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SUMMARY

This study assessed factors related to student par-
ticipation and success in science and social science
courses. Science courses 1ncluded agriculture, the bio-
1cgi1cal sciences, engineering scienzes and technologies,
mathematics, the physical sciences {chemistry, earth and
space sciences, physics), and the social sciences {an-
thropology, economics, psychoiogy, and sociology).

Transcripts of 8,873 students enrolled in the Los
Angeles Community College District were examined. Data
analyses based on all courses in wnich these students
were enrolled between‘Fall 1974 and Spring 1979 revealed
that:

Just over 40 percent of the students completed
one or more college science courses.

Students completed 52 percent of the science
courses 1n which they enroiled.

Forty-five percent of the students received a
grade of D, F, I {incomplete), or W (withdrawal)
1n iheir first science course. Withdrawals
alone accounted for 32 percent of the grades
students received in their first science course.
The higher the grade students received in their
first science course the more likely they were
to enroll 1n and complete subsequent science
courses.

ftudents who withdrew or who received an 1ncom-
plete 1n their initial science class completed a
much smaller percentage of their subsequent sc1-
ence courses than students whose initial grade

was C, D, or F.
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Results of surveys completed by 268 faculty and
6,426 of their students showed that:

The more high school courses students had taken
n a partigular area of science (e.qg., biology,
physical science) the mo.e likely they were to
have taken a college ccurse in that area.
Seventeen percent of the students who were below
the sample average 1n the number of high school
scxeafe courses taken were above the sample av-
erage 1n the number of science courses completed
1n college. However, 23 percent of the students
went from being above the sample average in
their participation 1n high school science
courses to below average in the number of col-
lege science courses taken.
The majority of students in the sample reported
that they had not received encouragement to en-
roll in college science courses or science-
related programs at either high school or
college.
There were large discrepancies between the sci-
ence-related career objactives of students and
the types of courses they enrolled.
The consensdys among students and their inStruc-
tors was that a high percentage of students, in
most instances over 50 percent, have some dif-
ficulty in performing activities that require
reading, writing, computing, 1ndependent 1n-
quiry, and a commitment of time tuv complete
course assignments.
Science faculty were being asked to teach their

courses to groups of students whose skills run

g
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the gamut from poor to excellent.

Of those students who did not feel confident 1n
a skill, less than 30 percent took advantage of
support program designed to assist them in that
skill.

Over 40 percent of the students who were defi-
cient 1n a basic skill and who did not seek
assistance from the college support programs
reported that they did not have time to use the
service, or the service was offered at an incon-
venient time. This factor of time also was
cited by over half of the faculty members as the
primary reason students do not take advantage of
ancillary services to improve their basic skills.
The reasons cited by over 40 percent of the sci-
ence faculty for why most students at their coi-
lege avoid science courses, programs, and
careers were as follows: poor background 1n
mathematics, poor study habits, lTimited prepa-
ration to comprehend course materials, and poor
sk1lls 1n recding.

An analysis of science class sections offered in the
Los Angeles Commurnty College District for the academic
year 1979-80 revealed tlat:

One-fourth of the class sections offered in the
District 1n 1379-30 were 1n science.

There was a near apsence of courses 1n the agri-
cultural, biological, engineering, physical, and
soc1al sciences designgd especially for students
who needed some assistance with their reading,
writing, mathematics, science, and/or study
skills,
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Forty-three percent of the class sections 1n

mathematics presented material at a level below

college algebra.

Conclusions and recommendations are discussed with
respect to the following topics:

Recruitment activities. Recruitment efforts

need to be expanded at both the high school and
college levels. These efforts need to be di-
rected towards the full range of students--from
those who have not done well in science or math-
ematics 1n high school io those who have shown a
high aptitude and interest 1n those areas. Re-
cruitment efforts should not he left entirely 1n
the hands of counselors. In order to be effec-
tive, these recruitment activities need to be
organized and carried out at the level of the
science department.

Curricula. Science faculty need to design dis-
tinctive courses which accurately reflect the
range of their students' educational objectives
and abilities. Targeting courses to specific
groups (e.g., transfer, occupational, academi-
cally underprepared personal interest) should
help alleviate many of the problems associated
with having students of greatly varied a(’T‘fTes

and interests in the same class. b

Course retention and support services. Several

options are available tn community college edu-
cators for increasing course retention rates in
the sciences while at the same time maintaining
high academic standards: (1) Establish course

entrance requirements. Students who do not

10




possess the necessary'competenc1es to succeed in

the course would be directed to an appropriate
projram to strengthen the skills in which they
were deficient. {2) Allow all students to en-
roll 1n any 1ntroductory science course but ‘
1imit the number of courses that the poorly-
prepared students can take in any term and man-
date that those students take advantage of the
available support services. (3) Integrate
remediation 1nto college-level science courses.
Faculty development. Many of the science facul-
ty noted that they did not feel they had the
proper training needed to teach students who are

academically underprepared. ’In order for fac-
ulty to respond effectively to the changing
backgrounds, educational objectives, and abil1-
ties of students attending the urban community
college they will need training and assistance.
Monitoring student progress. A system of moni-
toring student progress in their science pro-
grams would enable faculty to 1dentify students
experiencing difficulty 1n their courses and
then to provide the necessary assistance to
overcome the problem. The provision of faculty
attent on and support should greatly increase
the number of students who complete science-

related program..
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Chapter |
INTRODUCTION

in proportion to their numbers in the population of
the United States, women and minorities are underrepre-
sented in science careers. Many reasons have been
advanced 1n the titerature to account for this fact, and
various inducements to increase participation n the
sciences amongst these groups have in recent years been
introduced. We know that high intensity, high cost,
special interventions are effective in stimulating small
groups of students to enroll in and complete science
courses. We do not know how college policies and
general procedures affect the different student groups.

The two-year college seems a most logical place to
conduct a study of inducements and Inhibitors to science
stucy for women and minorities. The 1,250 community
colleges 1n America offer a broad range of curricula,
inctuding the first two years of undergraduate studies,
adult education, and remedial studies designed to reduce
academic deficiencies. Of their 4.8 million students--
40 percent of all students in American higher educa-
tion--a sizable proportion inciudes women and minorities.
Women make up 53 percent of community college enroli-
ments. More than half of the students from mnority
groups who enroll in postsecondary instituticns enroll 1n
community and junior colleges. In 1379-1980, 27 percent
of full-time and 20 percent of part-time students in
community colleges were from minority groups (American
AssoCiauon of Community and Junior Colleges, 1987).
These colleges have undertaken to reduce barriers to

enroliment by allowing for part-time studies in most of

15
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their programs; they are easily accessible to most stu-
dents; and they are considerably less eéexpensive than
other forms of postsecondary education.

Given these conditions, why do so few women ard
minority students ccmplete science courses and science
career-oriented programs in community colleges? The
answer to tiys question 1s needed becausa there is a tack
of knowledge abcut what actually goes on in the colleges
themselves. The literature provides information on the
outcomes, (e.g., how many minority students graduate,
how many worien enter the sciences), but it 1s not clear
how these resuits come to be.

The study. [In an effort to iearn how to promote
the participation of more students (especially women and
minorities) In science courses and science career-oriented
programs, the National Science Foundation funded the
Center for .he Study of Community Colleges to conduct a
study of science education 1n the Los Angeles Community
College District. The three primary objectives of this
study were: (1) to describe the course-taking patterns,
science ber kground, &nd attitudes of students towards
scien :e; (2) to identify in<titutional patterns that enhance
science enrollments ard course completions, and (3) to
describe intervention strategies that will allow colleges to
remove barriers to and develop incentives for the par-
ticipation of students in science. The District was
selected as the site of th's study for the following rea-
sons: it Is the large<t community college district in the
nation (125,000 students), a high proportion of the
students in— the district are ethnic minorities; and the
ethnic composition of students varies substantially in the

nine colleges of the District.

2
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Information for this study was gathered through the
following five activities: (1) an analysis of 8,873 stu-
dent transcripts; (2) a survey of 6,425 students in 268
courses; (3) a survey of 268 instructors; (4) a curric-
ulum analysis; and (5) staff interviews with 65 adminis-
trators, science faculty, and counselors. Resuits and
recommendations emanating from each of these components

of the study are reported in this monograph.
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Chapter 2
STUDENT PARTICIPATION IMN SCIENCE COURSES

Two major objectives of community college science
programs are to increase students' literacy in science as
part of their general education and to prepare them for
careers in science, engineering, or technology. To
increase the likelihood that these objectives will be met,
students may be required to complete science courses
successfully before they are granted an associate of arts
or science degree, occupational certificate, or entrance
into  upper division courses in four -year colleges or
universities. Thus for many students, achievement of
their educational objectives rests on the successful
completion of one or more required courses INn science--
inclucdling mathematics. Since the first science course
that students enroll in often serves as a prerequisite for
enroliment 1n the more advanced courses that are part of
a degree or certificate program, it ‘s important to have
information on the extent that perfo-mance by the stu-
dents in their initial college science course relates to
their subsequent course-taking patterns and success in
science courses.,

Objective of transcript study. The primary purpose

of this part of the study was to obtain answers to the
following questions:
1. Iin which science courses do students enroll?
2. How successful are students in completing
courses In different areas of science?
3. Is student performance in their first science
course a good indicator of enroliment and

performance in sui'Lsequent science courses?

4
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4. What is the relationship between student

grades in science courses ard their grades in
non-science courses?

