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PREFACE

-

This monograph is one of a series of twelve
publ1cations dealing with the sciences in two-year ‘colleges.

These - pleces are concerned with agriculture, biology, -

chemistry, earth and space sciences, economjcs, engineering, .

integrated social stieoceé and anthroéolégy, integrated

_nhatural sc1ences, mathemdtlcs, physics, psychology, rand

sociology. Except for the monograph deallng with engxneerlng

transfer programs, .each was written by staff associates == _

of ﬁhe Center for the Study of Community Colleges under
a grant from the National Science Foundation
(#SED 77-18477). '

In addition to the primary author of this monograph,
several people were dinvolved in its.execution. Andrew
Hill and William Mooney were instyumental in developing
some of the procedures used in gathering the data. Others f
involved in tabulating information were Miriam Beckwith,
Jennifer Clatk, William Cohen, Sandra Edwards, Jack |
Friedlander, and Cindy Issacson.

Field Researcthorporation in San Franciscq, under

"the direction of Eleanor Murray, did the computer runs

in addltlon to printlng the instructor survey employed .
in that portion of the project dealing with 1nstruct10nal
practices. Bonnie Sanchez of the ERIC Clearinghouse

for Junior‘Cbllegeg and Janice Newmark, Administrative

.Coordinator of the Center for the Study of Community

Colléges, prepared the materials for publjcation. Jennifér
Clark did the final compilation of the various
bibliographies for each monograph. N :
4 ‘Florence B. Brawer coordlnated the writing activities
and edxted each of the pieceés. Arthur M. Cohen was
responsible for overseelng the entire project.

In addition to these people who prov1ded so much - | .
input to the- flnallzation of this monograph, we wish
to thank Ray Hannapel-and Bill Aldridge of the National
Sciénce Foundation, who were project monitors. v

- Arthur M. Cohen B | "~ Florence B. Brawer :
‘Project.Director oy "Publications Coordinator

.
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SCIENCE EDPCATION. IN TWO-YEAR COLLEGES: CHEMISTRY
| . s
Chemistry is a'centrél science taking from and giving
to the other sciences, health sciences, and engineering.
‘Chemlstry programs are heavily influenced by the form
and function of the institutions in which they are-housed.
‘This monograph examines the characteristics of chemistry
_in two-year colleges . 1n view of its. relationship to the
other sciences and ‘the dlverse functions and heterogeneous :
- student bodies of these- institutions. it represents- '
| one. part of a Natlonal 801ence Foundation (NSF) sponsored
"study of science education 1n community, junior, and .
technical colleges in the Unlted States. ‘The study, '
'conducted by the.Center for the Study of Community Colleges,
was designed to provxde a comprehensive plCtute of curric-
ulum and instruction in the two-year college. A literature
review of the most 1mportant studies of two-year college ,
science education was conducted,to deterpine what wds . .
, already known about curriculum and instruction in the ., ‘
- "~ gciences. Curriculum data were gathered from the catalogues. . . -
and class schedules of a: .representative national sample '
of 175 colleges. A random sample of science 1nstructors
in the 175 colleges were surveyed to determlne ingtructional
practices and to obtain some information on the science .
faculty. , . .' ' f : o ,
This monograph explores the curriculum and instructional
v o ractices in chemistry and some of.the resoufces available.'
?t also includes recommendations for improving and strength—

' 'ening these chemistry programs in two-year colleges.: y

The Two-Year Colleges o .
These colleges include the publlc community and
junior colleges, private junior coIleges, tworyear technical
. institutes, d lower= ~division two-year centexs ef university N




7

‘J)\r’

'and.courses must be available. Specifically, in themistry,

T all publlcations of the Advisory Council on College "Chemistry
- were reviewed.:as was an extensive collection of . publicatlon\\

.gystems. The public institutions, 4 percent of the

total, are often characterized as open- door, comprehensive,

community colleges; these three terms help account for.

the character of chemistry programs of two year colleges.
Two-year colleges enroll more than four million

students -- one third of all students in higher education’

There is great diversity in educational background, abilities,

-goals and interests among these. students, a conseguence

of the open-door Qollcles. Thergfore, many programs .

not all science intending students are prepared to start
at the same place. Furthermore, not all programs requiring ‘
chemistry need the same slice of the spectrum of chémical |
topics. Each chemistry course must be justified in ,terms ﬂ
of one or more of the functions of the comprehensive
colleges: transfer, oécupational, generél edhcatiqn,
remedial, counseling- duidance, anawcommunity service.

' Additionally, the size and diversity of the student
body have implications not only for the structuring of
the chemistry curriculum but also for the presentation
of chemistry.to the students, a toéic which is also con-

-

/

L

sidered here. . » - ﬂjr,w
The L1terature of Chemlcal Educatlonjln Two:Year Colleges
The literature background for thls paper was obtained
‘through a complete search of the Journal of Chemical
Education (volumes 40-56, no. 7); the Joéurnal of College
Science Teaching (volumes 1-8); Chemistry 1n the Two—Year
College (volumes 1-18); pivision of Chem1cal Education
Natlonal Meeting Abstracts (1963-1979 sprlng)é ‘the ERIC

ystem, ‘and Dissertation Abstracts (1963- -78) . Addltlonally,

reports, and papers concerned with chemical education
and chemistry 1n_the.two—year colleges. This collection

2 i
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contains items from Amerjican Chemical Society component
organizations, the National %blence Teachers Association,
Amer ican Association forx Aéu&hcement of Science, Chemical
Manufacturers ASSOCiatlon;.National Science Foundation
and projects supported by *NSF, state community college
4 agencies and many other agencies and organizations.
| Other publications .concerned with education and science
"~ -also contained occasional references of interest. However, .,
the community college literature contained little of .
' interest to the study of chemistry.
The literature citations in this report are 11m1ted f’

'\
they were selegted for their pertinence to the specifics ‘ .
i
|
|
\
|

- -

of this document. No attempt has been made to be compre-
hensive in citations or bibliography herein. However,
an additional, comprehensive report 1is being prepared
that will include all of the tables from which this report
has been prepared as well as more extensive discussion,
and a compréhen31ve blbliography on chemistry in the
two-year colleqes. When completed, the report will \be
. available through the ERIC system. ' : : .
( ‘ Comprehensive studies relating to the topic of this
monograph include the 1965- -66 California two—year college
: chemistry curriculum stuEy (Mooney, 1967); the 1966~ -67
national two-year college chemistry faculty study (Mooney
& Brasted, 1969); the status of introductory college
chemistry (Dodson, 1969); the analy31s of patterns of ,
~ introductory chemistry in the two-year colleges (Mooney,
. 1968); and the description of the chemistry curriculum
at St. Petersburg Junior College (McKaig & Gay, 1965).

Hill (1974) developed a concept=based unitized chemistry
curriculum with units applicable to the needs of diverse
"student enrollments in beginning chemistry courses. :
Built-in flexibility in scheduling allows both individual-
ization of course content’ and self-pacing of time. Most .
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of the other literature references relevant to chemistry

~in the two-year colleges deal with specific courses or

sequences in some way; 114 articles from the Journal

of Chem1ca1 Education dealing with new approaches and

ideas to the teaching of chemlstry courses were surveyed
by Hansrote (1979). : N -

_Guidelines fpr Two-Year College Chemistry Programs

In 197 the ACS Committee on Professional Teaching,

"in collaboration with the COCTYC of the Division of Chemical

Education, publlshed the Guidelines for Chemlstry Programs
in Two-Year Collefes (ACS, 1970) for the expressed-purpose

of providing guidance to the teaching faculty and the

~administrators in charge of tramsfer progfams in chemistry

at the two—year'college} /Yecommendations for two-year
college chemistry programs contained therein include:

(1) a one-year course in general chemistry, (2) a one-

semester course in elementary chemistry to prepare students-
for general%chemispry: (3) a one-semester course in quanti-

tative analysis, in some situations; (4) a one-year course.

ingorgamic chemistry, if it can be of the proper quality;
f .
and (5) separate courses for chemical technology programs.

b

The two-year college Guidelines have not been revised -
since 1970ﬁ although the four-year program document upon
which they were based was modified in 1977 (ACS, 1977) |
This revision includes the following statements related

to the first two-years of college chemlstry:

/
¢

‘. . .Usually the ma]ority.of students . . . take
~chemistry as a requirement in some other chrrlculum.
.. Chemistry departments have an important oblxgatlon K

V to serve the technical and broader educational'needs
- Of such students. ., . . Lecture experiments and _
demonstrations - particularly effective in Rresenting

descrlptlve material and in generating lasting interest

~-—-in_chémical phenomena - should be designed to provide
greater emphasis on these latter aspects. Similarly,
-efforts should be made to use some of the newer ¢

4

~ B €

.




types of learning médla resources, . . . The first . .

¢ year's work should include an introduction o chemical °
' principles and élementary chemic¢al analysis. One

* semester or the eqqlvalent should be devoted ‘to .

. basic inorganic chemistry, i.e., to descriptive ’ . ‘

\

bty

k3

chemistry dealing in a systematic way with the elements .
and the sgtructures, properties, and reactions of ' '
their compounds. Students with strong high school . »
preparation often complete suitable .coverage of . .
these topics in two semesters (or the equivalent
in quarters); others may require three semesters. ‘
- The lntroductory year is followed by two semesters e
of organic chemistry (p. 7-9).
. ' The 1969 Conference on Science in the Two-Year College ' _
Cs, 1971) recommended that: "Two-year college faculties ° . e }
respond to the diverse needs of their students: by offering’
] ‘ .
an appropriate variety,of programs in the sciences . . . .
The scienck content of occupational programs should be
the joint concern of faculty in science and faculty in : .
the occupational programs" (p. 2). ‘The curriculum studg"
reported herein is the first to indicate the extent to -
' which two-year college science programs have respondgd o
to the diverse curricudum needs of their students. r"dﬁ
This paper is divided into three parts. The curric-
] ulum study conducted by the Center for the Study ‘'of Communlpy ¢ -
L Colleges is presented in Part I. Part II discusses results s
of the -survey of instructional practlces "while the last

-~ portlon offers recommendatlons stemmlng from these

- investlgatlons.
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(College catalogs and class schedules {or the sprlng
1977 through winter 1978 terms (both semester and quarter
colleges were 1ncluded) were obtained from- each of ' the

Procedure

175 participating colleges. The curriculum phase of

thls project utilized the Course Cla551f;pat1on System
ﬁor the Sciences in Two-Year Colleges (Hi'll & Hooney,
1979) developed speciflcally for this project to analyze,
.classify and report the science courses in terms ot both |
the unlque features of the two-year colleges and the
traditlonal science disciplines| ,h The CCSS was | q?plled

as described below. L : N ;3

s
Based upon the catalog course descrlptlon) each . .
I . . . ]

_sc1ence ‘course llsted in the catalog was’placed into
- one of six major currlculum ‘areas: Agriculture andiatural'
~ Resources, Biological Sciences, Engineering Sciences

- and Technologies, Mathemafics and Computer Sciences,
Physical Sciences, or Social and, Behavioral Sciences. o
These areas closely reflect the instructlonal adnlnrstratrve R

N

organlzatlon of two~year colleges as well as the organlza—.
tion of national and international science agenc1es, - ¥ -
Such as -the National Sciende Foundation. . - '
\\“\ The second level of classification was executed -
- primarily by the major subject field %isc1p11nes within
"the broad area. For example, the physical science classiffi- : N
cation has been subd1v1ded into Chemlstry - Introductory,
Chemlstry - Advanced, Geography, Geology, Other Earth |
“and Space Sc1ences, Physics, Interd1SCLp11nary Phy51cal
Science, or Env1r0nmenta1 Science and Technology N o :'
‘ Introdué!ory chemistry includes ‘courses or. seéuences
that the student may enter directly from high schoql
*advanced -courses are those regqdiring completion of: one
- or more terms of ‘the Yeneral c¢ emlstry course for sd}ence o
majors. Slnce there 1s a w1de varlety of courses in’ - oL

*

-~

. : . . A}
o L B ' .
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both of these groups, subcategories, listed kg the follow-
ipg sections were developed to encompass closely~related
courses Courses were placed into subcategorles\after

an analysis of the complete catalog description fo£_that-
course. Couxse inclusion was not limited to thosevcouxSes
listed under -the chemistry heading in the catalog por .
to those taught by members of the chemistry faculty..
Rather,’ any course for which the content is basically
chémical-in nature’ was included, regardless of the location
in the catalog. Independentvstudyefaork—study, clinical,
cooperatlve educatlon, and hon-¢redit continuing eﬂucation

-

courses were omltted from this study. \ ' . . L

.

3] After all the sc1ence courses were c1a551f1ed, class
schedules for the 1977-78 academic year (summer terms ~
were excluded) were inspected, and the numher of sections

oﬁfered (day, evening and weekend) for each-term were

determined. Prerequisites for entrance into the course .

‘and the instructional mode (e.g., lecture, lecture-laborqtory,
laboratory) of the course were ascertained from the catalogs

and -schedules. ; | v
Introductory Chemistry Courses ' .

L]

This category 1nc1udes-those courses 1dent1fied

. from the courSé and schedule analysis whlch are generally
completed durlng a student's flrst year. Such chrses

introduce the student to. chemistry and are concerned S
with the structure, comp031tion and prOpertles of the
- various kinds of matter (substaﬁces); the changes occurrlng )
when varlous\kinds of matter are brought together and R
subjected to various conditions;. ?nd the energy effects =~
asgsociated w1th such changes. These cqurses tend to
"be general in nature and may include materlal from several.

subdisc1plines (e.g., .inorganic, organic, an ytical

' physiQQ; and biochemxstry) However, they may also be :';

specialized in approach and select;ve in topics.

. .9

~

. . .
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°  The xntroductory courses tend to vary in content; ° '
level o( chemlcal phy51cal and mathematical sophlstlcatlon,
and orlentatlon because of the different needs, 1nterests
and bacMrounds of the student groups for whom they are
intended. !rhese-co%rses may rely—neav11y on‘laboratory 2%)
work and prerequisltes,»eSpecially mathematics,” compared . "//
to other science courses. Many courses may relate to _ ’@7 /
two or hore.Subcateqbries (e.g., be intended for, both, . // !
_ preparatory and nonfscienci students). In such cases, N

they were assigned to the One most empha31zed by tbe /

collegg in the catalog descrlptlon. The seven Subcate— " ///‘ ,
gories of- introductory ohemlstry courses, diffe entiated ' '
Q/{he students

for whom the 1ncluded courses are intended, are.

by e1the§ student majors or the preparatlon o

Related Occupations \ ' ‘// ]
g Chemistry for Allied Health\and Othér BioYogy Related '
Occupations : ; / .
Chemistry for Engineering Technology a Related -
: ‘Occupatlons o N /// ' o
*‘Preparatory Chemlstry _
Genetal Cheitistry for Sc1ence and BPhgineering T

. Introductory Cqurses for Cbemlca Technologies
'-"Chemlst y rggther Groups
Descriptions of ‘each of these/seven

/éubcategories introduce
- the sections " which the  findings

for each group are -

.

“disclussed. o VA _
Advanced Chemlstry Courses . ./- . | o ‘
. ‘Chefiistry courses. based on one. or mor e terms of - . S

sgeneral. chemlstry for éxther sc1ence and englneerlng

majors or chemical technology students.. comprlse the advanced
category.. Theselcourses ani cohcerned wltp sugh spec1alized
areas- of chemlstry as gquantltative and instrumehtal methods
l{ of analysis, organic chemlstry and blochemlstry, chemlcal

f _ SR T

.
: -
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.



'englneer1ng and 1ndustr1al chemlstxy, clinical chemfatxy,

. \ and physical chemlstry. They are intended prlmarlly
for s;udents majorlng in- chemlstry, biochemistry, chemical v
eng{neerlng, chemical technology, and the biological h
: and health sciences, including medical laboratory: technology. .
Specialized courses not requ1r1ng general chemistry are
L included in the introductory category. The five subca&g-
goriés of advanced chemistry courses, diffefentihted !
by content. .or specialized area rather-xhanuby“s:\dentu‘.
A major or. preparation as for the introdLbhory cohrses,
are: ’ - \ e |
‘ Analytical Chemistyry Including Instrumental Methods<
~_‘Organic éhemistry Ihcluding Biochemistry ' '_
L Industrial Chemistry and Chemical Engineering e
Clinical Chemistry - | _' . : ‘:
Other Advanced Chemistry : - -
Descrlptlons of these f1ve also accompany the dlSCOSSth

N .

of ‘the flndlngs.

