORATORY

ACTIVITY

STUIDY —_ independent

— group
WRITING

TREADING
RESEARCIT —_ independent

—_— group
IL.ECTURE or 1ILAB. —_— prepare

—_ attend
-— conduct

SEWVMIINAR
LABRORATORY RESEARCEHL

— open
_ bench
IT.ARORATORY INSTRUCTION — open

— bench
COUNSELIIING —_— pprofessional

_ student
MATERIAILS -— selection

creating or improwving

AdAisplay preparation
STUDENT WORK REVIEW j
TESTING ’

MEETINGS

ADMINISTRATION  PLANNING
INFORMAL DISCUSSIONS
SOCIALIZING
Fil.ING T YrING

SOUND /VISUAL RECCRIDING
MAINTAINING
TELEPHONING

EQUIPMENT OPERATIOIN




Chart a

USER ACTIVITIES

STUDENT

freguent -
occasional

SPACE
RESEARCH LABORATORY

ACTIVITY

STUISY — indeppendent ToIIiiiiiiiiioEE
— group

WRITING

READIN G

RESEARCH - independent
-_ group

LECTURE or 1L.AB. — Prepare
—_ attend
—_ conduct

SEMINAR

IT.ABORATORY RESEARCEL - open
) _ bench

I.ABORATORY INSTRUCTIOIN — open
— benc

CISCOUONSELILLING —_ professional
— student

MATERIALS — selection SO
— creating or improwing Bz
— display prrepaaration

STITIOENT WORK REVIEW

TESTING

MEETINGS

ADMINISTRATION  PILANNING

INFORIMVMAIL, DISCUSSIONS

SOCIAYL.IZTIING

FILING  TYPING

SOUND /- VISUAL RECORDING

MATITINTATINIING

TELEPHONING

EQUIPMENT OPERATION
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ACTIVITY PATTERNS AND SPACE REQUIREMENTS

CIRCULATION

Because of highly pressured lives, faculty and students showed marked sensitivity to
building circulation. To people moving constantly around a building, inconveniently
located staircases and corridors are constant sources of irritation. Complete,
convenient and easily understood circulation systems are important, especially if
labs and offices are located on separate floors. In the buildings examined, circulation
problems were attributed to a lack of uniformity in signs, inadequate elevator service
and racetrack corridor plans. One user commented, ‘“People always seem to be
chasing around the corridors looking for the right rooms. Visitors tend to get lost.”
The photograph below, taken in one of the buildings studied, exemplifies an
incomplete and unclear circulation system.

- STAIRS

TO ALL FLGORS EXCERT TO REACH 4™ FLOOR

USE STAIRS 70 3®FLOOR & FOLLOW DIRECTIONS

OR USE ELEYATOR

il

The layout of buildings should be such that traffic congestion and distances traveled
are minimal. In one building, scattered locations for libraries and computer terrminals
produced excessive traffic and inconvenieiice ic both students and faculty. Traffic
congestion in buildings also resulted because of two sets of doors at the top of stairs,
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and the location of heavy-use classrooms on upper fioors. Many users noted that the
central core was a barrier to circulation and asked whether it was possible for the
core to be cut so that circulation could pass through it.

In science and engineering buildings, movement of equipment and heavy awkward
materials to and from laboratories poses a major problem. Separate freight elevators
with access to the ground level and loading docks, as well as to all floors, are needed.
Shipping and receiving areas should be carefully sized, with good truck and elevator
access.

Because of unsatisfactory elevator service in his building, one professor said that his
students had made a nose-count on usage. They found that maintenance pearsonnel,
in moving materials in and out of the elevator, frequently propped the doors open,
thus banning its use to others. Rather than a single central location, several
participants suggested that elevater locations be determined according to transpor-
tation needs to offices, classrooms and laboratories.

FACULTY ACTIVITIES AND SPACES

Faculty members stressed that the average facuity office space is less than adequate
for the great number of activities they perform. The following quotation from a
professor in a humanities department illustrates this forcibly:

“Let me be specific by telling you, for the record, what / try to do in my
130-square-foot office.

1. As a teacher the following duties must all take place in that office:

a. prepare classes, make up examinations, and grade papers (which demands
quiet, privacy, lack of interruptions, concentration);

individual conferences with students in one’s classes;

maintenance of a ‘working library,” course files, etc.;

teach directed study courses, direction of dissertations;

teach small graduate seminars or study groups (virtually impossible in 130
square feet); .

conduct oral examinations (MA and Ph.D.).

® Q0T
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2. As a researcher:

a. maintenance of a better ‘working library’ than mentioned above;

b. extensive reading, writing, rewriting and revising, correcting proofs, doing
book reviews, etc.;

c. conferences with research assistants; occasionally sharing the office with a
research assistant with whom one is working closely on a research project;

d. open-stack system in the library plus a dearth of lockable carrels (ir the
library and the department) make ‘research’ of the above sorts impossible
in our library.

3. As a faculy adviser:

a. counsel students on their programs of study;
b. counsel graduate students;

c. general student counseling on a variety of academic and non-academic
curriculuar and personal problems.

4. As an academic Senate Member:

a. maintenance of extensive committee files and records;
b. meetings of small committees, both Senate and administrative;
c. constant telephone business on the above matters.

5. As a department member:

a. committee meetings;
b. consultation with colleagues on department business;

C. typing, dictation, endless letter writing, telephoning, preparation of
reports.

6. As a building committee member and chairman: ~ ~

meeting of committee;

preparation of Preliminary Planning Guide and other documents;
consultation with other departments and department chairmen;
study and storage of building schematics and plans;

consultation with Architects and Engineers office.

©oopQTe

| don't think 1’ve exhausted all the duties yet, but the myriad other little things
don’t come readily to mind.”
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The types of activities in a faculty office vary with the man. To quote one professor:
“If he teaches lower division courses, he will be involved with more students. If he is
involved with a subject—such as conservation, currently of interest to the public—he
will have considerable contact with the press and public. If he is involved with pure
research, he may only see his graduate students and an occasional colleague. If he is
involved with department administration, he is lost.”’

Insight into the nature of student contacts and theé place of a particular discipline
within its professional or public category is an important factor in office design and
building layout. At the same time, tailoring of a building to a detailed consideration
of such issues is doomed to failure because of the inevitable change in cccupancy
during the long-term life of a building.

Distances between faculty or student offices and laboratories, and, to a lesser extent,
the department administrative offices, are critical to the productivity of the users.
Both faculty and graduate students generally preferred having their office spaces in
close proximity to laboratory facilities. However, opinions and work patterns
seemed too varied to establish specific relationships between these spaces. For
example, Professor A said: ’’l| get 20 percent more work done now that my office
and laboratory are tbgéther." Professor B responded': “There are two points of view.
| get 20 percent more work done now that my office is separated from the lab and |
don’t have graduate students underfoot.” Many preferred 'having offices and
laboratories at least on the same floor.

Faculty responses to the multiple-choice question: ‘“Which of the following best
describes the type of adaptation you are presently making to .your physical
environment’’? indicated: (1) most were able to adapt and accomplish their aims and
objectives without any amount of undue strain; (2) some were adapting but felt that
they were paying a high price in terms of inconvenience, strain, and inefficiency, and
(3) a few thought it impossible to achieve their academic aims and objectives
because of the spnortcomings of the physical environment.

As one professor put it: “We‘re adaptable because we’re clever and we have some
money to work with, but the building doesn’t help.” Several faculty members
complained that their activities are dominated by frequent interruptions. One
estimated that the maximum period without interruptions is 20 to 30'minutes, with
an average period of about seven minutes. The number of contacts faculty now have
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is considerably greater than even two to three years ago. Those interrupting, besides
students, staff and colleagues, include typewriter repairmen, salesmen, reporters, and
others. Professors do not object to seeing students or others during certain set time
periods. However, opportunities for undisturbed creative work are cherished.

Professor Y commented: ‘| must do creative work at home. Although | teach and
must have contact with others, | am paid and promoted on the basis of my creative
work which | can‘t do in the building since there is no control over interruptions.
Either the building should be designed to provide "flltermg or two office spaces
should be provided for a faculty member.”

Professor Z said: ‘Not 2!l of us have the same problem. As an experimental biologist
I must work in the building—not at home."”

Although much of this is an administrative problem involving patterns of
organization within a department and departmental relationships to outside parties,
the message conveyed is a plea for building design providing more opportunity for
privacy. The traditional layout of faculty offices opening directly onto a public
corridor affords little opportunity for screening callers. A large proportion of those
interviewed preferred offices along a private corridor or in suites, with a secretarial
area for receiving callers.

Design experimentation is needed to devise better ways of allocating the limited
space available to a faculty member. Design tradition often determines the form for
facilities, resulting in uniform basic arrangements inappropriate to new types of
activity. As an example, offices are increasingly used in the sciences and engineering
for research, sometimes involving computer terminals or other facilities. The typical
faculty office, from 100 to 140 square feet in area, opening directly onto a public
corridor, is probably the worst physical pattern for such activity. As an alternative,
iandscaped offices with isolated rooms for discussing special confidential matters
would seem to be a more appropriate design approach.

In addition to requirements for faculty space generated by academic programs, it is
important to consider those features of office environments thct influence a person’s
subjective reaction to his place of work. The faculty office is a personal space
wherein a faculty member spends a great deal of time. Even though a faculty
member is only a temporary tenant of an institution, he should still have the
opportunity for individualization within his personal space.
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GRADUATE STUDENT ACTIVITIES AND SPACES

Additional design criteria emerge from a study of the graduate science student’s
needs. His study activities may be adequately accommodated either within the
laboratory, or in a room apart from the laboratory with the added advantage of
permitting more group interaction. in one of the sample buildings, programming of
such a room was in direct response to student request. The rcom had an open space
in the center for group activities and a simple bench arrangement around the walis.
Movable file cabinets delineated territory. Although extremely simple, the graduate
students interviewed seemed very appreciative and pleased with this arrangement.

Others expressed the need for similiar but somewhat more sophisticated facilities,
that is, non-structured departmental spaces partitioned into study carrels or offices
for graduate students and teaching assistants, including a receiving area for students
waiting to talk with teaching assistants.

individual activity patterns indicate that graduate students spend an immeise
amount of time reading and writing. For science students and teaching assistants
whose work involves a great deal of monitoring and recording of experiments, an
office situation is often needed within or neer the laboratory. Graduate students
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research. A department chairman interviewed conjectured that present budget
restrictions on Federal funds could significantly abate this trend, but in time the
research escalation would continue. However, a somewhat lower amount of research
activity is anticipated in the next years.

During the interviews, the comment that interaction is important in research activity
elicited responses to the effect that the crowded laboratory is the secret of success.
Expanding on this point, one participant referred to a university where he thought
laboratories were sterile in feeling because they were “‘chopped up’’ and assigned to
individuals. Another cited a case where seven researchers had worked very
congenially and effectively in a small room, but in moving to a new building became
isolated and thereby less productive. Whereas this professor suggested three people
per research space, another thought that five to seven per space was a critical mass
for intellectual purposes but, in terms of use, did not know what the figure was. Still
another participant felt that mixing students from different levels of instruction
within a space is desirable.

Although detailed studies would be necessary to make specific determinations, the
functional relationship of different space types most certainly affects the activity
patterns of users. Of greatest importance is a plan configuration permitting the
maximum variety of functional space relationships. Although the central service core
plan permits some degree of later modiciation, it is limited in its possibilities.
Greater opportunities for interaction among users, coupled with a wide range of
configuration change possibilities, is afforded by large open areas with the service
core placed to the side.

Effective use over the years dictates that buildings be adaptable to a diversity of
academic functions and planned for maximum use of special facilities. In view of the
continually escalating cost of scientific equipment, facu Ity and staff seem well aware
of the serious need to consider shared facilities solutions. But, if centralized spaces
for sharing equipment or other facilities are designed, they should be planned in full
communication with the direct users in order to develop a solution with overall
management and control of operations. Centralized space appearing to have
economic advantages may produce conflicts in activities. Examples of issues implicit
in the planning of centra'ized versus decentralized facilities are:



1. Centralized animal facilities for biological research would seem to make
economic and administrative sense; better facilities can be provided for less
money. But, for many research experiments and from the researcher’s point of
view, small animal holding rooms are needed in the laboratory areas in
conjunction with a centralized vivarium.

2. Departments must share expensive equipment and laboratories. Users felt that
multi-use of laboratories and equipment by different departments is difficult,
especially if storage space is insufficient. It was suggested that storage for
multi-use areas be provided on a departmental basis, with adequate provision
for storing items such as oil drums, solvents, work benches and other furniture
and equipment.

An impelling characteristic of research activity is that the people involved are quite
adaptable, but requirements for the experimental processes are mandatory. People
can tolerate, however unwillingly, cramped quarters or quite large variations in
temperature, acoustics and lighting. But experiments may be ruined by the lack of
quality control in a distilled water system, or too great a variation in voltage. Even
the environmental needs of animals used for scientific experimentation are much
more precise than those of their human investigators. Consequently, many buildings
are largely designed for the needs of the discipline with little emphasis on the human
environment. Although provisions for research requirements are essential, equal
consideration should be given the environmental needs of people.

ey
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REACTIONS TO THE BUILT-ENVIRONMENT

SUBJECTIVE AND SOCIAL ASPECTS

The design aim for academic buildings must be to provide the best functional,
atmospheric and aesthetic environment to support the user’s activities. Even though
scientists and engineers depend to a great extent on their buildings and equipment
and are, therefore, especially aware of the functional aspects of design, discussions
with building occupants revealed a parallel concern for interior and exterior
aesthetics, color, texture and form of materials. Objecting to the “institutional”
quality of the environments, faculty and staff chose words such as ““drab,’”” ““dull,””

"stark,”” and ‘‘sterile’’ to describe a lack of color and imaginative use of form in their
buildings.

In general, users feel a sense of
resignation towards the institu-
tional environment. Presumably,
the environment is provided for
the user. Yet he rarely partici-
pates in its creation, nor is his
meddling with it sanctioned. The
use of low-maintenance surfaces
and furnishings necessarily con-
tributes to institutional tedium,
but monotony is further perpet-
uated by restrictions on individ-
ual decorations and the lack of
variety in interior layouts.

One professor comments: ““The
personality of the scientist is the
opposite of the popular image.
He should be asssessed as an
artist. This would become appar-

ent if we were allowed more

individuality in furnishing our offices.” The attitudes generally expressed, denoted
the need to study ways in which the institutional environment can be designed to
permit more individualization by the tenant user.
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Typically, academic buildings
lack spaces for social and
informal academic interaction.
Much discussion time was de-
voted to the need for informal
general-purpose spaces. People in
the sciences must spend long
hours in their offices and labora-
tories. Too much time in the
building made one participant
"want to climb the walls.”” On
the other hand, many com-
plained of valuable work time
wasted in having to cross the
campus for a “’break,’” and indi-
cated that they preferred having
spaces within their buildings for
coffee, snacks, and bag lunches.
Recreation and lounge areas
were also requested to rest or to
relax in. The idea that a scientist
lives and works in his office, and

is therefore different from his fellowmen in his needs for an environment conducive

to professional and social interaction, was felt to be erroneous and must be
dispelled.

