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This paper examines the first year activities of an
environmental analysis and design project to develop and implement a
program that treats the science department of Oak Grove High School,
San Jose, California, in an experimental manner. Implicit in this
purpose is the development of evaluative and design tools for space
users at minimum cost and expertise. This project attempts to develop
a process by which environmental users may design, implement, and
evaluate experiments to improve the tailoring of activities and
environment to the tasks of teaching and learning. A selection from
behavioral data covers activities and group patterns as well as the
relationship between the two. (Author)
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This paper examines the first year of
activities of a project of environ-
mental analysis and design .being
performed in the Science Department of
Oak Grove High School, San Jose, Cali-
fornia. This project is an attempt to
develop a process by which environ-
mental users may .design, implement, and
evaluate experiments in improving the
fit of activities and environment to
the tasks of teaching and learning.

Although this process is cyclical in
the form described by James Boyce as
"empirical evaluation" and shown dia-
grammatically in Figure 1 (1), this
paper describes only the first phase.
In this first phase the data base for
future comparisons and for in use mod-
ifications to instructional programs
and spaces was established. The cy-
cling procesS is triggered whenever an
experiment is prepared by the Science
Department staff.

Plan

FIGURE 1. EMPIRICAL EVALUATION PROCESS

Background
Oak Grove High School was one of ten
secondary schools constructed under the
School Construction Systems Development
program (SCSD). SCSD, which was active
from 1961 to 1967, developed an indus-

01 trialized building system for use in
Cf) school construction which provides

flexibility in the physical components
rej of buildings to respond to changes in

CD educational programming and user
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needs (2). Oak Grove was designed by
Allan M. Walter and Associates and
placed in operation in September 1967.

In many areas of instruction, the
school serves as a source of program
and materials development for the East-
side Union High School District's nine
schools. In this role, Oak Grove re-
ceived a large grant from Kettering
Foundation to develop and implemen in-
dividualized instruction programs.

At Oak Grove, the teaching staff of the
Science Department has been active in
developing new curriculum and matcrialS.
This department began operations in a
suite of classrooms and laboratories
with a program calling for a conven-
tional teacher-student relationship. In
the past four years, the instructional
program has been developed from this
into an individual progress form of
teaching with emphasis on the student
as learner.

This evolution has required a rethink-
ing of philosophy and roles, the
development of new teaching materials,
and the replanning of instructional
spaces by the staff. The slow rate of
materials development has paced this
evolution in which two major spatial
changes, corresponding to the comple-
tion of materials for freshman and for
upperclass courses, have been made.
These changes are illustrated in Figure
2.

While implementing these changes, the
staff has constantly experimented with
the spatial configuration and furniture
layout of the suite, seeking better
forms for their programs. At the com-
pletion of the development of the indi-
vidual progress program, meMbers of the
staff felt that these experiments could
be made more effective by application
of a more formal methodology including
better feedback.
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FIGURE 2

SPATIAL CHANGES
IN THE SUITE OF
THE SCIENCE
DEPARTMENT
1967-1971
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First changes: study center created by
removing partition between two classrooms,
three seminar or small group rooms made
with parts of removed partition and
doors.
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Second changes: study center and inter-
ior classroom combined into Resource
Center by removal of partition, pass
through windows cut between stock room
and labs for obtaining materials.

Furniture layout shown in Resource
Center is that of the time of the first
phase of the Oak Grove High School
Research Project.
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Oak Grove High School Research Project
-i!ITTLe tali of 1970, the science depart-
ment teaching staff approached the
Building Systems Information Clearing-
house and the School Planning Labora-
tory of Stanford University with a
request for assistance in gathering the
data necessary to evaluate their pro-
grammatic and spatial experiments.

At that time, both of these organiza-
tions were involved in projects which
related to the needs of the Oak Grove
staff. The Building Systems Informa-
tion Clearinghouse (BSIC), itself an
outgrowth of the SCSD program, had been
engaged in an evaluation of user res-
ponse to the SCSD schools in 1969 and
1970. A group from the School Planning
Laboratory (sEv had been involved in a
study of the effect of open space plan-
ning and programming upon the behavior
and attitudes of teachers and students.

In October 1970, a group consisting of
Mx. Arvel Clark, principal of Oak Grove
High School, Mx. Jack GrUbe, co-chair-
man of the.Science Department, Dr.Frank
Brunetti of SPL, and Dr. John R. Boice
and Mr. Joshua A. Burns of BSIC began
meeting to develop the project. The
study was christened the "Oak Grove
Bigh School Research Project."

As the project developed, these organi-
zations were able to obtain the assis.L.
tance and participation of other groups
in various aspects of the study. To
the present, a number of such groups
have participated, including the Stan-
ford Center for Research and Develop-
ment in Teaching, the First California
Commission on School Construction Sys-
tems, San Jose State College, and Len-
nox Industries.