Method. Answers to these questions were based on
an analysis of 8,873 transcripts (a seven percent random
sampling)} of students enrolled in the Los Angeies Com-
munity College District in Spring 1979. The data analy-
ses were pased on all courses in which these students
were enrolled and were on record during the first
census week (fourth week of the term) between Fall 1974
and Spring 1979. Tne transcripts were obtained on
magnetic tape from the district's data processing center.
Data analyses were conducted by staff members of the
Center for the Study of Community Colleges.

The science curriculum, as defined in this study,
consisted of courses in agriculture; the biological scien-
ces, engineering sciences and technologies; mathematics
and computer science (matheriatics); chemistry, earth
and space sciences, physics, integrated natural sciences
(the physical sciences); and anthropology, econorics,
psvchology, sociology (the soczial sciences). These
courses all fell within the definition of the sciences as
articulated by the sponsoring agency, the National
Science Foundation.

In_which science courses do stu’ °nts enroil?

Overall, 58 percent of the students in the sample had at
one time enrolled in a science course in the Los Angeles
Community Coliege District. The area in which the
greatest percentage of students enrolled in one or more
courses was social science (35%). This was followed by
mathematics-computer science (31%), physical science

(24%), biological science (15%), engineering technology

13



Table 1
Percentage of Students Who Enrolled 1n One
or More Courses in a Science Area

(N=8,873)
Student Total Social Mathe- Physical Biological T N
Group _______ Science Science matics Science Science _ Engineering Agriculture
Total Sample 58 35 3 24 15 7 1
Male 61 31 35 28 13 13 1
Female 55 38 27 21 17 2 1
American Indian 57 37 29 25 17 4 0
Black 59 37 34 17 15 6 0
Hispanic 57 N 36 21 14 8 0
Asian 56 24 38 26 13 14 0
White 56 33 26 27 15 6 2

2\
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and science (7%), and agricultural science (1%). Males
were muck more likely than females to enroll in mathe-
matics, physical science, and engineering technology
courses. A higher percentage of females than maies
enrolled in courses in the biological and social sciences.

Which science courses do students complete? Just

over 40 percent of the students in the sample compieted
at least one science course. The percentage of students
who completed a course in an area of science is in
descending order: social science (35%), mathematics
(20%); physical sciences (16%); biological sciences (11%3);
engineering (4%); and agricuiture (1%).

A greater percentage of maies than females compieted
a course in mathematics (23% vs. 17%), physical science
(19% vs. 14%), and engineering technoiogy (8% vs. 1%).
Females were more likely than males to compiete a course
in social science (28% vs. 22%) and biological science (12%
vs. 9%). )

Asian students were much more likely than students
in the other ethnic groups to complete courses in mathe-
Jatics and engineering technology. In general, while
there were differences in the percentage of students in
the ethnic/race groups’ who completed courses i1 the
different areas of science, the differences were not
great.

How successful are students in completing courses in

different areas of science? Students in the Los Angeles

Community College District completed 52 percent of the
science courses in which they enrolled (Tabie 3). The
area of science in which students completed the highest
percentage of their courses was agriculture (72%). Thus

was followed by social science (56%), biological science

7 2‘




Table 2
Percentage of Students Who Completed
One or More Courses in a Science Area
(N=8,873)

Total Social Mathe- Physical Biological

nStudent Group Science Science matics Science Science Engineering Agriculture

Total Sample 43 35 20 16 n 4 1
Male 44 22 23 19 9 8 1
Female 4 28 17 14 12 1 1
American Indian 39 26 14 14 10 1 0
Black 39 25 20 9 9 2 0
Hispanic 38 20 18 13 9 4 0
Asian 45 17 29 18 9 9 0
White 42 24 17 19 N 4 2

22




Percentage of Science Courses Completed

Table 3

(N=8,873)

Student Total Social Math- Physical Biological

Group Science Science matics  Science Science Engineering Agriculture
Total Sample 52 56 48 49 54 54 72
Male 51 54 47 43 53 55 67
Female 53 57 48 43 55 42 76
American Indian 44 51 46 33 44 0 0
Black 45 49 41 41 46 38 0
Nispanic 48 50 46 43 52 49 0
Asian 53 53 53 48 55 61 0
wWhite 36 59 49 55 57 63 72
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(54%), engineering (54%), physical science (49%), and
mathematics (48%). The course compietion rates for
maies and females were similar in all science areas except
engineering where the completion rate of males was
substantially higher than that of females (55% vs. 42%).

Among the ethnir groups, White (56%) and Asian
(53%) students completed a greater proportion of their
science courses than did Hispanics (48%), Blacks (45%),
and American indians (44%) Black students had a much
more difficult time than Whites, Asians, and Hispanics
in completing courses in mathematics, engineering tech-
nology, physical science, and btological science.

What grades do students earn in their initial science

courses? Fifty-five percent of the students earned a
grade of C or better in their first college science course.
The remaining 45 percent received a grade of D, F, |
(incomplete), or W (withdrawal). Withdrawals alone
accounted for 32 percent of the grades students received
in their first science course.

Is student performance in the initial science course

a good indicator of enrollment In subsequent science

courses?” The higher the grade students received in
their Fall 1978 science courses, the more likely they
were to enroll I1n another science cout.e the foliowing
semester (Spring 1979) About 68 percent of the stu-
dents with grades of C or better in their Fal' 19/8
science course enrolied in another science course in the
following semester; this figure dropged to 52 percent for
those students who received a W n their Fall 1978
science course. Only ten percent of the students who
did not participate in a science course in Fali 1978 did

so the following semester.

10
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Table 4
Student Performance in Their First Science Course

(N=4,760)

Grade in First Number of Students Percentage of
Science Course in Grade Category Students Enrolled
A ZE 16
B 805 17
o 1,081 22 559,

D 333 7
F 18¢ 4
1 88 2
W 1,520 32 45%
i
Table 5

Relationship Between the Grades
Students Received in Their Fall 1978
Science Course and the Percentage
of Students Enrolled in a Science
Course the Following Semester

(N=1,550)*
P Percent Enrolled
Grgde n Fg]] 1978 in a Science Course
_-cience Lourse . in Spring 1979
A 68
B 66
C 67
D 67
F 59
i 68
W 52
D1d not enroll 10

*Note: Av-rage grade was used for students who
¢r-0lled 1n more than oOne science course 1n a
s nester.

11
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Is student performance in _the initial science ccurse

a good indicator of performance in_subseguent sci-
7

ence courses? Students who earned a high grade (A or
B) In théir first science course were much more likely to

. /
complete their subsequent science courses than students

who received a fow grade in their tnitial science course. -

The percentage of science courses completed by students
ranged from a high of 67 perceri tur those who ea;"ned
an A in their initial science course to a, lsw of 27 per-
cent. It is mmportant to note that students who with-
drew or who received an incomplete 1In their initial

science class completed a much smalier percentage of

: their subsequent science courses than students whose

initial grade i1n science was C, D, or F. ‘The fact that
students who received a grade of | or W In their first
science course enroiled n an average of three additional
science ctourses suggests that many of the:e individuals
needed to complete several science courses to achieve

their educational objectives.

2¢

12

(s




Table 6 )
Average Number of Science Courses Enrollea1n
and Completed by Grade in First Science Course

(N=4,760)
Ave. Number cf Ave. Number of Percentage of
Grade in First Science Courses Science Courses Science Courses
Science Course Enrolled Completed Completed
A 5.4 3.7 67
B 5.1 3.4 o7
C 4.7 3.0 63
D 4.9 2.9 58
€ 4.1 2.2 54
I 4.3 1.4 34
b W 4.2 1.1 27

27




As shown in Table 7, the grade students received
in their first science course was a gcod indicator of
their performance in subsequent science courses. Those
who earned an A, B, or C in their first science course
maintained about the same average in their subsequent
science courses. Those who received a grade of D or F
in theiwr first science course continued to perform poorly
(D average) :n their other science classes. Students
who withdrew from their first science course but who
jater completed one of more science courses had a
science grade point average of C.

The information summarized in Table 7 also reveals
that there were close correspondences between student
grades in their initial science courses and with their
grades in generai. Two exceptions to this pattern were
as follows: Students whose imitial grade in science was
a D had a GPA of C for all of their courses as well as
for their ncn-science courses, and those whose first
grade n science was an F had a GPA of C in their

non-science courses and an overall GPA of D.

2o
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' Table 7
Comparison of Students' Grade(s) in Their First
Science Course with Their Overall GPA, GPA in
science, and GPA in Non:Science Courses

(N=8,873)
Grade in First GPA in GPA in Overall
Science Course Science Non-Science GPA
A 3.6 3.3 3.4
B 2.9 3.0 2.9
o 2.1 2.6 2.4
D 1.4 2.4 2.0
F 1.4 2.3 1.7
W 2.3 2.6 2.5
1 2.0 2.5 2.3
Did not enroll in
a science course - 2.9 2.9




Aruitoxt provided by Eic:

ERIC

Chapter 3
FACTORS AFFECTING ST "ENT SUCCESS
IN SCIENCE SES

A survey s administered to students and instruc-
tors in 13 percent of all class sections offered at 10 a.m.
and 7 p.m. on Wednesday of the fifth week of the Fall
1980 term. Completed surveys were obtained from 268 of
the instructors (72% response rate) and 6,426 of the
students 1n their classes. It is difficult to know what
the response rate for students was since many were not
present on the day the survey was administered. The
classes used in this study represent a cross section of

the subject areas taught in the multi-campus district. A

,copy of the Student Survey is provided in Appendix A.

Student responses to the survey were analyzed to

address the following questions:

0o Does student interest in science change from
high school to college?