S — .+ . . RESULTS

o _ The findingé of the Curriculum S{udy are reported i -
. in the followlng sections. The first twé sections present 3h
y a proflle based on the number of courses gdnd then the - ﬂ) N
| number of 'sections; these are €ollowed by |a detailed : : :-

report on each of the twelve subcategor ieg of chemiétry
courses. This part is concluded by an andlysis of the
-+ 3 pattern of course offerlngs in indlvxdual colleges.
. ‘_‘" a ‘.

Chemistry Courses ’ _
'polleges'listed

. Ninety-seven percent (97%) of the 17
one Qr more chemlstry courses in their 1977-78 catalog
and all of these cblleges qffered at leagt one chemlstry
course in their schedules of classes for the spring 1977
Y

’ through winter 1978 térms (summer exclud d).' All 97 .-
percent of the colleges included introdyctory: courses
. “ . )

-

-
%




“”

‘were general'chemls ry; nearly another th1rd were adva

. The decreases fnom catalog to schedule were 10 Eerc
- or .less, except "for analytical chemistry, a phen07 o

. dropped relatively from the course rank&fg

-~

in ‘both their catalogs and schedules. However, fower .
collegesa(?g%) included advanced courses in the catalog
and even less (72%) scheduled them, a result which arques
strongly for - ‘the use of schedules whén assessing ‘course
offerings . .of colleges rather than the common practlce

bf reviewing catalogs. b

Looking at the results in another way, the 1192

chemistry courses, 2528 lecture sections, and 2875 labora—

' tory sections-listed on the schedules in 1977-78 produced

an average of 7.1 courses, 15.0 lecture sections, and .,
17.0 laboratory sectiens for those 169 colleges that
offered chemistry. ' L e

Table 2 presents the results of the catalog and {3
schedule analy51s or each of the 12 subcategor;es of #

chemistry courses. | One-third of all the chemistry cour ds:

courses; and .the remainder, slightly more than one-th d,
were dlstr1buted among- the other introductory types.
t

discussed later,‘ . ' . s
Chemistry Sections o . '7/
Ip oQtaln a’ more complete measure of the;# tent

of the chemlstry curriculum one m&at con51der Yhe number
of lecture- and laboratory sectlonstSCheduled / THis informa-

:tlon is also included in Table 2 for each oﬁ th¢ 12 subcate-
gories.' General chem1stry predominates beq us¢ of ‘the

larger eHrollment characteristic of thls q«ur e than
the other types (Mooney & Brasted, 1969)4 Oyganic chemlstry
ecause many
programs that require general chemlstry doﬁnot require

ur-year institu-

the organ1c,osome students transfer tQ’a f
tion after the general sequence or w} t } take organlc




Table 2
Chemist:y-in the Two-Year Colleges, 1977-78

TYpe of Course . ' Percent of Colleges Percent Percent of Total

Listing This Type - of Total Chemistry Sections
Course in Chemistry Listed on -
Catalog Schedule Courses Schedule
: Listed on Lecture Lab
Schedule
) } (n=175) (Lgﬂl7il‘ (n=1192) (n=2528) (n= 28751
Introductory Courses (97) (97) (68) ) (83) (84)
Chem for Non-Sci & ~ .. .61 . . s3. . . . 12 . . 17.. ... 16 _
4' Non-Tech Students - .
. Chem for Allied Health/ 55 49 .- 14 14 14
Biol~ Occupations . ' .
Chemistry for Engin 14 10 2 2 .2
Techn/Rélated Occup _ 2 - )
" Préparatory Chemistry - 29 {26 5 10 . 6
General Chemistry for 85 83 33 38 44
Science & Engineering | -
Introductory Courses 7 4. 1 1 1
- Chemical Technologies’ _ ‘
Chemistry for ‘Other - 14 29 - 2 1 A(<1Yy
Groups : C

Advanced Courses i (79) (72) ©(32) | (17) | (16)

Analytical Chemistry & 48 25 R 5 3 3

. Instrumental Methods ' | N . .

Organic Chemistry & 74 64- . 22 11 11 .
Biochemistry - , ' . : : -
Industrial Chemistry & 7 4 1 . (<1)
Chemical Engineering . _ ,
Clinical Chemistry 18 - 16 - 4 2 L2
Other Advanced Chem . 3 1 . (K1) - KD (KD

‘u
~ .
-

Notes. . 1. 169 colleges (97% of sample) list one or
more chemistry courses in the college catalog.

2. 169 colleges (97% of sample) list one or .
more chemistry courses in schedules of classes.. AN

-
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at thj four-year college; and other students change majQrs,

convert to a part-time status, or drop out of college

durind or after their general chemistry. :
] ﬂhe increase in percentage of laboratory sections
over Lectgre sections for éeneralvchemistry,is a consequence .
of the practice used Gy'some colleges where two or more E
laboratory sections are scheduled for each lecture secti?n.
"It is-also influenced by-lecture only sections, more :
preponderant in several other categorie8~than.inugeneral:.i e

chemistry. .
Chemistry for Non-Science and Non-Technology Majors (NSM)

‘ The study 6f ‘chemistry “designed primarily for non- .
. . science and technology students, including liberal
' arts-majors, to better acquaint them with the nature
‘and fundamentals of chemistry'as well as with chemical
aspects of our physical environment and the relation-
ship of chemistry to social, economisc, and techno-
logical developments. These courses vary. widely
) ‘ in the chemical topics included and often. arg themat-
ically oriented, for example, chemistry of the enyiron-
ment or a-historical view .of chemistry. They may : .
be multifunctional, serving as the preparatory course, :
the chemistry course for technicians and/or the ,
: whole or part of the chemistry requirement for allied "'y & |
-~ health occupational students (CCSS) . , N

.. The NSM courses are includedhin the chgmistry curric- = | v
T: " ulum because the conventional géneral chemistry coufses |
| and the more épecialized occupationally related-courées
. do ngt adequately meet the needs of those students whos : .
v . will not be scientistsy engineeﬁg or technicians bu§~ ‘ P
+who will be important citizens in a society considerably
- influenced by science. - . |
. | . The NSM courses offered by 53 ‘pergent of the colleges, ]
' accounted for 12 percent of the chemistry courses, 17
percent of the lecture sections and- 16 percent of the NS

v

v The four typeg}of NSM courses (Table 3)7différ in ' L
two ways: content or emphasis, a general approach versus A—

laboratory sections (Table 2).

. : . | --.- | .7 u - .




N a thematic thrust; and length, one term versus a year
gsequence. The piedominant‘course is the one term compré-

hensive type. Only 7 pércentiof the colleges of fered

'both a short tourse and a second NSM course or sequence. | ‘e
! , - ¥
B ’ Table 3
) - . Chemistry Courses for Non-Science and
. . : Non~Technology Majors (NSM),” )
o B ' Two-Year Colleges, 1977-78 ¢ oo T T e
Type of Course '~ Percent of Colleges Percent of . fércent oﬁ
Listing This Type . Total NSM  Total NSM ', g
o . Course ) Courses of Courses on : ‘
. ' in - ~on This Type ' ’‘Schedule
Catalog . Schedule gcheduled . {n=al171)
. " (n=175) (n=17%) (n values o
: ' - ~at left) = ¥ t
.Comprehensive 41 - 34 - 83 49
‘One -Term (n=78)* : L . »
Comprehensive . 20 17 \ 76 42 o e
T One Year (n=74) _ : _ B B ‘
Environmental 6 4 . 63 5 . R
(ns11) o J Lo
S ~ Other Spec1a11zed o2 20 75 4. :
(n~8) : ’ ’ I " PRI
*Number of courses of this type 113ted'1n catalogs. - ' . .
: : This notation will be. used on similar tables thrbughout . P
. the monograph without additional fcotnotes. S s | C )

L3

. A S ' .
The NSM chemistry courses are more'pophlar in the ' b
west. (86% of the colleges), midwest (648%) pnd mountain-

. plains (54%) reglons than in the middle states (43%),
] south (33%) or northeast (27%); 1n ‘public colleges (55%)
' ~_than private (28%); and in 1arge colleges (84%) than ) b
in medium (54%) or small (39%). The one~term -course

1

predominates in all regions. ‘
' The NSM courses, predominantly 1ecture—laboratory R
(”8%), tended to grant four units. of credit 455% of both




semester and quarter colleges) and favor three hogks

per week of lecture (60% quarter, 71% semester). ‘Labora-
tory work was included\in 86 percent of the NSM courses,
with three hours of laboratory preferred (44% quar ter,

50% seméster) over twd hours- (48% quarter,.24% semester)..

- There were no prerequisites for 79 percent of the
NSMvone -term courses or sequences. However, 10 percent
required elementary hlgebra but only 3 percent a previaus

-xchemistry course.-,«-~ - S : S

L

Nomenclature fot NSM chemistry courseé is confusing;

31 different titles were used for 98 1nd1v1dual courses

1 4
or sequences. The five most frequently found were general

chemistry (16), 1ntroductory chemistry (ll), 1ntroduction

to chemistry (9), fundamentals of " chemistry (7)., and

ba51c chemistry (6) " Additional confusion results becalse /}
many of these titles are 51milar to those, found for the =~
allied health, techn1c1an, pneparatory, and general chemistgy
courses. i !

" The development and evaulation of a new lecture—
laboratory NSM chemistry course, primarily for students -
entering under the open admisSions program at the Borough
of Manhattan Community. College is well documented- lecture-

(Jaffe et al., 1975) 1abqnatory (MarKisz et al.,_1975),

~in a PSI format (Spevack, 1973, 1975); and in a closed

circuit TV approach (Levihe, 1973). Other. 81gn1ficant
contributions include using "real" samples in laboratory
(Nordmann, 1967)*and an. investigation of the mathematical
skill$ of the NSM chemistry students (Perkins, 1979). '
Hostettler (1979) gives an extensive - bibliography for o~
teachers of NSM courses and Fuller (1974) revxews the '
decade of 1ncreasing interest in this area.

¢
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Cheémistry for Alliéd Health and Other Biology Related
Occupations (AH)-

* The courses included herein ar€ designed primarily

> for both- two-year occupational and transfer students
enrolled in any of the allied health, agricultural,
natural resources or similar programs. These courses

include’ the study of Selected topics from inorganic |

chemistry, organic chemistry and biochemistry, with
applications to . living systems as encbunteged in.
advanced study or work in these fields. Courses -
for the occupational programs tend’to be shorter;
less intense; have lower prerequisites, if any;-
~and are apt to be more specialized than those for
the transfer students (CCSS) . '

The AH chemistry courses have grown. in popularity
more rapidly than any other type oﬁ-igtroduétqry course,

This is;probably a consequence of the recent national
emphasis placed on Occupational and paraprofessional

‘education in the health sSciences. Although not mentioned

in the Guidelines (ACS, 1970), the aH courses are an

'ekcellent response to<the recommendation that\chemistry

departments serve the technical and broader educational

needs Qf's;udents who. are not chemistty majors but who _

are enrolled in first Year chemistry courses (ACS,¥1977).
The. AH chemistry cohrses! offered by 49 percent

of the cblieges‘accounted for 14 percent- of the laboratory

sections (Table 2). The four types bf AH courses (Table, 4)

1 4

- differ in three ways: content, inorganic-organic-

biochemis;ry as opposed to separqﬁe organic or bchhemystry(

- coutses; length, pne versus two or three terms; and majors,

LN
all AH and related students or majors' in a specific
occupational program. . | , ~
‘Although th%_shbrt course was scheduled by more

colleges than,tﬁé_long one, nearly half of the‘total

- courses of thig type were part of a long course sequence.

Only slightly mére than one-third of the courses were

-of . the short variety., The separate organic or biochemistry
' courses require something less than general chemistry

17 BN




as preparation; hence, they are included as introductory
courses. Finally, courses for specific programs emphasi ze
the Shemical knowledge and techniques required in the

program—they serve,

\ -

Table 4 ‘ . T
Chemi try Courses for Allied Health and
Other BJjology Related Occupatxons (AH) ,
- TWo-Year Colleges,:' 1977-78 ..~

. "+ Type of Course- percent of €olleges Percent of Percent of
. = Listing This Type Total AH Total AH
Course Courses of Courses on
- in on This Type Schedule
P ' Catalog ' Schedule Scheduled (n=157)
ot : ' i - (n=175) (n=175) (n values
o k o ' . ) : ~at left)
{ S V . — .
Inorg, - Org. - Biochem. .29 24 82 36
Short Course (n=56) .. RN ‘
Inorg. - Org: - qugixem. 25 s =22 87 48
Long Course (n=86] %ﬁghfg _~//
Organic or Biochem. 11 A . 8 58 10
(n=26) A . ' . ‘
Courses for Specific 8 . .6 ; a8 “ 13 )
. . Programs* (n=24) . L -

*Tncludes food, agrxéultural, embalmxng, fisherles, medical
laboratory technology, and nuclear medicine chemistry _ -
A © courses, . -3 . -
Only "39 percent of the single course or first-term

‘AH courses listed prerequlsltes. Long courses tend to ' .
-have more prerequlsltes than the one term ‘course; 33

to 6 percent require a}gebra, and 17 percent.to 13 percent,

high school chemistry. Approxlmately one third of the - °.. '
organic/biochemlstry and spec1f1c pxogram courses require

a previous college chemistry course.

The inorganlc - organic - biochemistry type (short -

. and long courses ccmbined) are more apt to be found in

4 ' . V'
) | w8 - .~




the northeast (45% of ~the colleges),,west (39 ) or midwest
(38%) regions than the south (33%), middle (24%) or mountain-.
plains (23%) states. They tend to be in public (36%)

~ rather than private colleges (25%) ; in technical (39%)
or comprehensive (35%) rather than liberal arts (13%)
colleges;.and in~large (44%) or medium (38%) rather than
small (26%) colleges. 'The one term course predominatedu
in all cat&gories except "for the west and the small and o

zbes, where, in each case, the year course o

] . - N e
¢ | ‘ .' ., . . - l
. . ,. !

.

’ |

1

|

. i
\

L

|

.

large coll
was equal to the short in frequency.

The one-term AH chemlstry courses were primarily
four (50%) or five (22%1 units, with three (52%) or four e,
(20%) hours. lecture and three (41%) ¢r two (30%) hours '
laboratory. -However, 17 percent of the courses were
non-laboratory. Comparatlvely,\the year courses were‘
primarily four (60%) or five (33%) /units with. three (68%)

. or four (24%). hours lecture; and three (55%), two (;B%),
‘or.four (12%) hours laboratory; only five percent were fﬁi
non-laboratory. : o '

As with the NSM courses, there. is no consistency

'in naming the AH courses; 21 different titles were used

for the short courses and 30 for the long. For the short - e

course, 52 percent were named wfithout reference to the ‘ T .‘

health sciences or life proces#es, using terms such as -& 'fﬁﬁ
.

principles of chemistry, enefal chemistry or introductory
- chemistry; 45 percent of the long courses were SO named. . n
Titles including health sciences, allied health or similar

terms were assigned to 27 percent of the short courses
'and 12 percent.of the long. Titles referring to life
processes in scme way-accounteq for the remaining 21
percent of the short courses; whereas, titles including
the terms organic or biochemistry were used in 43 percent

-~

4

of the long courses. N -




IR Recent developments in the AH chem1stry currlculum .

‘health faculty and profe551onals (Deckard, 1976- 1977;

" .The AH course appears to be unlquely sulted for individualized
“1nstructLonal apﬁroaches (Halpern, 1975—1975; Laughlln‘ ' - L

,Occupatlons (TECH)

.and practice. However, because the chemlcal empha81s S o

‘allied health groups "considered in the prevmous sectroq

yof the colleges -although they accounted for only two
- percent of all chemlstry caurses as well as a sim1lar

1nclude course develOpment in conjunctlon with allied .
Gaglione, 1975; Laughlih, 1973; ‘Stanitski & Sears, 1975)

and use of biologically relevant 1llustratrons (Trmberlake,‘, - ;i
1934, 1975) and laboratory exper iments (Dever, ﬂ975) ‘

& Kurnath, ‘1975‘ McGhee, 1975-1976) and sihilar to general

.chemistry, ﬁor studies de51gned to .predict success (Mamantov, : :gi

1976; Paul, -1978). S ‘ S e T

Al

Chemistry for Englneerlng Technology,and Related ' ._1:-'_- -'.'-,'q

|
These courses are designed: prlmaflly Eor‘poth two~year ‘ 3
occupational and transfer students in any.engineerlng ' e |
. technology,.1ndu§try—related od¢c¢upational, or’ similar.: .« -

j/‘ programs (other ®than those that are chem1cally based) . S
These courses include selected topjcs ‘from 1norgan1d _ |
chemistry with appllcat{ons to mater1als science. A - -

. and engineering related activities.” Courses’ de31gned
* for a single program, tend to, be more specialized

- . ¢ .

than those serving several programs {CCs8) . ‘ L PO

-y : _ :
The bloIOgy/health sc1ences and engineering materials . o
science area draw heaVily on chemistry. in their study ' L

in living systems and engineering materials systems is
different, the chem1dal needs of. the techn1c1ans in the
engineer1ng technology areas differ from those of the
Consequently, many communlty colleges include. separate R
chemxstry courses; for the englneerlng related technologies. ”"f
TECH chemistry. courses were offered by tén percent .