THE LABORATORY

Whereas scientists and engineers participating in the survey showed perception and
concern for the subjective aspects of their total building environments, their
orientation toward the laboratory was singularly functional. From the discussions, it
was evident that change is fundamental in the life of a scientist. Not only are the
sat-ups for experiments constantly changing, but also approaches to teaching and
research and the personnel involved. Characteristically, the laboratory environment

is complex, specific and transitory—a concept having several implications for the
designer.
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Aruitoxt provided by Eic:

T he most direct form of change

in
the laboratory—continual modifica-
tion of experimental conditions—is

generally wvwell understood by de-

signers, but means for providing
optimal building adaptability
only beginning to evolve.

experimental approoaches
more

are
Recent
make
use of complex euipment,
electronic mMonitoring devices and

iNnstruMmentation. Experimentation

in thhe sciences is moving avvay from
the traditional bench, sink, micro-
scope and a fewvw basic serwvices.
Requirements for experiments are
very often qQuite unpredictable wvwith
unexpected dimensional problems
or requirements for additional

pieces of equipment. Obviousliy,

a
designer canmnnmnot anticipate all the
support needs of all of thhe users in
any one incremental dimensional

order canmn be, and
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What this suggests, then, is not a
design approach ignoring order
and rationality, but one which
does not attempt to force formal
kinds of order where inappropri-
ate. During the interviews,
problems of change most fre-
quently cited related to having
enough space for necessary
equipment, and to changes in
setups involving plumbing access
and the availability of electricai
and environmental services. For
most research, the best environ-
ment appears to be a sub-
dividable open space with a selec-
tion of conventional services
available. Benches, tables, equip-
ment, support devices and racks
should be movable and in smaller
units. Such accommodations are
not easily envisioned, but a good
beginning is to design for a

degree of indeterminancy in buildings rather than using a static positic~ as the basis
for design.

An indeterminate approach to building design, coupled with a comprehensive
catalogue of standardized parts and furnishings of broad enough range to
accommodate reasonably even the star scientist, would contribute substantially to
solution of the long-term problems inherent in changing occupanices and research
requirements.

SPECIAL ENVIRONMENTS

in addition, provision for specialized environments should be considered. Special
requirements for equipment or experiment environments may be categorized as
follows:
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Requirements for increased height, breadth or length of spaces.
Requirements for heavy equipment requiring high floor loading capacities.
Requirements for special atmospheric or other environmental conditions.

PN

Requirements for a degree of services unique in quantity, quality, or location.

In an indeterminate building with maximum adaptability, including removable
partitions, requirements for long horizontal spaces can be fairly easily met. The need
for increased vertical space is also not too difficult to satisfy in a simple building
structure, if it is initially programmed. Requirements for high floor loading,
however, are much more difficult to meet economically. This raises the question:
should high floor loading be provided for throughout a building if the need and
location for it are unpredictable?

Equipment and activities having special requirements beyond the reasonable
capacity of a building should be housed in special, perhaps even temporary,
facilities. Examples are: rapidly superseded facilities, hazardous facilities such as
used for fire-testing, “dirty or smelly” facilities such as sludge tanks used in sanitary
engineering, large facilities such as towing tanks used in naval architecture, and
facilities requiring professional rather than student assistance.

On many campuses specialized equipment is located in remote, highly adaptable and
expensive structures. Also, colleges engaged in modern research are finding that
acquisition of test facilities is often beyond their means. Even in this highly selective
review of user requirements, in many instances custom desighed buildings were
found to be housing obsolescent specialized equipment.

In general, it is questionable whether the university should attempt to provide highly
specialized spaces within academic facilities. Spaces requiring special environments—
rather than special size, shape, and loading—can best be met either by compart-
mentalized, prefabricated, portable units, or by the ability to separate and zone
different parts of a lab. Some special environments are:

Electronically isolated areas are used mcst often in conjunction with neurological
instrumentation requiring extremely high amplifications. Such electrical isolation is
needed to prevent radio noise from fluorescent lights or other sources from affecting
delicate electrical circuits.
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Chromatography and electrophoresis techniques for separating biological matzrials
were first tried about 20 years ago and have been in major use during the past
decade. Special instruments and/or “compartments’ for using these techniques are
available. The compartments for electrophoresis are, commonly, desk-top size but
may be as large as 8 feet leng, 4 feet high and 4 feet deep; both sizes can be located
within a regular laboratory. Chromatographv cabinets are often no more than about
three-foot cubed, but because the solvents for this process can be lethal and
nauseating, special rooms with air control and fume hoods are often necessary.

Sterile transfer rooms are used in microbiology and bacteriology departments for the
culture and transfer of bacteria. This environment requires special air handling,
washable interior finishes, and sealed joints between components. Sterile conditions
may also be provided by a “‘glove box" or other prefabricated portable compart-
ment.

Constant temperature rooms can be found anywhere in a biological sciences facility.
Any situation requiring the maintenance of animal material necessitates a constant
temperature, to be determined by the type of experiments or specimens used.
Although techniques such as electrophoresis or chromatography are best performed
in a constant temperature room, often only rooms with controlled heating or
cooling are needed if the air conditioning system is su fficiently sophisticated and
responsive. Controlled temperature rooms—cold, warm or variable—can be prefabri-
cated, sectional "‘roomettes” (available in sizes from "portable’ to large walk-in
units) or built-in rooms, operated independently of the building mechanical system.

Isotope areas vary in requirements depending on the quantity of radio-isotopes used.
Although tracer work usually involves only small amounts and can be done in the
typical laboratory, special storage and preparation facilities are required where the
level of radiation may be high.

Plant growth rooms, usually interior spaces with controlled lighting, temperature
and humidity conditions, may be part of a laboratory layout or a separate central
facility. If a separate facility is used, plant life is maintained by a technical staff with
delivery service to the research and teaching laboratories as required.
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Clean rooms are a fairly new research requirement for either the exclusion of
unwanted atmosphere or the containment of contaminants, and require positive air
pressure and special filters to keep dust out. They may also be required for
fabricating or assembiing very precise or delicate parts or measurements, or for
experiments using hazardous cr expensive material. If used for solid state fabrication
facilities, clean rooms are usually in a suite of about 3,000 square feet. Prefabricated
clean rooms have washable walls and ceilings.

Screen rooms are used for experiments requiring radio-frequency shielding. Copper
wire and/or screening is used to provide isolation for experiments. The copper
installation details vary substantially and must . verified prior to, and during,
construction.

Anechoic chambers, rarely required, are spaces for studying sound vibrations and
require uniquely insulated walls.

THE CLASSROOM

The university classroom is still quite traditional in that it is conceived as a single
space, acoustically and visually separated from adjoining spaces and under the
control of a lecturer or teacher. However, seminar and discussion groups are
becoming more prevalent and are replacing lecture classes. Typically, this type of
class is smaller in size. Those remaining lecture classes are, in turn, growing larger or
moving towards an audio-tutorial approach.

As traditional classroom organization in universities changes to encourage inter-
action between studenté and teachers, the physical ~ature of the setting |:nust also
change. At present, classrooms tend to be programmed and built as fixed spaces,
often with concrete block or solid concrete walls between them. A general problem
in space management is dealing with classrooms built many years ago which do not
tightlv fit the current patterns of class size. To have both a high room usage and a
high station occupancy, there must be good correspondence between the spectrum
of classroom sizes and that of class sizes. Adaptable spaces which can be changed as
enrollments and teaching approaches change could have a significant impac* on
space management.
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Informal approaches to classroom teaching, now prevalent in the open classroom at
the elementary and even high school levels, are reiatively untried at the university
level. Work in new high schools has shown that relatively open classroom areas
without doors, opening onto places where circulation and individual study can be
combined, can be effective. This approach, combined with new lighting me thods and
detail developments such as demountable walls and movable partitions, presents
possibilities for improved environr.:znt and space utilization in university facilities as

well.
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COMPONENTS OF THE

Specific areas of environmental concern
reactions to environmental conditions in p

recommendations for improvement, are su

SAFETY

Danger is inherent in much of
scientific and engineering re-
search. Research involves
woi king with volatile substances,
contagious bacteria, high radi-
ation and voltages and a great
number of electrical devices. Ex-
perience with accidents or near
accidents seemed to be fairly
commonplace among those inter-
viewed, with electrical accidents
appearing to be most frequent
and dangerous. In expressing
concern for the safety and re-
assurance provided by building
design, users mentioned clarity
of circulation, i.e., exit routes
and the availability and location
of stair cases; the location and
number of emergency showers
(too few and poorly located);
and the number of bulky, awk-
ward items lining corridors due
to lack of storage space.

Although sensitive to these features, us
their work for the sake of expediency or
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SECURITY
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protecting experimzeiiis from meddlers. Opaque doors were requested by some users
to prevent potential thieves from surveying enticing pieces of equipment. Others felt
that security was a problem because laboratory doors were kept open much of the
time and users were careless. Suggestions from those interviewed ranged from
evtreme precautionary measures such as closed circuit TV monitoring of corridors to
simply keeping purses and other items locked in desk drawers.

ODOR

Odor is an aspect of the environment perhaps more critical in laboratory buildings,
particularly bioscience buildings, than in any cther building type. Use of animals for
experimentation increases the possibility of undesirable odors. Yet in an ideal
research situation, animals for examination should be maintained in the laboratory
building rather than in a separate facility. Odor thus requires a design response that
carefully considers its treatment. A lack of coordination in the location and
ventilation of facilities can easily result in design errors such as descrit-ad in the
following comment:

“The incinerater i ~nly b enough for a 35pound dog. Anything bigger requires
shoving, pushing, and chouping. By law, certain things such as monkey droppings
must be bumed Unce the incinerator « overworked it automatically shuts off, but it
then smoulders *or five or six hours be‘ore anything can be done. The air intakes in
the roof are next t-. the incinerator stack. If the wind is in a certain direction, half
the sixth floor a. 't of the fifth floor gct the results.”

Odors snd/or fumes are also a problem in engineering facilities. Fumes from asphalt
testing had necessitated evacuation of one entire building. Users in another building,

reported that ssnitary engineering laboratories requirz a higher level of ventilation
for many experiments than is presently available.

ACOUSTICS

O1 all environmental prob.eins, accu<.12a! 1 roblo1as are possibly the most recurru.:
and difficult to soive. During intervie+-., students «nd taculty stressed the need to be
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able to concentrate. Intermittent human speech or intermittent mechanical noise is
extremely annoying when trying to concentrate quietly and intensely for prolonged
periods of time.

Many complaints concerning acoustics can be related to what users expect. For
example, faculty in their private offices do not expect to hear conversations in
adjacent offices, nor do teachers in a classroom or teaching lahoratory expect to
hear conversations or teaching in an adjoining room; but, they do expect to be able
to be heard within the space they are occuyping

The treatment of sound within a space is as important as sound transmission
between adjacent spaces. Users’ complaints of excessively high noise levels in labs
were largely attributed to loud air handling systems and mechanical noise. In some
cases, sound bouncing off concrete walls added to the noise level to the extent that
teaching or other verbal communication was difficult.

In large open spaces, improving the Sound Transmission Coefficient (STC) rating of
partitions or ceiling is only part of a solution to the noise problem. In addition to
the STC rating of the wall panels, other factors such as the joints at the ceiling, the
floor, the door to its frame, and the STC rating of the door must be considered. A
general low level of background noise, such as that from an air conditioning system,
is not objectionable until it begins to assume such prominence as to create
communication problems. Consideration of all factors plus a thoughtful balance
between background noise and openness of space and the availability of acoustically
private spaces would seem to provide the most viable environment.

A common complaint in academic buildings is ihe lack of opportunity for
interaction among the occupants. interaction generally is incompatible with
acoustical privacy. This suguests that present space arrangements piroviding both
limited interaction and poor acoustical privacy should be subject to scrutiny.
Deasigning for more interaction and vitality in the environment, with a few places
where real acoustical privacy can be obtained, is desirable. Acoustical standards for
the reasonably private environment are, however, quite well known and, when
specified, can be adhered to realistically.



WINDOW-EXPOSURE

Daylight and a view to the outside from laboratories and offices was of primary
concern to almost all of the users interviewd. Many described a claustrophobic
reaction to enclosed spaces and expressed a fundamentally human need to have a
sense of what is happening outside—to know whether the sun is shining or rain is
falling. Long tedious hours in a laboratory building are m ore tolerable with an
outside view. Onz professor commented: ‘‘Typical activities involve a lot of pressure.
Distraction is good, and windows are necessary for diversion.”” A wal! of glass is not
necessary to meet this requirement, but it does call for enough glass to permit a
worker to look up from his bench or desk to an outside view.

Althiough users generally preferred having windows in most spaces, a view from
classrooms or seminar rooms does not seem so important because a faculty member
is not in the same classroom for prolonged periods of time. In any event, a view
should be provided in the circulation areas so that students may look outside as they
move between classes. Lounges should have windows wherever possible.

Window-exposure can be very annoying if solar control is not provided. Where solar
control has been minimized in present buildings for cost reasons, conducting
experiments or teaching is difficult—if not impossible—at certain times of the day.
Windows are not detrimental, even in laboratories where experiments require
complete artificial lighting, if capability for temporary darkening is provided.
Careful studies are needed to achieve control of sunlight, glare, sky and solar heat
gain.

It is not essential that windows be openable if the HVAC system is adequate. In
laboratory buildings, where dust is objectionable, most users preferred adequate
HVAC and fixed windows. !In two of the buildings studied, pivoted and gasketed
windows, openable for washing by removable cranks, have been used with great
success.

EXTERIOSR WALLS

The general impression gained from the interviews was that most users seem satisfied
with the exterior appearance of their buildings. Most considered exterior appearance
important. A few commented on the brick monotony and institutional appearance
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of buildings. Others felt that a building should give some indication of its
purpose—that is, a civil engineering building should look like a civil engineering
buildina. Some were of the opinion that a disproportionate amount of money is
allocatcd toward building exterior at the expense of function. Roof screens were felt
to be particularly desirable on science buildings to conceal mechanical equipment on
the roof.

STRUCTURE

in general, structure appeared to be the most adequate of the subsystems
investigated although there were two areas of frequent criticism. Both related to
floors: (1) building vibration, usually caused by heavy mechanical equipment such
as compressors, fans or pumps, can seriously affect the use of sensitive instrumen-
tation and electron microscopes; {(2) proper drainage is frequently a problem in
laboratories because of the lack of drains under emergency showers, floors not
properly sloped toward drains, and unsexled cracks or penetrations in the floors
allowing spillage or flooding on upper floors to seep down as many as three floors,
ruining experiments on the way.

Agpearance and comfort of floor finishes were also the subject of considerable
discussion arnong the California users. Carpets were suggested even for laboratories,
but a more frequent response was a desire for colorful, durable, cleanable, and
impervious flooring materials.

CEILING

Acoustical ceilings are desired in virtually all locations: corridors and noisy activity
areas to lessen noise transmission to adjacent areas; classrooms and teaching
laboratories to facilitate communication; offices to provide privacy and quiet.
Ceilings were also desired in research laboratories, otherwise dust collecting on
exposed piping, ductwork and lighting fixtures can fall into and ruin experiments.

Although in one building corridor ceilings were considered too low, users generally
seemed unconcerned about ceiling height, except for those few locations where
specialized equipment required unusual height from floor to ceiling. Some users,
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bothered by shadows at their work stations because of lighting placement, suggested
that consideration be given to a ceiling with movable lighting panels. The concept of
movable lighting panels in a ceiling coordinated with movable partitions generated
considerable interest.

ARTIFICIAL LIGHTING

Artificiai lighting should assist in providing a pleasant and attractive environment as
well as providing functional support for user activities. Although no great emphasis
was placed by the users on aspects of artificial lighting in academic buildings, a
general point was made—that artificial lighting tends to be too "bright.”” More
specific comments were that ceiling lighting often produces unwanted shadows
around tall equipment setups, and office !ighting is generally higher in intensity than
necessary.

Users tend to confuse lighting intensity with brightness, and the discomfort sensed
may be due to the latter rather than the former. Nevertheless, the basic comment
that lighting is too “bright” does raise questions about the basic approach to lighting
in laboratories and offices. Typical modern lighting systems try to provide an overall
high intensity of lighting suitable for almost all activities. A design approach utilizing
a lower overall intensity of lighting, with localized high intensity lighting precisely at
the points where needed, may result in a more economical, functicnaliy effective,
interesting and attractive quality of lighting.