Underlying Assumptions
Before proceeding.to a discussion of
the development of the project, some of
the underlying assumptions should be
made explicit. These aSsumptions were
largely shared by the teaching staff
and the study groups in the program.
Although not formally stated during
project development, they appeared of-
ten during the discussions of this per-
iod.

Underlying the entire study process is
an assumption that a school is a "sys-
tem"--composed of buildings, programs,
materials, teachers, se.udents, and
other elements--the objective of which
is the delivery of "education". In the
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functioning of this educational system,
the interaction of elements may be of
equal or greater significance than the
'elements themselves.

Likewise, the total environment in
which learning takes place is composed
of a great many interrelated elements--
students, educational materials, envi-
ronmental conditions, attitudes, teach-
ers, and spaces to name a few. While
each of these elements, and elements of
each, may be studied independently, it
is the totality of their interaction
which creates the environment.

When the school is conceived as a sys-
tem,- it becomes clear that the school
will be expected to respond to changes
in both its external environment and in
the elements or subsystems which com-
pose the system. In this view, a
school and its subsystems can be seen
as a set of experiments working them-
selves out. The structure of the study
is based upon this view of the school
as an on-going experiment expressed by
the teaching staff of the science de-
partment.

Objectives and Methodology
The original request made by the Sci-
ence Department staff stated the prob-
lem with sufficient clarity to serve 'as
the basic statement of project object-
ives. In this request, the staff
sought to create a group which would
collect data about environmental and
behavioral conditions before and after
the Implementation of "experiments" in
manipulating these conditions designed
by the teaching staff.

In response to the project objectives,
a methodology was developed which could
be applied whenever the teaching staff
was prepared for an experiment. The
basic procedures of this methodology
are:

(1) Statement of the objectives of
the experiment by teaching
staff; in the first phase, this
consisted of a statement.of the
objectives of the Science De-
partment's educational program.

Conversion of these program ob-
jectives into measurable behav-
ioral objectives.

Measurement, observation, and
survey.



(4) Analysis of this data including
comparison of anticipated versus
observed system behavior.

(5) Synthesis of results into .(a)
decisions about the experiment
and/or (b) design criteria for
program and spatial improve-
ments.

(6) Implementation of action defined
in (5).

(7) Iteratiol of steps (1) to (6)
for each experiment.

Establishing a Data Base
In order to have a sound basis for eval-
uating future experiments, it was deci-
ded that the first iteration of these
procedures would be the formation of a
data base on existing environmental
conditions, activity patterns and user
attitudes in the Science Department. At
the end of this process, in steps (5)
and (6) above, alterations and correc-
tions to improve the functioning of the
Department would be made.

In February and March 1971, an inten-
sive two week long series of measure-
ments and observations were made in the
department suite. These studies were
followed up by surveys of students both
at Oak Grove and at other high schools
in the district. Following a brief
discussion of the-operations of.the de-
,partment at the time of the study, the
key findings of these studies will be
presented.

Department OPerations
At the time of the study, the Science
Department was housed in the suite il-
lustrated in Figure 2. The heart of
this suite, and the area of concentra-
tion for the study, was the Science Re-
source Center, a large open room in
which most science related activities
took place.

The department operated-on a six period
day with each period averaging fifty-
five minutes in length. The average
nuMber of students in attendance in the
department at the time of the study was
177 per period. Of this nuMber, an
average of.40 were in the two main labs
and an average of 137 in the Resource
Center.

The staff consisted of six certified
teachers and three paraprofessionals
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who handled mechanical chores Of the
program, such as maintaining the libra-
ry, distributing materials, taking at-
tendance, etc. The schedule was organ-
ized so that five teachers were on duty
in each period, one in each laboratory
and three in the Resource Center.

Measuring Environmental Conditions
In the data base phase, measurement of
existing environmental conditions was
limited to three variables: noise lev-
els, thermal environment conditions,
and lighting levels.

The level of noise within the rooms of
the department suite was measured by
Bolt, Beranek, and Newman, Inc., Acous-
tic Engineers, on March 2, 1971. The
results of these measurements for a
typical class period in the Resource
Center are presented on Figure 3. Fig-
ure 4 compares the noise level in the
science department wlth that in other
spaces in the school.

The results of these stud:es indicated
that the noise levels in the Resource
Center and the two laboratories were
similar and, in both cases, of a level
su:Lficient to be considered a major
pro2)lem. The recommendation for im-
proving conditions by this consultant
was that the noise level problem could
only be effectively reduced by a com-
bination of improved room absorption
and more effective teacher control of
noise generation.