.’(

portion of both the lecture and laboratory sectigns (Table 2)



.
The TECH chemxstry courses were differentiated in terms
of length, one-term or two-or- more terms; and audlence,
‘ _ desxgned for several technlcxan programs or for more
(;égaqﬁ spec¢ialized groups (e. g., corrosxon, plastlcs or water)

('3

"(Tabless) . l ' ) .

-* . - - -
5 ot
PR %

<«

ST Table "5 - ..
Cnéhistry Courses for Engineering Technology angd
"Related Occupations (TECH), ~—~ ~ , =~ "7

' Two-Year Colleges, 1977-78. bl | .':'f
'.T}pe of Course _Percent of Colleges Percent of Percent of
LT - Listing This Type Total TECH Total TECH
. » Course Courses of Courses on
: in . ~on This Type  Schedule
Catalog Schedule Scheduled (n=24)
. (n=175) ,(n=l73), (n values . '
‘ ( - v f . at left) )
‘One Term Course for . 6 - .6 | 86 . 50 .
Technicians (n=14) o ' '
Two or More Term Course 3 .’ 2 o 5¢° - 29
for Technicians_(n=l4) S ) (
Specialized Courses* 5 3 . 50 ' 21

(n=6)

*Includes nug}ear chemistry, water chemistry, corr081on,
chemistry, cHemistry of plastics, chemistry for industrlal
safety,_chemlstry for plumbers, and unit operatlons.

A

x
b The - TECH céurses tended to grani four or five units ¢
.. credit - (54% .and 25%) and Be: scheduled for three -or four .. - -

_ _ Hours lecture (58% and 29%) and three or two hours laboratory B
'.f’ #& .(50% and 25%) per week Seventy percent of the courses - ° .

'\, f included both 1ecture and laboratoty, and 22 percent | ’

| were lecture ‘only. = . o c j R

)_ - . . S .
ot - . ) . ' 1 - . .
_ . ; _ _ . o ‘ )
' ' .. . .
. ’ R . . . - . L
. T ~ C e R L - ‘ . . . N
- . . Lt e e . . . [
. o . . A '
K - ) " . . . - K ' .
c - i . ) . . . . . i




TECH chemlstry courses aré more apt to be found
"in the mldwest (18% of the colleges), west (17%), south .
(15%), or middle states (14%) regions than mountain-plains
(9%) or northeast (9%); in public (17%) rather than private
colleges (none); in technical (28%) rather than compré?

-~

hensive (LB%) or liberal arts (7%) colleges; and in medlum
(18%) or large (18%) kather than small (10%) colleges.,
Although 60 percent of the TECH courses had prerequi-
'._sitcs listed, - only eight percent required a previous
chemistry course; 24 percent requircd mathematics of )
varlous levels. Most other prerequisites involvadd enroll-
ment in a specific curriculum. More than two-thirds- '
of the non-specialized TECH courses (68%) were named
technical chemlstry, chemistry for technicians, or indus-
trial chemistry; the others had a variety of names similar
to those for the non-science and preparatory courses."'
Innovations in TECH chemistry courses in two-year
colleges include a water chemistry course {(Kramer , 1975);
an environmental analysis course for conservatlon students _
(Loconto, 1977); - and an applled course for .the science. ~ .
and englneerlng technology (SET) currlculum (quf 1975)
Preparatory Chem1stry Courses (PREP)

4

This group includes. courses to prepc‘é students

for other 1ntroductory chemistry cou)ses, primarjily

the 501enag&ma]ors .course and are designed for students
with no prévious chemistry or weak chemical backgrounds
whose educational programs requlre one of the other
introductory chemistry courses or sequences. Generally,
the courses include an introduction to the pr1nc1p1es
of chemistry, including-the modern ,concepts of -atomic
-gtructure as a basis for understanding.valence, o
formula&, equations, and chemical reactions and ~
an emphasis oh chemical calculatlons (%fSS). -on

In practice, many students-enter two~yea: colleges
“without high school chemistry or with a weak backdround

)

»

in the science. 'AQdieionally; many students haqs\:joided AT

22
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the high school. mathematics courses recommended for students
who intend to pursue science and engineering majors in
college; whereas, others may have completed such courses

' but cannot apply their mathematical ehills and techniques
to solve problems characteristic of general chemistry.
For reasons such as these, the ACS Guidelines (1970)

. recommended that a one semester course in elementary )
chemlstry be offered for students who have had no previous
tra1n1ng in chemistry or who have '‘a poor high school 7 - - -

l . background. Similarly, the ACS Criteria (1977) recommended
three semesters for the under-prepared student to accomplish

-~

what the well-prepared student could ‘do in two. Such
" a one semesrer course would be a suitable prerequisite
»to 'substitute for a year of high school chemlstry in
qualifying the student for the year course in general 1 ‘\
chemistry.
Studies conducted by the National Assoc1at10n of
_ Secondary School Principals on the causes of ‘the under-
preparation of college students, and by the College Board
on the decline in SAT scores, have implications for college
chemistry. Furthermore, the teaching of college chemistry
: _ to uhder-prepared Studenta.who cannot meet the demands'
of(a rigorous college program is becoming a growing natlonal
) concern of educators (Taft,'1979) Taft infers from '
' o " the- ava{lable data that although a relatively small number i
. of students are prepared for the general chemistry course .
as far larger group need the remedial. courses currently

\

offered by many colleges as prerequlsltes for the more
demandlng general chemistry courses.’ ch preparatory.
-courses require considerable faculty time and money;
however , they are essential to avoid high dropout rates
. from the general chemlstry courses or the lowering of

* ‘J.. .standards. among college graduates -in the sciences.




The Subcommittee” on thernderprepared Student [(Kotnik,
1974) studied chemistry student Heficiencies in 391 colleges,

1nclud1ng 125 -two-year - 1nstitut1ons. The six def1c1enc1es

reported most frequently by .the tw0vyear colleges were
identical' in rank order with those of the four- year colleges.

. In all cases, however, the deficiencies ‘were mentioned

more, frequently by the two-year respondents. These data
support a widely<®voiced contention that- studenté entering,

4

- two-year colleges are. less- well prepared on the average,
"for §6llege chem1stty than those- enterlng four-year colleges

PREP chemistry courses were offered by 26 percent

of the colleges, they accounted for'five percent of all

chemlstry courses as well as ten percent of the lecture
and six/ percent of the laboratory sections® (Table 2).
The PREP courses tend to-differ from each other in length, -
one term or two or more terms; in relationship to enrollment
in general chemistry,. prerequisite to or concutrent with;
and in emphas1s, introduction to- chemlstry or chemical
calculations. From Table @\we/note that the predom1nant.
type is a one term cdﬁtse, 1ntroductory to general\chemlstry
offered by 22 percent of the colleges. | X

PREP courses were less apt than most other types’
to include, laboratory work; only 48 percent were lecture-
laboratory, 33 percent were lecture only, angd 15 percent ‘
were classed as ‘other' Most one-term preparatory courses
meet for three (44%) or four (21%) lecture hours and
two. (26%) or three (33%) laboratory hours per week although
26 pekcené have no ligoratory. Credit is distributed °
prlmarlly among three (33%), four (35%) and five (26%) .
unit courses. Prerequlsltes were minimal, 77 percent

.

require no mathematics, 97 percent no chemistry and 97

percent no test results.
3
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| - Table 6
‘Preparatory Chemistry Courses (PREP),
Two-Year Colleges, 197J~78
Type of Course Percent ‘of Colleges Percent of Percent of
Listing This Type Total PREP Total PREP |
Course Courses ofr Courses on
in on This Type Schedule
) . Catalog Schedule Scheduled (n=51)"
. ' _ (n=175) (n=175) (n values .
oo : : : ‘ . at left)
One Term Course _ - : )
Prerequisite to 25 22 ' 91 76,
‘General Chemistry e ’
‘ (n=33)
Two or More .Term _ e i ‘ .
Course Prerequisite 1 1 100 . 8
to General Chemistry . . : - '
. * (n: 4‘) ) [ “ &
’ Concurrent Course S ’ '
with General _ o2 7 _ 2 75 6 y
Chemistry (n=4) ¥ '
Chemical Calculations oo :
Course (n=7)- 3 1 ' 57 . 8
h PREP -courses were more apt to be found in the west |
(508 of the colleges) or south (24%) region than in the .
T middle states (19%), midwest {158%), northeast (9%) or “
mpbntain*plains (5%);_in;pub1ic (25%) rather than private
(7%) colleges; in comprehensive (10%) rather than liberal
arts (7%) or technical (6%) colleges; and. in large (56?)
rather than in medium (278%) or small (6%) colleges. ‘-




__Kotnik (1974

the content and instructional methods for PREP courses
. (Gay,_ 1971; Kotnik, 1973; Krapnich et al., 1977; Meckstroth, '
© 1974; Santiago, 1971; Sherman &'Sherman, 1976) .as well -

“As with“the'NSM 4? AH types of courses, there 1is
i lesﬂfor.the PREP - courses' 25 different
9 one-term courses. The mogt frequently

no agreement on the,
titles were used f
found were basic ( emiqtry (5), and preparatory chemistry, -
elementary chemi/t
(all 3).

our findipg
offerings are/lgwer than those reported nationally by

Kotnik determined that 43 percent of

, introduction to chemistry and chemistry

on the frequency of preparatory chemistry

the two-ye ,colleges (n=125) and 30 percent of the four-

year'coll‘ges (n=266) responding to the questionnaire

offer;z)femedial programs in chemistry. This study also  °
o

revea that the precentage of four- year college remedial

ams in chemistry (30%) more nearly approximated’ <
their percentages for mathematiés (53%), reading (41%) |
and English (41%) than was the case for the two-year

:.colleges where chemiétry (43%) was much lower than mather
;fmatics (91%), reading (83%), and English (85%). Considering

that 97 percent of the two-year colleges reported problenms -‘\
with under—prepared students, one muét ask why more two-year |
colleges do not have preparatory courses in chemistry? :

A variety of approaches have been attempted in both

as in sthdying«and reporting the success of these courses_:
in preparing students for general chemistry (Coley,; 1973;
Krannich et al., 1977; Mooney, 1965; Ozsogomonyan & Clinkscales,

I3 -

1977; Schaumburg, 1973). ‘ ; e - ~ -

" General Chemistry for 501ence and Engrneering Majors (GEN)

Thesé courses satisfy the general . chemistry, including
qualitative analysis, requirements for students
. majoring in any of the physical or biological sciences,
v ‘engineering or pre-professional health sciences ' '
piggrams.. They include the study of the fundamental

o . o M T ] ’ o
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theory and principles of atomic and molecular structure
and chemical interactions as well as the chemical
elements ‘af® their compounds. Also included are
periodic relationships, acids and bases, physical
states of matter, electrochemistry, oxidation-reduction,
solutions, thermodynamics, kinetics, equilib?tum, -
nuclear chemistry and an introduction to orgahic
.chemistry. The laboratory often includeés qualitative °
analysis of common ions and elementdry quantitative ‘. . .
analysis techniques. ,These courses are generally *x 1
\
|
|

|
¢ |

organized into a one—Qear sequence and tend to rely
heavily on prerequisites (CCSS). .

PR - . PR Ce e . . EEEEEE . . - . »
» .

The basic chemistry course’ for science méjors in
a two-year college program shduld bé_a one—-year course \
in general cﬁemistry with laboratory (ACS, 1970). Recom-
mended prerequisites for this cour se are a year ofzhigh
school chemistry and high school ma£hematics through ’
the second year of.algebra, with a year of high school

|
physics desirable. Furthermore, the course should involve B w
|
\
\
|
|

4.

‘-

a minimum of three lectures or classroom sessions per
week o, a minimum of phree'hoh&s of laborafory per week,
and ;}Q.Jr more hours of recitation - a minimum of seven
r more houré of class per 'week. The Guidelines also a -
\\ ,Ip;e that hany»four-year colleges have four to sfx hours // .
) of laboratory per week and suggest that in\somé~case8} )
eight. to ten class hours per webk is desirable. The
: spgges;ion is also maderthat the~labbrator¥'work may -
include a'limited amount of qualitative analysis -as a B
' means for teaching basic equilibrium principles and the A
chemistry 6} a limited number of elements. Additiona . ' T
they report that many freshyan courses in four-year izﬁzftu-
tions include work in quantitative analygis done to a )
precision of a few parts:pef 1000, and in sufficieﬁt;
amount to provide experience in Qravimétric; titrimetric
~~ angd very basic instrumental methods. ‘ Some large universitieg ~ ° \
have a separate first year course. for chemistry majors. - N .
Many, hpwevef, do not, and most smg11er univers§ties . |

[ +
.
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and £our-year colleges as well as the two-ryear institutions.

‘offer a single course of this type. A strong driving |

force in this directibdn is the desire of. the professional

. ' groups and academic departments in the other sciences ’ .
"and engineering that their students satisfy the general

_ chemistry course requirement'through a program at the

- same level of chemical, mathematical and phy51ca1 30ph13t1-

cation as do the chemistry ma]ors. '

RN . GEN~chemistry courses were scheduled by 83 percent

_ of ‘the colleges accounting for 33 percent of the. courses,

e .38 percent of the lecture sections, and 44 percent of

the laboratory -sections (Table 2). How do the GEN chemistry

courses in’ the two-year colleges compare to the Guidelines .,

recommendatlons? : : RS .

Only 45 percent of thé GEN chepmistry sequences require _
high schoold chemistry to enter the first term, another _ ";;
seven percent recommend it. ‘An. even, smaller group (388%) . T
requ1res the completion of twa years of high school algebra ‘
or more_mathematics to enter the sequence. Two percent
recommended high schdol physics. . At the opposite extreme, - :'.*J. ..

_ 46 percent of the sequences have no prior chemistry preregui— 3
-  site and 38 percent require no mathematics. -Consequently, - . \ 4
.\we conclude that more GEN chemistry sequences fall short o |
. oE the prereQu1sites in the Guidelines than meet or exceed o E' .

them. At this point we must draw attention to the, chemistry

faculty (63%) responding to the Center Instructor Survey
(Appendix'B) who indicated that ‘to improve: the course’

.“. 'they needed students better prepared to handle ‘the ‘course

R work;. this résponse was the highest of any field on: any
« " 'of the 16 items. Additionally, 35 percent requested
| “'.. stricter prerequisrtes, a need exceeded only. by respondents
" from physics, mathematics, and biology. ‘?welpe percent
~of " the colleges indicated: in the catalog that test results’
SE . were also, coneidered in determining readiness to enter




the general chemistry sequence: -(five colleges used chemistry'i

tests; five, mathematics tests; two, the ACT; and‘seven

and survey data, we conclude that mapy two-year colleges
must 1ncrease their prerequisites for general chemistry

: .

were unspecified. Considering both the prerequisite : }
. o

|

!

as well as enforce the existing ones and, possxbly, validate - w

the student's preparation by an . examination. ‘

wa considering the time requiremegts, only 39 percent - _ T
of the sequences average seven-ot more hours per week ‘
per term; 49 percent average six hours. However, 14 i
v ; " percent require nine or more hours and 12 percent less ' ‘ }
_ " than six. .The minimum of 3 hours of 1aboratory per week _ | %
FEEE per term is met by 86 percent of the GEN chemistry courses; | i
o in fact, 26 percent require the four to six hours suggested
‘ ‘by the.Guidelinea, but 15 percent require less than three
A hours. Therefore,.we conclude that the majority of the ' N
‘ .. .GEN chemistry sequences in the two-year colleges fall
'i' ™. ‘short of the total time and suggested ‘laboratory time-
of the Guidelines, although, six out of. seven satisfy -
R the minimum laboratory hOur-requirement._ Most GEN chemistry
.. . -sequences (56%) grant eight semester units, although

N 39 percent grant 10 or more units'credit.f
) Since the course descriptions in the ¢ollege catalogs : .
are highly diverse ip style and content, we were unable '
, .« to bnciude ;in percentages hqw ektensively qualitative
. L analysis ‘is .included in general chemistry. Perusal of
W "{ - the deSCriptions during,the classifications suggested = -
| .3 . that a high percentage include some qualitatiwe analy31s
| during the last term of the sequence but failed to provide
any sengse of how extensive qualitative analysis is in i' j
any course. .This same review process provided even less ' (:7 '
infonmation'about the inclusion of work in quantitative . ¢

-

et

‘analysis in’'general. chemistry. ' < v SR

’
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One of. the*most important findings of this study

is that as the number of contact hours per week for the

i

general chemistry course sequence increases, the more ,
apt the college is to require a previous course in chemistry
to enter general chemistry. The data supporting this

observation are as follows: ' :
90 percent of the nine contact hout sequences require

chemistry; )
.. 48 percent of the seven contact hour sequences require -
v . ~—— . .
chemistry; .