INTERIOR PARTITIONS

The color, texture, finish, and functional uses of a partition have a complex effect
on the environment, and largely define and characterize the user’s relationship to his
space. In the buildings examined, individual spaces appeared to be more represen-
tative of the institution than of the occupants. The general reaction of users to
academic buildings was that they are environmentally “institutional,” lacking in
stimulating and inspiring colors, and affording no opportunity for individual
expression.

49



In contrast, a partition in a primary or high school, in addition to delineating space,
contributes to the general attractiveness of a room through its color, texture and
design. Although this partition is likely to be covered with pictures and cut-out
materials, color and texture are read and are significant to the environmental tone of
the space. This should be equally true in the university. The partition in a laboratory
or even an office may support many functional items: shelving, equipment, piping,
conduit. Although the wall color and texture may be almost completely obscured,
its nature should be such as to enhance the visual interest occasioned by strange and
of.en ad hoc provisions that are otherwise the sole compensation for lack of
environmental charm.

The ability of partitions to support equipment was of great importance to the users
interviewed. (A demountable partition in one of the buildings studied was deficient
in this rerpect.) Users strongly favored partitions accommodating adjustable
suppcrting devices to allow building occupants to make their own changes. However,
opinions varied regarding movability of partitions. Many suggested, at least,
semi-permanent walls to accommodate changing laboratory and classroom space
needs. Others questioned how partitions might be moved without affecting their
neighbors, believing that departmental “fights” are minimized by fixed walls. Most
occupants could cite some experience, either with the inconveniences associated
with prolonged building modifications or with curtailed activities because of fixed
spaces. The preference was for adaptable partitions that would facilitate and
expedite needed alterations.

In addition to adaptability, functional support and aesthetic contribution, users
expressed their concern for the acoustical, visual and security separation provided by
partitions. The main points made were:

1. Good acoustical separation is particularly needed in offices to minimize
interruptions of concentration.

2. Althoughk the visual separation provided by solid partitions is satisfactory in
most spaces, less separation is desired in corridors to reduce the unfriendly and
claustrophobic effect.

3. Security separation is essential for preventing loss of equipment and protecting
experiments from meddlers.



CASEWORK

Fixed casework presents the greatest deterrent to adaptability in laboratory spaces.
As laboratory equipment and instrumentation change frequently, users find it
difficult to anticipate their total needs in an initial program statement. They would
prefer a smaller initial complement of casework and a supply of relocatable items to
create functional configurations as activities change. In unanimously requesting
movable furnishings, users emphasized the ability: (1) to move whale units over
relocating parts within cabinets; and (2) to coordinate work surfaces with
equipment.

Laboratory furnishings are usually fixed and non-integrated with equipment, and so
permit little change in arrangements. Because the time period required for local
workmen to make modifications is often inordinately long, students, research
assistants and faculty felt that if furnishings and utility services were so designed
that users could make their own modifications, time and money could be saved. One
participant, remarking that good movable modular furniture is available for
hospitals, asked if it would be possible to have similiar furnishings for laboratories.

Adaptability within a room can be more important than the ability to move
partitions. It was suggested that the laboratory initially be an unfurnished
generalized space with only a fume hood and plumbing and electrical services
provided. Departments could then warehouse assemblies of service outlets and
movable furnishings in units small eriough to be installed by the users.

Some standard cabinets do permit interchange of drawers and doors, but many
weeks are required to obtain new parts. Wood cabinets are prefcrred to metal
because they are durable and atiractive, and are more easily modified. Users
suggested that attractive wood laboratory tables and wall cabinets might be
interchanged between offices and !aboratories as needed. '

Sit-down work stations are commonly preferred in the biosciences. In chemistry
laboratories, stand-up stations appear to be more practical. Generally, tables are
preferred to benches as they provide more leg room. Adjustable table heights are
advantageous for different uses.
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It was agreed that the top surface of the chemical bench presents a difficult
problem. Wood tops tend to become bitted. Even though stains and corrosion are
inevitable, lighter and more colorful countertops are preferred to those black tops
usually selected for their greater chemical resistance. Some people reported good
experience with light green laminated plastic, as well as with stone tops. The best
all-around surface, however, was thought to be epoxy resin although black in color
and quite expensive.

Other points made by users related to types of storage:

1.  W:'I shelving is now 12" deep and holds two half-litter bottles. If it were 15",
it would hold three hottles. Wood shelving is preferred to steel, which corrodes.

2. Storage space is prefeired over, rather than under, work surfaces. Many users
suggested omitting under-bench cabinets entirely.

3. Wall storage space is insufficient. Glass front storage is necessary for viewing
supply stock.

4. Particularly in cold climates, more coat and book storage space is needed in
rooms, not in corridors, because of theft problems. Secretaries also requested
coat closets.

SERVICES

In most cases, the service subsystems found in laboratories were reasonably logical,
straightforward, efficient and economical. Each subsystem, when considered in
isolation, is defensible as a static solution to a well-defined problem. If context and
change are considered, however, most subsystems are lacking in both design and
coordination with other subsystems.

Electrical power was notably deficient in the labcratory buildings, with inadequate
provision for 220-volt circuits. In some instances, the electrical capacity was
adequate but higher amperage (30 amp.) circuits were needed. Where separate
circuits had not been provided in corridors, janitors buffing corvidor floors had
inadvertentiy overioaded laboratory circuits and ruined experiments. Where labora-
tories share control panels and circuits, electrical overloads in one laboratory often
cause loss of experiments in another laboratory. Thus, each laboratory should have
separate breakers and reserve power capacity. Power outages in laboratory buildings
cause serious losses of experiments. The reasons for power failure or inadequate
electrical support were numerous. Grounding of electrical circuitry frequently was
reporzed as inadequate and hazardous.
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Floor-mounted electrical outlets are generally undesirable and a source of annoyance
to users. Pedestal-type floor outlets interfere with furniture und equipment
arrangements. One user commented: “You get a short circuit if you kick them often
enough.” In the event of floods or spills, outlets flush with the floor are also unsafe.

Leakage between floors from floods and spills at penetrations or cracks was a
common complaint and has accounted for costly equipment damage and loss of
exneriments. In many locations, floors are either inadequately sloped to permit
drainage or the number of drains provided is insufficient. More floor drains anc
better drainage were specifically requested in preparation rooms, central chiller
rooms, engineering laboratories and under emergency showers. As previously
mentioned, emergency showers and eyewashes traditionally located in the corridors
are unsatisfactory. Where floor drains are not provided underneath, activation of the
showers {often by pranksters) causes flooding and slippery floors. Many users prefer
a sink spray in each laboratory so that an accident victim can direct water
immediately to where it'is needed.

The restricting of distilled water taps to a few central locations in corridors is
inconvenient and expensive in terms of manpower use. Distilied water should be
supplied directly to bioscience laboratories, and should have automatic cut-off to
prevent contamination when the stills maifunction. Breakdow/ns are not infrequent

and replacement of parts takes time. For such emergencies, users rrquested extra
standby stills.

A general distrust of existing subsystems to function well was partially attributable
to the relative newness of some of the buildings examined. Although cognizant of
this, many occupants expressed their frustration in waiting for local forces to make
adjustment and repairs. Because research time is extremely precious, the majority of
users interviewed, fa.ored subsystems over which they had direct control—individual
water stills, portable vacuum pumps and electrical voltage regulators.

Water temper ature was satisfactory and the size of mains appeared to be adequate in
the six sample buildings, but secondary distribution was sometimes poor and with
excessive water hammer noise in one location. Because of electrolysis o7 salt
deposits, the hot water line in one of the buildings wiil soon have to be comnietely
replaced. Modifications will be difficult as utilities in this buildiiig run k<nind clay
tile walls and in concrete chases. Because of difficult access to piping and wiring,
services are often the greatest part of space alteration costs.
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During the interviews, criticism of laboratories frequently pertained to the lack of
adaptability in services—particularly in laboratories with floor utilities fixed by the
location of benches. Users requested generalized space with utilities avaiiable. The
most successful laboratory arrangements were those combining movable furnishings
with utilities dropped from the ceiling. In general, those inverviewed responded with
approval arnd enthusiasm to ideas for standardized furnichings and adaptable patterns
of services.

HEATING-VENTILATING-AIR CONDITIONING (HVAC)

Extreme demands are placed on the heating-ventiiating-air conditioning subsystem in
laboratory buildings. Needs vary from minimum requirements for offices to
“controlled atmospheres’’ for laboratory experiments. Users were criticai of existing
HVAC systems, although aware of the complexities involved in providing both
variety and precision in thermal conditions. They cited instances whereir experi-
ments “ad been damanged or destroyed, or found impracticable to conduct, because
a clean and regulated atmosphere could not be provided. The general impression was
that HVAC designers had tried to accomplish too much within a limited budget.

Science buildings are different from most buildings in that the thermal environment
must be more responsive to the nature of the work performed than to the
requirements of the people. Not only are the requirements for adequate therma!
environment difficult tu satisfy in an initial installation but, also, adjustments in the
installation are difficult to make when changes ars required. One factor frequently
underestimated in the initial HVAC design was the amount of equipment generating
heat. For example, in an engineering building studied, the electronic laboratory
equipment generated more heat than the ventilation system could properly handle.
In the same building, too muci air infiltrated into the offices. Some heat generating
equipment requires cooling the year around.

Special environment rooms are typically found in engineering and science buildings.
Controlled temperature rooms are required for al! bioscience disciplines and “‘white”’
rooms for all engineering groups. Such rooms may be built into the structure or
prefabricated. Sometimes served by the building HVAC system, they are often
provided with their own separate HVAC system. Normally, the building HVAC
sysiem is inadequate to provide the degree of environmental control required for
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Irmprovernent in equipment very rapidly affects research methods. The impact of
electronics in all areas of science and ergineering in the last decade 15 ¢ clear
instarce. Because industries often have greater resources than univers:ties, they have
attracted :esearchers at the cxpense of the unwersity. Thus, research projects
traditionally pursued by the university are being developed, 1n many cases. by

industry
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In appraisal of the future, as 1t relates to the huilt-environment and thc nature and
vitality of the university, a very reel challenge ts that of establishing clear, long-range
goals to accommodate both growth and change. indications are thdt growth, while
pred cted to continue into the 1980's. will then taper off but rhat change will
becore on incrcasingly rmportant factor in keening the spinit of the university alive
and vital It therefore hehooves those responsible far academic and physica! planning
to 1ecognize and to plan for long term changes in the department, the discipline and
the institution. On the basis of the requirements generally defined herein, providing
stficient spaces usable tor otfices, classroor 5 and laboratonas at different times
would appear 10 be feasible Although the ultimate cost saving lics in the long term

etlective hife of a 1acihity, it 1s 3 goal of the ABS project to pruvide this degree of
sdantabehily with merimum of No penalty 0 hirst cost



SCIENCE AND ENGINEERING IN THE UNivERSITY

THE NATURE OF SCIENCE
Characteristics
Classification
Trends
Biologecat Scrences

SCIENTISTS . . . . 70

ChHar acter is1ICs
Retationshups and Commumcation
Funcions of Scentists 1in Universutwes
THE NATURE OF ENGINEERING S ) . . 7%
CRhar 2C e st
Cilasuticatronn
Tievvcs
ENGINE ERS n
Char acter st <3
Reotstwomtigpn arwd Corrvrw haet o
F i tearvy 0F € 1agursomts si Ut romt wt oo
i SEARCH VvERSUS TEACHOING &)
Testk CURMICULULM &%
Hor-t Dovetopmrards o Cuttuitur Danegh
THAINTIOM AL COURSE ONGANIZATION "0

iy AT L E PROGRAMS AND TRENOS N

P aoca gt ne 9 g et
Toram

e"



O

ERIC

Aruitoxt provided by Eic:

THE NATURE OF SCIENCE

CHARACTERISTICS

“Science’” 1s most commonly Juscribed as a body of knowledge erablirg man to
understand and con:rol his envitonment. However science is not only a product; 1t
s & process. It s a process of enquiry — "a procedure for answering questions, solving
problems. and developing procedures tor answering questions and solving

probiems .’ !

The process of scientilic enquity 13 called “reiearch,’’ sometimes taken as wdenlca!
W ih Cexpretitmentation T As conomived 1n the 18th  century | expataneniaton
Soived phiysicat manipuiation of obpects. events and thest Droper Lied commonly
tabing place 1h 2 taboratory Tha was sssumed 1o be «denlcal aith contrdlied Ge |
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Research (i.e., sctentific enquiry) can be described at different levels. It is “‘pure’ or
“applied,” depending upon its use. It can also be described as “'fluid” or ’‘stable,”
depending upon its point of departure. Fluid enquiry involves the search for new
concepts. the posing of new questions. Stable enquiry “‘constructs an edifice on a

plan devised by fluid e:nquuy",‘1

1t attempts 10 i) answers to Quastions.
Tradhitionally, the phases of all researc* have heen descnibed as obsenvstion,
generalization and experimentation. Theswe phases often overlay. sometines occur
simw Haneously . arxd are gererally cychic The aclivities invoived 1n these three phases
can be fyrther broken down s follows observation mude, hypothes:s evaluated,
concl,sions teached. arxt new experniment detgned The cyclic nature 1e | the
tevisionaty charecter) of the acquisitton of scientihic ANOWiedge Makes 1T an enahess
trontieds with unlimiled positnlit.es 101 continuing expanuan ie

Unresolved debaaleos and ditferencrs 0 concep?! ang interirelalicnh e the Life blood
of screncr  Setovident trutts’ ate o lompet Yived miet o™ ate lreated
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The seven major areas of science, together with the humanities, constitute the liberal

arts disciphines as opposed 1o the vocatiora: or occupation discipiines.

The sciences are distinguished from the humanities by their “philosophy ard
methodology. All sciences have an experimental base.”'8 What constitutes a “"true’”
science, however  1s not universally agreed up b .ei among subjects unanimously
scknowledged as scientific, some are considered ess wentfic’ thae others, "9 and

therefore lower on the hierarchical scale

A hierstchy  often unsi-.~en  existy at many leveis 'n the warld of sc.ence. There s
o peckieg otaer os among  descriptive . “theoretical.” ond exact’’ sciences. There
w w tanking Detween Cpute’ and Capphed’ research, and between the "hard™ and
ol swences  CHard T Tenact siences arxd pue’’ fesearch rank at the 10ps ot
e e live heasr 0 A Py s cist involhved o Tpure’” teseafch outranks 2 tioioqQist
vobhved 0 pute’ tewatc? wheroas e Talter milranas a baoognl involved n
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BLENDING OF THE SCIENCE DISCIPLINES
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TRENDS

Perhaps the rnost significant trend is the blurring of the distinctions among the
major areas of science. This has resulted from the rise in interdisciplinary endeavors,
the proliferation of specialties, and the synthesis of scientific knowledge. “Today, all
the physical sciences and some of the life sciences deal in related aspects of a very
few basic ideas ... Indeed, it may some day turn out that all the specialists of
science have been working different shafts of the same atomic mine.” 12 As a result,
many similar tools, techniques and the methods of physics are employed
increasingly.' 3

Another significant trend has been the increase in the quantity of basic research (i.e.,
fluid enquiry} and the drastic shortening of the revisionary cycle. ’A recent poll of
physicists put the !ife expectancy of a body of knowledge in small particle physics at
no more than four years . . . the modal rate of revision (for all sciences) is probably
of the order now of fifteer. --ears. Thus some of the knowledge gained by a high
school graduate of 1960 is likei, to be obsolete by 197514

With the increasing shortage of funds, research probably will become more and more
“nutar directed * especially with a marked political trend demcnstrating concern for
socidl and environmental problems. Thus, the quantity of research in certain fields
( ¢ physics) is hikdly 1o diminish as a greater proportion of the available funds s
directed towdsrds the biological and social sciences.