0 What factors are associated with increased
participation in science from high schoul to
college?

0 To what extent are students encouraged to
enroll 1n science-related programs?

0 What is the relationship between student career
objectives and participation in science courses?

o How confident are students in completing acti-
vities needed to succeed in science courses?

o To what extent do students take advantage
of support services from which they could

benefit?

16
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Sample. Students in this study were reasonably
representative of those in the District in terms of their
sex and ethnic backgrounds. The sample was aimost
equally divided among men (51%) and women (49%). The
ethnic composition of the sample was: White (44%),
Biack (20%), Asian (11%), Chicano (11%), Other Hisbpanic
(9%), American Indian (1%), and other (5%). Fifty-seven

percent of th2 sampie were 22 years of age or younger.

| Results of Student Survey

Does student interest in science change from high

school to college? The data were examined to determine

the extent to which student participation in science
courses Increased, remained constant, or declined from
high school to college. Students were categorized as
below average (one-half standard deviation below the
mean), average (within one-half standard dewviation of
the mean), or above average (one-half standard dewi-—._
ation above the mean) on the basis of the number of
science courses they complieted in high school and on the
number of science courses they had finished in college.
Only students who completed 30 to 60 college units (10
to 20 courses) were considered in this analysis. Students
who completed fewer than 30 units may not have had
ample time to enroll in college science courses while many
of those who had >smpleted over 60 units already pos-
sessed a baccalaureate degree.

The data presented in Table 8 demonstrate that
36 percen’ of the students who completed a below aver-
age number of science courses whiie in high school were
also below average in the number of science courses

they compieted in ccllege. At the other end of the

17
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Table 8
Relaticnship Between the Number of
Science Courses Completed in High School
and the Number of Science Courses
Completed in College
{N=1,302 students who
completed 30 to 60 college units)

Level of Student Participation in Science Courses
in High School (HS) and in College {Col.)

% Above Ave. % Below Ave. % Above Ave. % Below Ave.
HS Science & HS Science & HS Science & HS S¢ience &
Above Ave. Below Ave. delow Ave. Above Ave.
Col. Science Col. Science Col. Science Col. Science
Total 24 36 23 18
Females 20 42 22 16
Males 28 29 23 19
Asian 35 27 24 14
Black 20 38 27 15
Chicano 18 42 25 15
Other Hispanic 25 32 23 20
White 25 35 20 20




ERIC

Aruitoxt provided by Eic:

participation continuum, 24 percent of those students
who were above average in the number of science
courses taken in high school were also above the sample
average in the number of science courses completed In
college.

A sizable percentage of the students who were
below the sample average in the number of high school
science courses taken were above the sample average in
the number of science courses completed in college
(18%). There was, however, a greater percentage of
students (23%) who went from being above the sample
average in their participation n high school science
courses to below average in the number of college
science courses taken.

Males were more likely than females to be above
average in the number of science courses they completed
in high school and college (28% vs. 20%), while females
were much more likely than males to have been below
average in their participation in high school and college
science courses (42% vs. 29%). There was much similarity
in the percentages of men and women whose participation
in science courses increased or decreased from high
school to college.

Among the ethnic groups, participation in science
courses’ in both high school and college was highest fo-
Asian (35%), Other Hispanic (25%), and White (25%)
students and lowest for Blacks {(20%) and Chicanos
(18%). Chicanos (42%) and Blacks (38%) were much more
likely than students in the other ethnic groups to be
below average in the number of science courses they
compieted in both high school and college. The percent-

age of students whose participation In science courses

19 y N
J




ERIC

Aruitoxt provided by Eic:

increased from high school to college was greatest among
Other Hispanics (20%) and Whites (20%), while the percen-
tage of students whose participation 1n science decreased
from high school to college was highest among Blacks
(27%) and Chicanos (25%).

What factors are associated with increased participa-

tion in_ science courses from high school to coliege?

Students whose participat on in science courses rose from
beiow average in high school to above average in coliege
were much more hkely to have: been encouraged by a
coliege counselor or facuity member to take a science
(27% vs. 17%) and/or math course (30% vs. 23%); dis-
cussed career opportunities in science with a facuity
member or counselor (27% vs. 16%); received materiais
that were designed to interest them in science courses
ar1 careers (27% vs. 18%); participated in developmental
math (22% vs. 14%) and/or science courses (12% vs. 7%);
ot received tutoring in mathematics (22% vs. 13%) and/or
science (114 vs. 7%). Whether students received these
forms of encouragement before or after they enrolied in
their college science courses cannot be determined from
these data

What is the relationship between the type of science

courses taken in high school and type of science courses

taken in colliege? In general the more high school

courses students had taken in a particular area of
science (e.g., biology, physical science) the more likely
they were to have taken a college course in that area.
For example, the percentage of students who reported
that they compieted a course In the physical sciences in
college rose from 43 percent among those who had not

taken a high school course in that area to 61 percent for
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those who had completed one high school course in the

physical sciences to 70 percent among those students
who had taken three or more high school courses in the
physical sciences. These findings, along with those for
the other science areas cons}dered, are illustrated in
Figure 1.

To what extent are students encouraged to enroll in

science-related programs? One of the items on the

Student Survey asked respondents to indicate whether or
not they were involved in various activities designed to
heighten their interest 1n science. The majority of stu-
dents In the sample reported that they had not received
encouragement to enroll in science or science-related
programs at either high school or college. On the high
school level, a very low percentage of the respondents
noted that someone (counselor, teacher, college recruiter)
spoke to them about science programs and courses
offered n coliege (13%), nr about career opportunities
avallable in the sciences (24%). On the college level,
about one-third of all students sampied reported having
seen announcements advertising science cl!asses or special
programs on some aspect of scierce. A fifth of the
students noted that they were encouraged by a counselor
or faculty member to take a science or math course. A
similar number of students indicated that they discussed
career opportunities in science with a facuity member or
counseior at their coilege. Not surprisingly, students
who were encouraged to participate 1n science courses or
who had discussions about science with members of the
college staff were more likely to participate in science
courses than those who did not engage in these activities

(5.6 courses vs 4.6 courses)
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Figure 1
Percentage of Students Completing One or More
College Science Courses by Number cf
High School Science Courses Taken.
N=1,302 Students Who Completed
31 to 60 College Units*
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The encouragement students received to participate
in science was also examined with respect to sex and
ethnicity. Although the differences were not large, a
greater percentage of males than femaies were involved
in each of the 14 activities designed to heighten student
interest in the sciences. Comparisons among the ethnic
groups showed that Asian students were more likely than
those in the other categories to have participated in 10
of the 14 activities.

Student interest in science careers. Information on

student interest in the sciences was obtained from an
item on the Student Survey which asked respondents to
indicate whether they were attending college to prepare
for or advance 'n each of 14 career areas. Responses to
this item are presented in Table 9. '

The data in Table 9 reveal that a high percentage
of students in the sample said they were attending
college to prepare for or advance in a science-related
career. The greatest percentage of the students who
expressed an interest in a science career were attending
college to prepare for or advance in engineering/archi-
tecture (16%). This was followed by computer program-
ming and mathematics (15%), the health professions
(14%), social science research (9%), medicine (6%),
science research (4%), and farming or forestry (3%).

As expected, a (greater percentage of males than
females were interested in careers in engineering/archi-
tecture (26% vs. 5%) and computer science/ mathematics
(18% wvs. 11%); while a greater percentage of females
than males were pursuing careers in the allied health
professions (23% vs. 7%) and social science (12% vs. 63).

There was a high degree of similarily in the percentage
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Table 9
Percentage of Students Pursuing
Career Objectives by Ethnicity and Sex

1 {N=6,426)
Asian/ Other
Career Objectives Filipino Black Chicano Hispanic White Male Female Total
Allied Health Professional 13 17 13 12 14 7 23 14
Medical Doctor 6 6 6 6 5 6 6 6
Business 27 3 25 25 29 9 28 28
Secretary 4 7 4 6 5 . 10 5
Comp. prog./mathematician/
statistician 23 16 12 14 13 18 1" 15
Engineer/architect 27 N 13 19 15 26 5 16
Elem. or second. school
educator 7 12 13 9 7 5 13 9
College teacher or educator 5 8 8 5 6 6 7 6
Farmer/forester 2 2 2 2 4 4 2 3
Research scientist 5 3 3 4 5 5 2 4
Artist g N Hil g 16 12 14 13
Social Scientist 6 10 10 8 10 6 12 9
Lawyer 4 9 6 7 6 8 6
Skilled Trades 15 14 15 13 12 20 6 12
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of males and females interested in, the other areas of

science.

The findings reported in Table 9 show that the
Asian students were much more likely than students in
the other ethnic groups to be interested in careers in
computer science/mathematics and engineering/architec-
ture. Otherwise, there was much similarity in the
science career aspirations of students in the wvarious
ethnic/race groups.

What is the relationship between student career

objectives and their participation in science courses?