: .- 38 percent of the six contact'hopr sequences :require
- - chemistry. - - ' .
K\Vﬁ?herefore, ‘we must ask how colleges with only six contact .
hours per- week per term “for general chemistry 3ustify '
so little tlme for the course, especially when they are
apt ro allow\resstqualified‘gtudehts to enter. The converse
must also be asked. How can these colleges allow students .
'w1th as little chemistry and mathematics preparation ’
to enter a GEN chemrstry course for which SJ'llttle class
time is allowed? ' 4
e General chemlstry sequences may beé classified into
o | low level (prerequisites less than stated in the ACS .
.- . Guidelines); high level (prerequisites equal or exceed

the Guidelines, but calculus is not requ1red) ca%pulus

Wy based; specialized courses for engineering, blology/health —

Q& science, or agrlculture majors, and separate qqalltatlve ' '
. . .analysis courses (Table. 7). The low level GEN chemistry - .
‘§‘ . sequence predominates. Fifty—eight percent of the high - LT
' level sequences (13% of all the sequences) satisfy the " - o

Guidelines recommendations on class and 1aboratory hours
per week. None of the calcu}us.baeed\or.speciallzedA )
rcou ses meet all the criteria. Consequently, only approxi- -
:matiely one of every eight of the GEN chemistry course .




s

Table 7 <\

General Chemistry Courses for

Science and Engineering Majors (GEN),

- | Two-Year Colleges, 1977-78 . ' o
Type of Course Percent of Colleges Percent of Percent of
Listing This Type Total GEN Total GEN
Course Courses of Course8 on
in on " This Type Schedule
' Catalog Schedule Scheduled  (n=366)
' (n=175) (n=175) (n values’
M TR 5 left)
High Level® (n=85) 21 -, .21 95 22
Low Level® (n=284) 68 67 .. 98 76
Calculus Based® (n=4) 1 1 100 1
specialized® (n=6) . 2~ 1 . - 33 ‘- 1
Qual Anal® (n=4) 2 S L <1 )

L]

aRequires or recommends one year of high school chemigtry
or equivalent and a minimun of two years of high school
algebra as a prerequgsite. - ' :

bRequirés less than the prerequisites in a. ’ (

CRequires completion of a concurrent enrollment in a
calculus course. : :

dCourses designed primarily for engineering.majors or
- agriculture majors or biology and health science majors.

. | /

eSe"parate courses in qualitative aﬂglysis.only. ~

- . . .
[N . \\




. .
None of the two-year colleqges offered a separate

general chemistry course for. chemistry majors; however,
eight ‘percent of the-colleges included two GEN chemistry
sequencgs,|most_of which differed in hours,réquireduand
prerequisites. The GEN chemistry courses that satisfy . }‘ )
all of the dﬁidelines recommendations are more apt to
pe located in the west (54% of the western’ colleges),
midwest .(23%) or middle states (19%) regions than in . >
.the south (11%),'hountain—plains (6%) or the northeast
" (none); in public colleges (24%) than private (4%); ip
large sized colleges (56%) rather than medium (23%)'orn'
all (7%). . .

Although 26 different titleé'were used for naming,
the GEN chemistry courses, there was more.agreemént thén
for the other introductory chemistry‘sdbcategories., .
General chemistry was used for 56 percent of the sequences

-and in c%pbination~with other terms such as college;

.inorganic and qualitative analysis by another 17 percent.
College chemistry (9%) in a combina®ion (7%) was the ' ]
second most popular term followed by ihorganic,(é% including, .
combinations) and principles (5% inciuﬂing combinations); '
Qualitative or;quantitative analysis were used in 10 ‘

percent of the cases. To avoid confusion and mlslnterpre~
tatlon in transferrlng, papers presented at meetings,' -
marketing of instructional materuals, and the 1iterature

“.of chemical education, we believe the térms general,

céllege and principles should be reserved.for the GEN ' R
_chemistry type course and other terms used for the NSM,
AH, TECH and PREP courses. ' . . T S

The course content for general chemistry - nationally,,
all types of colleges - has been studied by analysis  'u‘ .
of final exaMinatioﬁ.quéstiona (Goldsmith, 1978;,Yduﬁg, I g
1964) and by a_rating of topics by fﬁéulty‘(Jpneé & Roswell,.
1973; Nechamkin, 1961); in both methode the later study =~ = .
found a slight shift in gmegsis towards mare the%reti?al S '

r
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and less descriptive topics. Additionally, the qontgﬂt
has been described for specialized general chemistry . .
“  courses for students in aqﬁisgiﬁgréjﬁﬂé natural resources
(Marshall, 1971); engineering (Krakower, 1973).dnd environ-
'mental and applied. sciences (Kri%, 1978{. ‘

Two-year college faculty'hévg been activefiﬁ investi-
gating various approaches to the individualizaﬁion of
instruction in general chemistfy: audio-tutorfial (Haggard,

- 1972; Howard, 1972, 1974; Nunter, 1973; Stokes; 1974), |
~7 7 PSI (Clevenger, 1975; Jonef, 1977), programmed learning
(Cheek,21975) and open. la bfétories (Hamilton & McMahdn,
1976). They have also used instructional methods aimed

at taking advantagg of student interests to make general

chemistry relevant (DeLorenzo, 1976; Mitche 1, 1979; -
Suter, 1974). ;Additionally, they have studied extensively
the»reiationship of test scores .to success in general '
qhemistryf(Caﬁgemi, 1972; Bein & Reifsnyder| 1962; Mann,
1976, 1977; Miller, 1974; Mooney, 1965) and found that
.several different tests, along with other factors can

be used to predict success or grades or ideéntify ‘students o .
in need of cemediation. , ~ o . ;
Introduétory Courses for Chemical Technologies (CHM TCH) '

‘These cpurses are designed specifically for first-year
students’ in chemical technology, chemical engineering
technology, industrial chemistry or cllosely related
occupationgl programs. They may include a general .
chemistry course as well as orientati n, introductory. - C ke
oratory. techniques and chemical ca culations, . :
kﬁ?anic chemistry, and industrial che istry courses.
They generally emphasize laboratory tgchniques,’ =
industrial chemistry and descriptive hemistry more
and the theoretical aspects of.chemis ry less than - ~ .

'the-general_chemis%ry:courses above (€CSS).
- The ACS qudelfnes’(l970).recomménd pﬁrallel_progxams ) o
L at the two-year college, one for the transfer student, )
(as described earlier):, the other designed krimarily

to train chemical technicians who will enter industry
-, . “ N o . ) -\ . .
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* courses ﬁor chemical technicians, offered in. three percent n

af a two-year program. The Guideline recommendatlons

~foti§

the terminal technician progran; .the two purposes are -
sufflcrently different to make it desirable -that separate

pecific transfer courses are not approprlate for

courses be offered in the two programs.

CHM TCH courses, the smallest of the i‘troductory
chemistry subcategques, were offered by only four percent ’
of the colleges and accounted for only-one percent of
‘all chemistry courses; llkewlse for both lecture and e
laboratory gections (Table 2). Table 8 shows the dlstribu- ' '
tion of CHM TCH courses among .three types: introductlon/orientation,
general chemlstry, and organic chemistry. General chemistry

~of theé colleges, constltuted the majority of tnese courses.,
Most CHM TCH courses (56%) 1nclude three hours of v
lecture per week. There is no predominant laboratory :
hour pattern (range 0-9 with 3 and 5 hours each in 19%
of courses) Forty percent pffered four unlts credlt .
and 40 percent either five or six units (range 1-~7). “_' S ;
Both lecture. and 1aboratory wvere found in 87 percent R _—
'of the courses. .- e
- CHM TCH courses are more apt to be found in the
middle west (15% of’ the- cBlleges) or south (9%) reglons
than in the mlddle states (5%), west (4%) or northeast’ )
or mountaln—plalns (both none) ; public colleges (12%) - e
“~than private (4%), technical (11%) rather than comprehen— o
sive (8%8) or liberal arts (none); and large colleges o _
(16%) rather than medium (88) or small (4%).. e

~

, Although 60 percent o£ these courses listed prerequl—

sites, only 30 percent of the frrst term ‘courses had - e
’any listed."® Only 38 percent of the ‘course titles specified

" chemical technology or technicians; the remaining titles

were similar to those used for general chemistry and. ' Lo

&
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—A)'Other160urses of the chemistry curriculum, adding to

confusion. ) ; ~
N A study of ehemical technology in the two—year'colleges
ie not complete wiﬁhout_mentioning the Chemical Technology
Curriculum Project (CheméTéC) program (Pecsok, 1971)
and the Wyoming Chemical Technology program- (Nelson,
‘ 1975; Nelson et al.; 1976). The Chem-TeC materials have
‘shaped the curriculum of many two-year college chemlcal
technology programs (Hallman & Neumann, 1976); whereas, .
' the Wyoming project feetures integration of chemical -
technology and chemistry in the curriculum’in an innovative
two-year and four-year cqllege articulation program. "
Cherim (1975) describes a single course program with
a biochemical orientation for’ laboratory techn101ans
in research laboratories which aims to give an understanding

¥

of what modern instruments measure.

Table 8. o - ‘

Introductory Chemical Technology Courses (CHM TCH),
Two-Year Colleges, 1977-78 )

[2Y

P ‘Type of Course Percent of Colleges Percent_of Percent  of
. 3 _ Listing This. Type Total’ Total CHM
T B . Course - CHM TCH -Courses on
' ' in on Courses of Schedule
L, - Catalog" Schedule, This Type *
A , Scheduled _ (n=16)
3 i T . ’ (n=175), . . (n=175) (n values °* . '
: ‘ ' . at left)
Introductjion or 5 2 .+ 50 . 25
Orientatidn to ' ' ‘ .
( Chemical Technology o - o
(n=8) - e -

‘ - General Chemistry for " § 3 : 43 56
e ‘Chemical Technology . R ) - » . S
Yo (m=21) *‘ T'\ _ -

- Organic¢ Chemistry for. . . <l . 75 . 19.
.~ . Chemical Technology* _ Ve . - :
- (n=4) | I
o E *Doea not requ;re a general chem/Btry course- as prerequislte.i
Ja -

N . "-’ LT . . , :
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Chemistry for Other Groups (MISC-I) T -

- - This miscellanecus group includes courses for
curricula or groups not covered above such as fire
science, police science, and printing. The content
varies widely and is dependent upon the relationship
of chemistry to the occupation (CCSS). .

Some two-year colleges offer chemistry courses. for

curricula or purposes other than those discussed already - e

for example, courses for police sgience or fire science
P

— _majors as well as the chemistry of printing of textiles..... . . ..
/
the

technical, and, perhaps, the bkoader educational needs
Y

Here again we fqQund examples of \colleges serving

of their students. These MISC-I courses are closely

related.tzgf particular occupational program; generally,

the program grants them a minimum of time and prescribes

_ .* content closely related to the éhemical applications
1 . I ‘3 . i ..

encountered in that occupation. . | . ‘ . .
MISC-I courses were limited to nine percent of the v
collegés and accounted for only #Wo percent of the chemistry

“courses -offered, one percent of the lecture sections,

and less than one percent of ‘the laboratofy sectipns . -
“,QQ : - (Table 2). They were the least likely of all types of
o coursges to gtatelprerequiqites.(Ba% of the courses);
also; the least likely to have lecture-laboratory (38%).

Furthermore, 53 peréen§.w9re lecture only courses, the

t'- : <

N _( highest of any category.” Only one-half of the other

introductory chemistry courses listed in the catalpgéf | 3

"\ were actually scheduled. -
" The MISC-I courses are differentiated by either
_ L* tﬂ? occupational group served or tﬁg area of applied a . .
¢ . chemistry considered (Table 9). : o _ . _

| -Fire.sciénpe courses pzédomihaﬁed, accounting for >
o nearly half of all the MISC-I group, although: they were
- . offered in less than half of the qé&leées listing them

. .‘..‘ . - %
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in ‘the catalog.
three hoyrs lecture per week
(55%). Six of thp éight ‘with laboratory use two hours .
Two- th&rds of the courses offer three -units

per ‘week.

The majority of these courses are for
(61%) and no laboratory'

>

of credit.
N "
: . Table 9 .
Other Introductory Chemistry Courses (MISC-I),
e .s#-.. . Two-Year Calleges,. 1977-78 . _
Type of Céufée Percent of Colleges Percent of Percent of
. : Listing This Type Total Total MISC-I
» Course MISC-1I Courses on
in on Courses of Schedule
¥ Cdtalog Schedule Thids Type
] Scheduled (n=18)
\ (n=175) (n=175) (n values :
- at left)
Fire Science 8 { f 4 47 44
(n=17) ». '
Printing 2 2 20 6
v (n=5)" :
‘Police Science 2. 2 - 100 17
(n=3) . ,
Other*, (n=7) 3 val .25 6(’
“ . o

MISC-1I

west (13% of colleges) or south (11%) regions than in

*Included. textiles, cosmetics, and photography ‘chemistry.

pcQuLsSes are most apt to be foound in the middle

the northeast (9%), west (7%), middle states (5%) or
mountain~plains (4%); in public (10%) than private (none)

colleges;

in. large (20%) rather than medium (10%) or

~




s
-

Y smtall (3%) colleges. 1In all cases the names of these
‘courses cariied the name of the occupational group (e.g.,
‘ fire science chemistry) or the area of applied chemistry
(e.g., textile chemistry). Description}of courses related P
to the fire science (Fashing & Flynn, 1974) and police
science (Sauls & Wartell, 1976; Tyndall, 1975) chemistry |
curriculum show the applications of chemistry needed

(

by these students. N \ .
. ’ Analytical Chemistry Including Instrumental Methods (ANAL)

These courges include the study of the theories, T
principles, and techniques of volumetric, gravimetric, '
and instrumental methods of analysis, including
potentiometric, spectrophotometrlc, chromatographic
and other modern methods organized into courses
such as quantitative analysis, instrumental methods -
of analysis and special techniques for environmental .
analysis. Special technigues for clinical and indus- o
trial materials are included in the clinical and (/

. industrial chemistry courses (CCSS).

‘A Oone-semester course in analytical chgmistry is N
desirable in a two-year“college if such material is not '
included in the first year course. The course should
be based on the one-yearﬁgeneral’Chehistry sequence,
and should include lectures and laboratory work, including
“the use of.such sttruments_as a pH meter and.épéctro-
photometer, as well as experiments in g?avimetgic and
volumetric analysis (ACS, 1970). |

Analytical'chemistky courses, the second largest
cateqgory of advanced courses, were offergﬁ by only 25

_.percent of tﬁé colleges; they accounted for five percent
“of the chemisfry courses, three percent of ‘the lecture
<~ and three percent of thé laboratory sections. ANAL courses
were listed in the catalog but not scheduled by 23 percent
of the colleges (Table 2). The five types of ANAL chemxﬁtry
courses ° (Table 10) dlffer in three ways: . content, quanti-

tative analysis techniques or instrumental methqds; length,
. < Y ’ .