The scientlic community seems to be showing more concern and involvement with
ditecting research 1o the sclution of these probiems. 1t seems eager 1O assume a
featey dogree of social responubility than before. "No 1onger does 11 appear that
scienhce Can mowve torwaird treely on the baus of bright ideas alone. No longer can the
Qrowing pronts of scsence develop in an uncontrolied way in the firm belief that the

technological 3ottt wail in the long run be of benetit Scienuists have 10 4CCePt 8
respotaatnhity 1o influencing the uses 10 which néw Lnowledge 15 put. Science, as a
-15

commumty must actl’

‘Jﬂyw\a‘, thce garew i arwd e Edilode of “Lide o o8

1 g
Noyerser 5.7 csitwn (ver ws@y arnd Briogy laborsformes Luosson Pagenon Prowm 19656
oozt boreghal ot e

“3«%.&@[, g o
e
A F et Lt 9 Pard guant Conforawe on Sceorwme arwl B Footure T aporaste? by

tte B 2 Awn Slewn Tor Bve At arcrtent of Slswrwe avd o AAAS Bou o Cokst et Agasl
619

a7

th A



O

ERIC

Aruitoxt provided by Eic:

ol 1 't [ ’ i
- oo .o . : vt f ot EY) i e ' s
EEY " . . t sy O} (IR - L ' BTN Vet
IO ] ] [N st P " 2 A SR 1.3 it PR B 1§ [T
L osent . RET ) R o . [T SEUNY TS T IAREF TR RN [ Qe (Y] . £ [T
1 B I B HY ] i L L L1 I TR [ A " S { 3ie ! tho1 oy e 8

B4 . 8GN A, Jvi ME WD 39

| TR RO AT NS o gl e RTINS TT SR S BERENTIENERY TS FRT R e [T P TYVIT I TR Y
Ty S O R TR Y TYTAN T B SIRY LA IR UL S E FUREE SRR TRRT AT TRV LTSNS SRR Y SR | SN SENE SRS SE- 1= BN
BN AT 1) e Lhem 4z deR ER PSS i T Tt NI SN A | P R T R TR P FIRLEPYF S MY )
U VYYRRT YRR VR S PO YR VT TR VRN TCR S T IR A WS oY USSR T EEES G T TR DAY o Cemgmtitnetir Thee
R YU TR L R T LR SU ALY B A NREY TY LI EY PO A Y UL Y IENT S BI TR U LR X BEENT TITESFY Ro T 2 TR VAR o
L - 120 Dy

vty b T TR N LA TR RTINS A 'Y ERET E PRY NRNT 1 N TR T B RS P I T FET T O St L RN TE S
e IRy R AR ' L NRNE L P TR YT IEW YET YIS L ¥Y SEEEY TS, PP TS SN T S AN (Y G TR
IRV - TYRRNNTY RN LT T TEL TR SENPIERNEY? 3 o T ISENT R RTE L T | Y W T D ESCR Y ST SIS N b P
R T TN T Y N N Bocitagy it tT e 3 ty Tiow e IR VI LN 3
[BNTYII ] B R R TR VR P R T N BT TSr BT SR TR Y - ) ' -2 Ceit bty et LT N Y N T
ETURTRRTTI I F B N ot gk w0 it Loeeveiegy W 80 e dh o Kol i oade Whoet e
my oeard goramm e e b alagae ot cee totiger ter o e ok 3 Tragaes 1o wer et .

NS SO T R Ry PO R [PEEFENE IR TRRE TI U TR T ST Th 2 - U S IS

LYY VY, PRPR YR S actiosga bane fagwee wpeen tie o 0 Y pamt Tt By el A
(R N "ERN IRST ERN I Yook s oz o s Ry s et hy etk L3 - o3 Y wtverteer T e
[T IR SRR S S TOR| ' it Tl e [T JEN ™ Sl P ST * & N T A A oy L e L
St Bheol 4 (rnme e cowearc? i ¥y 4 memr et a3 oclnag, the
R Y L et b wtr ara? e Lactamaciodt o sagpeen 1t et Lookoagy [RRY P2
Ctemc bpd cas g emEear et Leckarad o irwcoeme & Loootkovg o ¥ Tl o act dNNen B T

it O F a1t catore of groued® Bedciogarterl J e »ul agring wul it

".ﬁlyu.-lx PR |

69



O

ERIC

Aruitoxt provided by Eic:

st n . +

0 f [N Y] [YEEEY] s - LINFY R ‘. .

‘ . (R R T I it it [

1 DY Y oot [T TR ) [ BT i AT []
‘llil“l' LLER "I T} st (11 e t Bl ot . )
witegt g s e g - L YY) - e [ .2 '
N tn} L o 1Ty ] o ? AR LI £ . e
HEREEY 30 are MEEYRY] AT 7RI oo e (Y3
2 [H oot AL AR ] o AT NI R

LY B T Yy T I " 3 L TS R S O A INEAT (1]

“

fhepgme M0 e 1P e (308 47 I8 1 g g a4t % CHEY; (00 et T2

EERSYTRTNT ITRITNPOREY S VR PR EE STTLCY et Y A At B BERRNERT S UL AR SRR Lk T

n Chae e T uE 2Dz m The L wmge 7 Acte

reevme e [ et o f
vgranrtne B icacagh Pogicgrtoery  ww [ BTN T et ” - LR
Whevimec g 3ok Ll S agly  ©tee omed e mr b

Py 1y arw” Bac, o rhece

Thie setur et AT LRt EIeR Notuev a (% o tetirtace
et 1 Lire a2 A% Tl e S ok pam oo
Tromc iy reen YRt e Bl teter neywar it dey.ar b
Aeygaar Lo e Ty puard oat of e IS D @ ke oF

-
itoge o - lo it ogame et G g gt

' N 0 t
N ‘ Y ES B
nown e - vy
AT SN er 3 (X1 TR THR
[t 3 LRSI 5 Y ) . R AN Y 13
VY L Stag Biege C rarg
St PR YT R IS Ho e
Eometeopzity 1 oz lisegma o
s -t PETITELY . Y " . TP R

N TR 1L VTS

LRt eMaC sa et us L Ve Y

£

Voo cogic B Tal srmicwt 13 corgoamed L f Toy Qegesrt - N
» L3

iy Pypctuaibacaiiegy meat

Wl AN s e iriwe t of

wrw? Trerallt o THe (e gl gt
LTS AR Y L T L¥ e “ S S T o
e 2 comeae tu forer e
2 moricegy v Decitaey @ e rome

Bertoagy ¢ Coraetasdy e

GBI G bR SR PE L KON WS SO Tt g e Tl e ge arud thowetove w T Y from

e ond Bograt B3 10 Toder reotwe oro Lam At Baeree 3 oot ofosteed Diegaan et of

onc Paovta st ), arrad M ocapafy s sy

"Roo-ﬂ M Koy Changersg F unclirn of e Colimge Protfows ~ In Newilt Sanfuoerd (e )

he Arrwscan Colimge Now Y ues  Juhn Wity arx) Sodv:, 1962

70



O

ERIC

Aruitoxt provided by Eic:

G tRTRIT

(¢ VY WA & Ik Il

Y B I NN | TRRRIE T co sy cheusc B b, Masnize o f w0 T BT wtttaagt
T A T B R A I T LI L THNPUR TR TV PN TF SN B 07 TR TR Y TR YRTY RUTY TR TILT U Ly gte
Robt camtio=og8r ¥ 1S e TRt (Mo mmsres  sibesiliend e R B ¢ B CET e, Tre
Megtony 87 - Toes TGS (am .y TR Fociloigif meid Bimemient 0 The " T ame ey e

g gt MNE P ticiagien 0 e TR Gertea The e Baciloger! ek o ipremine g
Lyc it becrigeafty s S OTHMEMTIE wver Gouesed 1o YR TV cmevtoe . A Thw elbeet
ot it e e om B TRe QO LIT IR B TRty PRICHTE .0pTety T ONR GIRNTIRIT 811 .3 FLiortR
ca- te mpipiheed Yo e e TR (g W Rt oF MO SRS & g o pmopele i

L s (P s EE IR BIFE CIOBPRION B0 el et e (e o a0 T et agee-
Lugfer T Tt tor T ondemer, (rtager. ARother @ Tt The wwemted 8 ST ude
Rovv R Fi mios't @ W'Y uempacsumd P00 teppatdis B awoste el SR § Vo SIS el e~
svox aticar WASM, Wit R e ~ate o wniaeS Yor The st 1 Daund o 8 Te T o The
Cunevr o e hiruie O rptute Bt WO i 3 iy el TNt Mol e e Tt
WOt (oA ot rupdy W T ey Bt svers Thauamagih TRy ey e Femertih Eroyer T
toscdh O tommatcS teeu'th They tevd 10 st to Oaer e BB unitly 1 Cher mm
Pt uxi ety ¥ crrtonewt

e @ BT IRTE @ TORER TS WLEIATE Sowmsesr  Soe aT macfery S8t oow
oltacet Slcat y WA LNTE  OF LexTunacuery o ougerumedy  AlTheanagih The teumettit et 143ty
kmrwrarad e Hagiwet prenigs o et eGP St . T Dot of woentifu
& rondedige

Rt LA TIONEINPFE AND COMAMLINICA TYONY

Screntnits Reve altwayt podled sdedt and informaban [0 e 10 B0 W they hew
organod Tharnetvwt 1IN0 vahous 10iMmal aOGIHOMNE deting bach to the Royal
Socwily in Englend founded «n the 17oh aentury The “Sacwety’ s still the
tituhiong tOrm whereby SCHNURS gather 10 share information They coaperats 0

“Mm. Bergareni and e Ecivors of “Lite " ap. ot

70

71



[ RV I - F* TR ILY 1 B A 'J - e L Yem e EE " LRI O YRR T L (oY IR B L T L SR ot
PO TR " TE R N N LA L] A TP URF I T S X! TF LNINY . Sl P I PV TV TN TR TRNY T LY bl
J P T L L TENT: - IR T P Ier e VOPPREY T PRV R L € s L LAY TR AR L LT M LTI TY AR L

717 s geeecese g peodbitee e gt A amcac 3t

IR TN ST I 111 ) PO YT T U XYY B " LA P EEETAETTUCIYYON FRTTT VRNEERER DR ¥ TR LAJTME: TR B LRt
e aglt M e teae Soememe a3t eiew e taaglt At s BB St ecst sl CCachpele 35 T”
e tut e e R g Touems Yowm wee BAT M i s § Lecoppsems P Lm0 Secir Wy
ek Thas Rty oF monere Ko vemmmen-:® g Tow bumb o cmiosdier s asmBrriciicgn mte st
S vtame 0 semgEe Sapt a0 Secummrese e N0 @b T 1T VUG OIS ITEIB SN Bt atict. 1t g

IEERTSRNTERTEEY TR Y TR P N VYO8V ITLITT "I o A DU LIRS il 0ot eI cF RS

et W Y BE < aeacemr cumd mar *b bapriage  ovizediem off  cfoprrisreors asien o HIor e
v amest IR NS L S ICP P W [ PTI ) ER SLUS LIty v Phoste e - tes
e e WPWSEC kIS CE LI IBP et W TS The Curpavieuit SR NA OF AU ME - ST e
SyTistel Lrpmichw gl oI ¢ 8 FERYILSl P rRsrr gy CHKION EPS K e Kl P YT QT WP TR
gose by w eare? of D Of e BB I IR SR corm. TR o eiRnon Y - e 20y
cogmvt b om 5 pREFW wred LElE s 1o wricPPeer top gt 1t 0 Be (on dliow L @

rS

Aot Voreeas paepert 80 Bae e F i Tty Thet e otiren aiees Prrgn w i
a7

ac rer At prerdiict TRar T Y TAKE Chatiser Wl scre med! oo tetiom e tas Thee o v igadl
e f ot o BROBmIl 2y o W e 1Rt ey Coorrtechow eibeds WL tkChemae
ot 3> relicr arwd  errked Faleaasd e The  comtogeoshiies ogsem s of Thw et fu
Cowrrtas ity P goar o tugr  oanil eleia fy T ccfeumpecen of TR oscm! CIOPSrier .ty
Vet adwvmyd e leae aagro el fomt The MO BeE TR THS o tew Paeleonrel C or ity ot
113 ¢ wheagues

ruUteC Tyt OF SCMNTISTS oy LBvEREITHR S

{rc Graedme arw! CTEed QORILOE g hura o of Phe uivver il y | ofad GofRguen try of .t
fa ully Rewe ooy ihwdaaitnd Utivedialy facullum ofe eapintid (o e W Le
fovoghuied whols: o Tt fek! advancang bnowikdge TWough (eieeith D (M Ovede

'9u.¢: Thesmas: Potcapant Cisnturwnas on "B ong B F ubure 7 gatnesiad by T
Bt Amdaetsan iy T Advencrtwni o! Sceatis oul B AAAS Bountee Cutarado Agw e
1900

n

72

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

e ot ' PN [ I TR ORY IV EN FYORE Ty Toitas oaewm Copbrey e RYTINY" Y
LT 7 I’ TSR R S Sy Srsd "t e greseag - sel XY L VEEEERERYITEE T PRURT TSN LT BT LY LERRERN | I
ARSI 1) . LY B KT BT VN I ) ) [RERd] - 1 EARE TN LAY ] cergg. 1M 2 viia wacpansg A EIYY TR AR EaNY
ot e - . I P PR ITIR R TS YT L PPV LY RV ere) B TR T VEL S T "R L
ERYY SERT FEY VRN P VI 3¥ T DS EL TSR T IR L1 IO TR PR SR V1 7 ST YRR GONRLRT TY R B LR TSR SR 127 TR U I
M ovears el e
Bogegy. 130 Lt e R ER T L4 TR TR B EY RYRESE . T S BOSAX |
(A0S THREEAY TR O TS B Hin: S YRS '} [ T I AR C AT S8R
[T LI XY YN PO YR N A » IFY L4 NS [ TR AN | LTS L R AT T et
IS LR 160t aiteg sz et Mt T s tioaer N
MITTRIC T P .o 6ERS MR, e Mshrcs et
P IO Y 3 Codbeg; spe=aCBet T 32 TN (AT TS FRITY
Themmir oo Caer Thema e P R AT R e

BT ST RN S PSSR B FT ST RN Y2 ANV TR B AASTRET N o]

(LT T LR RYPRE PRI ST RV P Y 3 Y100 et

LA et A Ty p JLITIRUSS Y

Adieer S r o atr e g o Lo geenied mewt tees

Traighohon’ % car L e Bl aAEO P e Y I LR

Te e ster iy oMt Serepn t eepte bk Cae o 1, Lcastper . Cugmen

LA YT Y VR TR LT Y UTYL BN SRS Lol e

THEE  Smddg it Ty

Mot 8 Pt T Tac L Ty Leereate et %y ? Siceorn e

Pl Suv a8 oK baNineg 0 SRR Dok 800, st d el 1 Foser avenn

Honen * 19 Sty e

b B atuady AR Gf e teetr sfloxatend 1o Tty ametdTh  mvald Careiedeven) Yo
temu M e B ctmmlror of Swen G vouniodigs  wihwrom v BE% w3 Cormcdoie? ic tae

tiatod o Bve 1389 i tuav oF stuedonts U doasrse sl Taciu®) mafeh oves Begess 1ot

wh Pt ei  Ohe
gaowed e toee howkFrowgd ofw) ol Dettner ot Bttt gl it

AL ot gsevsd Bee antrw ettt of tetm o s oo i0asd I lranbon
¥ agey
At ¢ ot < TH

L= PR L 29

12



O

ERIC

Aruitoxt provided by Eic:

- TS T vk RN TLY VIR EEREIEY TR LN PN "R RNT Y [ LR XY} A oveagr 1 g YRR TS TN R ot T
L REEE SIS YT S A 2 fo0g ce-r 8 @ rsdTingfbesee gt ccac s Somenitay Thas Svhgcaerem LY TITY S
voy careey g TOMs Httoechee im0 bYervoacs T heg At IPCREITI SRRt e’ - camasptttt gaees
FAbiter a0 rac pae Thes erage b 2 o' it c TREMAICITGH Rt et 8 THEE SeaMrcilB8 YT BRTCRTNICTYICNT  geeqd
[TEARYT ARIE TR TR P R v VA I YY1 SENTLERT LS LY VL] A POV T I TE T ST ERVYE ol TLE LI I
RN ITTY" I S TETTRRYY TIARNTU STV A T ST T Byeme soime o fhil svMie TbeT WnE v
Wt 3 e 1Y PR pest tit Lol dhemciqpiiTed oyt IR YRR T TULRL Al Y. o 1% TR LY 3
[PYIE A ST Y TR FY SRR L PR R S hyer Vost -sm.tresd 1o TR T st evisihiite coanite e vheg
IERETY. T3 SENNETINSAY - Ty S Pt Sheh N s TS g cofberr Sep icugs At e vt
arresgrrvged  1- i emnizias . Aw s oo e grrciemmcy s 1H B, Y3 VI el B AL

A TS B TS ket CHISeg jecamclacke

KWOJH

be ]

74



L VE L/ e !