One of the objectives of this study was to determine the
extent to which students who are attending college to
prepare for or advance in a science-related career take
college science courses needed to achieve those stated
objectives. Data on the college courses students had
taken were obtained from an item on the Student Survey
which asked them to indicate the courses they had taken
n eachr of 13 areas of science. Only students who had

completj'ed 30 to 60 hours of coliege credit were included

In an area of science are given in Table 10.

k‘ﬁere we find some discrepancies between the career
objectj‘:ves of students and the types of courses they
rompl}zted. To illustrate, of those students who were
zuend 1g coliege to prepare for or advance in a career
n tlfte allied health professions, 48 percent had not
takerf a course In biology, and 38 percent had not com-
pleted a course In the physical sciences while 33 percent
had not completed a course in mathematics or computer

science. Of those students who aspired to become
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Table 10
Percentage of Students in
Career Objective Categories Who Had
Taken No Courses in Science Areas
(N=1,302 Students Who Completed 31 to 60 units of College Credit)

Science Course Areas

Mathe- Physical Social

Career Objectives Biology Engineering matics Sciences Science
Health Professional 48 99 33 38 18
Doctor 57 96 29 42 29
Business 80 94 25 44 20
Secretary 81 97 46 60 37
Comp. prog./mathematician/

statistician 83 84 12 38 30
Engineer/architect 81 55 i3 37 48
Elem. or second. school

educator 61 95 49 52 29
Colleqge teacher or educator 66 94 4] 44 19
Farmer/forester 63 94 31 38 50
Research scientist 65 87 19 19 41
Artist 77 93 46 45 24
Social Scientist 63 97 36 48 12
Lawyer 72 97 30 37 19
Skilled trades 82 79 24 46 45
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medical doctors, 57 percent had not taken a biology
course, 42 percent had yet to complete a coutse in the
physical sciences, and 29 percent had not completed @
course IN mathematics or computer science.

Among students who desired a career in engineering
technology/architecture, 55 percent had. not inziuded a
course in engineering science or technology as part of
their 30 pius hours of college and 37 percent had not
taken a course in physical science. However, onily 13
percent had not taken a course in mathematics/computer
science. Of *hose who expressed interest in the social
sciences, orly 12 percent had not taken a social science
course. However, over 36 percent of the students had
not completed a course in mathematics/computcr science,
physical science (48%), or biology (63%).

Neariy all of the careers listed in Tabie 10 require
at least an associate degree. The attainment of a college
degree is contingent on students completing courses in
mathematics, the biological and physical sciences, and
the social sciences. The finding that such a high per-
centage of students who had completed 10 to 20 college
courses had not taken a course in one or more of these
areas suggests that mathematics and science may be
operating barriers to the realization of the students'
educational and career objectives. Put another way, the
students' career ohiectives are totally at variance with
their course-taking patterns. Many of them may have
untowardly delayed taking the courses they must
eventually have.

How confident are students in completing activities

needed to succeed in science courses’ Science inscruc-

tors were asked to indicate how important each of 14

27
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activities were in terms of students' succeeding in their
course. The responses of science instructors are
reported in Table 11. Also shown in Table 11 is the
percentage of their students who feit confident in per-

forming the same 14 activities

Table 11
Percentage of Science Faculty
Who Indicated That a Skill Was Important
for Success in their Courses and
the Percentage of Their Students
Who Felt Confident in Performing Those Skills

of Students
1n Science
Classes who
Science felt Confident
Faculty 1in Skill Area

£l

Student Sk11l Area (N=99) (N=4,711)

Have time to complete course

assignments 81 59
Understand course reading

assignments 80 68
Spend a concentrated period

of time studying 71 51
Summarize major points in reading 63 52
Solve problems that require

arthmetic 56 €5
Express self in writing 47 54
Learn on own--1ndependent inquiry 44 64
Work on lab exercises by

following directions 42 60
Solve problems that require

algebra or geometry 35 26
Understand science developments 3 43
Express self verbally 25 49
Integrate various parts of course 23 51
Ident1fy biases 1n research

reports 18 38
Solve problems that require

statistics 17 19

1
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Over 50 percent of the science instructors indicated

that In their classes it was important that students be
able to handie the following activities: . complete course
assignments In the time allotted (81%), understand course
reading asssignments (80%), spend a concentrated period
of time--two hours or longer--studying for the course
(71%), summarize major points in class readings (63%),
and work on probiems or assignments that require arith-
metic (56%). With the exception of math skiils which
were stressed primarily in engineering and mathematics
courses, there was much simifarity in the types of com-
petencies faculty in each of the six science courses felt
students needed to succeed in their courses.

As illustrated in Table 11, there was a sizable dis-
crepancy between the percentage of science instructors
who rated a skili as important to do well in their course
and the percentage of their students who felt confident
in their ability to perform that activity. For example:

while 81 percent of the science faculty indi-
cated that it was important that students have the
necessary time to complete course assignments, only

59 percent of the students felt confident that they

would be able to devote the time needed to complete

their course assignments;
while over 80 percent of the instructors noted
that understanding course reading assignments was

important for succeeding in their classes, only 68

percent of the students feit confident in performing

this activity,
while 71 percent of the science instructors

stated that spending a concentrated period of time
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studying for the course was important in therr

classes, orly 51 percent of the students felt confi-

dent in their abihity to do this.

The percentage of students in each of the sex and
ethnic background categories who felt they were confi-
dent in their ability to perform wvar.ous activities 1s
repnrted in Table 12.

A much ¢ <ter percentage of males than females
expressed conficence in their ability to work on probiems
or assignments that required arithmetic (68% vs. 56%),
algebra (44% vs. 27%), statistics (22% vs. 13%), or analy-
tic geometry/caiculus (17% vs. 9%), and in understanding
science and technical developments and their uses in
society (48% wvs. 30%). The differences in the self-
ratings of males and femaﬁs in the other competency
areas did not exczed five percentage points.

Among ‘*he ethnic groups, Asians were most confi-
dent in working on probiems that required some forn: of
mathematics, while White students felt most confident in
work.ng on ass:gnments involving reading. Although
threre were differences among students in the ethnic
groups n the self-ratings of their skills, no clear pat-
tern of group strengths and weaknesses was evident.

To what extent do students take advantage of sup-

port czarvices from which they could benefit? A major

objec 1ve of this study was to determine the percentage
of students who felt they were weak in a skill which was
needed to succeed in science courses and who took
advantage of a colliege assistance program designed to
correct that deficiency. Two of the items on the Student
Survey were used to satisfy this objective. One of the

items had students rate their skills on a three-point
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Table 12
Percentage of Students in Sex and
Ethnic Group Categories Who Rated
Their Skills as Confident

Percentage Rating Skill as Confident

American Other
Male Female Indian Asian Black Chicano Hispaniz White
Student Skill Area (N=3246) (N=3098) (N=51) (N=721) (N=1215) (N=714) (N=530) (N=2710)

Understand course reading

assignments 65 67 67 52 68 63 61 70
Learn on own--

independent inquiry 64 62 70 54 69 56 49 65
Solve problems that

require arithmetic 68 56 57 64 61 4s 61 64
Have time to complete

course assignments 58 59 58 53 63 57 56 60
Work on lab exercises by

following directions 60 57 58 47 60 51 51 64
Express self ir writing 53 55 59 46 60 48 52 54
Summarize major points

in reading 51 49 52 4 49 43 45 54
Integrate various parts

of course 51 49 54 40 53 44 47 52
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Table 12 Continued

Percentage Rating Skill as Confident

American Other
Male Female Indian Asian Black Chicano Hispanic White
Student Skill Area  (N=3246) (N=3098) (N=51) (N=721) (N=1215) (N=714) (N=530) (N=2710)

Spend cuncentrated perio-

of time studying 48 52 47 44 51 47 49 52
Express self verbally 51 46 54 32 58 47 a7 48
Understand

science developments 48 20 48 36 40 32 a4 40
Identifying biases in

research reports 39 44 52 30 42 32 36 37
Solve problems that require

algebra a4 27 38 53 30 27 35 35
Solve problems that require

statistics 22 13 30 26 18 14 17 16
Solve problems that require

geometry or calculus 17 ¢ 17 28 14 7 15 9
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scale ("confident," ‘'somewhat confident," “not confi-

dent") in a variety of areas. These included reading,
writing, arithmetic, algebra, and understanding science.
The other item used in this analysis had students indi-
cate which, if any, of nine support programs they had
taken advantage of at their college.

The data presented in Figure 2 show that of those
students who did not feel confident in a skill area, less
than 30 percent took advantage of a support program
designed to assist them in that skill area.

For example, of the students who did not feel con-
fident in their reading ability, 28 percent ook advantage
of the coiiege's support programs to improve reading; of
those students who did not feel confident in their abitity
to solve problems that require arithmetic, 20 percent
received assistance from a college support program in
developmental mathematics; of those students who did not
feel confident in their ability in science, 10 percent took
advantage of the college support program in that area.

These findings indicate that despite the efforts to
provide students with the support programs and assis-
tance they need to succeed in college-level courses, the
majority of those who can profit most from the assistance
provided are not taking advantage of these programs.
The information reported in Figure 2 also shows that
there is little or no difference in the use of support
services by students who are confident and those who
are not confident in their abilities. These results were
true for men as well as for women and for members of

each of the ethnic/race groups.
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COMFIDENCE OF STUDENMTS IN THEIR ABILITIES
AND THEIR USE OF SUPPORT SERVICES
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Reasons students give for not using support services.

One of the items on the Student Survey asked respondents
who did not use a particular support service to indicate
the primary reason they had for not doing so. The
response categories were as follows: "I do not need it;"
"I have no time for it;" "Service is offered at an incon-
venient time;" "I have heard that this service is not
very helpful." The data presented in Table 13 are
based on only those students who reported a lack of
confidence in a skill area and who did not take advan-
tage of a support program designed to correct that
deficiency.

The reason most students had for not using a sup-
port service from which they could benefit was that they
did not feel a need for the service. The second most
frequently cited reason was that they had no time. The
third most mentioned reason was that it was offered at
an inconvenient time. Less than four percent of the
studer.cs noted .t they did not use a support service
designed to improve a skill in which they were deficient
because they heard that the service was not very heipful.