]
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one term or a year; and majors, science and health sciences '

eor chemical technology. . .
ey T : {
Tabde 10 y
. Analytical Chemistry Courses (ANAL), - {
Two-Year Colleges, 1977-78 |
Type of Course Percent of Colleges Percent of Percent of
. Listing This Type ° Total ‘Total ANAL
Course « ANAL . Courses on
~in .. on_ - Courses of Schedule
Catalog Schedule This Type
g Scheduled (n=57)
"(n=175) (n=175) (n- values '
] rat left)
. Quant. Ané&ﬁsis ) :
\ One Term =62) 36 18 ' 51 56
Quant. Analysis " :
Chem. xech. (n=12) . S 7 ‘25 16
Instrum. Methods . . '
Chem. Tech. (n=9) -3 3 - 100 .. 16
Instrum. Methods I | ’ BN
. One Term (n=13) 7 4 54 12
- Quant. Analysis S . '
‘ One Year (n=19) - 5 -0 _ -0 _ 0 -
. ‘ W . iy - - | . ' A j
. The predominant ANAL course is the one-term quanti-
tative analysis course for science and pre-professional _
. stqdents.$.Most‘(84%) one-term courges grant foyr-or . R
five units of -credit and schedule. six hours. &K laboratory
(69%) and two hours of lecture (69%).. They are

apt to be ‘found in .the west' (43% of theizpsﬁgrn collegés), ’ 7
in a pub{iq college (20%), and a large collegg (368%)
They are least'likely to be offered in the northeast
(no cplleges) .and the small colleges (L1%).

Cen
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The low figures for separate  instrumental methods .-

courses are most likely rationalized by the senior level

‘status,\ppét physical chemﬁstry, of instrumental methods .

for chemis?by majors; the lack of .such a requirement

for. other majors; and the growth of separate instrumentally-

oriented clinical chemistry courses for clinical laboratory

technology programs; as well as the cost.of instruﬁeﬁtation.;
The recommendations ¢f the aralytical chemistry

subcommittee of the curriculum commit;ée-emphasize the’

- total problem approach and the use of real life samples,’

- (Hayes, 1979; Nordmann, 1972) as well as cou

and give ideas,on the development of procedures and the

choice of instruments (Sherren, 1972, 1974 a, b). Two-year

colleges include courses consistent with thQesk recommendations
éges,aimed s

at the interests of non-chemistry majors (Fulkrod, 1976)

Several aspects of analytical chemistry of concern to

two-yea; college chemists have recentiy been stundied:

" student attitudes (Klatt & S@gafer, 1971L and a comparlson
" of the views of medical school and college teachers (Plckral

1976) .
Organic Chemistry Includlng Biocheméstry (ORG)

Organic chemistry courses involve the study of carbon
containing compounds in terms of nomenclature, atomic
"and molecular structure, molecular geometry, stereo-
chemistry, resonance, and reaction mechanisms for .
both aliphatic and “4romatic compounds, including .
the hydrocarbons, monoﬁunctional and polyfunctional

- derivatives, carbohydriates rand protelns. These
courses may include experiences in fundaméntal labora-
tory techniques and related theories as well as ~
preparations, determination of properties, qﬁalltative
organic analysis and instrumental techniques. This
subcategory also includes the study of the chemistry
and metabolism of compounds. of biological interest
including the chemistry of the molecular components
of the cells, metabolism, biosynthesis and properties:
of proteins, DNA, RNA and molecular genetiés. ?pec1al~
ized courses such as physiol&gical, chemistiy, nutrition,
and pharmacology are included with the bioiggical

sciences (CCSS). .
- . : . .
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1f adeguate faculty and fapilities are available,
the chemistry of a two-year college can include a year .
. course in organic chemistry, providing that it i's of
the quality sufficient to allow a student to transfer
credit earned 1n such a course to a four-year institution
(ACS, 1970).' SuCh courges are very sophisticated at
the’ four year colleqes and transfer creditsymay not be™
allowed unless the course 1is comparable in qualley further-
'L more, problems of acceptance will arisg for students -
who wish to transfer with one semester, of organic chemistry.
Additionally, laboratory work shauld be offered if a
lecture course, is offered. As: with'th% lectyre course,
thg laboratpry courge must be of high quallty Tf transfer
dit is to. be expected; this may réquire the use of
semimicro equlpment and instrumental methods. Two-year
colleges should not offer“organlc instruction for the
chemistry majors transfer student unless the. course meets
qWality standards consistent with neighboring institutions.
Howeveﬁ’ since many- nonchemistry major students reqguire’
ia less intense and less sophisticated ‘course, it is reason-
; able to expect two-year colleges to include a year of
/ organi¢ chemistry at a level to satisfy the needs of
" the non-c hemistry major (e. g.,(ﬁ?}—medicine, pre-dentistry,
and biology) when they cdnnot ﬁustify meeting the guideline,
. requirements. This is consistent-with recommendations
of the ACS Criteria (1977). |
" We were unable to evaluate how well the organic

-

chemistry courses of the two-year colleges match the

chemistry‘ﬁajor courses of the university; however,.the,
" " course-descriptions and recommended programs of study

found in the catalogs reveal that. the organic courses

‘are intended -for pre—medical pre~dental pre*pharmacy,
e pre—veterlnary, biological sc1ence, biochemistry, forestry,
and chemical ehgineering students among others as well

-~

as for chemistry majors. T e




y v oo ~

| ORG courses were scheduled‘by 64 percent of the
.'colleges; an additional. 10 percent.listed ORG classes
in the catalog but did not offer them. They were 22
'1 percent'of all chemistry.courses and 11 percent of sections,
both lecture and‘iaboratory (Table 2).
. The five types of ORG chemistry courses (Table 1l) A
differ in three ways: ' content, organic or biochemistry
' emphasis; length one term, two quarters, and a year;
‘ and majors, science and health sciences or chemica technology.
~ Contrary th\the ANAL category, the predominant ORG -
course is the one year course for science majors: only
six percent of the colleges of fered both the year courbe
and the short course in.organic. Organic year courses
are more apt to be found in the middle states (763 of
"the colleges), the westY (64%), and the south {61%), regions
than in the midwest (568), mountain—plains (418%) or northeast
(9% in public colleges (618%) than private (29%); in -
large colleges (80%) than in medium Y63%) or small (40%) ;

‘and in comprehensive colleges (66%) rather tham liberal ) \\
arts (208) or technical (6%). : s -\\\\ '
Most (96%) of the indiv1dual courses of the organic

year sequences are four (49%) or five (47%) units with.
semester colleges favoring four (67%) and quarter colleges -
five (71%). Three lecture ‘hours were Scheduled for 78
percent of the courses (868 semester, 67$‘quarter) ~
‘ However, laboratory hours were more diverse, three used
inthalf (51%) of the courses (56% semester, 42% quarter)
and/eix in a quarter (25%) of the courses (22% semester, = - . .
31% ‘quarter). About 60 percent ‘of -the courses were three. '
lecture, three laboratory,:four units (36%) or three h ‘ o ,g
Jecture, six laboratory, five units (23%). - T .j' .
Th@re is more consistency in npaming the organic. '
’courses, 98 percent of the year sequences are aptly riamed .

4
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organio chemistry;_galy 14 percent.of the short courses
cé;ry the same title, the others using.a qualifier such
aé elementary, or brief course. ' 7
: s /
Table 11
Organic Chemistry Courses (ORG) -,
. Two-Year Colleges, 1977-1978

Type of Course Percent of Colleges Percent of Percent of

Listing This Type Total’ Total ORG
_ Course ~ ORG Courses on
_ ©in’ on Courses of 'Schedule
E Catalog Schedule This Type @ -
. - ' Scheduled (n=235)
(n=175) - (n=179) (n values -
. | at left)
Organic - One Year 61 56 : 85 N 82
(n?227) : : ' ‘ {_', R |
Organic - One Term 15 10 59 .7
"(n=29) .
Organic - Two Quarters 6 - . - 5 T 62 ~ 4.
(n=16) - , Cow R
"Organic -~ Chemical 5 .4 72 y 6
Technology (n=18) o, - ’
‘Biochemistry o o 5 2 ' ﬁ\\ 33 - 1
(n=9)- T . ) ‘ U~ -

Prerequisites for ﬁhe year course tend to agree

™

* with the Guidelines, 74 percent of the sequences require

~

one year of geneial'chemishx ; qoweyer. 23 percent require
only one semester or two quar rs../For the short course,
. prexequisites are evenly diviaed‘bétweeﬁ one year and

<

* one term of genexal chemistry. ’ : T

-
*
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Organlo'chemlstry courses have been studied statewide

in California (Mooney, 1967) and Texas (Walters, 1972),
additionally, recommendations on content (Bunce, 1972'
Butler, 1976) and transfer articulation (AC "1967) are-
avallable.a\Innovations in two-year college organic currlc—
ulum include\an analytical approach to. the laboratory
(Campbe}l l§7l), ‘open-ended instrumental analysis experi-
ment3~(Vlassi$ & Cupillari, 1970); a composite organic-
. biochemistry—analytical program for the whole course
(Juster, 1971); and an organic—analytical and instrumental
laboratory courpe for technicians (Sheaffer, 1975-76) .
"Instructional innovations include a tutorlal approach
(Vikin, 1971), an indiv1dualized program. (Schoeb 1973),
‘and a non—lecture approach (Harrlson & Harrison, 1975) .-
.Industrlal Chemistry and Chemical Eng}neerigg (INDUST) |

¢ L This" area involves -the study of .the industrial appli~
' : cation of chemistry organized into, courses such
as industrial chemistry,. analysis of induserial
materials, unit operations, chemical process control
and instrumentation, chemical engineering calculations
o Special courses based on the general chemistry course
L, ! and which are related to petroleum, plastics and A
e i paint are found here * (CCSS) . :

, Colleges with chemlcal-technology or chemical engineering
technology programs sometimes include second year chemistry
courses other'than analytical and organic chemistry..

- Generally,«these are related to ‘chemical: englneeting

. - or industrial chemistry.

' o " Although seven percent of the eolleges‘listedtindustrial
chemistry or chemical engineering courses in the catalog, "
only four percent scheduled’ them and only half of the ~Y
courses were scheduled (Table 2) . The only courses found

| ..in more than one college were unit epé/etldns (4. courses);.

. chemidal_engineering‘calcplations (3 courses); industrial
leboratory methods -(2 courses); and ghemical-proeesses,

(2 ‘courses), ‘all in two colleges. Approximately half
A & ' .
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(46%) of these courses grant four units (range 1-5);
91 percent include lécture, and 72 percent laboratory.

.Forty-five percenﬁ schedule three hours lecture (range 2-

4) apd laboratories spread from two to six hours. .
The seven colleges.offering these courses are spread

‘'nearly evenly

aﬁ&ng the public institutions in the middle

states (2), south (2) and mid-west (3). Four are compr e-

_heusive and three" technical in emphasis; four of medium

and two of small size,

"Clinical Chemistry (CLIN)

.These courses involve the study of the theory and

.practice
analysis
Includes
enzymes,

"analysis

of qualitative .and quantitative chemical
of biological fluids, especially human.
analysis for carbohydrates (e.g., glucose),
proteins, llplds, etc. as well as gastric
for the stool, urine, and,.gerum contents.

They emphasize 1nstrumental -methods such as flame
- photometry, spectrophotometry, electrophoresis,
fluorescence, microgasometry, chromatography, and

potentiometric techniques and may also include automated
techniques and radioisotope methods.

'prlmarlly'for medlcal laboratory technology programs

(£Cs8) .

'\—m

A
As medical laboratory technology programs have been

introduced into the two-year colleges, courses in clinlcal

chemistry have been intrgduced into the curriculum.

The relationship of these courses to the chemistry faculty |

varles.' In some cases, both faculty and facilities are

divorced from

chemistry; in others, the chemistry faculty

instruct in CLIN chemistry using chemlstry-faCLIitlps.\
These programs are_generally not found in states where

clinical labdratory technology EeqUirés a bachelor's

degree and the occupational type 6f courses are essentially

upper division. None of these courses appear to have
any ;elationshlp to the recently developed majors in

“clinical chemistry instituted by some universities.

L]
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CLIN chemistry courses were offered by 16 percent

-of the colleges; they account for four percent of the

chemistry.coursss and two percent of each of the laboratory
and lecture sectlions (Table 2). The CLIN chemistry courses
may be differenéiated in terms of length, one term, two
quarters, or one year; and prerequisite, one year of
general chemlst;y, or less than a year. They may allsso,,,V
be differen:iated as academic type laboratory courses" .
as opposed to cliqicai laboratory experience courses; l

“only the former are considered in this réport} CLIN .

chemlstry course sequerices are more apt to be one term
(42%) or two quarters (42%) than one year (19%); they
are-more apt to require a year of-general chemistry (50%)
than. less than-a yéar (31%) or none (8%) - prerequisites
were not listed for the_remalnder. Seventy-two percent

. of all clinical chemistry pourses listed in the catalogs

were scheduled. : © -

The mode for CLIN chemistry course units was four
(32%), with five next (24%) and a range from 1—10 units. .
Three. lecture hours (41%) is the most frequently used,
folloWed by four (178%) and two (15%) with a range from
l-iO hours. Laboratory hours range from 2-16 hours per
week with three and six hours the mode (24%), and 27
percent of the courses in the 8 to 16 hours range.

CLIN chemlstry courses are more apt to be found

' ~‘--)in the middle states (29% of the colleges), south (20%),
/middle west (18%) or mountain-plains (18%) regions than

in the west or northeast, neither of which showed any
CLIN.cou}ses: They are equally apt to be in public and -~
private colleges '(18% each); more apt to be in technical.
(28%) than in cbmprehensive (15%)'or liberal arts (13%)
colleges; aqd’more apt to be in'médium sized (23%) than

. large (12%) or small (10%) colleges.

. - 46 ‘
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. or medrcal biochemlstry. Clinical chem1stry was ' the -

y . v - v . .
/ \\
- . » . .
. . ’ - .
. 3

'fhost CLIN chemistry courses (74%) are.listed in
. the medical labaratory technology (or similar term) section
of the catalog; only 15 percent were listed in chemistry,
the remaining ones were found under biology, allied health '

s

most popular tltle (59%) and clinical or medlcal blpchemlstry
%

next (15%), with seven other titles also uséd. ¥ .,
Other Advanced Chemistry QQurses (MISC-A)

~ This category‘lncludes all other: cheml‘ﬁry courses
following general chemistry such as physica#l chem1$try,

. experimental methods, environmental chemistry, and
chemical thermodynamics, (CCSS)

/ Occasionally a collége will ‘include some other advanced
cbéﬁistry course,” such as physical chemistry. ©Of the
eizht courses of this type, only two physical chemistry-

courses were scheduled in connection with chemical technology

J Programs; one in the south and,tﬁe other in the west;

one with.labdratofy and the other without. Two other
physical courses were listed but not offered as were
an inorganic course and an advanced ekperimental chemistry

s

sequence.

S _ PATTERNS OF COURSES ,
If two-yedr colleges are to pfoperly serve the éhémical‘
education needs of their heterogeneous student bodies, ,
they must offer several different introductory and advahced
courses. Many of them do.
~ We ‘have considered the subcategories of chemyézry
courses. nationally, herein we look-at the total chemistry

programs of individual colleges. -Because much <.‘»t§.tl'yl"’-‘~$«1
comée

resistance .for offering a comprehensive curriculum
from .administrative and sometimes faculty opposition .’
to “pfolifeqpting courses" it seemed appropriate to analyze

3.

‘the-intgoductory and advanced chemical courses offered
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‘Number of '
- Introductory
Courses
or Sequegqes

o

" By Size of College
o Am=T2)

. None
One

Two °
Three

-

Fod} or More

. By Control of Collegg

None ' .
One ‘ '
Two ~.

_ Three

- .Four or More

Table 12 |
Number of Introductory Chemistry Courses or Sequenges

Offered by ngtYear Colleges Arranged by Size .of College,
Control .of College and Geggraphléal Region, 1977f78

I

- .

West

By Geographical Begion' |
' Mountain Mid-

t

v

(Percent of Total for Each College Group)

Small Medium Large All
Colleges Colleges Colleges’ Colleges
(n=78) _ (n=25)  “(n=175)
7 1 0 -3, .
40 12 0L 22
.33 33 16. 31
10 32 20 21 g
10 22 64 23 L
Public '© Pprivate
’ L An=147) (n=28)
. 2 . g v - 14 \’ i
16 50 o
31 : 29 -
24 . -4
. .27 . 4
L

. .Middle North-
South States © east

(n=28)  (n=22)  (n=39) (n=54) . (n=21) (n=11)

Plains wes

None .. . O § - 0

“one ... 1 .27 7

. Two © .14 45 44

Three ' 250 ' 14 28
Fqur_or*MQre 54 o

Fo

-

9 -

21

e

2.
33

26
24

t

.1.5.'