"

g atn

TR

U

4

[ 2l TS B

LR AL = L LA gl o 1L PYW L

~w

12
!
{
" -

R

Ly e

Traee

"1
LN

PN - .”.

|
|

:
|
i

bt R A

1

LS U L
YT Y
ra¥uby, 1

14

O

ERIC

Aruitoxt provided by Eic:



Tang QAT . WL (o £ W IWE T B WO

MG A TS B T (S

LA TR (B PRIYVILG T LA TR A AR IR Tl L Toeecd t: Mtr daget T Ch v et © HH000 wusar sreagatesesr 1y
cearhecrmatty 08t iremd T b B cat oty e S hgegeeiger T -serlgecibd thesas o stitme - toem - oY
HIRT UCRETTIN o T o S T RIRER AT TR ERNCIT L PYAY IR S Phas me MM It e et e imee

A rrrchr8 ateesrers eMlaritacee by TR Eocagitesesr ity Lo caedtae T [ SRR T YT LTV T 1YV TIPS YYLAT T g
T 0% reervem ' cagrirwesee g u Pu grreNommimess e MR ceniemedlge o et et M
o et Bl B MLt geeicssd B IMRa K e BeE fr s e TOTTRITT T T o
(- Mgievemis > e feasiicap M A 1l s emaceescrtr e sty THie  rroptane gt et Rorer om0t

.
A

a8 Nepe 1908 Lameews® o' rv gt ol

T e LcHN g I RS CSOYEe e - Mirvewrt ml AT i irieoe  SHAGHTIONS- (g it T gl picre
o meeen N g oty et Yo The here® o of e eomms  greosBhosce  rresa Hee
Lt T LT | ' Te Suer  fher seagitmr et oy @ et Sonrg iy roaow

st el A e b amEf. ity T 1t velus T eETLUTER 0 i SR T 9 wpilus

.
»

(3R 0a ¥oa, _ )

Pl mick 8 ot SeAgIwee 1ty Wt bum L cndiereed cicrusitie bty Whee ) seuggemmes e o
rvpngised ¢ Lok CEmMENNSI Mt = wrostty Shatieggaiiball s Yocere e - P
MASHT R Sop eeagHtutr cvg  rumsaere % Scilicrane st Aty THe RENs prchERRE M Boe ot e
o< Bt T seagiceer ¢ gt s B Thebwert teopd fhoume of TR miwe Ttm
gt gl o hred Beu iR oIty oF e g Borher S ey Mo tuener -
Sy Lsfors oF of Mati R et A Wiors aRlcrroer il 37 Lhe e At @ e o Y
CRIrnd - dhuticonwsr ) wewd 1o engitemes 1+ A Lasd . sl srticrr §oor Bec S Toveneen
Toes o rurbitcers of e AePhcedis @ ©6pEe ¢ W ANtices Lol cor  Thesce “Tee
Srager g erag Al (b Shpaer wirus ant o ) ared proraedioh ws!! et ig o e
e cretgEcrRtt e 11 B T8 WBa iy bt o ol of T T *

3 it i Wbestnst @ hra  Delamy MW giese, Mt S Seetigg seed € owlies b (- 6ims
® s Eirggin. wning 56 WNGuy  WNICr e SUH Beelh Lorirgemny  New M &% TS

FEL L v @il detn WK e Wy P Lograms Temw ¥ R Pine e @GS

FA 8 giteen Crmsngs Berr.om @l £ wongs Cosnwmiion.  ts O St o Cogpiramuiing e
e ddretle

”MWQ PRV R YN Uy PO | TR PTTOSS g e ]

ERIC ¢



O

ERIC

Aruitoxt provided by Eic:

et tooan et g + [ PN S ael [T RF T AN Lad L 2 »me c - 1T et 4 DI 3 - i

T TR T} U w R AT X " [E TIER N IR 1] LTI I AR IS N L T R T I T R 1 = [T B g o
TPt 3 rere IX T Y ; LA ERY t LS R ' 1] I A O LA T [ DRSS R T | B 1 S ez
Ty terg T oewn IR IE EREYIRNARY. BH L roore TRaasr oo verisadigpe PO DT T DO TR | :
- 0 arovare [TIE T B TR P B ] ttl‘lnu' A IRt N -t 1 AT | RRTTART RE. " T © R Y " TR Y ST E R
s v e [ S REE TH RN 1 he TEX v gopaeer YA TV Lt MR Varees e [ RT { TRRRN K RIS ERY TILRRT]
EREYEEY TR YL H R TET TR RS RX T LA TR FELEINT VR TE | YR H e LAY AR * TERE SRFYRIGNER Y LEY T PRy T

NIRRT (2] [ Toptboe Mrce 4 - cumenge e pcad coacepaiaceec s e e Taee? mert. cacass oot e
it aegamt brarBbc fic 0tlserew T creeapry S TR et T Thicams o certpiatee wrin’ w-s
Y EYTET P PR, T U SYTYYY Loy - R L v Rt 11 18, Buugoastanu oF e ciemeg- ooy t:

ATRYHIEE I L AUE UL AN o TETURV TR R oI W B YRR Y LT YT TR RS L AT T

Vv cadbe as e semmertBEa mesc gty B Ceaadlntices er caemite e e P e

. H |
S CI M Rl TTUMETTISN B T i B aricl SRR - 8B 10y,

Wicrrs Mot ity Iertsed  reagiitemmer 1oy, 0T IA TEIN SESN Ot I Tt iy SRt e
T T L o o T FTE LT T N TSI 2 SRS TV RN ™ IELTU AL SR T T o procfasilety Thu reccnant
e MR A B a Ty e fhs eteqggicwmer  mead Th st il wBa® GY AT X B TIN

e ey Thes mi emetirine?

LA Mbibisnt o 8% (U

T e Tchal teebieCE EF MEACTRebm CF Gbeeghcekeer 1 xg a0 6 voees e TTL TR SRR LA LTI TRITLLE
- agie-ueeer sohy, L TV uer  mEEEk (84T e BCHetiSt oWl RITHIIYY: RIS 410 SEERLTFPYRER R L Te L

-ws B T T R L LI YITE "R Yo L "1 ST T2 PRV ST ST R ITTR U i DR o
W AR I M B I MEREE 1oig Vs By et B a0 B pociey iceg B cie #ttD B
WGt WO (-ag B i Wim TNy Basciiuicy Wi cddier T - uF e o M Siciiceg Hecccailt o
Mo aanr B A%0- oa o ekcegtr e ctamgcr b atul s s [ETYOR LI PUT. IR W N VT N X

S Caecih tE oS S8 TS apeEk Rr o o SIS 144 T Con Db

E et ey B0 R e ekl cwmlegp THoals of cifer Taidla oFf ekt oty
Pyl (TRl ) creifamier st R gesceiogly  @NiE® amed Lokobogen Teoimicisimt sdiv i die
ot ecr MBI Rt B Bt ME g, S H IS et e Betsg  Sreedia e e el

"’w [ P T Lot 10ty of L megn Deansern o P Msdd o T rgiremiiivg |umn
[ TR "N



LN LYY WV i * PR TRT Y IR T P rrag LR R S N I I Y [ T T R i 3 H i S
R T R A I IR L L L RN TaraT Ty Mt B S M B R T v Y
A TRITURCEYSRAT I VY YY YR S CTT Y VRN ULV o S 2R ST B AL SELENE AT LA o A B Lt LA T
I LT AR (RTINS TTTERE o R VRN O L 2 AAL L TR L B LUAT A S TR LA EAS TPEAA S LR AT ST L
> BRI

ITRRTREY FYSRTT IR EREEINY IR SRS TTRRL L Lo T I L TS S T S L wvera b cHegEeeetacilteg L0t thes pesnt
XL [ TR TP R VoY YT ERVT T ER RY RN YL Y AT I A A A L AL o rlioee [ W 3 osacd
Sesrtril B Getagurees atNg, b Yia My & Macwta L3S L VYT RN Y TR TV RV R TR

o T e E N A R T I 2 TR Y LA A TP TR}
TR PR T LETTSLN N T TRI T o T2 I B SR [ RIESY R L, iaagt
FXTTE T
Caamn Te staces eveppdte biy P cisammor IMaerS gy Crovam o0 T cegiicemery mead arer g * comvery

v e mgpeee e Batggeemme togg Baek Tt - SHINLItMg o 8 Trmicr Miavvsrs S

et B e

PV L SPEER M 4 .t tzrnw-mml-’--—f” ?
,7

;

.
T Tl NI L 0 T
~e LAt R oy < “eug N
/ \ /
AT e . SR AN v « Mt

LTI (T AT LT, o A1 T T LUVTRF " BENEETATTE TRt I I
CERE 2L I IIV. O Y I A6 AL

N P TR TR P PP T I~ ST T I TY T TL T TET ST A B LRTLRY ST

Ngt e SeE sl Tea sl < ANy B oD g S SRR 1o et tackut sliol e e e ieec, me BT,
s gt i~g 1he 1RO iaic g isrugl | TEEN Wt SRR 4 - vvecedien - o ig)iemen vy, 0 Tho
e By B . agH Hondeg of e Luowt (e Blor & oo £ vt g B2 tey dcliv
[ WA= amp o Sl twadhi s e ey et 20,  PUNIOSLRIE - Ropbiingrl ¢cue
Wi s P E. ¢ .0 i dileob ok claititol: LR MY L RidtElh,  LPPS SyBREITTR Rk el

DO Y IIEs Ity

PR ity o C pideris € oagiomm vgg Whamas Fig. 10
ry
& oo ook WL Wby o i

My s BBrioighor iy uedd & Hgoios Ay ok

78

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

" boEeBe b et - 34 ET N X I N R R LY. I AT I LI TR CATTEE R ZRadr I ]

P T LR R T ERRY TR VT TRNYY LRl T

b 3 e

PSYRTTR BN TRTTTYRRT L CANRRVENEI AN | 1 - Ll LA o 2 T ERA RO AN SO TN T A Ti & cunumiimdige  hicmm vreedl
WM Chime pmess  cBligatateg 1c ac ssens M B crcradts | A gt et me ot amgac e
[OITTIRT T IERRI VY YR R A M1 A Che cegitomier g cwat® of ot fee @ cicumiindigs o
[T REFYT T URT ERTY ITYR TRYLIYEI T IYE S ol SR T 1 TRY TN L7 o cmasmecrs Y R ¢ ccwmaiindigs e
Cogec T B SEIBE IPYLaem CKE CEeity cos Etgieemesy cgg Bact ot TR mfticele < meswny
BRIV O [ TS JTTLITRREN TIT "~ R CGBIRY 1S4 [Tl ) 14 [N B ]
Swsacrmtt -t gl h  phchghe M ACE & ScHANGMIIEES  FITCRGILNTEIAIT ) ST iR TR TR et SRS
Med - thes MPMEUCEENIg rlft et Wl Sttty 1 ettty off mime Sttt T o
predean. Yoarime v | silec dBevcid 8 greener  precfinmmicitit e liteere home e
eagieanr  tommand 1 5 SugfPuer WS UGN oM IESTIS HE Beed <t o ChINpe rvafierriigesiivg off
Vo snarticrwBig dc The ewcr i B 0 @b gt v 8 cicr medier dis dagree By Mia

VPO

boots camame Sy 10 Bt Mets CWTWERE B el ith 0 P SmChuTt S P L TR e L HERY N LAY
Bt et KT Loy v e diE @ MGl R TNIMI RICHMIRI WY B it 8¢ 8 Y cENIDRAT IR PRovoNBN Tisss mrast
S IR i et 1oig LTy TR ceer el peechaisew (e The cmpgcad o cemchiitim
eepreagaee e . s TTessme < Seee SR TRG, Tiel Bhn TwsshumS @Tovmmty gtz of oafoh
SO g Gt THR 2K SR Ch et LR I B ecrt eeggiremr e Limus Fiewt Soaaditend o Tw ot
C oy - e - et T ety Tius gmarrd el b rcupaamiegy's U 2 YR
e gt L e r e e o rImc < BRI e Al fhe Nichmr y ! e

SRS v M el BN e mcbur t e - TS ceRieN s Pl o ut

“lag  rarmmmitey < OO ipie b L o e el Lot I st @eD mos ot pernibuimrra et
Dot id Pu cooamicyy oty Tl cecicesl  dhanigibious ¢ Baciurelir wm Y ormrniorronn 2
St isr vrs ) Samam o B pash t PR peth t @ R INE  pat BB R 4o bad R T UYL

e Srggurentar T Mg 2 tc o ipsm TR OQostguiis s By ERR 2

PO vatmiss o (iR sres Whepvins Piae 1SN
x‘m

}‘.dlo-t o

re

~d
08



O

ERIC

Aruitoxt provided by Eic:

s WCGiInt t RS

TRl ® Al TE B TR

LTI S Coemagecamse 4y B sae M0l St e T et ighoeemet we o0 eact TR e

B IREREEY Y, Thal BRI &) Foree e DML THE SR STagtKee & T ame e rmcin Themor st e B 'y
Ceeere AmaE S TR et Von Nwusr e peccreed T b b ol o el Mt stecsk e 3 e
Pevasegi T TRt cti gy Ner ot seegrresees T oae o ogem Mot by TR gecier a0 podb i o g ¢ acuert

(YRTTIR L RN SRRV UG N T T ol O DS S ) EATERY o

Th e B L mess o f 4 i e st WS Som caregror e Yonae sy B Tterert
Carwat o gt Tt fean wAc M 3 et et tor o S TR G N T L R
TP BN CLATTRITVAFNEERYRARE JRF -0 R Ll 2 "R ol BN Moe Dol B S pr-irpeome®,  aveyd e ('R T
Comticmer s Tt mECCIiE g O ST ST FIRRY 1ML S ITITIcAonry, Towe wcre n
Mine Liaghhite 1 BB e crsant e B Thee raicr §opions i Yo Aot Aengr  sred
Broild Theign e wecwt T Purd wnd argeet gros ;o we cplied e Guticelwrw ot
Sl - TeRMioicepy T Puy e ¢ amprcrtittus for aummeetit g Cipaer ghrrg  ered et Ametaetyg
b i e st aew’ Grtugiec o v wvort . 8 ity are e The wasnLre ey mife
Ml s NEmichagy 0 CAEr TS s et Buc® Tk e uBuN s iRt

TRV PET R BT oL BNILT N T3 ¥

[ AT ITY 3 . Bl WBEF 1ty &0 ek B il EKED TNy B Trerer-t piswmcitigh 1) Tppient wme T
g mE B S (h. YEM TG ABHEreYER  cas Latic TP o AN irtecls v dhared by 8 g ~apur By
e ot et 3 oz 0 WcCTicsd Y Npec :or Tt oF wt e pr ek T et 8 Lo eyt st
OV S TAREY. S TR o S Wie - 7P ey YU LTINS RRSTRrY TSN o I SV B o Fwe
D ek ity TRHE Gt ic ae vy ter 3 1w y mie PRetR ¢ & Ligttmm avyy tc do
Pr ol e B U (PR WE gty to sedsibiliale 2 toltsily S > ates or apapel e

o cid @t 1t 5 T e Mg IRt M ey 22

CBep et qptecrs gibbcwm (EeLsHNy Al e TR dcap exielicrr T evaghi Rt s-wd oo oltueils 'y
10 vy ceke . g sl Tl thes Basdier g wmereng WPickaty o b 3d) 2 o

s g -1 e T 0 EkAKag ergiewmert ide oied That cus o The eiqgienr o

i cgim dete WY e By o iR

‘“‘;b«‘-\u € Caise wde Roaqgicum-ioggy (e 1 Meruilogs  wre? SAmnagunein (et | deesne o

€ reguivamm-ivgg € MeseatBioss  Soge-i 1 IES

»

8u



E

citon warrkarsg n the focefront of technology. he tends to be conservative, to fear
agpraliiy. to disttuct dewviabions from traditton and to seek consensus for his
ahoety  The comervativism and conventional behavior applied in engineers’
preruonal loe . thest wor k| politics. religion, fraternal atfiliations, dress, and manners.