A surprising finding which is noted in Table 13 was
the high percentage of students--in most instances over
50 percent--who felt they did not need assistance from a
support service designed to improve a skill deiiciency.
Possibly, this response resuited from students' belief
that a particular skill in which they were weak was not
really needed to succeed In the courses in which they
were enrched. A possible explanation is that students
may not see a direct connection between the difficulties
they encounter I1n a course and the services offered by

an academic support program.
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Reasons

a

Support

Tavle

Students Who
Skill Gave
Service from

(In

Not Confident (NC)
in Skill and Did Not
Seek Assistance

Do Not
Need Service for Service

No Time

NC in reading and no
help in reading
NC in reading and no

basic skills course

NC in writing and no
help in writing
NC in writing and no

basic skills course

NC in arithmetic and
no basic skills
course in math

NC in arithmetic and

no tutoring in math

NC in algebra and no

basic skills course

in math
NC in algebra and

no tutoring in math
_NC in science and no
basic skills course

in science
NC in science and no

tutoring in science

NC in study skills
and no help with
study skills

50
50
a4
58

61
61

67
67

73
72

44

30
28
35
25

23
22

20
19

17
17
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Were Not Confident
for Not Using a
Which They Could Benefit
Percentages)

Service Offered at Heard Service
Inconvenient Time Was Not Helpful

18 3
20 3
18 3
14 2
14 3
14 3
12 2
12 2
8 2
9 2
20 4




These findings demonstrate that the factor of time--
(1) no time for service and (2) service offered at an
inconvenient time--was cited by over 35 percent of the
students as the primary deterrent preventing them from
improving their skills in the ability areas upon which
education is based--reading, writing, arithmetic, and
study skills, For example, of those students who were
not confident in their writing ability and who did not
seek assistance to improve their writing, 53 percent
stated that they did not do so either because they did
not have lme to use the assistance services provided
(35%), or the service was offered at an inconvenient time

(18%).
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Chapter 4
SURVEY OF SCIENCE INSTRUCTORS

What about the instructors? To what extent do
they help students advance in science? To gain infor-
mation that would help answer these questions, we
surveyed the instructors of 268 class sections. The
sample was drawn by taking every thirteenth class
section from a list of those offered on all nine campuses
on Wednesday of the fifth week of the Fall 1980 semester
at 10 a.m. and 7 p.m. Responses were obtained from §9
science instructors and 169 instructors of other-than-
science courses. The number of instructors teaching a
course in each of the science areas was as follows:
mathematics (32), social sciences (23), physical sciences
(18), engineering sciences (13), biological sciences (11),
and agricultural sciences (2). A copy of the Instructor
Survey is reproduced in Appendix B.

The ratio of full-time to part-time faculty was about
5 to 1. The science faculty as a whole tended to be an
older group: 60 percent of them had taught in a com-
munity college for-"'more than ten years. Most held
either a master's degree (64%) or a doctorate (24%).
Most of the instructors with less than a master's degree
were teaching engineering technology courses.

Additional information on institutional factors affect-
ing student participation in science was obtained from
interviews held at each of the nine District Colleges with
the Dean of Instruction, an average of five science
faculty (including science division chairpersons), and
a college counselor. A total of 65 separate interviews

were conducted. Each was 30 to 60 minutes in length.
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Questions asked in these interviews pertained to such
topics as recruitment activities, curriculum innovation,
course retention rates, student use of support services,
and opportunities for facuity development. A copy of
the interview format i1s provided in Appendix C.

Recruitment of students into science courses. Just

over one-half of the science faculty had tried to recruit
students to their courses in the past two years. Science
instructors were less likely than those teaching other
courses to have taken active steps to recruit students
(55% vs. 64%). Less than 40 percent of the science
faculty had encouraged the counseiors to advise students
to take courses In their field (35%), tried to make their
courses relevant to students' occupational interests
(34%), or attempted to advertise their classes on campus
(30%). Only a small percentage of the science faculty
generated interest in their subjects by engaging 1n such
out-of-ciass actitivies as advertising their courses at a
jocal high school (12%), developing extra-curricular
offerings (forum, exhibit, lecture) in their subject area
(20%), or meeting with groups of students in colliege-
sponsored organizations (e.g., women's resource center,
EOPS) to discuss career opportunities 1n their field
(14%). The findings of the instructor Survey also
reveal that onily a smail percentage of the science faculty
had made a special effort to recruit women or minority
students into their classes. Thus, by their own admis-
sion, nearly half of the instructors had done nothing
«bout student recruitment, tend:ng instead to wait for
the students to appear

Factors affecting student recruitment. Interviews

with science facuity revealed that most instructors
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assumed that the college's written documents, counselors,
and informa! network of student interaction would propel
students towards their courses. The counseling staff was
wed as having primary responsibm'ty for recruiting.
However, counselors at each of the colleges reported
that their recruiting efforts were of a general nature,
without specification to science and mathematics.
Recruitment efforts by science and mathematics depart-
ments were minimal in number, and what efforts were
made to attract students into sci2nce courses were
initiated independently by individua! faculty members.
Most sc'ence nstructors indicated that faculty in
their department hed no difficulty in filling their courses
and as such did not see the need to recruit. One Dean
of Instruction recommended that staff development and
training was needed since most faculty are unfamitar
with the recruiting process.

Instructor ratings of their students' skills. Instruc-

tors were asked, "How do you rate the abilities of most
of the students In your class?" The response categories
were as foliows. (1) most of "y students are able to do
this adequately, (2) most of my students have difficulty
in do'ng this, and (3) most of my students are unable to
perform this skill adequately. Responses to this question
are presented in Table 14.

The information reported in Table 14 shows that
about half of the instrurtors ncted that most of their
students were able to do the following activities c-e-
quately - express themseives when speaking (57%),
summarize major points in class readings (54%), work on
problems or assignments that require arithmetic (50%),

work cn laboratory exercises by following a set of written
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Table 14
Science Faculty Ratings of Thair Students' Skills
{N=99)
Have Difficulty
In Doing This
Are Eble Are Unabie To
Most of my students: To Do This Perform 1his
i . Adequate‘y Adequately
Express themselves when speaking 57 38 5
Summarize major points in class
readings 54 10 6

Work on problems cr assignments

that require arithmetic (e.g.,

multiplication, division) 50 41 9
Work on laboratory exercises by :

following a set of wraitten

directions 49 42 9
Have the necessary time to
complete course assignments 48 48 5
Understand course reading
assignments 47 52 1

Understand the uses of science-

technical developments and uses

11, society 40 50 10
Spend a concentrated period of

time--two hours or longer--

studying for this course 35 59 6
Work on a paper or a project in

which students have to put

together 1deas from various

parts of the course 32 53 15
Express themselves in writing 23 63 14
Learn on their own, pursuing

1deas, an¢ finding needed

information 20 65 15
Work on problems or assignments

that require college aigebra,

analytic geometry, or calculus 18 49 34
Ident1fy biases that might have

influenced the findings of a

research report 15 58 26
Work on problems or assignments

that require statistics

(proportions, probabilities) 9 59 33
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directions (49%), have the necessary time to complete
course assignments (48%), and understand course reading
assignments (47%) Less than 30 percent of the science
instructors felt that most of their students were able to
perform the following activities adequately: exfress
themselves in writing (23%); learn on their own, pursue
ideas, and find needed information (20%); identify biases
that might have influenced the findings of a research
report (15%); work on problems or assignments that
require college algebra, analytic geometry, or calculus
(18%), or statistics (9%).

These findings show that a high percentage of the
science instructors--over 40 percent--noted that most of
the students in their classes had difficuity or were
unable to perform each of the bacic skills considered.
According to the instructors, students were weak in
the very skill areas which the faculty regarded as impor-
tant in ierms of students' success In their <ourses--
mathematics, writing, understanding course reading
assignments, identifying t!.iases 1n research reports,
independent 1nquiry, and devoting the necessary time to
preparing for the course.

Student need of -~upport services in basic skills.

Science Instructnrs were asked to indicate the percentage
of their students who could benefit from basic skills
programs prov:ded by the coilege. The response cate-
gories were as foilows 0-25 percent; 26-50 percent;
51-75 percent, and 76-100 percent.

Over one-haif of the instructors felt that 50 percent
or more of the students in their classes could benefit
from basic skilis courses in reading and writing and In

the sciences Over 40 percent of the science faculty
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noted that most students in their courses could profit
from a basic skilis course In mathemé'ics and also frem
some tutoring tn science and mathematics.

Faculty perceptions on why students don't use sup-

port services. Science instructors were asked, "“If
students do not use a needed service, why do you think
this 1s so”" The response categories were as follows:
(1) students are not aware of the service; (2) students
do n>t believe they can benefit from the service; (3) stu-
dents are not willing to devote the extra effort, and
{4) students do not find services available at a conven-
ient time Responses to this question are presented in
Table 15.

According to 44 percent of the science faculty, the

reason that most students who are weak In reading and

writing do not take basic skills courses in those areas 1s
because they are not willing to devote the extra time or
effort needed tc receive assistance from the services.
Over one-third of the instructors felt that the major
reason students who need to improve their skills In
mathematics or science do not enroll in basic skills
courses offered in these areas i1s because they are not
withng to devote the extra time or effort to these
services.