5 © 371
‘24 36 L
33 , 18
40
y

24 18

.
Wt




t

"Or_ _Sequences

A

Number of Advanéed Chiemistry Courses or Sequences
. Offered by Two-Year Colleges‘Arranged"by Size of College, '
. Control of College ‘and Geographical Region, 1977-78. '

A
Number of-"~ - =
Introductory
Courses

Qi Size g{%Collgge

None .. .. .. ..
One -

‘Two

Thtee
Four or More

By Control of College

‘None
One

Two
- Three

Four or More ~~_ -

¥

Y

o " (n=28)
None = ' 18
One 39
- fwo . .. 36
Three, ™ * -~ g

Four or More . 4

West,‘

By Geographicg&\Regigg

- 49
33
12

3
3

A

!

36

v 41

¢

14

.9

Table 13

Mountain Mid-
. Plains . west
(n=22)

Q=

Medium

Colleges

(n=78)
o
40
21

10

-4

6

\PublicA.

(nsld?)

25
42
720

21
41
23
8 -
8

-

(L 4

‘(Pe;cgntyof Total for Each Collqge Group)

Small”
Colleges
(n=72)"

- Large - All
Colleges Colleges
- (n=25) (n=175)
0 30 ———-
52 39
32 . . 19
8 7 ‘
8 . 5 ‘
. Private
."(n=28) .
.57
25
" 11
7 l.
0

4

]

Middle North- \

South States .’ east
(n=39) (n=54) (n=21) (n=11) .

31
46 .
13

e

24 89 T

290 .11 7

$19 e L
14 “"'oix
14 0 v



. by each college. Tables 12 and 13 show.the disfribution
of introductory‘énd advanced chemistry qourses by size
of college, type of control and geographical reéion.
Nationally, the average is approximately 2.5 imtroductory
qourses or sequences per coﬁ&ége for. colleges which offer
§‘ these courses. The average is 1.7 advanced courses or ‘
sequences per college for the colleges which'oﬁfef advanced_ : :Hb
chemistry, - Small colleges scheduled fewer introductory
sequences and large institutions,smore than the medium;
-f~i - - public co{leges scheduled 'more than private; and reg%pﬁa%\' ;
differenggiwﬁggﬁlgpst pronOQQQFQSEEEﬂEiQ the west and-.. . .. . &
northeast. ' . _ ' : ¢ : . '
Now.tufnfﬁg to the advanced éourses, the small colleges . e
were diviggh\glmost evenly between not offering and includiqg_
- them; on.the other handﬂ all large colleges- included Lt
at leaSt one advanced course. Three-quarte£9~of,the.
public colleges included advanced chemistry whereas fewer
than half of the‘privatecolleqfé did so. As was the
case for the introductory sequences, more western colleges
and fewer norfheaste:n‘collegeé inuluded advanced‘chémistryg
- In contrast tp’the introductory program, the western
colleges have not expanded their advanced chemistry program
as much but ythe middle states colleges include the greatest
--Vériety in the advanced programs. ' ) T
'_ What tyée*of.introductbry chemistry predominates
_ '3hong the colleges offering one, two,. three, and four
< .'tnt?oductory courses? Also, what are their tendencies
| ﬂin_adbanéed'chemistry? For colleges with one introductory
~Program the single sequence tends to be GEN chemistry - -~ _
(61%) with nearly equal distribution among the NSM (16%), .
AH (11%) and all other types (14%).. None of. these general '
chemistry: courses meet all recommendations of the ACS '
Guidelines, These colleges tend not to offer advanced

chemistry courses (61%). When they do, however, thé .

-

\
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_1ntroduct0ry coUrSes

A
tendency, is toward a single sequence (21%). The most
popular advanced chemlstry\program is the ORG year course

(29%) .
For colleges with twg introductory programs, GEN

chemistry sequences were the most popular (87%) followed
by NSM courses (57%) and AH courses (33%) . Four colleges
have GEN'chemistry-that meets all of the ACS Guidelines.

.The two sequences in these colleges are of two different
_ types (e.g., GEN and NSM) in 96 percent. of the colleges.

Fifty-two percent offer one advanced course, 28 percent
offer‘none. The most popular advanced programs were
“the ORG year course (56%), ANAL (17%), and CLIN (13%)
chemistry. ’ - _
For colleges with three intro uctory programs, GEN
chemistry was offered by 100 percent with the NSM (78%),_
AH (43%) and PREP (43%) chemistry courses also popular; '
With respect to the Guidelrnes, forty-six percent of

-

‘the GEN chemistry sequences had seven or more contact

hours; ‘24 percent more than seven; 68 percent require
high school chemistry and 38 percent require intermediate
algebra or higher'mathematics. Three or more laboratory

hours were reqU1req'by 84 percent with 28 percent scﬂbduling'

' four or more. In 84 R:rcent of . these colleges, the three

re of three entirely difterent '
types. The ORG yeidr course (62%), ANAL (27%) and CLIN
(228) chemistry were the™mqst frequently included advanced
courses. Advanced chemist§§\courses are offered by 81
percent of the colleges, 43 percent one course and 22,
‘percent, two. oL . '
Colleges'\uth four or* more introductory programs
tend to be medium or large size; de&lcly controlled;
located in tHe west, midwest or south; and comprehensive.

Ninety—five percent. offer GEN chemistry; Mhereas, the

- NSM and AH courses were each found in 79 percent&with

&
. . sl
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the TECH type (26%), and PREP courses (24%) also popular.
Nearly two-thirds (65%) of this group of colleges include
four different types of introducrory chemistry sequences;
12 'percent have two\in general chemistry; and 15 percent,
two for non-science maifrs.

. Seven colleges (18%) have general chemistry programs
which meet the- ACS Guidelines pn all counts. -Furthermore,
this group of colleges tend to have the most extensive
and highest level of general chemistry courses. Half

"schedule 7 percent .or more.c¢ontact hours, with 26 percent

at the nine or more level; additionally, 89 percent include
three or more laboratory hours with 40 percent at the
four or more level (24% actually have 6 hours). For

| prerequisites, 'é8 percent require high_school chemistry,
"and 42 percent intermediate algebra or "higher.

Although 95 percent of. these colleges offer advanced
chémistry they do nct have as extensive offerings .as-
at the introductcry level. Thirty-eight percent schedule
only one advanced course and 38 percent, two. The ORG
(year) (80%) , ANAL (50%) and CLIN (28%) programs were
the most popular advanced offerings .

..
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| - PART .II
THE INSTRUCTOR SURVEY '

METHOD |
The same random sample of 175 colleges employed
. ., in the Center for the Study &f Community Colleges Curr;culum

Study was used in the assessment of instructional practices.
.After -identifying the scierice courses on the schedules,
-individual class sections were. selacted by drawing every

. thirteenth lecture section in each-of the six major sciencé
. currlculgm areas. After randonly seyectiqg the first
college, the selection process continued. automatically

B) was,distributed_to_the instructor of each section
identified as above. Returns were handled in such -a’

r. - -self-randomizing. A questbonnaipensdrvey form (see Appéndix'
Y
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way as to-quarantee confidentiality to the respondent

but st1ll provide for follow-up on the retrieval of surveys

from non~respondents.
Questionnaires were mailed to 1683 instructors of

sectlons\sn all fields' yq sgrxng 1978, after the completion

of the fall term, 1977 to which. the survey was confined

One hundred fourteen surveys were. not dellverable due

to death retirement, -leaves and dismlssa{s and other

Xeasons. Additionally, 77 surveys;zfre returned for )
g

1492 deliverable
surveys, 1275 were returned to the Center, a response

cancelled sections, Of~the remain

rate of 85.5 percent. - ; .

‘ by, -
Thes82 responses from chemistry faculty repn@ﬁedgpd\
6.4 percent of the returns compared to Y60“12.5%) from

'bidl%gists and 45 (3.5%) from physicists. ' IntrOductOry

chemistry sections accounted for 80 percent of the returns
and 20 pepcent came from advanced sections; 83 percent-
of. all chemistry lecture sections were introductory and

17Jperbent advanced. The percentage of the returns attride-

utable to chemistry, bioldgy and physics faculties was&
hlgher than the proportionate representation of these
sciences among the sections surveyed: ,chemlstry (5.1%),
biology: (10.5%), and physics (3.2%). “ |
The findings from this survey of most significance
toocﬁemlstry are presenteh and"discussed in the follow1ng

asectfons.s All tables include data for biology and physics_'

as well as ‘chemistry and the data for all twelve groups"
comblned 1nto an all science group.

- N . ’ ~

RESULTS - .

mGoals,Sr‘ggalities Desired. for Students

 The abilities students are expected to demonstrate
gre,a function of the goals the faculty member has for

¢

the course.” Consequently, instructors were asked to

-
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select one quallty “from each of three sets of four that
they most wanted their students to achieve in t pec1fied

codrse (Table 14).

= ’
~

|  Functions of Courses and Student Majors
Sixty~three percent of the chemistry faculty indicated

that the course about which they were responding either

. paralleled or was equivalen% to a lower division course
at a four-year college. Transfer science and engineering
“majors were included in 56 percent of the courses, allied
-health or natural resource majors in 38 percent, and T
nonjscience_majors, 18 percent. The total of these figures
is greabef than 63 percent pecahse many introductory ' .
chemistry courses .are multifunctional, serving two or
more groups of s&udent majors.
Chemlstry had. the hlghest percentage of all the
~ sciences on courses for transfer science and engineering
B ' majors; whereas, Omly engineering (5.6%) was lower than
* 4 chemistry in the non-sciqug“major category. ThlS reflects
T :. the observation that students tend to enroll in chemlstry
©. WA courses as they are required in their programs by the
college and where there is a choice they do not elect
chemlstry (Kunkel, 1969). ’

,Amohg our respondents, chemistry courses for the
afional groupg were about equally divided between
ied health and science-engineering technologies.:

Remedial igses in chemistry.were second highest to

_ mathematics (33%). OR.-all the sciences, only physics

' - is lower than cﬁemistry in sections described as -bein a
for further education or personal upgrading. Only phzhlce,

Ny

engineering, and agriculture offer a lower percentaée
~ .  of sections designed for the general education of non-

~ science and‘non—bcéupational students than does chemistry.
These data suggest that chemistry faculty need to look
) for innovative courses or ways to interest the general

student in chemistry. : -




‘Table 14

Response to Questions: Instructors may desire many qualities
for their students. Please select the one quality in

the following list of four that you most wanted your

students to achieve in the specified coursé: by Science
Faculty, Two-Year Colleges, Fall Term, 1977. - )

Percent Of Total Respondents for Each Set
Chem Biol Phys All Sci
SET ONE (One only selected) (n=82) (n=160) (n=45) (n=1275)

Understand/appreciate 22 48 .16 27 ™
interrelationships of ® ; -
science &\technology . ,

_with socidty. . ... .

Be able to\understand ' 0 1 0 2
scientific research - . .
literature.

Apply principles learned 65 42 76 61
in course to solve :
qualitative and/or

quantitative problems.

Develop proficiency in. 10 - 7 -9 8
laboratory methods and )
techniques of the
discipline. "

SET TWO (One only selected)

. Relate knowledge acquired 23 42 47 | 48
in class to real world : :
systems and problems.

Understand the principles,: 67 55 44 . 43
~concepts, and terminology '
of the discipline.

~. Develop appreciation/ 5 - 1 4 2

-—-undérstanding of

scigntific method.

Gain "hands-on" or field 4 1 i. 6
experience in applied - ) .
practice. . .. - " -
SET THREE (One only™“selected) > )
Learn to use tools of 9 -1 9 -9 .
research in the sciences. - -
Gain.qualities of mind 31 40 24 33
useful in further
education. - | -
‘Understand self. 1 9 - 0 9
Develop the ability to .= 55 48" 67 47

think critically.

-
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Students
According to fhe responsés to the Instructor Survey,

chemistry enrolled an average of 30 students per lecture

section., However, only 78 percent of the chemistry students

were reported as completing the course with a grade,

lower than all fields except for mathematics and the

earth sciences.2 ‘ : ; y
Of the initial enrollments in chemistry, 53 percent

were male and 47 percent female, close to all the sciences

~and much different from b1ology favoring females 2 to

1, and physics favoring males 3 to 1. This is explainable
because chemistry draws-heavily from both the allied-——-
health - biological science programs (female dominated)
and tho'engineering - physical science progréms.(male

</

dominated). There is no significant difference between
the male and female completion rates in. chemistry, both
78 percent; in contrast, both biology and physics have

about 10 percent higher completion rates- for males.
vInstructional Mode

Major contemporary issues in chemical educatlon
include questions about the necessity of laboratory work
in introeductory courses and the rieed for the individualiza-
tion of instruction. Our survey of catalogs and schedules

%

\made possible a profile of the lecture and laboratory

modes of instruction for each subcatégory of chemistry . ,
courses (Table 15): These resources were iﬁguﬁﬁicient |
to reveal the extent to which She varlous 1nd1vidualized
instruction schemes were employed. Overall " the comblned

-~

2

These fiqures differ from other reported information

"because initial enrollment dates were not specified.

Further, data do not specify whether students were included o
who completed a course with a .grade of F or W. _ -
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Category of Course

Lec

i _I—_Jﬂ_lza

INTRODUCTORY, ‘ (79)

Non-Science (NSM) | 78 -
Allied Health (AH) W 78
Edéipeering Techn (TECH) 70

"Prepéiatory (PREP) 48
General Chem RGEN) 85
Chemical Techn (CHM TCH) 87
Other (MISC-I) C 38
ADVANCED ‘(82)
‘Analytical-Instr (ANAL) 92"

Organic-Biochemistty (dgG) \80
Industr. & Chem 1
Engr. (INDUST) L. 64

Clinical (CLIN) L83
Miscellaneous Advanced - 4 100
(MISC-3) .

v )

?Lecture-laboratory courseshrequire students to be enrolled

- Table 15
Insfxuctional Mode for Chemistry Courses,
. -Two-Year Colleges, 1977-78

-

Percent of Courses of A Subcategory

Lec Lab Other or
Only OnlyC Unknown
- (14) (5) (2)
16 . 3 3
15 5 2
22 9 0
33 4 15
.8 . 6 1
13 0 0
53 5 5
(11) (7 (£1)
6 2 0
b 12 8 0
29. 7 o™
9 6 .2
0 0

in lecture and laboratory sections both whether they

are listed rombined or as separate sections or courses

‘on the schedule.

bLecture only courses have no related laboratory component
or have an optighal, separate laboratory course.

A}

“Laboratory only courses havgfap-sbheduled or required

lecture section or course.

d

The other category includes courses requiring field

trips and those which are heavily individualized as

well as courses for which no information was available.

- v
e

-
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lecture—laboratorQﬁmode was used in nearly four out of

every five chemistry courses, with only one of seven
courses using lecture only and one of twenty laboratory
only.3‘ Only the péeparatory and other introductpfy cate-
gories have less than 50 percent lecture-laboratory.

| The\lowef laboratory requirement for preparatory
courses is accounted for by an emphasis on probiem solving’
and the fundamentals of chemical communication in many |

of these courses and the use of personalized systems

of instruction in others. The preponderance of the lecture "~

type of the miscellaneous. groups is a conseqhence of ~__
their priméry purpose, which is to communicate the chemical
information nécessary for a given occupation.
Use of Class Time

The Instructor Survey delved deepgr into the.use

of instructional techniques than did the catalog and

- schedule analysis. The faculty were asked what percentage

of class time was devoted to those activities listed

in Table 16. The almost unanimous use of lecture (98%)

and examinations (96%) was expected, as was the high

usage of &lass discussion (83%) and laboratory experiments
(80%) . However, considering the nature of the subject

and the availability of suitable ﬁaterialsf the utilization
of lecture demonstration experiments (58%) and media
(13%)‘are disappointing and should be of concern. Further-
more, thiéxis not -in-line with the Criteria statement

(AéS, 1977) calling for use of lecture and demonstration
exper iments ag_well as the newer types of ;earning and

-

3

Some colleges list and schedule the laboratory as a
separate course but require concurrent enrollment;

such cases were counted as a single tourse in the lecture-
laboratory category. - ‘ e

+
<

-




media resources.  Chemistry %dculty should be aware of .