The asthot ol the above study makes several pertinent comments about the
chae actesics ol engineers. Most significantly, he believes that these characteristics
of conuervativism enhance tather than hinder an engineer’s occupational adjustment,

wnor enganeering circles value these traits 35

RELATIONSHIPS AND COMMUNICATION

Eng:neering 13 a profession, the practice of which is controlled by each State. In
order to use the title “‘professional engineer’’ or ‘‘consulting engineer,” an engineer
mu st rogister with the State. This requirement for armal recognition requires formal
channets for an engineer’'s dealings with his coileagues and with regulating agencies.
These channels exist in the form of several national organizations—called "Insti-

tutes.”’ or ‘Societies’’—each of which represents a particular branch of engineering.

There are two national federations of engineering societies. One is the Engineers’
Council for Professional Develcoment (ECPD) which acts as a coordinating agency,
aspecially in education «nd train:~; >f engineers. The other is the Engineers’ Joint
Council (EJC) which coordinates matters of national or international significance
and maintains the Engineering Manpower Commission. Another organization—The
National Academy of Engineering—was formed in 1964 to advise the government on
matters of engineering policy.

On the international scene, engineers, like scientists, tend to discourse with their
colleagues of other nations, often at international conferences such as the 1955
Conference of Engineering Societies of Western Europe and the United States.
American engineers are also involved in a consulting capacity, e.g., the NATO, or in
assistance programs to underdeveloped nations; they often travel overseas on behalf
of the government or philanthropic organizations.

35,pid.
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Assistance programs to other nations are likely to increase in the future and the
contributions of the engineering profession will no doubt increase markedly as
attempts are made to improve the standards of living through technology. “’In
today’s world a large corps of educated engineers is clearly a powerful instrument

for enhancing human activity in every nation.'"36

FUNCTIONS OF ENGINEERS IN THE UNIVERSITY

The functions of university faculty have been indicated previously. Engineering
faculty members have much the same duties as those of other disciplines, i.e.,
teaching and student guidance, “‘creative activity” including research, administration
and public service. The proportions of time spent on each depend both on the
individual faculty member and on the engineering school.

Research is only one of several “creative activities.”” Also included are engineering
practice (during summers, leaves, or through guidance of engineering internships and
work study programs), organization of knowledge for use by engineers, and
development of educational materials and methods for use in the university'’s
programs and elsewhere.37 A proportion of engineering faculty also does consulting
work for industry.38

The teaching function, together with student guidance, occupies the bulk of most
professors’ time. It includes not only undergraduate and graduate programs, but in
some cases, continuing education programs as well. Continuing education for
professional engineers is of major concern to the engineering profession.

Other faculty functions include continuing self-improvement: "“Ore of the most
crucial problems facing administrators of engineering colleges and universities is to
discover efficient ways to keep their faculties not only abreast of changing
technology but to give them the facilities, the environment, and the purposefulness
that will make them generators of new 'technology."?‘9

36Gordon S. Brown. ""Modern Education in Science and Engineering—Pace Setter of
Industrial Technology.” A presentation delivered at the 1964 Long Range Planning Conference at
the Stanford Research Institute, Palo Alto, California.

37Universitv of California Engineering Master Plan, 1965.

38Dean Maslach of the University of California at Berkeley says “’the proportion of faculty
involved in consulting is very small—in the order of one in a hundred.”

393rown, op. cit.
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Research snd development ‘‘directed toward urgent public needs’ is also labelled as
a public service activity. This function is especially important in state schoocls.
Another public service function of growing importance is consulting work for the
government and participation in foreign assistance programs. This often involves
considerable travel time. “The engineering professors of today are members of the
‘jet-set,” commuting to Washington to serve as advisors to the government,
commuting to confer with their research sponsors and their consulting clients,
travelling to their visiting lecture assignments, and going overseas to advise and
contribute expert knowledge to international assistance programs.““0

Engineering faculty do not move as often as scientists do from one university to
another. Their mobility is rather between the university and industry, many forming
their own companies on the basis of their research achievements.

Of ail the functions a faculty member is expected to perform, only the research
function is truly rewarded. “The faculty members whose creative work is not in the
area recognized as research are disadvantaged . . . And excellence of teaching is not
weighted strongly enough. A result has been the evolution of a research-dominated
education program, albeit one of high quality. Undergraduate and professional
graduate instruction and continuing education have been handicapped.”41 Of course
this is not true of alt schools of engineering. At Purdue, promotion reguires
excellent performance in teaching OR research OR service. Stanford has been able to
appoint or promote a number of engineers on the basis of high-quality work in
design and teaching.’'42 "

Many changes in university education are predicted for the future, among them
changes in the type of engineering faculty. Dr. Gordon Brown has stated: *’l believe
that many academic changes must take place . . . a new kind of faculty must emerge.
To bring this new faculty into being, many of today’s professors must undertake
much new learning, and many new men must be added; they will inevitably be
younger."43

40)1. R. Lohmann (ASEE President). “In the Main Stream,” Journal of Engineering
Education, September 1967.

41Universitv of California Engineering Master Plan, 1965.
42pjq.

43Brown, op. cit.
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RESEARCH VERSUS TEACHING

As financial resources have dwindled, the university is examining its resource
utilization more closely. A primary resource is the faculty, whose functions are not
only educational but include the scholarly and professional functions of research
and publication. “Their own professional standards set limits to institutional
resource management. These standards govern the national market place in which

every university must compete for manpower."‘M

Beczuse of conflicting claims on faculty time, a system has evolved whereby faculty
are freed as much as possible in order to pursue the research and teaching functions,
leaving certain tasks to be fulfilled by the laboratory assistants and graduate
students. The relationship between faculty and graduate students has become
symbiotic; it seems impossible that the one could function without the other.
Graduate students serve the faculty both as Teaching assistants (TA’s) and Research
Assistants (RA’s). Generally, the services of the TA’s are paid for by the department
concerned, whereas the professor’s research grant pays for the RA's time.

The graduate research assistant benefits from his very close contact with the
professor. His thesis is developed from work pursued under the professor’s guidance.
From one to eight research assistants perform their research work in the professor’s
laboratory or one located close by. These assistants often serve as buffers for many
potential interruptions that might otherwise disturb the professor.

The graduate student teaching assistant benefits financially more than academically
since he may not have close contact with the professor. He supervises under- ;
graduates in their laboratory sessions, conducts discussion groups with them, :
answers their questions at unscheduled hours and often grades the examinations.

In this way, the professor has been enabled to pursue his many duties at the
university. His research serves as a model for his students, providing them with an
indispensable part of their education.

TIPSR

44From a report to The Regents entitled, “Faculty Effort and Output Study.” Berkeley:
Office of the President, Analytical Studies, University of Callfornia, January 6, 1969.
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There ate two ma of types of research laboratonies found on univeruty campuws
One 15 the laboratory belonging 1o an “Institute ™ maintained by the unversity (uch
2s the Institute of Environmental Stress at University of California, Senta Barbara!
the other is the research space allocated to an individual faculty member and i
graduate student research assistants.

Institute laboratories are a twentieth century creation, and require ieams of workers
and substantial budgets. Generally they are specially designed facilities not subject
to the same pressure of need of adaptability and change as the individual scientist’s
own laboratory.

The individual’s laboratory is unique since university scientists’ careers take them
from one institution to another, and each works in his own specialty, on his own
particular project and with its own particular needs for manpower, equipment,
space, utilities and controls. There is no way of generalizing about this type of
research laboratory, other than each is required to be as adaptable as possible in all
ways, and that obsolescence in both laboratories and equipment is rapid.

As long as the university seeks the well known scholars for its faculty, so long will
research remain a dominant activity in departments of the university. This system is
likely to endure even if changes should alter the priorities between reseatch and
teaching.

It is feasible, of course, that the university might divorce the functions of teaching
and research and seek both scholars and interpreters—the latter hired to spend all
their time teaching—as is the case with many faculty members at four-year colleges.
But the trend over many years has been in the other direction, and the university is
now “‘primarily a center of research, scholarship, and professional training; .. . the
home of the expert, ... the academic and conceptual distance between the expert
and the (undergraduate) student is so great that it is only bridged with difficulty.”"45
There has been, therefore, an increasing emphasis on graduate as opposed to
undergraduate education, and a strong emphasis on advanced study research.
“’Maybe the pattern of Central Europe--the research institute on the one hand, and
the university on the other—will emerge in this country, partly as a consequence of
student pressure but also as a growing recognition of the built-in incompatibilities.46

4E-’Burton R. Clark and Martin Trow. Determinants of College Student Subculture.
Unpublished paper. Mimeo. No date {(approximate date 1962).

46() 5. News and World Report, January 12, 1970.
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THE CURRICUL UM

“Thete ate us shemental’ parts of th Cutrcyls ivstructonsl systorm s 1t oper stes
on any car  us anywhete Thew ae

1 The content of study.

2. The pert by which grou,4 of scirrers (with or without teechens) are brought
together (0 purtue therr studws

3. The part by which the learner s ofiaally evaiuated, cretitued. and swarded
titles of degrees. 1.e.. the system of formal incentives.

4. The relstionshups among learners and between learners and teachers dunng the
“instructional”” process.

5. The kinds of experiences the learner undergoes as part of his lesrning.

6. The towsl part of freedom-authority under which a learner pursues his
studies."47

Joseph Axeirod has named these as: content, schedule, certification, group/ person
interaction, student experience, and freedom/control.*® Each one interacts with
each of the others, forming a dynami: system. Changes in one part cannot be made
without repercussions throughout the entire system. This may explain why
successful innovative programs are not yet accepted on any large scale.

The whole question of curricula design is being studied and debated. Since the late
1850's, science curricula have been tne concern of the top scientists in each field—in
itself a major innovation. The curricula in physics, mathematics, chemistry, the
biological sciences and engineering are being examined by separate groups of
experts.

RECENT DEVELOPMENTS IN CURRICULUM DESIGN

Axelrod?? describes six major trends in innovative undergraduate programs
responding to recognized weaknesses in the standard curriculum. These are:

‘"Joseph Axelrod. New Patterns in Undergraduate Education: Emerging Curriculum Models
for the American College. New Dimensions in Higher Education Series. Washington: US.
Department of Health, Education, and Welfare, April 1967.

4a.losaph Axelrod. “"Curricular Change: A Mode for Analysis.” The Research Reporter, Vol.
tit, No. 3, 1968. Published by The Center for Research and Development in Higher Education,
Berkeley, California, pp. 14.

49p/q.
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Megor Trovus o Inmowstree Undorg schaste Prog s

Wesk rrorgn ! Standerd
Underg sdwote Prog em

Owpmtuornigied stson o0 telgtesorey tartomee
facully mwmber arud shudent  arxd be
tepen sUiadent srad suxdernt

A progrem of hragmented srd depart
rmentslized Ccourves wnthen tte LeTw
Geper trrnt But NOL 1O each Other

A curnculum thet n nolsted 'rom the
comimumnity and the workd wnth
“credit’ ~ywiding expernences tevolving
mainly around books, lectures, written
papers, and artificaal laborastory exer
Ci3@s.

Outdated and tnaccurate Notions about
how human beings “learn’; teaching 18
manly teiting; teaming s mainly se
ceiving; the student is mainly an
information-skills storage and retrieval
unit.

Prevalence of notions of academic *‘suc-
cess”’ which gives the highest grades to
the best gamesman; emphasis on
faculty member as ‘‘judge’” at the ex-
pense of his function as teacher and
critic.

A pattern of student freedoms and
controls—authority and status—that
works against growth in students to-
ward independence of mind, creativity,
and responsibility.

lnngugtrey Progren Repone

Crestrom ol tedgirewty Wl pehertaety
o comwest g of Taowity sred tty
Gents w0 by Dt atmg Logerituwy
the leutrwig DIOKFA (Kemwes 1O b now
care sbhout v Seweiop a2 wervw of
twaporalniy fod one another

A progr e ol Coutwes oMpenued i wuch
2 way that thewt netwrighy low o Cow
anothet

Clemtoom, LUbraty. lsbOtatoly widk
blended togrther with direCt expenance
1N the community ang the world as pert
and patoe! of the curmular structure.

Teachir.g and lgarning seen 34 Process
of cooperative engquiry, 8 “dialectic”’ as
sopowedt o 'didactic’” approach.

Liberation from the value system which
creates the “‘grade game’’ between stu-
dett and faculty; emphasis on faculty
membsr as teacher axd critic, with role
of “judge’’ relegated to some other
person or agency.

A pattern of student freedom and
controls—authority and status—that re-
inforces the values professed by
American colleges.

The second and fourth response listed in Axelrod’s chart have been of particular

concern in the sciences.

86

87



Coorlbagh curt® st tud o Drciongy e prownt'y T corkwes of The Tk nera s gt ot s
Lot Shady  So@orted by T Natiorgl Somrce § ogrdshon wnd of The
Coaryrsmmom of Lirdisrge ahaste § ducat o v T Baotegecar’ Scomrams (CUEBS 1 Other
@ ORADR WOTE g B0 (RIS SO Chttiids o B Fodber abecun oF UbeBuacgteoen ot
Suc oo £ Buscatoom (FUSE) o ‘e Sexdew stascens of 26 proyects e svort sng Towwerde
the oo piuiasoirhy o W e aducateon thal testructurem T sttt w1 Outs
acrom 1t ed el COnwe lerws The trgen olbyec truen of Thene fer SOINNYOE Ouitube ore
10 place errphgun on the sthucthute of 1he subyect. on the e CCAIRTS nimge Shag
e ver ot Gnaphirem  and on how infotmglon o oblaned 1T o il thet lem
MunbBon thoukd te ped to the ourrulston of "ttty ™ and ‘e themwives
vhould no longe be prewnted @ unsltavebie trutn In other words & n Dederved
thet wrence thould De teught o5 8 Leborstary one.ted prooms of enguety. (ot
then o stsbie body of knowtedge 20 The enquery & f0ech . involveng the student e
an aCUwe PIrBOPaNt N the educst:on process, will become more and More
promnent. and clamrooms wall be no longer lecture halls butl wtm of mutual
dacurson 3!