An additional 10 to 17 percent aof the facuilty felt
the major reason students do not take advantage of
needed support programs is that the services are not
avallable at a convenient time. Thus, the factor of
time--(1) not wilhing to devote the extra time and
(2) se vices offered at an inconvenient Lime--was cited
by over 50 percent of the science faculty as the primary

reason students do not take advantage of a support
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Table 15
Reasons Science Faculty Gave
for Why Students Do Not Use
a Needed Support Service

(N=99)
(In percentages)

Support
Services

Not Willing
to Spend Time Service Offered at
or Effort Inconvenient Time

Basic skills cour
in Reading and
Writing

Basic skilis cour
in Math

Basic skills cour
in the Science

Tutoring in Math

Tutoring in Scien

ses

44 11
ses

39 10
ses
s 36 10

34 17
ce 29 13

Do Not Not Aware
Need Service of Service
12 9
12 9
8 8
12 15
12 13
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service designed to improve skills in which they are
deficient.

More diagnostic information on why students do not
take advantage of much needed support programs was
obtained in the inteviews. The observations are sum-
marized as follows:

1. Students simply schedule more activities than

tney can handle. They are employed, have

families, and enroll in several courses for
which they may not be adequately prepared.

Since support services require the expenditure

of additional time, few of these students are

able to use them.

< Siugents want cred:t (transier credit, bLetier
grades) for what they do, and they feel that
remedial courses and use of support services
are a waste of time.

3 Some students are convinced that they can't do

the work required in math and science courses

and they reason, "“"Why should | embarrass
myself by asking for assistance when 1| can
remain anonymous in class?"  Students who

feel unable to perform are often reluctant to
admit they need help--particuiarly when they
are beyond the traditional college age of 18 to
22.

4. Some of the academically underprepared stu-
dents are not sufficiently committed to their
education to take the steps necessary to

improve their skills.
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instructional Practices

The findings of this study show that there was
much variation in the educational abilities of students
enrolled in science courses. The consensus among
students and their instructors was that a high percent-
age of students--in most instances over 50 percent--have
some difficulty in performing activities that require
reading, writing computing, independent inquiry, and a
commitment of time to complete course assignments. On
the other hand, a sizable number of students enrolled in
the same courses were quite capable of performing these
activities adequately. How then are science faculty
teaching their courses to groups of students whose skills
run the gamut from poor to excellent? This question
becomes even more impertant in light of the finding that
most students with deficiencies in their basic learning
skills do not seek assistance from the programs designed
to strengthen those skills.

Selection of course materials. Just over one-third

of the science faculty noted that their instructional
materials were at a level that was appropriate for the
diverse backgrounds of students taking their courses.
However, 29 percent of them said their instructional
materials were chosen to be similar to those used in
parallel courses at the state collleges and universities.
About 12 percent of the science facuity selected their
course materials so that the presentations would be at
levels that students with limited reading and comprehen-
sion skills could understand.

Organization of course. We asked a question about

the instructional approaches used In science classers

(Table 16) and found the overwheiming majority of
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Tablie 16
Instructional Approaches Used in Science Classes
L {N=99)

%

Percentage

A1l students study the same material at the same time 77
Self-paced but finish by a specified date 10
Students assigned to study different material according to

their progress in the course 2
Complete seif-pacing r
Students assigned to different material according to scores

on a pretest 0
Other 11
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facuity saying that all students study the same material
at the same time (77%). Only ten percent of the science
faculty reported that they used self-paced instruction in
their classes, and just two percent assigned students to
study different material according to their progress in
the course. Complete self-pacing and assignment of
students to different material according to scores on a
pretest were not used in any of the science courses.

Grading practices. More than haif of the science

facuity said that students' grades were determined
relative to a fixed performance standard but one-fourth
admitted to grading on a curve. Assigning grades on
the number of objectives mastered was used in nine
percent of the science classes. Many of the remaining
instructors noted that if they based their grades on a
curve, fixed performance standard, or number of objec-
tives mastered, a high percentage of the students would
not pass the course. Therefore, they employed & com-
bination of grading techniques.

Relatively few of the science instructors based 25
percent or more of their students' grades on workbook
completion (7%), participation in class discussions (6%),
laboratory exams (13%), research/laboratory reports
(17%), regular class attendance (12%), or on the stu-
dents' preparing displays, models, or artwork (2%).
Most used quick score objective tests (69%) and essay
exams (40%) and 20 percent said that written assignments
counted 25 percent or more toward student grades'

Facuity perceptions of why women and minority stu-

dents are underrepresented in science. There was no

concensus among faculty members as to why women and

minorities tended to be underrepresented in science. In

s Lo




Tabie 17
Science Faculty Perceptions on Why Women and Minorities
Are Underrepresented in Sciencé Courses, Programs, and Careers
(N=99)

In percentages
Most students

Reason at this college Women Minorities

Poor background in mathematics 51 29 48
Poor study habits 49 15 36
Limited preparation to comprehend course

material 44 21 40
Poor skills in reading 43 13 38
Inadequate background in the sciences 42 27 44
Lack of knowledge about careers 1n the

sciences 36 33 39
Difficulty 1n meeting course reguireaents 27 13 29
Limited inclination to think along

scientific lines 26 27 27
Lack of interest 1n the sciences 24 28 31
Science careers are typically closed to

these populations 10 16 17
Faculty advise these students against

pursuing science courses and careers 8 12 11

R 1 —
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fact, the reasons faculty gave for low participation in

science were characteristic of all students at their
college.

The reasons cited by over 35 percent of the faculty
for why most Jstudents at their college avoid science
courses, programs, and careers were as follows: poor
background n mathematics (51%), poor study habits
(49%), limited preparation to comprehend course material
(44%), poor skills in reading (43%), limited background
in the sciences (42%), and lack of knowledge about
careers in the sciences (36%).

Recommendations for increasing student success IN

science cCourses. The science instructors were asked

first to indicate which of 16 activities were provided at
their coliege and then note which of these same activities
they feit should be provided. Instructor responses 1o
these items are ¢ -ented in Table 18.

These findings suggest that a high percentage of
the science faculty would like to see their college move
away from developmental education. Over 90 percent of
the science Instructors thought there should be an
entrance exam for students wishing to enroll in their
coursdg whereas only about 50 percent felt that their
college should provide special mathematics courses (51%),
study skills classes (51%), tutors (32%), and resource
persons (e.g., counselor, facuity member) to assist
students with personal problems (38%).

Most faculty felt that successful women and minority
scientists should be invited to campus to meet with
students. The instructors also recommended that faculty
members from four-year tnstitutions be invited to discuss

their academic programs with community college students.
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Table
Actavities Promoted by
Faculty Felt Should

This college provides:

1- Resource persons (e.q., counselor, faculty member)
who are wi1lling to assist students with personal
problems

¢- Tutors to help students who desire extra help in my
course

3- Special mathematics courses to help students succeed
N my conurse

4- Seminars, programs, or lectures on career
opportunities related to my discipline

5- Hiyn school students with information about programs,
courses, or careers in my field

b- Opportunities for students to meet representatives
from companies that employ people in my field

7- Information about special skiils needed to succeed 1n
my courses

8- Lectures, dem~nstrations, or exhibits (not part of a
course) on some aspect of this discipline

9- An exam for students wishing to enroll in this course

10-Speci1al courses to help students improve their study
sk111ls {notetaking, test taking, writing)

11-Invitations to faculty members from four-year
Institutions to discuss their academic programs with
students at this college

12-Counselor who are knowledgeable about offerings and
career opportunities i1n my field

13-Advertising courses 1n my area through flyers,
posters, newspaper articles

14-Women who are successful 1n my field are invited to
campus to meet with students

15-Members of minarity qroups who are successful in my
field are 1nvited to campus to meet with students

6t
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College and Activities Science
be Provided at Their College
(N=99)

This college promotes This college should provide/
_this activity (%) increase this activity (%)

1- 83 38
80 32
79 51
73 63
70 67
69 63
68 48
68 75
66 91
65 51
62 73
62 59
60 76
57 84
49 89
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Other activities which over 7C percent of the science

faculty indicated they would hke to have promoted at
their college are lectures, demonstrations, or exhibits
(not part of a course) on some aspect of their field and

advertisement of their courses through flyers, posters,

and newspaper articles.

Attempts to increase retention rates in science and

¥
math courses. Deans of instruction, science faculty,

and counselors who were Interviewed were asked to
indicate what was being done at their college to increase
the completion rates in science and math courses. The
most commonly mentioned institutional responses to this 41
problem were providing support services such as tutor-
ing, basic skills classes, and mathematics labs, and, au a
few colleges, an occasional prompting by the Dean of ‘
instruction. Although course attrition was perceived as
a major problem, none of the respondents stated that a 1
formal campus-wide retention program had been instituted
at their college. Nor did any of the persons interviewed
mention retention program designed specifically by or tor
a science department. The science faculty noted that
they responded to attrition 1n their courses 1n an individ-
u?' way and that there was httie, 1f any, administrative
dgirection.

Poor academic preparation of students was identified
as the main reason for high attritio. 1n science and math .
courses. Some faculty members reported that many of
their students had not developed adequate reading levels
in order to do college level work. They noted that 4
students were reading at the sixth to eighth gra‘de level
when they needed to have attained a minimum of a tenth

grade readirig level in order to comprehend any of the
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science texts Along these lines, one Dean of Instruction
wondered f it 1s possible to have both high standards
and high retention. Another questioned whether it is
possible to have open admissions and high retention,
given the basic skili level of the community college
student.