Thermal environment and lighting condi-
tions in the Resource Center were found
to be inadequate due to a failure by
the school to change their configura-
tion when the two spatial changes were
made in the departmental suite (see
Figure 2).. The air-conditioning system
while maintaining temperature within
designed limits, had inadequate air
movement patterns and the treated air
had a very low relative humidity.

The lighting system was found to be po-
tentially capable of providing required
illumination levels throughout the Re-
source Center but was configured in an
ineffective manner for the space use
pattern. For both systems reconfigur-
ation of fixtures was recommended. An
alternative suggestion for the lighting
system was to alter space use patterns
to make better use of the existing
lighting conditions.

With the exception of the noise level
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problems, environmental conditions in
the laboratories appeared to be ade-
quate. These spaces had not been al-
tered in either of the two spatial
changes and the use patterns were es-
sentially the same as at. the time of
school opening.

Behavioral Studies
During the two week period of studies,
a group of graduate students in educa-
tion from Stanford University and San
Jose State College led by Dr. Frank
Brunetti made a serie-S of mapping and
observational studies. This group dev-
eloped its observational format from a
written statement of educational pro-
gram objectives prepared by the depart-
ment staff.

Emphasis in this program was on observ-
ing, recording and mapping grouping
patterns and the types of activities
engaged in by groups and individuals.
The scope of the study included the Re-
source Center and the two laboratories.
During the study, major furniture ele-
ments were fixed in location while
chairs, etc., were allowed to be freely
moved by students.

Both in this section and the following
section on attitudes, a selection from
the data gathered will be presented.
The selection from behavioral data cov-
ers activities, group patterns, and the
relationship between the two. While a

TABLE

great deal more data was gathered,these
facets proved to be the most important
in the data base phase of the study.

The observation group developed an ac-
tivity coding used in maPping of seven
activity categories which are listed on
Table I. In analysing the results of
activity mapping, the class period was
divided into thirds. Table I presents
the results for the Science Resource
Center for the two laboratories com-
bined.

A study of this table indicates that
there is a much higher incidence of
relevant (science oriented) activity in
the two laboratories and that all ac-
tivities in the labs are more stable
throughout the period. A combination
of factors -.greater direction of task,
more teacher supervision, preference
for manual tasks, and others --'probab-
ly influence this. distinction.

Although the program is defined as in-
dividual progress, the majority of stu-
dents Observed worked in groups rather
than alone, see Table II. Over time,
the individuals and groups of two tend-
ed to be more stable in their relevant
activity than did larger groups.

Attitudinal Studies
Dr. Brunetti's group also prepared and
administered an "opinionaire" survey of
student attitudes towards aspects of

PERCENTAGE OF STUDENTS ENGAGED IN
VARIOUS ACTIVITIES DURING CLASS PERIOD

Activity

Science Resource Center

Third of Period
1st 2nd 3rd

Net
Change*

Two Laboratories

Third of Period
1st 2nd 3rd

Net
Change*

Science Tasks

Social Interaction

Teacher Interaction

Idle

Other Subjects

Movement

57.0% 54.6% 43.2%

26.0 29.6 38.5

4.0 3.7 2.8

5.1 4.4 6.9

3.3 3.4 3.9

4.6 4.3 3.9

- 13.8%

+12.5

- 1.2

+ 1.8

+ 0.6

- 0.7

75.3%

7.2

4.9

6.0

1.4

5.2

68.9% 72.3% - 3.0%

14.3 13.6 + 6.4

6.9 2.8 - 2.1

5.0 5.0 - 1.0

1.4 1.5 + 0.1

3.6 5.6 + 0.4

*Net Change = (Percentage in final third) - (Percentage in first third)
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TABLE II

PERCENTAGE OF STUDENTS INVOLVED IN
INDIVIDUAL AND GROUP ACTIVITIES

AND MOVEMENT

Activity
Resource
Center

Individual 42.3%

Group 52.6

Movement 5.1

Labs

40.7%

55.0

4.3

the program and the environment in the
school and the Science Denartment. For
purposes of comparison, the opinionaire
was also administered at other high
schools in the districts, the results
have been presented elsewhere (3).

The problem of student distraction is a
key issue in the study of open plan
learning environments. At Oak Grove,
more students (57.6 per cent) reported
a high degree of distraction in the
Science Resource Center than in either
the labs (22.7 per cent) or in two
spaces in the school which have similar
open plans and programs: the Library
(17.5 per cent) and the Social Studios
Resource Center (17.6 per cent)...

Table III presents student response on
distracting factors in the Science Re-
source Center and the labs. A compar-
ison of noise levels and student densi-
ty (area per student) in these spaces
is presented in Figure 4.

The study results have provided some
insights into the problem of distrac-
tion in open space at Oak Grove. The
results indicate that the type of ac-
tivity causing the distraction and the
activities of the respondent are close-
ly related to the feeling of distrac-
'tion. In addition, a relationship be-
tween student density Sand the amount of
distraction due to noise levels has
been observed.