Some of the changss that have siready startad to ocCur 1N the brology curnculum
inchude the “breskdown of the organismally onentsd artiicial duecaplines of botany,
100l0ogy and mecrobeology” and the reonentation towards Procsss centerad 10DICS
such as genetics and metabolism 37 Bently Glass 13 quoted 8 saying that “in many
unwversities, the upper positions are stll filled by men ) whom biology means
classification rather than experiment, morphoiogy rather than biochemistry, organ
physiology rather than ceil biotogy.”®3

Since the end of World War I, “the words, ‘changing curriculum’ also have
characterized engineering education. In one sense this is heslithy, indicating 2
dynamic educational system; in another sense it is tragic, in that educstors cannot
agree on the foundation subjects that will prepare students 1o be engineers . . . **54

so&hwob. ap. oit.

Slwilliam V. Mayer. “Biology for the 21st Century.”” Americen 8iology Teacher, May 1967.
Author is Director of Biological Sciences Curriculum Study.

$2)pia.

53p 8. Siegel. “An Agricultural Scientist Looks st Modern Biology Teaching.” Science
Education, N.arch 1967.

54M.E. Van Vaikenburg. *“The Changing Curriculum: Electrical Engineering.”” In /ndustry s
Stake in the Changing Engineering Curriculum (see ASEE Report 1969).
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551his trend is discussed in “The Nature of Engineering,”’ under the title, “Trends.”
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TRADI T IONAL COURSE ORGANIZATION

A% e rrvernhly lowel  Constwm <t study are drvuded ante thies e iowms
Gra tuor  Lppwe dryenor. wnd gt adurte

Lowed Bnact Gl Er e ussaily Ml tory onfwm ol e drumgher O .ahgs
s (upually o The hundrads' of feyt and word yes ihudents Gener slly there
e tedatrowly Yow bORET droaeor (oM WA at The Lheverutly (evhagm huee of fout pev
deacphre i

Undtrgr aduatm ge-cegdy hove nO contact with teculty oher then st for mally
o euctdbond hectute w-od;“ They mey. Lowever vt the 0 'Ofemor durng “oftfue
houws™ it i need of stvce of 1f the profemor Mes besn ssgned & & Student
“advisor * - Jndergrsduste indivadusl STUGY COUrtss, under the deection of # tacutty
member_ wsem (0 be rether rare. 8 Mayor reason « the problem of conducting and/ or
wperviung iIndmndusl Lbor story work . especasily where sophst:Cated sQupment 1§
requwred. Undergraduate student laboratones are comventionally supervesed by
o eduate student Teachng Asrstants (TA's). On som: campuses the student see
only TA's t0r the first two years of hes studses 8

Becauss of the increamng numbers of students, Many upPer division Courtes e
organized in 3 manner urmular 1o the lower divission. Formal contact between faculty
{or assestants) and students 1n any ong course of study 1n the ICIENCES Of eNQINeeTING
may take placa in one or more of the following modes: lecture, lecture
demonsration, 1abOIatory, OICUSEON, seminar. Semingr-type coursss, the leest
common, ae himited sometimes to a8 few as exght students.

Specialization wkes place only at the graduste level. Herein many courses are
organized as weekly seminars, each lasting perhaps two hours. The graduate student
receives most of his laboratory experience in the research laboratory of the professor
in charge of his studies.

56Altnﬂ H. Bowker. "City University Faces up to the Urban Realities.” New York Times.
January 12, 1970. Annual Education Review. He suggests one innovation feasibly emerging in the
next decade s carly spacialization in courses directly relatod 1o an undergraduate’s career choice.
This would psovide more academic motivation than the present system.

S7Idoilly, taculty would supervise discussion groups and laboratory sessions as well. This is
rarely possible except in classes of less than about 30 students. Traditionally, laboratory sessions
are conducted in a 24-student group (numbey varies between 18 and 36). Discussion groups sre
often smaller and are handled by TA's (i.e., graduate student teaching assistants) under the general
supervision of the “head TA' —the only one likely 10 be in contact with the professor in charge.

ssaowkor op. cit.
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“Thete ae seversl types of engeening teaching Labor stodres

1 The w! laboratory with specihied exper:ments unng detaied nstruchom and
equIpMent The expenme s M e repasten e Wmester with muros change

2. The take home laboratory wheten & sgn:t.cct part of the work « domne by the
student away from wchwol, and the rasulty of his work reported 10 the
INstructor.

3. The problem laboratory whertin a student 15 given a speaific, well described
task t0 undertake.

4. The prosct isboratory whetein the project to be undertshen may be somewhat
general in description and May be of broad scope.

Each of the different types of laboratories 15 usad for instruction in ali of of the
different aspects of experimental studies . . the acluasl sppearanco any one
laboratory takes is dictated by many factors: school, instructor, tacilizies, capital
aquipment available. 80

e e e s

59).mes H. Mathews .n. “Student La . alones. An Underdewcioped Educational Re-
source . Science Education, March 1967.

wCommiuion on Engineering Educalion Report: “"New Directiors in Laboratory Instruc:
tion for Engineering Students.” Journa! of Engineering Education, November 1967 .
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POV ATIVE PROGRAMS AND TRt NDS

MOV A TIVE FROCAAME

Sorvor o reptrlitacn 3 Mpse 1 Iytod e Wt tal DR ogl AT o 0 SITETRE VO CwerTiorTe
W o nducarandi end agate probiierra e the raditxond Catwubom shd courw
cngaing gincr Thewe tworvatearw ste bt wily dency died bedow

Core Progprs Tt & one of The ™ot wedely sdopied Mnovetom It teeches
e Dawc CONOMPTS Cormmon: (0 wversl dAOObNES, N gn effort 10 svoud
GuUObCEhon shd 1O CONvey the structre Of the byt to the student €ech
gncpling (0t Gepartment) coONttyies rEIoUCe 10 & WYy Gf CoOures planned
m o unifed COMtmuum 1 generel. the mode of preseniston of the learning
matenigl o No ditf@rent than thet tor 8 coNventsonel sorence course &'

An exampie Of the cote Curthiculum on the Dologecal scionass exsts #t Stantord
Unversity, and » projected for the Unrveruty of Californig st Innne. At the
Case ' litute of Technology. ten lectures from defferent speciaiies and
twenty lour mstructors in charge of Labor atones coordinate ther eftforts in »
“core Idmumn,."‘2

Instrucuon for Graduste Student Teschivg Amsstants. Ali isboretory mrstiuc-
tors attend workshops throughou! the SeMester in Order 1o MNLMN Quaiity
teaching. and are intermut fantly observed at work by the department chairman
and his assstant. The lecturers—professors on the faculty —are atso cbserved by
the department chairman. Student workshops are conducted throughout the
wrm 1o overcoms ditficuilies and t0 maintain a high quality of education.

An example is at Brooklyn College in New York Citv A two-year integrated
science course for 2,000 non-science majors is divided into 120 student groups
for three hours of lectures per week and 20 student groups for two hours of
taboratory. The laboratory sessions are supervised by TA's.

G‘Em in conventional lower division courses, the laboratory has tended 10 become

“intardscaplinary”’ in chaacter with special squip ™t required for particular disciplings stored in
a large prep room and brought into the laboratory when required. In this way, the same laboratory
can be used by several disciplines.

62| ¢. Dumhoidt. “An Enginsering Core Laboratory.” Journal of Enginesring Education,

November 1967.
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Taped TV Lectures for Small Classes. Lectures are taped and presented on TV
to small groups of 24 students. These 45-minute lectures are followed by 30
minutes of discussion with a graduate st.:dent instructor. The instructors have
previewed the taped lectures and :re briefed by the lecturer. Laboratory
sessions are longer and include a “high level of complexity and sophistication
of both ideas and equipment’’ necessitating the services of an administrative
assistant. TA’s receive lab-preparation sessions and supervise the laboratory
sessions.

An example is at Rutgers University in New Jersey where the General Biology
course has been reorganized.63 This was to accommodate the increased
enrollments and to improve the quality of instruction.

Two-Way Television. One example is now under way at City University of New
York. It will extend the college classroom to the workplace of many New
Yorkers. Using recently developed two-way television instruction system,
employees at work will be able to participate in courses keeping them at -east
of their technologies.”64

As another example, Southern Methodist University has rented videotapes of
an outstanding seminar program on computer-aided design and is beaming them
out between semesters to industry over its talk-back TV system. It ’has been
an enormously important interactive mode for the SMU Institute of Tech-
nology and North Texas |ndustry.”65

Programmed Laboratory Instruction on Tape Recorders. Played on a tape
recorder to the entire class, the instruction covers all the procedures to be
followed—the background information and the theoretical aspects of the work
to be performed. It is so prepared that students have time to carry out the
procedures after instructions are given. Separate tapes covering instrument
operation and procedures may be played at the individual student station.

63Paul G. Pearson and William B. Foster. ’Change in College Biology—A Case History."”

American Biology Teacher, March 1967.

64 Bowker, op. cit.

85 Thomas L. Martin, Jr. “Industry-Education Interaction: Synergistic Symbiosis.”’ Journal

of Engineering Education, May 1969, .
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One example is the chemistry laboratory at Hamline University, St. Paul,
Minnesota.

6. Computer-Aided Instruction (CAl). Use of the computer in science research
has increased rapidly. Apart from its obvious use in solving computational
problems and analyzing data, and its use for laboratory quizzes, it is being
explored as an aid to instruction in science at several universities. The computer
is able to bring into play films, filmstrips, audio materials and printed text.
Capable of the utmost patience and the ability to direct the student
appropriately at the proper time, use of the computer in the future as an aid to
instruction seems certain.

A January 1968 reporte’6 says preliminary studies and development projects
for computer-aided instruction have been started at the Universities of
Michigan, Texas, lllinois, Pittsburgh, and California (Irvine and Santa Barbara).
Projects are also under way at Stanford University, Pennsylvania and Florida
State Universities. In November 1968, the CAl, CMI Newsletter (published by
Enteleck, Inc., Newburyport, Mass.) noted that the National Science Foun-
dation had awarded a grant to the University of California at Irvine to develop
computer-based materials for teaching beginning level physics.

Examples of programs now utilizing computer-aided instruction are:

McMasters in Hamilton, Ontario, has 35 to 40 undergraduate CAl courses
in math and engineering.e’7

The University of California at Berkeley uses CAl for part of three courses
in electrical engineering; CAl is used as a supplement to regular course
work rather than a substitute.

The use of electronic computers as learning aids in engineering is incidental as
compared with its use as a tool. Increasingly, computer simulation is taking the
place of physical simulation and testing. Computer graphics and computer-
aided design are finding their way into the engineering curriculum. "It has been

6":’Vincen‘t S. Darnowski. “Computer-Aided Instruction: A Tool for Science Teaching in the
Seventies.” Science Teacher, January 1968.

67Entelek, Inc. CAI-CMI Newsletter, Vol. IV, No. 6, December 1969.
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contended that no other single learning experience should be more common to
the framework of engineering than familiarity with computers . . .. It is time to
prepare for the new approach to education that this will entail.”"68

7.  Audiotutorial Laboratory. This innovation will probably become the most
widespread. The freshman botany course at Purdue University is the best
example.69 Begun in 1961, it is still in operation. Four basic activities involved
are: the independent study session, the general assembly session, the small
assembly session, and “‘other activities.”

The general and small assembly sessions are held weekly in two spaces—the one
accommodating 420 students, and the other eight students plus an instructor.
The general assembly session is useful for orientation activities at the beginning
of the course, and ensures that students see the senior instructor whose voice is
heard on tapes during the individual study session.

The small assembly session is in the manner of a seminar, with students and
instructor seated round a table. All students are expected to give a short lecture
on the subject studied during the preceding week. The session is one of review,
reinfercement and correction, plus feedback to the instructor.

The major innovation in this concept is the independent study sessions. These
take place in the “learning center” of audiotutorial Iaboratory.7° The learning
center enables the student to study individually at his own convenience and
progress at his own rate. The tape recorded learning material covers a week's
work and is played on a tape recorder at the study carrel. The tape also directs
the student’s activities; he is told at which point to conduct an “‘experiment’’ at
the central table, or when to read a short segment from his text. The student
uses the tape in conjunction with a film projector and a mimeographed list of
the ‘“‘behavioral objectives of the week’s work."

68David L. Johnson. “Computers in the Engineering College Curriculum.” Journal of
Engineering Education, April 1968.

693. N. Postlethwait, J. Novak and H. T. Murray, Jr. The Audio-Tutorial Approach to
Learning: Through Independent Student and Integration Experiences. Minneapolis: Burgess
Publishing Company, 2nd Edition, 1969.

70 his space is furnished with study carrels for 32 students, along central laboratory table
for experiments and demonstrations, a small library, and equipment such as blackboards,
tackboards and growth racks with flourescent lights (for growing plants over a long period of
time). It is convenient to a slide projector area, and a preparation and storage room.
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The "other activities’ include a relatively major research project for students
anticipating an "A’’ grade, plus a small research project for all students.

The major advantage of this concept is the possibility of “individualized
instruction’” without prohibitive costs—a combination sought with most
innovations.

8. The Project Approach. One example, much larger in scope than might be
expected, is the program of educational laboratories at MIT. These have been
developed ‘‘hand-in-hand with the evolution of institute-wide research
centers . ..in these project-oriented environments, sponsored projects in
exacting the authentic development and design are undertaken in ways that
permit student participation or suggest projects that students can conduct on
their own.”7 1

9. Interdisciplinary Activities. This is a variant of the project approach. ‘“Several
universities already have taken action to provide an educational framework to
bridge the gaps among specialists and to provide opportunity for their
collaboration on environmental problems."72

An example is a series of courses at Purdue University dealing with
“environmental engineering,”” and supported by the Departments of Mechanical
Engineering, Geosciences, and Agronomy "‘because of their mutual interest in
the air environment.”’3 Funding of the program, including support for
students, comes from the National Center for Air Pollution Control of the U.S.
Department of Health, Education, and Welfare.

10. Case Study Method. Close in spirit to the project approach and a common
method in law schools, the Case Study Method is new to engineering education.
It presents engineering students with current, relevant problems in engineering
practice. ““In this method industrial firms outline design problems that either
were great successes or great failures. The problems are a vicarious experience

71 Brown, op. cit.

72 journal of Engineering Education, October 1968, p. 108.

73, F. McLaughlin. Annual Report for the Year 1968-69. Schoo! of Civil Engineering,
Purdue University.
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for students; they study a problem from the beginning, through identification
and development stages, to its conclusion.”’4 This method is used in the
Department of Mechanical Engineering at the University of California at
Berkeley.75

11. Continuing Education Programs. Designed for the continuihg education, these
programs aim to present learning material so as to interfere as little as possible
with employment. For example, the Universities of Santa Clara and Southern
California give engineering courses early in the morning or in the evening. The
University of Wisconsin operates a program called Articulated Instructional
Media (AIM) giving courses via telephone hookup so that the distance between
industry and the university is no longer an obstacle. ‘

In the “Live-in Program’’ at MIT, practicing engineers spend a year at a special
engineering center in an environment conducive to considerable individual
attention ana interchange between faculty and students.

12. Innovative Methods of Organizing Laboratory Courses. These innovations
either reduce costs, or improve content by emphasizing the experimental rather
than the cookbook type of laboratory experience. Examples of both exist at
the University of IIIinois,76 where a programmed self-demonstration lab is used
to cover certain non-experimental portions of the curriculum and an
“E xperimental Laboratory Program’’ permits students to use the laboratory at
unscheduled times.

TRENDS

Relatively minor revolutions using electronic media for individualized instruction
will probably be widespread by the year 2000 since these changes increase the
“’productivity’’ of the university, affecting student-faculty ratios and space utiliza-
tion. “New technology will have profoundly affected education by the year

74Al’thl‘l' G. Hansen. “The Changing Curriculum: Mechanical Engineering.” In /ndustry’s
Stake in the Changing Engineering Curriculum (see ASEE Report, 1969).

7l'SProfessor Steidel, primarily responsible for introducing the case study method, considers
it necessary that traditional teaching spaces be altered to accommodate the freer discussion that
occurs.