Facuity development. Since the early 1970s there

has heen a steady increase In the percentage of students
entering the community college with weaknesses in basic
skills, especiaily those needed for success In mathematics
ad science courses Coliege staff members interviewed
were asked to describe the attempts that were being
made at their institutions to help faculty adjust to these
changes in the educational backgrounds of their stu-
dents ’

The consensus among the deans of instruction,
science faculty, and counselors at most of the District
Colleges was that there were no training programs to
help faculty respond effectively to the changing nature
of students attending their institution. Some facuity did
note that occasionally in-service training opportunities
are made available to them by the District.

The Dean of Instruction at one of the colleges
steted that his institution was the only one in the Dis-
trict to reguiarly budget mcney for staff development.
While mivimatl (34,000 1n 1981), the money was used to
bring n speakers and to organize faculty workshops.
At the suggestion of the faculty, the focus of the pro-
gran.- has been on the lowered basic skiil level of
students The Dean ocbserved that, in general, faculty
are failing in their effcrts to work with these students,

and this has made them receptive to new ideas about
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\nstiruction. The Dean of Instruction at another District
College noted that his nstitution was given $4,900 to
\nitiate a modest faculty development program in the Fall
Lf 1981. The staff development programs that were
offered were intended for all faculty. None of those
interviewed cited specific programs designed for those

teaching courses in math or Science.

- Y

4
-
-
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Chapter 5
ANALYSIS OF THE SCIENCE CURRICULUM

Two factors ‘*hat must be taken into account in
evaluating the appropriateness of a community college's
curriculum are students' educational objectives and
abilities. Responses to the Student Survey revealed that
over half of the students attending college at the District
were doing so for one of the following occupational-
related reasons: o prepare for a new career; to gain
new skilis necessary for advancement in their career; or
to prepare for immediate employment upon compieting
their college program. Twenty-five percent of the
students were attending college to prepare for transfer
to anothe- institution while close to 20 percent were
doing so for general knowiedge and personal enrichment.
A small percentage of the students were interested
primarily in improving their basic 'esrning skills.

The educational abilities of District students can be
best described as diverse. Findings from the Student
and nstructor Surveys revealed that students were
divided about fifty-.ifty between those who are able and
those who either expgerierce difficuity or are unable to
perform adequately such basic educational skills as
reading, writing, computing, studying, and independent
learning. Given these findings, 1t seemed useful to
gather information on the extent to which science
courses are being offered for students in each of the
various educational objective and abtlity groups.

One component of the NoF-sponsored study of
science education 1n the Los Angeies Community College

Distric  ~volved an analysts of class schedules for the
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1979-80 academic year to document the number and

variety of courses offered in the District in agriculture,

the biological sciences, engineering sciences and tech-

nologies, mathematics and computer science, the physical

sciences, and the sociat sciences. Data from this analysis

were gathered to address the questions listed below

1. what percentage of the total curriculum s
devoted to science?

2 what percentage of the class sections offered

in the sciences were designed for students.

Desiring a gerieral introductory course? In

science-related occupational programs? Major-

ing n an area of science? With weak back-

grounds n areas typically covered in high

schooi?
3. what organizational formats are used to present
science courses (e.g., lectures, laboratories,

self-paced)?

Method. Catalogs for the acaderic year 1973-80
and class schedules for Fall 1979 and 5pring 1980 were
obtained from each of the nine District Colieges. The
college catalogs were consulted I1n order to obtain descrip-
tions of the courses in terms of ther prerequisites,
contents, and students served. The ciass schedules
were examined to gain a more accurate count cf what
courses were being offered than could have been ascer-
tained from the college catalogs alone.

information for this study was obtamned by counting
all science class sections n the nme District College
class schedules for Fall 1979 and Spring 1980 for each of
the science disciplines. All courses appearing n the

class schedules were placed into one of four categories

., 58




O

ERIC

Aruitoxt provided by Eic:

on the basis of their content and intended audience

(e.g., major field, educational background of students in
that area). Descriptions of the four course orientation
categories are presented beiow.

General introductory courses. The courses included

in this category are designed to intruduce students to
subject areas in science. These courses may be taken
to fulfill a general education requirement and are not
intended for students in science programs. Courses in
this category differ from those designed for science
majors in the follcwing respects: (1) they are not
prereguisites for any other course; (2) practical appli-
cations are stressed more than theory; and (3) the
coliege's curriculum includes a more intensive course in
the same area.

Courses for science majors. These rcourses are

designed to satisfy lower division science requirements
for students 1in science programs. The introductory
courses are for introducing sci:nce majors to scientific
principles and concepts and are prerequisites for more
advanced courses. Those courses specifically designed
for science majors are designated by an introductory
science prerequisite and they treat subject matter in
depth.

Courses for students tn science-related occupational

programs. Courses in this category are aesigned for
students interiding to complete programs in science-related
occupational and technology programs Major scientific
principles related to an occupational field as well as
sciertific terminology are introduced.

Preparatory courses. This category consists of

courses to prepare students for introductory college-level
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courses in science. They are designed for students with
tnadequate backgrounds in some area of science. These
courses provide students with the knowiedge and skills

needed In the introductory college-level science courses.

Resuits

what percentage of the tolal curticulum ts devoted

to science? Nearly one-fourth (24%) of the class sections
offered in the District in 1979-80 were in the sciences.
A greater proportion of the curriculum was devoted tO
science at the predominantly White suburban District
colleges than at the urban campuses with high minority
enrollments

what percentage of the classes offered in science

was_designed for _students desiring a general _introduc-

tory course? Overall, 48 percent of the class sections 1n
the sciences were presented as a general introduction to
a discipline. The proportion of class sections offered as
general introductory courses in each of the ereas of
science was as foliows: social science (75%), physical
sc.ence (60%), mathematics and computer science (37%),
biological science (34%), agricultural science (11%), and
engineering science and technology (3%).

what percentage of classes offered in the sciences

was designed for students_in science-related occupational

programs? The proportion of the class sections 1n the
sciences that was intended for students in science-related
occupational programs ranged from a high of 97 percent
\n engineering to 66 percent in agriculture t, less than
20 percent of the offerings in the bological sciences
(17%), mathematics (12%), and the physical scrences

(10%) None of the social science courses was designed
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specifically for studenis intending to complete programs
in science-related programs.

what percentage of class sections offered in the sci-

ences was _designed for students majoring in an area of

science” Nineteen percent of the class sections in the
sciences were intended for science majors. The propor-~
tion of class sections designed for science majors ranged
from a high of 50 percent in the biciogical sciences to 25
percent in the social and agricultural sciences to less
than 20 percent in the physical science (18%) and
mathematics (8%).

What percentage of the class sections offered in

science was designed for students with weak backgrounds

in_areas typicaily covered in _high school? Just over 43%

of the class sections in mathematics were designed for
students with weak backgrounds 'n areas of mathematics
typically covered in high school. The only other science
area which offered developinental courses was the phys-
ical sciences where 13 percent c¢f the class sections were
geared for students needing preparation in the physical
sciences before entering the tntroductory courses.
Summary. As shown in Table 19, close to 50 per-
cent of all class sections in the sciences were designed
as general int-oductory courses. Courses intended for
students majoring ir the sciences arnd courses deveioped
for students intending to complete programs in science-
related occupational programs each accounted for 19 per-
cent of the ciass sections in science. Of the science
offerings 14 percent were designed for students needing
preparation in the sciences before entering introductory
courses In which a fundamental background :n science

was assumed
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Table 19 '
Percentage of Science Class Sections
Offered for Different Groups of Students

Orientation of Course Science-Related
General Introduction/ Science Occupational
Area of Science Non-Science Students Majors Programs Preparatory
Social Sciences 75 25 0 0
Physical Sciences 60 18 10 13
Mathematics 37 8 12 43
Biological Sciences 34 50 17 0
Agricultural Sciences 11 24 66 0
Engineering Sciences 3 0 97 0
A1l Science Areas 48 19 19 14
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What organizational formats are used to present sci-

ence courses? Sixty-eight percent of ail sc.ence class
sections offered in the District were presented through a
lecture section format. A combination lecture-iaboratory
section was used for 24 percent of the class sections.
Other course formats were: laboratory section only, six
percent, independent study, two percent; and television,
videotape, or self-paced courses offered in a iearning
center, less than one percent.

What factors affect the development of innova-

tive curricuia? When asked about innovative curricula in
science and mathematics, persons interviewed at each of
the colleges cited one or more programs that have been
developed to assist students--especially tthose who were
weak in their basic skills. These included beginning
courses 1n biology and chemistry to introduce the stu-
dent to scientific terminology, math anxiety workshops,
auto tutorial programs in the sciences, computer-assisted
instruction, and modularized courses lasting from four to
six weeks, in which students are permitted to enter at
any time during the year. However, with a number of
notable exceptions, there was not much effort being
made to develop innovative science curricula and courses
designed to accommodate students in the various edu-
cational ob:ectives and ability groups attending the
community coilege.

Many of those interviewed expressed the need to
develop 1nnovative curricula, but in the next sentence
noted that such changes would be difficult to carry out
in the face of budget cutbacks. One Dean of instruction
characterized this period of tight budgets as a "“poor

season for innovation " Some fel?&hat the benefits of
‘
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any innovative program seemed to diminish over time.

Others were not convinced that innovative curricula were
effective in increasing student learming. They felt that
what students learn 1s determined by the amount of
effort they put into their studies and "there 1s no

substitute for hard work "
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Chapter 6
CONCLUSIONS AND RECOMMENDATIONS

A number of conclusions can be drawn from this
study. They will be discussed with respect to the
following topics. recruitment activities, curriculum,
course attrition, and support services. Recommendations
on how community coliege managers can increase student
participation in science will also include the subjects of
faculty development and the monitoring of student
progress.