Feedback
The data base formation phase of the
study had two objectives: to establish
the data base and to develop feedback
upon which correttions and improvements
in space and activities could be based.
As a result, data analysis resulted in

12-3-7

the development of criteria for modify-
ing the instructional spaces and the
activities of teachers and students.

A number of improvements were identi-
fied which were felt to be necessary
for more effective functioning of the
educational program. Briefly stated
these modifications included improve-
ment in environmental conditions, es-
pecially reduction of noise levels,
greater control of grouping patterns
and activities of students, and greater
student-teacher interaction.

Financial considerations forced the
postponement of three changes felt to
be desirable: increasing room sound
absorption in the Resource Center and
labs, obtaining furnishings which would
help control the size of groups, and
developing moveable space dividers to
provide a greater variety of spatial
conditions. These modifications have
been studied in detail and will be im-
plemehted as funds become available.

Making changes
In most cases, the recommended improve-
ments in conditions required a combina-
tion of spatial alteration and in-
creased teacher activity. Discussions
between the staff and the study team of
the results of the data base phase led
to an understanding of what could be
expected from various alterations and
to a commitment by the staff to work
with both space and their activities.

TABLE III

PERCENTAGE OF STUDENTS INDICATING
A HIGH DEGREE OF DISTRACTION

DUE TO SEVERAL FACTORS

Distraction Factor
Resource
Center Labs

General noise level

Presence of other
students

Movement of other
students

Conversation of other
students working on
science

Social conversation of
other students

48.3% 23.4%

36.4 24.1

23.5 17.7

24.2 16.2

55.9 37.7



Spatial redesign was performed using a
lare scale model of the Resource Cen-
ter and available furnishings prepared
by BSIC. An afternoon was set aside
upon which the staff and the consul-
tants came together to design the new
laycut.

The teaching staff worked with the mod-
els to express various design ideas.
The consultants evaluated the evolving
designs which were periodically record-
ed with a Polaroid camera. Eventually
a design satisfactory to the staff was
achieved and implemented in the Re-
source Center.

Since implementing this redesign, the
teachers have been increasing their
interaction with the students. At the
time of the first phase, the teaching
staff had been intentionally keeping
interaction at a minimum in order to
assess the effects of the individual
progress program and materials.

At the completion of the study the
teachers agreed that a relatively high
level of teacher/student interaction is
necessary for the program to work at
its best. In this respect, the find-
ings of the study not only reinforced
their feelings, but gave them valuable
assistance in defining their new roles.

Conclusions
(1) The project appears to have been

successful in achieving its ob-
jective of providing useable
data to the Science Department
staff.

(2) Working with the project has in-
creased the teachers understand-
ing of what goes on in the Sci-
ence Department. One result of
this is greater 'teacher confi-
dence in guiding and controlling
group formation and other stu-
dent activities. A second re-
sult is an improved ability to
communicate their goals and ob-
jectives in terms of what they
desire to see happening (4).

(3) A number of factors which may
affect the situation have been
identified for further study,
including long and short term
effects of environmental condi-
tions, the actual and the gener-
a/ problem of morale.
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(4) In spite of the progress towards
individualized instruction, the
options available to the student
and the teacher are still lim-
ited. The instructional spaces
are sufficiently crowded to make
selection of activities within
the class period of the "musical
chairs" variety. A student as-
signed to the Science Department
during a class period must be
present and under science teach-
er supervision. Finally, and
justifiably in the light of the
problems of curriculum develop-
ment with a limited staff and
resources, there are no real op-
tions except rate of progress in
the instructional program.

(5) While scientifically sound, cur-
rent methods of environmental
and behavioral analysis are dif-
ficult to apply, expensive, and
produce results which may be too
precise for their purpose. New
tools oriented toward quick and
easy application and analysis
must be developed.

(6) Current school budgeting proce-
dures do not allow the tuning-
up of a 'building when it opc.ns
nor do they permit evolution of
spaces and environmental condi-
tions.

Summary
The Oak Grove High School Research Pro-
ject was*undertaken in the fall of 1970
to provide the staff of the school's
Science Department with better data for
evaluating experiments designed to im-
prove their program, activities, and
instructional spaces.

In the year since the study was under-
taken, the project has completed
slightly more than one cycle of activi-
ties. A data base for evaluating fu-
ture experiments has been formed. In
addition the data collected in this
phase has been used to evaluate behav-
ioral and environmental aspects of the
instructional program. As a result of
this evaluation, improvements have been
designed and implemented in both of
these components of the educational
system.



The assumption underlying this work has
boon that the school is a continually
evolving set of experiments. By apply-
ing a more formal method, these exper-
iments can be directed and harnessed to
provide greater improvement in the
school's role as a system delivering
education.
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