§the'results of research such as that by Talley (1972)

and Zimmerman (1972). The former found that the use
of 3-dimensional models of each chemical species and
interaction under consideration produced significant
differences in learning in the areas of analogy, knowledge,
comprehgpsionﬂ analysis and evaluation. The latter foynd
that the film treatment of atomic structure and bonding
for community college general chemistry students pggduced
“"higher mean scoreg on achievement test, retention test, _
and attitude post test-than did lecture-film or lecture M
only treatments. The low wutilization of practical éxami- ‘ ‘ BN
nations (27%) arques for research and developmenﬁ'in .
this area. . & - . Y I v

The recent interest in learning theory among chemists,

primarily Piaget's work and phemical education, is summar-

ized in a resource paper (Good, Kromhout, & Mellon, 1979)
and two papers presented to a twd:;ear college audience
(Fowler, 1976-1977; Herron, 1976-1977). Efforts among
two-year college faJplty to. prov1de instruction directed
toward concrete thought processes, with the aim of helping .
the student advance from the concrete to the abstract .
‘(Piaget's formal operatlonal level), include the use ‘
of desk-top kits (gaker, 1977) and models to represent - <
or simulate concepts (Grotz, 1976-1977).

In addition to an analysis of_thd'frequency of use
of these techniques nationally we established tHe profile
for’ the everage course pfesented in Table 16. As egpected,
faculty lectures and student laboratory experiments account
for more than two-thirds of chemi8try class time_ with . "
abeut\one <-eighth of the time devoted to evaluation items.
A comparlson of the chemlstry profile to those for the
average classes in biology, physics or all the sciences

may be obtained by examination of the table.

- . _ | 60 | . L,




Table 16
Allotment of Class Time in Science Classes,

Two-Year Colleges, Fall Term, 1977

Estimated Percent of Total Class Time

“Type of Activity : ‘Chem . Biol ‘Phys. All Sci

: . (n=82) (n 16_1 (n=45) (n=1275)
Laboratory Exper iments 30 23 27 -11 ’
Quizzes/Examinations 11 7 ‘ ‘8 10

Class Discussion . 9 Y N 'Iﬁl 15

Lecture Demonstration 3 , 4 7 3 ' .
Experiments .

Film or Taped Media - .2 7. 1 ' o4

La#b Practical Exams/Quizzes > 2. 4 T 2

- A1l Others | ~ 2 5 - 8. - 10

. -

Y
Use of Instructlonal Materlals

To what extent do faculty use print and non-print 1nstruct10nal
materials? These questions were asked of the faculty ‘ \
because books occupy- a central ‘place in higher education
and because different forms of media are often intégral
to attempts to give every student an "equal eyeball opportunlty
to see chemical phenomena, to v1suqlize chemical structures

. or to see chemlcal procedures prOperly per formed. Addxtionally,

since media ar enerally extensively involved in instructional '
- innovation, weegiﬁed the faculty to indicate how often’

they used various materlgls. The responses are summarlzed
~in Tables 17 and 18 for media and. prlnted materials,
respectively, with data for chemrstry, biology, phy31c5" )

. v " .

-

and all sciences included.

é n . -

-

.
.
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" fable 17 °

”

-

Utilizatlon of Instructlonal Media Réported by Scxence

Faculty, Two-Year Colleges, Fall Term, 1977

Type of Instructional

«

Percent of Total Faculty Utilizing

ﬂedia Media Frequently (Fr) and. Occaslionally (Oc)
| S o Chem . Biol Phys 511 Science ~
: iﬁ ~ (n=82)  (n=160) (n=45) -(n=1275)

_ ¢ Fr Oc Fr Oc © Fr. O&. Pr, Oc
Scientific instruments 51 35 42 34 64 31" 18°°721 )
‘Three dimensiorial models .. .42 50 . 34. 42 7 °49° 1027 . .
Maps, charts, illustr’ 42 33 35 45 22 36 20 36 T

"displays . ' _ ‘ P
“Lecture/demonstr expts 38 34 18 36 51 38 10 17
~Overhead proj transpar © , 31 ,35 45 28 13 40 20 27

Audlotape/fllm/combln f L of 231", 7.'26 0 - 4 3 16
Films 2 .52 . 16 59 0 51 9 :40
Slides 1l 28 26 49 0 16 - 8 .22
Audiotapes/cassettes/records 2 21 6 21 2 11 3 17
Single concept film loops .2 °17 4 38 7 47 1 12
Filmstrips " 1 157 4 27 0 9 3 16
Videotapes'w 0 15 3 27 0 11 3 16
Natural or preserved,- =~ - 2 5 56 28 0 0 9 7
speCLmens - | ST . A
™ ‘ 0 4 12 0 9 1 8
Other N | 2 7 0 6 2
- : , T .
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: ‘Table 18 - L T
Utilization of Primted Instructional. Matesgals Repqp&ed'(*' .
by,801ence Faculty, Two-Year Colleqes,\Féll Termy~1977. \

o
. . .
i . ) . t . I}

‘Type of Printed Material - Percent of Faculty UtlllZlng Type of

e : Material’ (PUL and Average 'Number of

o nt } I Pages A381gned QPG)

" P " Chem  Biol  pPhys All 'Sci n -
o - (n=82) (n=160) (n=45) «(n=1275)

v " PU-PG ' PU-PG _ PU-PG  PU-PG

_ Textbooks : 2 98-312 '96-340  91-254 94-308.
"Lab materials/workbooks. 84-1Q7 - 80-112  78-34  44-101
‘Syllabi/handout"materials_ 76-40  74-35 51-18  62-29

Problem bo‘#s S . 38-117  €-75 20-40 10-90° |
Reference book$s | o 33-35 | 39-90 . .18-15 22-107

‘. d’Jourpal/magazme articles 23-30  38-13 . - 25-23 -

~" co _
Newspaper s . 7-30 11-13  2-%¥ a4 11-22

-Callections of readings  ’6-73 15-76 ' 7-55  14-126
| dther . (/ '
*pages-not zeported o B <

\

7852 "7-89 . -4-170 8-121
. . ’ Y o e z ‘L""\.'

Evaluation of Students
- When queried with respect. ‘to the abilities they ' g .

' ask their students to demonstrate on examlnations and T . ' N

quizzes, most of the chemistry faculty rated "acqualntanCe

“with. the concepts of the. d1sc1p11ne" as the most. 1mportant

item followed by “mastery of a skill" (Table 19) + .

, The chemlsts used deveral factors when determlnlng
a student's grade. They gave the greatest emphasis to
the reSults of obJectlve ‘tests’and examinatlons which
can be scored qu1ckly, followed by laborabo y reports
and essay tests (Table 20) '

Practlcally all of the chemlstry fagglty eported

LN

~ ' s

‘that they used mathematlcal type pr@blems where the work . 5_)
must be shown as well as the construétlon of graphs, o L '
."diagrams and chemlcal equatlons. Multiple response and '_( )

essay questions both were used by about three- quartersr, B .
of the ohemlsts but with less frequeqﬁy (TableAZl). ) "),/' . "
| .Y . i | ‘_ . | -". * ] 63 6(} : ‘_‘.

N
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on Examlnations and Qu1hzeé as Repprted by 801ence Faculty

Ability

Acquaintance with concepts  90.

T

of the discipline

Mastery of a skill

Table
Importance of Abilities Students Are Asked to Demonstrate

Percent of Total Faculty Con51dering

19

~ Two-Year Colleges, Fall Terq,

1977

This Ability Very Important (V)
and Somewhat Important (S)

Understandlng significance 45
of phenomena and.

experiments
Ability to synthesize

course content

“Recall of specific

‘information

Relattonship of concepts
to student's own values

cher

&

« Chem Biol Phys
h=82) (n=160) (n=45) (n=1275)
V. __ 8 V . s “v s V.S ____
9 91 8 9 '83 13
71 20 24 42 \Q 24 51 <§2
50 59 36 31 ° 45 ‘
- . F1d rd . .
43 40 51 "387C 53 36 46 39
35,61 62 36 13 58 " 43 49
.16 7- % 41 2 29" 24 36 \
1 5 0 0 5 0 3 .0
{ A
.. ! ! * i .
A o
' ~
y
64, . .
' J ~ ks , o
o ¥ . 1 » N

All Science




to Various Student Activities by Science Faculty,

- Two-Year Colleges, Fall Term,

Type of Activity

Table 20
" Emphasis With Respect to Determination of Grade Given

Perrent of Faculty Counting Thtis

1977

“,ﬁ

-,

"Type for 25% or more of grade (A)
and. less’ than 25% of grade (B)

'

0-15

L]

' .
. (All other activities listed were less than fb% total
- for chemistry and are not shown in the table; these include
papers written in class, field reports, individual discussions
‘with instructor,-non—wrltten projects, and other activities.)

-~

L

Chem” Biol Phys All ‘Sci.
"(n=82) (n=160) (n=45) (n=1275)
JA-B A-B ~A-B “A-B
Objective tests/exaim- '61-18  72-13 42-13  60-15
inations (quick score) X _
Laboratory reports 40-45  11-43 27-53  10-17
Essay tests/examinations 50-17 44-23 - 42~ 4 ,41—15_
Laboratory unknowns/ 12-40  19-28 - 2-24 6-11
practical exams
PXoblem sets 4-43 1-10 ° 7-44 5~18
Homewor k 2-49 1-19 7-47 . 6-32
Wor kbook comp}etion 5-13 1-21, Q-22 4-14
Regular clasSs attendance 0-32 3-28 0—%2, - 3-32.
Papers written out51de 0-20 2:94" 4-11 9-25
of class
"Participation 1n claas \eu/0-17 f¥25 2-24 2-32
discussions - ..
Research reports 1-11 "1-18 0- 7 3-14
Oral recitations . - S 1-11 0-16 2-17"
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//" "« Table 21‘

Types ‘of Questions Used in Written Quizzés and Examinations,

‘Science Faéqlty, gwdeear_Colleges) Fall Term, 1977

Types of Questions = . ' . Percent of Total Faculty Using This
e " Type Frequently .{(F) and Seldom (S)
Chem ~ Biol | Phys = All Science. -
' . ,(n=82) (n=160) (n=45) (n=1275)
tee . ‘ : F - s F _ s F __Ss F__5s
Multiple response . 45 28 84 10 20 38 50 20
R, {multiple choige, true/ .- IR ER e el
' false etc.) e : :
L Completion _ © T ... 2739 46 39 13 27 25 32
.Essay B . 33 40 48 29 21 24 . 31 23
. Solution. of mathematical 81 13 8 37 73 1 49 15 o
- o type, problems wit® work B
‘Construction of graphs, 68 27 6 38 31 36 26 30
_ diagrams, chem. equations T '
. Derivation of mathemat1cal 4 54 1 11 22 27 12° 29
relatlonship . _ - : .

Other ) ' X ~ 4 0 6 0 7 0 5 &1

C ' More than 9 of 10 of the chemistry faculty award |
ABCD grades and over threerfourths also award F grades. ' -
Informatiqn regardlng this grading system reveals that
the pass and fail or no credit systems receive little
, attention from any of the sciences. Reference to Tables
‘ 19 through 21 show other factors related to evaluatlon
# Of.students b;rh chemists, as well as the comparison among .
chemlstry, phy51cs, b1ology and the total. group of science
faculty. i - e ) :
ngree Atta&nM?nt ., ') , SR 3( \;} . S ~ :‘ : N

e
Faculty members respond1ng to our survey were asked

'to indicate their highest earned degree. Over one-third
of the chemlstry faculty (35%) hold earned doctorate'

- dégrees (in chemistrg or ano her field, suchzas higher
education). Most of the remaining instructors (63%) _ v
have master's degrees in chemisiry or some other field. \
This is more than double the percentage (17%) of earned _' .




e

- 18 higher than ‘in any other field. - R

doctorates among chemistry faculty (n=649) in }967 as
well as a small increase in the percentage (93% to 98%)
of chemistry faculty holding a master's degree ¢or highet
(Moohey & Brasted, 1969). The percentage of degrees

in chemistry is prdbably higher today, priﬁgrily because

many retirees with master's degrees or less have been

replaced by.younger chemists with docftorates who in earlier

years would have gone into a four-year college or university:

Doctorate attainment in chemistry (35%) and physics (31%).
The Conference on Science in the Two-Year College

(ACS, 1971) recommends that the minimum academic preparation

for a two-year college science teacher be equivalent

in level to a master's degree‘in the discipline‘to qualify

in tHhe subject he teaches. Clearly, any assessment of

the needs of the sciences in the two-year colleges needs

updated information on thé;fielé and recency of-bhe.degrees

. held by the faculty'before making recommendations’ for

faculty development programs.
Teachlng Experience .

In the fall of lQ??’IVér one-third (34%). of the
‘chemistry faculty had been teaching in two—year colleges.
for more than 10 years; in contrast, Jless than one—quarter
(22%) had 1ess than four years experience. Although
there is a slight difference in the questiéns asked in
the 1967 AC3 study, these results show a drastic change
since then, when only 18 percent had been in their present

"+ position more than_ 10 years and 53- percent had less than

~

four - years experlehce there (Mooney & Brasted 1969 ). ‘ .

*

e

‘"4In 1967, the questxon asked for years in present position;
in 1977 it was years in a two-year college. Only 7

percent of the 1967 group had two-year college experience
prior to thelr present p081tlon. B -

. . h]
& & ’




The chemistry faculty reflects more experience in the

two-year colleges than does the all science group (78%,

S or more years, compared éo 69%) or the physicists (73%)

) or biologists (71%). We conclude that overall community

* college chemistry faculties are aging and suggest this

has implications for a needs assessment.

_ Employment Status

Much concern has been expressed over the recent
increase in part-time faculty in the community colleges.

- Our Instructor Survey, focused on the. fall of 1977, pre-

dated Proposition 13 in California and subsequent cost-

saving actions around the country. At that‘time we found .
‘no substantial change in the full-time percent of chemistry

faculty from 1967 (Mooney & Brasted, 1969) to 1977 (83%
té 84%); the part-time percentage decreased (17% to 10%).
A partial explanation of this could be the decrease in
enrollments and elimination of some smaller sections
exper ienced in many colleges even prior to 1978, actions
which generally result in fewer part-time positions.
The part-time teaching in cheﬁistry across Ehe country
today does need much further detailed study, especially
in order to determine the effect it is hav;pgxon the
quality of instruction and student retentfan and perfor-
mance. We also found the chemistry curriculum to be _‘
more committed to full-time faculty than were biology,
physics or the all science group, )
Assistance Available' to Faculty

' .'The 1969 Conference on Science in the Two-Year College
(ACS, 1971) recommended that technical and secretarial
assistance be provided to science‘faculty.’ We aSsked
faculty about the types of assistance available to them
and whether or not the faculty member'had made use of
this aséistance. ‘Clerical help, the most frequently
-avai}able assisténEe, was utilized by more than two-thirds

of the chemists. Laboratory or technical assistance, _
less available than clerical, was utilized by 57 percent

, .
. -,

68 -

R
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of the faculty but it was available to only 62 percent
(Table 22).
We calculated a need or usefulness index for the

types of assistance included in the‘table. This index,

defined as the percentage of faculty utilizing a given

' type of assistance when it was available, is reported

in column C of the table. Laooratory help was the most

needed or useful form of assistance, used by 92 percent

of the chemists to whom it was available; the clerical.

index was 82 percent. These indices argque strongly for

the tecommendationsvfrom the l969 Conference.“. | B
- King and Ullmann (1978) report an average of. one

full ~-time laboratory technical assistant for every 4.0 .;

chemlstry faculty members as well as oné full time secre-

tary for every 15.4 faculty in 21 public community collegesl\\

of New York state. Furthermore, these colleges also

supplied student laboratory assistants, 3.7 hours. per

faculty per week and student clerlcal help, 1.2 hours

'per faculty per week. The large departments {(six or

more faculty) tend to have higher faculty to assistance

ratios for both types of assistance than is characteristic

of the smaller departments (less than six.faculty), a ‘

relationship that geflects economy of scale. This New:

York study supports my observations over the last 25

years in community colleges that a ratio of oné laboratory

techn101an to every four full- t1me faculty menbers, or

equ1va1ent, is optimum both educationally and economically.
Colleges desiring to study or reviéw the use of

technical assistants may find helpful .the published job

" description for a chemical laboratory technician in a -~

community. college (Mooney, 1968-1969).

.
2}




Table 22 - ~ ’
Utilization of Available Assistance by Science Facultleg Two-Year Colleges,
Fall Term, 1977

.