Recruitment activities. The majority of students in

the sampie reported that they had not received encour-
agement to enroll in science courses at either the high
schoo! or college level. Much of the staff efforts that
were made to encourage students to consider science
programs were directed towards those who had exhibited
a high degree of interest in science.

As for the faculty, recruiting women and minority
students seem not to have been among their most press-
ing concerns. Relatively few of the science instructors
saw a need for restructuring what they were doing to
accommodate these special student groups. Actually,
recruiting any students to science seemed of little impurt
to the faculty. By self report, only one in eight
instructors had even gone into a high school seeking
students, talking about science classes with the high
school teachers, or discussing the possibilities of science
education for incoming students.

Curricuium. The science instructcrs were realistic.
They were aware of the various reasons students have

for attending college, and they were especially aware of
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their students' educational abilities. Science instructors
and their students agreed that about hailf of the students
have some difticuity or are unable to perform adequately
activittes that require the use of basic learning skills
which both groups identified as important for success in
their science courses. Yet, in spite of this awareness,
the diversity of student educational objectives and abii-
ities were not reflected n the types of science courses
offered or In the manner In which they were taught.

There was a near absence of courses in the agri-
cultural. biological, engineering, physical, and social
sciences designed especially for students who needed
some assistance with their reading, writing, mathematics,
science, and/or study skills. Thus studerits who wv.ere
weak 1n one or more of these ability areas and who
wished to take a Science course would have no choice
but to enrolt in one for which they were not adequately
prepared A conseguence of this practice was that
students 1n most of the science classes were divided
about fifty-fifty between those who were able and those
who experienced difficuity or were unable to perform
activities that the instructors noted were important tor
success IN their courses.

A number of the science instructors noted that by
being asked to provide instruction to groups of students
whose reading, writing, computational, and study skills
ran the gamut from poor tc excellent placed them in a
situation where neither they nor their students have
much opportunity to succeed. This concern 1S not
Ihimited to faculty In the Los Angeles Community Collage
District. Results of nationwide surveys (Cohen and
Brawer, 1977, Brawer and Ffriediander, 1979; Cohen and
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Friedlander, 1980) of instructors teaching courses in the

hun‘)anmes, sciences, and social sciences showed that
over half of the faculty said their courses could be made
be/tter if they had "students who were better prepared
to handle course requirements." Over one-fourth of the
instructors noted that their courses could be made better
if there were Ystricter prerequisites for admission to
classes."

Not only 1s the practice of permitting students to
enroll in a science course regardless of their academic
abilities or hkelihooa for success in that course undger-
mining the instructor's ability to effectively conduct the
class, but it 1s also having an adverse effect on the
students--especially those with weak academic back-
grounds and those who plan to transfer to four-year
colieges and universities. Resuits of the transcript
analyses showed that students in the District completed
about:;one-half of the science and mathematics courses in
which (they enrolled. These high course attrition rates
are not hmited to the District or, for that matter, to the
smenc’ézs. Studies show that course attrition rates in
many community colleges across the country are often as
high as 30 percent to 50 percent and that much of their
attrition 1s a consequence of student difficulty 1n keeping
up with the course (Friedlander, 1981).

As for transfer students, Russell and Perez (1980)
explained the high attrition rate among community coliege
transfers to UCLA--many of whom were from the District
--as being primarily associated with academic difficulties.
The attrition was especially high 1n the physical sciences,
mathematics, and engine- "1NQ courses. In separate

studies conducted at the University of lilinos (Anderson,
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1977) and at UCLA (Menke, 1980), 'he average GPA of
the community college transfer students was found to be
lower than that of the students who began their post-
secondary education at the universities. Transfers to
the physical sciences, mathematics, and engineering
courses were found to have the most difficulty, and
transfers :n  those fieids often changed their majors
(Cohen and Brawer, 1982) Such findings are typically
attributed to the increase in the number of students with
deficiencies in basic academic skills who enter community
college transfer courses This 1 turn has forced many
of the community college science facuity to lower the
level at which their courses are presented.

Over 50 percent of the students in the sample were
attending college to prepare for or advance in a career.
An additional 19 percent were attending classes for
personal interest n spite of these figures, only a
small percentage of the courses in the biological, phys-
ical, and social sciences were designed especially for
these groups of students On the other hand, nearly all
the course offerings in the engineering sciences and
technologies were intended for students who were major-
iIng In those areas These findinas 1ndicate that the
science curriculum as 1t 1s now presented is not likely to
appeal to the majority of students attending college in
the District. A similar conclusion was reached in 3
nationwide study of the science and social science curric-
ulum 1In the community coliege (Brawer and Friedlander,
1979; Friedlander, 1979).

Course attrition. Students in the Los Angeles Com-

munity College District completed 52 percent of the science

courses In which they enrolled. Course completion rates
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renged from a high of 72 percent in agricultural sciences

to a low of 48 percent in mathematics and computer sci-
ence. Neariy half of the students attempted no science
courses, of those who did, 45 percent received an
unsatisfactory grade (D or F) or failed to complete the
first science course in which they enrolled; students who
earned & grade of A, B, or C in their first science
course were much more likely to enroll ., and complete
additional science courses than those with grades of D,
F, or W, stucerts who withdrew from their first science
course were likely to withdraw from most of their other
science course-; and the grade students received In
their initial science course was a good indicator of the
grades they earned In subsequent science courses.
Results obtained 1n this study as well as In others
clearly demonstrate that a high percentage of students
do poorly n introductery science courses and that
grades in the first science course are strongly associated
with enrollmerit, completion, and success in future
sclence courses

Attainment of such educational obrectives as an
associate degree, occupational certificute, and preparation
for a career In science, technology, or engineering are
often ccntingent upon students successfully completing
two or more courses in science (including mathematics).
Of the extraorgmar'lly high percentage of students who
do not successfully comgplete their first science course,
there are likely to be many who reassess their educa-
tional goais in an effort to avoid taking additional
courses in science. To the extent that tihis occurs. the
introductory science courses may actually serve to inhibit

rather _han promote attainment of two basic goals of
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community college science education programs--increasing

students' understanding of scientific and technical devei-
opments and thewr apr:cations In society, and heightening
students' awareness and interest in career opportunities
in science-related fields.

pPoor academic preparat on of the students--especially
in the areas of reading, writing, and studying--were
identified by those interviewed as the primary reason for
the high attrition rates in SCience COUrses. Faculty
seemed to accept high rates of attrition as a fact f
urban community college life, and several noted that
they prepared for 1t by oversubscribing their courses.
Although some faculty employed a variety of methods to
increase student retention in their courses, there was a
near absence of formaily organized eftorts to do so at
the department, college, or District leveis. Few of the
science faculty knew what happened to students who
dropped out of therr classes. Most assumed that these
individuals either enrolled n 3 lower-level course in
their field, sought assistance from a college support
program to strengthen a basic skili 1in which they were
deficient, or came to the reahization that they lacked
the abihities and/or interest needed for success In the
sciences

Support services. The primary approach used by

the science faculty to respond to the large numbers of
students experiencing difficulty n their classes was to
recommend that they seek assistance from one or more of
the college's support programs. Tutors, individualized
instructional programs available n the learmning center,
mathematics and learning skilis laboratories, developmental

courses, ard counselors were all readily accessible to
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students. Most of the faculty members relied on student

imtiative to .ek assistance from the appropriate college
resources

Despite these ~fforts to provide students with the
support programs and assistance they need to succeed In
their courses, czaly a small percentage of the students
who could profit most from the assistance provided tuok
advantage of these programs. The factors of time--not
wilhng to devote the extra time or effort needed to
receive - _sistance and services offered at an inconvenient
time--were cited by a high percentage of students and
their instructors as the primary reasons they did not
take advantage of a support program from which they
could benefit. Since the necessary remediation needed
to assist students experiencing difficulty with their work
was not typically provided as part of the in-classinstruc-
tion, the decision not to seek much needed help was
often associated with high course attrition rates, lowered
career expectations, and low rates of program completion.

Recommendations. Several suggestions can be made

for increasing participation in the sciences by women and
minorities. First, recruitment efforts need to be expanded
at both the high school and college levels. Furthermore,
tnese efforts need to be directec towards the full range
of students--from those wt 1ave not done well in science
or mathematics in high school to those who have shown a
high aptitude and interest in those areas. A number of
promising recruitment activities have been implemented
by District faculty and counselors. The,e have included:
going to local high schools to discuss science programs
and careers with counselors and students, advertising

courses through announcements in newspapers, posters,
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and on the radio and; nviting women and minority

scientists lo the campuses to talk about their careers.
Attempts to generate interest In the sciences also took
place 1n such off-campus locations as prisons, hospitals,
county affirmative action centers, government agencies,
department stores, industry, and union halls, However,
for the most part, these recruitment activities were
carried out by counselors acting on behalf of the entire
college in order to be effective, these recruitment
activit.es need Lo be organized and carried out at the
level of the science department. Recruitment efforts
should involve counselors and science instructors tn bothn
the high school and the community college, members of
professional science associations, employers, and repre-
sentatives of civic organizations.

With respe<t to curricutum, science faculty need to
design distinctive courses which accurately reflect the
range of their students’ educational objectives and abil-
ities To achieve this objective, science faculty will
need to 1dentify the aspects of their subjects that
students in each of the colleges' cunstituency groups
(transfer, occupational, personal interest) would find
valuable and then determine the level at which the
courses should be presented. Target