76J. 0. Kopplin. “An Experimentation Laboratory.”” Journal of Engineering Education,
November 1967.
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2000 . . . . Education will have been freed from the constraints of location and stage
of life . . .. little of this will have happened by 1980. Some of it will have happened
by 2000."77

Other changes improving the university ‘“‘productivity’’ will be: the four-quarter
system, the increasing number of students completing two years at junior colleges,
and increased utilization of teaching spaces such as laboratories by various devices
(e.g., “‘take home labs,” “lecture/experiment’” tapes and computer terminals in the
laboratory, reduction in number of hours per week per student).

The most significant trends applicable to engineering education are:

1. Lengthening of Engineering Education. “The time required for a first degree in
engineering has traditionally been four years past high school, although a few
schools have set a five-year cu rriculum. However, the ever-growing complexity
of engineering education suggests that within a decade most engineering schools

will allocate five years for a degree. . .. 78

2. Continuing Education. The accelerating expansion of scientific and technical
knowledge has resulted in increasingly rapid obsolescence of specific and/or
narrow training programs. The engineering curriculum needs to be constantly
updated and practicing engineers are needing to constantly update their skills.
Collaborative programs between industry and the university will become
increasingly common in the future.

3. Increased interdisciplinary Activity and Emergence of New Disciplines.
Interdisciplinary activity can be expected to increase markedly and will result
in the emergence of new disciplines and curricula. New courses will be
integrated into the program while others are shed. Kincaid lists: ““Courses
which are now accepted parts of today’s program but which were literally
non-existent only a decade and a half ago: information theory, feedback

77 Glark Kerr. “New Learning Looks Longer and Broader.” New York Times, January 12,
1970, p. 49. Annual Education Review.

78 john F. Kincaid. “Engineering Education for an Age of Change.” Journal of Engineering
Education, February 1968. -
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control, atomic and nuclear physics, computer science and computer tech-
nology, computer-aided design, solid state physics, plasma physics, systems
theory and research, probability theory and biomedical engineering. Who
would attempt to list the curriculum offerings of the year 1982779

Changes in Tools, Techniques, Methods and Equipment Used in Education.
Education must be constantly updated because of increasing availability of
these. For instance: "“The computer will play an increasingly potent role in
engineering education and in the practice of the engineering profession. Today
it is used primarily as a computation tool; tomorrow it will be used for on-line
processing of research data. But perhaps the greatest impact of the comouter in
the field of engineering will be in design. Today computers can translate
numbers into visual models which can be manipulated; tomorrow many of the
routine but complex problems of design—problems which now absorb vast
quantities of man-hours—will be solved by the computer at a speed of millions
of operations per second."80

Other tools, such as systems analysis and operations research methods, enable
the design of more complex systems.

Development of a Four-Year Engineering Technology Curriculum. The need
for technicians and technologists is not presently met by the country’s colleges
and technical institutes. According to the University of California Engineering
Master Plan, the ratio of technicians to engineers will need to be substantially
increased in the future. It is presently one-to-one. It is likely that there will be a
marked increase in the number of four-year engineering technology bac-
calaureate programs.
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80Kincaid, op. cit.
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APPENDIX A

INDIANA SAMPLE BUILDINGS
Listing of Occupancies by Discipline for the 1969 Academic Year

Building Location Buiiding Type Disciplines Housed

Jordan Hall

Indiana University

Bloomington Biosciences Biology
Microbiology
Botany
Zoology

Krannert Hall

Indiana University/Purdue University

tndianapolis Science & Engineering Electrical Technology
Chemistry
Construction Technology
Manufacturing Technology
Engiish
Speech
Industrial Technology
Industrial Management
History
Engineering Management
Physics
Philosophy
Education
Mathematics
Modern Languages
Biosciences
Nursing Technology
Mechanical Engineering Technology
Psychology
Sociology
Foods and Nutrition

Civil Engineering Building

Purdue University

Lafayette Civil Engineering Civil Engineering
Bionuclear Engineering
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Building Location

Biological Sciences Unit 3
U.C. Davis

Natural Sciences Unit 1
U.C. Irvine

Biological Sciences Unit 2
U.C. Santa Barbara

CALIFORNIA SAMPLE BUILDINGS
Listing of Occupancies by Discipline for the 1969 Academic Year

R
L S

Disciplines Housed

Biological Sciences
(principally Zoology)

Physical Sciences
Engineering Sciences
Biological Sciences

Biological Sciences
Vivarium
Institute of Environmental Stress

102




APPENDIX B

ADMINISTRATORS AND FACULTY INTERVIEWED

In addition to the group interviews with occupants of the six sample buildings, the
following persons were individually interviewed regarding educational programs and
space use in academic buildings.

Discipline Person and Title Date of Interview
General Education Rankin, Allan 4 April 1970
President

Indiana State College
Terra Haute

Audio Visual Richardson, Edger 26 March 1970
Director Audio Visual Center
Indiana University
Bloomington

Geology Patton, John B. 19 March 1970
Geology Department Dean
Indiana University
Bloomington

Psychology Saltzman, Irving J. 19 March 1970
Psychology Department Dean
Indiana University
Bloomington

Astronomy Edmondson, F. K. 18 March 1970
Professor of Astronomy
Indiana University
Bloomington

Zoology Torrey, Theo. 25 March 1970
Professor of Zoology
Indiana University
Bloomington
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Discipline Person and Title Date of Interview

General Education Buhner, John C. 3 April 1970
Vice Chancellor
1LU.P.U.IL
Indianapolis

General Education Ryder, Jack 3 April 1970
Vice Chancellor
1.U.P.U.l.
Indianapolis

General Education Pruis, Jack D. 4 April 1970
President
Ball State
Muncie

Chemical Engineering Eckert, R. E. 30 April 1970
Metallurgy & Geology Assistant Head of School of
Chemical Engineering
Purdue Uriversity
Lafayette

Civil Engineering McLaughlin, J. F. 30 April 1970
Head of the School of
Civil Engineering
Purdue University
Lafayette

Mechanical Engineering McFadden, Peter W. 29 April 1970
Head of the School of
Mechanical Engineering
Purdue University
Lafayette

Electrical Engineering Hancock, John C. 23 April 1970
Head of the School of
Electrical Engineering
Purdue University
Lafayette
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Discipline

Geology

Construction Technology

Physics

General Engineering

Computer Technology

Manufacturing Technology

Electrical Engineering
Technology

Person and Title Date of Interview

Mursky, Arthur
Professor of Geology
1.U.P.U.lL.
Indianapolis

2 May 1970

Davis, William

Chairman, Construction Technology
1.U.P.U.I.

Indianapolis

2 May 1970

Meiere, F. T.

Chairman, Physics Department
1.U.P.U.I.

Indianapolis

2 May 1970

Max, A. M.

Chairman, Department of
Engineering

1.U.P.U.IL

Indianapolis

3 May 1970

Dalphin, John

Chairman, Department of
Computer Technology

1.U.P.U.IL

Indianapolis

3 May 1970

Peale, Robert A.

Chairman, Department of
Manufacturing Technology

1.UP.U.L

Indianapolis

3 May 1970

Sharp, Paul K.

Chairman, Department of
Electrical Technology

1.U.P.U.L

Indianapolis

2 May 1970
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Discipline

Industrial Supervision
Technology

Computer Technology

Mathematics

Social Sciences

Zoology

Biological Sciences

General Science &
Continued Education

106

Person and Title

Wisner, Howard L.

Chairman, Department of
Industrial Supervision

1.U.P.U.IL.

Indianapolis

Kira, Nicholas J.

Professor of Computer Technology
1L.UP.U.L

Indianapolis

Johnston, E. R.

Chairman, Department of
Mathematics

1.U.P.U.L

Indianapolis

Boch

Director of the Social Science
Integrated Courses

University of California

Berkeley

Spieth, H. T.

Chairman, Department of Zoology
University of California

Davis

Thimann, Kenneth V.

Provost Crown College
Professor of Biological Sciences
University of Caiifornia

Santa Cruz

Dr. Cohen, Nathan W.
Head, Letters and Science
University Extension
Berkeley
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Date of Interview

4 May 1970

4 May 1970

4 May 1970

b August 1969

8 December 1969

10 August 1969

12 December 1969
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Discipline

Zoology

Biological Science

Zoology

Biological Science

Biology

Pediatrics

Education

Biology

Person and Title

Dr. Deamer, David W.
Assistant Professor of Zoology
University of California

Davis

Dr. Goldstein, Norman
Associate Professor of

Biological Science
California State College
Hayward

Dr. Grey, Robert D.

Assistant Professor of Zoology
University of California

Davis

Dr. Gross, Phyllis

Professor of Biological Sciences
California State College
Hayward

Dr. Holm, Richard W.
Director, Division of

Systematic Biology
Stanford University
Stanford

Dr. Kretchmer, Norman

Chairman & Professor of Pediatrics
Stanford Medical Center

Stanford

Dr. Lowery, Lawrence P.
Assistant Professor of Education
University of California
Berkeley

Mr. Ruth, Fred

Assistant to the Director
Lawrence Hall of Science
University of California
Berkeley
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Date of Interview

16 January 1970

8 January 1970

16 January 1970

8 January 1970

20 January 1970

20 January 1970

6 January 1970

12 January 1970
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Discipline Person and Title Date of Interview
Liscipliné

Biology Dr. Wake, Marvalee 16 December 1970
Lecturer in charge of Biology labs.
University of California
Berkeley

Earth Sciences Dr. Whitney, Robert 8 January 1970
Professor of Earth Sciences
California State College
Hayward

Engineering Bouwkamp, Jack G. 7 April 1970
Professor of Civil Engineering
Vice Chairman, Division of Structural
Engineering & Structural Mechanics
University of California
Davis Hall
Berkeley

Engineering Hazlett, Tom 2 March 1970
Professor of Mechanical Engineering
Head of Continuing Education
in Engineering
University Extension
University of California
Berkeley

G S -

Engineering Maslach, George J. 1 April 1970
Dean
University of California
Berkeley

Engineering Skalnik, John 26 March 1970
Chairman of Department of
Electrical Engineering
University of California
Santa Barbara

Engineeriing Steidel, Robert F. Jr. 6 April 1970
Professor of Mechanical Engineering
University of California
Etcheverry Hall
Berkeley
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Discipline

Engineering

Engineering and
Computer Sciences

Engineering Technology

Engineering Technology

Psychology

Mathematics

Person and Title

St

White, Richard

Associate Professor of Electrical
Engineering (involved with
CAIl Programs)

University of California

Cory Hall

Berkeley

Zadeh, L.A.

Professor, Department of Electrical
Engineering & Computer Sciences

University of California

Cory Hall

Berkeley

Higdon, Archie
Dean, School of Engineering
and Technology
California State Polytechnic College
San Luis Obispo

Smith, E. W.
President
Cogswell Polytechnical College
San Francisco
and
TIAC Chairman — i.e., Technical
Institutes Advisory Council

Nelson, Keith

Professor of Psychology
Stanford University
Stanford

Bremerman, Hans J.

Professor of Mathematics and
Medical Physics

University of California

Campbell Hall

Berkeley
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Date of Interview

9 April 1970

19 March 1970

26 March 1970

13 March 1970

17 April 1970
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Discipline Person and Title

Physics Kimley, William H.
Business Manager
Physics Department
University of California
LeConte Hall
Berkeley

Physics Portis, Alan M.

Professor of Physics

University of California

Birge Hall

Berkeley
and

Associate Director of Lawrence
Hall of Science

Berkeley
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APPENDIX C

SYNOPSIS OF THE ABS PROJECT

THE PROBLEMS

Institutions of higher educatior are under increasingly severe pressures to provide
adequate facilities for the many processes of education in the face of rapidly rising
student enrollment, explosive growth in the body of knowledge, and constrained
budgets. The cost of providing academic facilities has steadily risen because of
escalating construction costs coupled with increasing sophistication in building
requirements. The changing technology, teaching methods, and educational policies
are creating early obsolescence in many existing buildings.

ABS RESPONSE

The Academic Building Systems (ABS) project was initiated in April 1968 as an
experimental effort to respond to the need for academic buildings #hat would be
more economical to program, construct, and operate, more efficient and effective in
use, and far more adaptable to change. The building system approach was selected as
the vehicle for effecting improvement over conventionai methods.

A basic assumption was: an academic building during its useful life span of many
decades needs to accommodate different activities and their environmental needs.
Technology, teaching methods and subject emphasis, as well as university size,
organization and administration are continually changing, producing need for
buildings that can be easily modified or altered to respond to changing requirements.

METHODS
The ABS project is divided into three phases:

1.  The ABS Research Phase provides the data base for the design of the building
system. There are four main lines of enquiry:
a. User Requirements: Define the general nature and range of the user
requirements for the building types involved.
b. Performance Standards: Establish specific standards of performance the
" ABS subsystems must meet.
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c. Cost Base: Establish cost targets and cost control mechanisms for the ABS
subsystems.

d. Subsystems Options: Conduct studies of building size and shape leading to
a range of functional relationships, dimensional criteria, and the establish-
ment of basic concepts feasible for the coordinated subsystems.

Work concentrated on buildings for science, engineering, and technology. The
emphasis was oriented to teaching and researcn laboratory, classroom, and
office space types.

The ABS Subsystems Design Phase involves translating user needs into building
subsystems. The subsystems selected for development are:

a. Structure d. Lighting/Ceiling
b. HVAC e. Utilities Distribution
c. Interior Partitions

In addition, the initial ABS demonstration building in Indiana will include
exterior walls and casework subsystems.

The AFS subsystems were designed and coordinated to utilize readily available
building components. The subsystems can be bid prior to completion of
working drawings.

The ABS Demonstration Phase will utilize the ABS subsystems in the design
and construction of academic buildings. This phase will also demonstrate
innovative programming, design and construction phasing, and management
concepts. The initial building at Indianapolis, Indiana, will accommodate
science, engineering, and technology disciplines.

SPONSORSHIP

The ABS project is conducted jointly by the University of California and Indiana
University. Financial support comes from four sources:

112

The State Legislature of California

The State Legislature of Indiana

Office of Education, U.S. Department of Health, Education, & Welfare
Educational Facilities Laboratories, Inc.
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Indiana University

Donald H. Clark, Assistant Vice President—Business

Ray W. Casati, University Architect

Howell H. Brooks, Director, Department of Physical Plant
Alfonso L. Messina, ABS Program Coordinator

Ruth Neil, Secretary

University of California
Robert J. Evans, Assistant Vice President—Physical Planning and Construction
R. Clayton Kantz, Director—Building Systems Projects and ABS Project Director
Richard H. Rohrbach, Assistant Director—Building Systems Projects
Marjorie A. Kingland, Administrative Analyst
Theresa Coombs, Administrative Assistant

ABS CONSULTANT

Building Systems Development, Inc.—San Francisco
Ezra Ehrenkrantz, President
Christopher Arnold, Vice President, Officer in Charge of ABS
Wiitiam A. Kinst, ABS Project Manager

Consultants to Building Systems Development, Inc.
Forell/Elsesser Engineers, Inc.
G. L. Gendler and Associates, Inc.
David Bradwell and Associates
The Koch Company
Copenhagen and McLellan
James Associates

Indiana Demonstration Building
The Indiana University/Purdue University campus, Indianapolis, Indiana
In joint venture:
Building Systems Development, Inc.
James Associates
Fleck, Burkart, Shropshire, Boots, Reid & Associates

California Demonstration Building

To be designated at a later date

ABS PUBLICATIONS

ABS documents have been prepared by the ABS staff of the Office of the President,
University of California. Except for a limited printing by the University of Celifornia
Printing Department, the documents have been printed by Indiana University
Publications, at the expense of Eduycational Facilities Laboratories, Inc. Copies are
available from either of the two ‘Univgrsities. :
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