Type of @Assistance Percent of Total Percent of Total- __ Percent Utilization b
' Respondents Having Respondents Utilizing of Available Assistance” |
This Type Available? This Type - . ’
‘ Chem  Bio  Phy  Chem  Bio  Phy Chem \ Bio  Phy
" Technical (laboratory) 62 58 36 57 49 31 92 84 86
) Tutors , 61 56 44 54 38 31 89 68 70
Clerical Help . 84 86 80 69 77 69 82 90 86
Paraprofessionals . 26 24 16 20 19 A ¥ 9 44
Readers = 16 11 1 11 4 7 69’ 36 64
E; Library-Bibliography 72 80 - 58 43 52 - 24 . 60 ‘ 65 41
Media Production 76 76 60 40 54 29 53 - 71 48
' Test Scoring =~ 62 67 18 22 18 11 36 57 29
~ Other . 5 3 2 5 3 2 100 © 100 100

- . »
S M
ke . \
-
. >

8n=82 for chemistry, n= 160 for bio}ogy, and n=45 for physics.
b

The $ utilization = (% utilizing 1% available)100. - S o
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The high utilization index for tutors (89%) by chemistry
faculty is a strong argument for those' colleges that
do not provide tutorial assistance to chemistry students
to make it available. The control ‘and location of chemistry .
tutors in the two-year colleges is controversial. Based
on observations made during consultations and others
on site visitations, I recommend they work in ‘the chemistry
deparﬁment under the supervision of chemistry faculty
+ . .. to make more effective use of all possible resour ces L

_(e.g., models, laboratory equipment, references and faculty)

3 Y

and to minimize the negative effect of a tutor taking
an entirely different approach than the instructor,- thereby,
compounding the conceptual and computatlonal difficulties
of the student. Colleges desiring to study or review’
the use of tutors in chemistry are referred to the tutorial -
laheratory approach at Bronx Community College (Ukeles,
1976) and to the unpublicized program developed at the ’
College of Marin® "by Onnig H. Bezlrjlan. The PrOJect . o
TEACH materlals could help train tutors to deal with
the specific conceptual and computational problems in
. chemistry experidhced by the tutoree as well as their o
. more general problems of being a student and person '
| (Project TEACH Staff, 1976). .
‘ 4 | Media production and library-bibliography services
~ T appeér to be underutilize@Q a conditionﬂsugggsting the ~
need for additional study to determine the reason for -
. and ways of effecting improvements in chemistry courses
through the .use of these resources. This underutilization .
may be related'to’the need for instructor release time ~
to develop course and/or materials (see next section).
Reference to Table 22 allows comparison of the chemistry,
physics, bio1ogy,.and the all science groups on the
provision and utilization of assistance.

L) ) \




Improvement of Instructional Effectiveness

.

Since faculty members have ideas for making their )
courses more effective, we sought their reactions to .

the effect, of sixteen possible changes on their course.

Nearly two-thirds of the chemists most desirej students

better prepared to'handle course requirements (Tag}e 23) .

Not only was this the highest percentage response from

.the chemistry faculty, itswas the second highest from

-any field on any -item, slightly exceeded only by the de e T’"l""j
desire of anthropologists to have more media available, o
Nearly half of the chemists expressed the desire.for -
instructor released time to develop course and/or matg?ﬁql. .
Reference to the table permits comparisons of the responses.. _

from the chepistry, biology, physics and all science ' |
groups on each of the items. . |
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. Table 23 _
Idﬂas for Making Science Couyrses More Effective in the

‘Two-Year Colleges as Ranke

by Science Faculty,

18 . .

All Sci
n=1275

53
" 38
21

30

24

36
29
17

- 18.

13
10 -

/S @ WO

-

. Fall Term, 1977
f N Percent of Total
oo _ Faculty Respondents
_f - Chem Biol Phys
Idea for Improvement n=82 ., n=160 n=45
Students better prepared to. - g
handle course requirements 63 54 < 56
‘Instructor release time to ' - o
develop course and/or
material 49 42 38
Better laboratory facilities 37 31 44
Stricter prerequisites for
admission to class 35 37 40
Professional development
- opportunities for . o
instructors . T 28 35
Avallablllty of more media or
instructional materials.’ 26 48 18
Smaller class_ = - R 23 27 16
More clerical assistance 20 18 18
More interaction with
colleagues or 7~
administrators 18 ") 18 - 18
More reader/paraprofe531qnal . . |
aides . ) 18 9 - 24
Other S o~ 16 11 11
More freedom to choose’ ' - o
materials T . P 11 8 9
Larger class (more students) 10 4 . 22
Changed course descrlptlon' 7 5 0
Less interference from - s
colleagues or _ ’ N
administrators - _ "6 4 -4
Different goals and _ SR
objectives ' . . . 5 5
.Fewer or no, prerequisites
0 0

for admission to class - . 1

w ) .




. PART III - toy
? | RECOMMENDATIONS . -+ -

A major outcome of this, study by.the-Céhter for
the Study of Commqpity Colléges has been to. focus éttgntibn
on what is needed for -an idealized chemistry program |
in a comprehensive two-year college. The elements of
this program have been cq;led tao our at;ention directly
and indigectly through thelliiezature reJiéw and the -
- findings of sthe curriculum and instructor'sﬁpdiea as
well as through discussions with\faculty'ddging ébllege
visitations or meetings of chemical educators. -

In order .to present a comprehensiVe. chemistry prdgram
the following components should be included, Undexstandably,

R o~

-

-

-

. . .
. 74 . . . a 7 vy ' ) . .
. . . ~ .
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. goals represented. by these. ségtements.

 in the proper chemistry course, the one intended for-

- These first four needs shouldube«sgypgﬁgegdby an’ _ N T

o

the full -complement of recommendations affords an idealized
representation. However, these recommendations can serve

as guidelineﬁ“for an evaluation of a'program and for

3thehdevelopment of a long range plan for improvement.

In another report related to this.study and avallable

at a future date’through ERIC we discuss obstacles to

fulfilling these needs as w:}t’as cite references reporting
P

on programs which have show rogress in attaining the

. -

Y
Ideally, two-year colleges need to provide: . T ] |

1. A comprehensive introductory chemigtry curriculum .
to properly-and efficiently dkal with the educational
needs in chemistry of students who pursue a wide spect&&m
of educational goals, and are widely heterogeneous in
their .backgrounds .and aoilities in the sciences and mathe-
matics,.as well as in verbal and visualization areas.

2. An efficient assessment and placement, program -

that will first-characterize students who desire to enter

chemistry courses in terms of their goals as well as
those abilities and achievements correlating with success
in chemistry§ then, follewing the assesément, place students R

their program and°ih which they have the most reasonable
chance for success. ' : .

3. An appropriate advanced (second year) curriculum L,
in chemlstry for the educatlonal goals (major and transfer
institution or: employment field) of the students. oL

4. A remediation program for dealing with students ~ -~
unprepéred for enrol}ling- in certain.chemistry courses '
as. well .as those who are having conceptual and computa-
tional.difficulties while enrolled in chemxstry courses. -

-~ e~ Fwe

. ’ . ¥ ﬂ.
.o : ‘ N .
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_ instructlonal program that includes: =~ .. .. - \
' '\L- : 5 Extensxve of lecture exper(ﬁéﬁts and demonstra—
% tions to present deScriptive mater ial and genenate.la%tlng
. interest in chemical phenomena as well as to -help students

at a concrete operatlonal level better deéal with chemlcal .

éu toplcs. If necessary, colleges should. plan or renovate -
b their chemistry fac111tles to facilitaté such lecture.
;J_gg:demonstratlon experlments. S - _ T
. 6‘ Extensive use of three dimensional molecular '{\' '
. &« - ‘models for both,lecbure presentatlons "and student use >
e as an aid to student visualization and understandlng o '

of“chepfﬁalcstructu s and 1ntéraatlons.

\\J*_“,gf§ 7 Exte991v us

..

f‘\

- of some of the:.new types of learping
and.medra Tesourdes, éuch‘as omputer aided instruction, -

* sliﬁe:tape presen'ations, programmed 1nstruct10nal materials, *

of cheﬁistry stﬁdents,fby a close worklng relationshlp
A betw n the staff o@ tutors and the’ chemlstry faculty,
by the use. of the’ dnstructkonal maferlals and media of
chemlstry in the tutorlng, -and by an effectxve referral B : B ﬂ
.proceﬂu e”for,yghdents who are having either conceptual I ..
' or ¢ tatlon *diﬁflcuitles in chemlstcy. _-‘2 ' T
. * 9. Reasonable laboxatory instggction: that is at.
" 1east comparable to the mafogdtransfer institutions" and b .
* that %étlsfle§ the émplogme ﬁeeds of occupational students., : e
. ) ThlJ qhould be tnteresti:hg and,tlm,ulating to studehts : Yoo .
. ;'<ﬁf'as wellsas suppont1$e of)ﬁhen&eéture course content and :”V
FURNC instructlve with: regpeet to the SklllS and*technlques ' | '
' R ; *require of th stuqents for further study or employment. .
v .10, Multiple instructfénal stnategles that will . .

'a;fow stu&ents a “¢hoicé of methods and materials so that, B

. R » -

X,
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‘strategies also allow collegés, espeeially the smaller

‘might involve various techniques, such as PSI programs,

and use of facilities, or
.the BioCqQTie.-

‘available’ medfa-pyoductlowoand library bLbliographxﬁ "\

.- accessible and available to the chemistry faculty, which

..'“ . [y .. )
they may elect the one(s) which are most compatible: with e
their learning style and personal requirements. Such
ones, to offer a more comprehensive chemistry curriculum, 'ﬁ
thereby better serg’/ing the'technica; and broader educa-
tional needs of students not presently being properly .
serviced because of a limited curgiculym. Such strategies
audio-tape cdurses, reglohal cooperatlon 1n scheduling

cooperatlve prO]eCtS such as

[ A

11. Extensive interaction between the faculty members

and the sthEﬁ; in the classroom presentations, the labora-

tory, officewhours and‘auxilia:xmlearning situations. L S
Such interaction should be concerned with”mbtivating o LT f
and interesting students in chemlstry and its interactions

with the other sc1ences and soctiety as well as. instructlonal
concerns.h | ST oy B )

% N - N - .

In order to ﬁatisﬁy the curfieular‘needs'(l -4) and the
instructional needs (5-11), the colleges need to proé&de._-, )
12. Suitable technical, and. tutorial - N

-

s
assistange for the chemistry faculty as well as convenlently' a

\ . A

secretarlal,

assistance.

+

13, For each-of their~chemistty faculty members *
each year to attend programs such as the Two-Year College . e
Chemigtry‘Conferences, the Division of Chemical *Education )
Conferences and the American Chemical Society national ~

* i .
meetings. : . : C - o e

‘14 A chemical education resources llbrary, conveniently

-

¢
3

includes journal$, reports and documents, relevant to ,

chemigabfeducation in the two-year co;iegésl . S T

-y . Py . S . .
\ . ) .- . e . L. «
) . . . -
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N 15. A student follow-up program to provide feedback-

‘ . . on the successes, problems and failures of former chemistry
' studengq-ifter they have¥ transferre® or entered the world
- of work. Such information is important in validating
. . present practice and determin@dg necessary changes.,
16. A student recruitment and retengion program |
. 1is needed to increase the flow into the department of ;
_hj o students of all academlc 1nteresﬂ‘.and abilities, espe01ally
the better prepared who are interested in science and
engineen1ng and-the occupat10nally~or1ented studen} interested
in sc1ence related technologles.‘ Once in the program
-these_students must be retained until they have completed
the;full-two'years of coiiege.level science work and
can transferpas fuily qualified science or engineering .
majors or enter employment with the associate degree.
17. An instructional research program that will
T provide the financing and eipertise to allow the chemistry
faculty tb design and perform new .chemical educatjon -
résearch related to the unique situation of the two-year
chleges~és well as. repllcate some studies reported in e - S
the l;ﬁerature as a:method oﬁ validatlng thexr usefulnéss - '

I - -

‘in the local 81tuat10n.. . R : o

.\r""-

. 18+ qpemTBtry—classroom and laboratory facilities .
© . % ___that meet all pertinent criteria-for lﬁporatory safety ‘
AN and a suitable working env1ronment as well as make. it

. “ .3, : .
6 f%aslble to carry out an apprOprlate laboratory program,l A \

including use of instrumentation; ‘to effectively utiliz
~appropriate lecture demonstration equlpment and models;
to provide for appropriate faculty-student interactlo A ,
Vo 'and to aLlow for” eftect1ve auxlllary learnlng pcogramﬁ’ '
e - as well "as multiple instructlonal strategies. This may
require extensive changes in present facrllries and'a’

, &

reorientatlon in planning new facqlitles. : ' .

. . v W «
- .-t . S N .
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.
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19. A sufficient full-time faculty ih-chemistiy

to effectively and efficiently deal with the'chemistry
program and utﬂ&ize part-time faculty to take care of

)

the fluctuatfons in enrollment from term to term and

fill in for full- time faculty on leaves. If part-time
‘ ,fachlty are used, a program should be provided to insure
- S that their work is properly coordinated with that of
.the full-time staff and that the.standards of instruction
and. evaluation for the department are maintained.

20 For academic year release time and summer progect
employment of faculty to carry out curriculum development - ...
and instructional researqh progects relevant to satisfying
the curriculum and instructional needs .above. .. o

2. For the establishment of one or more advisory . e
**  committees for the chemistry program of the college. | '
A separate group shbuld be established for chemical tech-
nology 1f the college has that program, "and separate
groups may be established for other portions Of the chemistry
curriculum or one group with subcommittees might be employed.

‘. R |
.

L e

L In order to carry out their reSponsibilities»to the students,
cdllegeéaapd profession, the chemfgtry faculty must not
only make effective use of what the college provides S
for their work (12- 21) but they must also assume professional ' %-'
responsibilities such as: - s _ - .
22 When responsible for -the allied health, engineering -
‘ technician, and chemistry for other occupatidnal group . . e

‘courses, faculty and professionals in the occupational
fields should cooperate to gevelop chemistry courses S,
consistent with the educational. needs of these occupational

- ~

groups. S .
_ 23 Publish in appropriate journals and present _
papers at profegsional meetings related to their curriculum
' developments, i structional research and instruactional -
practiCes as well as ‘their philosophies on chemical edncation.

hY
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To assist the faculty and administrators of the two-year
colleges in discharging their responsibilities to provide
for the satisfaction of the needs expressed above, ocutside
agencies (e.g., the American Chemical Society.Education
_foicevﬁnd Division of Chemical Education and the AACJC,
- the National Science Foundation and other gdvernmental
agencies, state community college agencies, privete founda-
> -+ - tions and research centers, chemical industry groups .- -~ ->-~~
"and other interested organizatiohs) should individually
or cooperatively develop: . '
24. A companion version of the document, Undergraduate

Professional Education in Chemistry: Criteria and Evaluation

<o

Procedures, for the two-year colleges, entitled Cr1ter1a

for Education in Chemistry in the Two-Year Colleges.
25. Comprehensive programs for (1) presenting the
Criteria document in 24 to college administrators, science .
administrators and chemistry faculty of.the community
colleges and for/ (2) assisting colleges in evaluating
. their programs (; terms of the Criteria and other recommen-
dations, as well as in developing 1ong'xange programs -

for effecting compliance with the Criteria and with o ‘.

v
¢ .
o

recommendations.such as these. .
26. A Center for Research-and Development in Chemical
Education in the Two-Year ‘Colleges that would stimulate | ‘ .
and assist local colleges and groups of colleges in research - Jﬁ '
o - prOJects designed to study the curriculum and instruction -
- problems of the chemlstry programs of - the two—year colleges
and-develop strategles and/materlals for~dealing with
o these.probﬂemé N - |
' +27. Ckeate a national funding program for the sciences
in the twpﬁyear colleges that will combine features of
several present National Science Foundation programs
' with some.of those of the Vocatidnal Education Act and | .
!i-: o similar occupational fundlng programs. The program should

\ I -
. .
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have two thrusts - one to help 1nst1tut1ons achieve com—
pliance with the Criteria and to help institutions move
forward from that level with soundly conceived innovations.

28. Recommendations regarding the titling of chemistry
courses to avoid the ambiguity reporﬁed in findings of .

th1s study.
29. Plans to use the Course Classification System

. for the Sciences-in the Two-Year Colleges as the basis

.for gathering and reporting information about chemistry

and the other sciences in these colleges and also as

a'guide for thg classification and evaluation b“courses.
30. Strategies for relating chemistry to the non-

sci§nce and non-technology stusdents. These éhould include

. courses and related materials as well as ideas_for non-

-t

'-crediE public UnderS£ahding of science programs.

Finally, we believe that the administrators and
.faculty have the speéial responsibilities described below,
that must be dealt with pragmatically before the needs
described above may be satisfied. C |

The non-science and non-technically ariented adminis-

‘tratofs need to develop an understanding of - rather

than an antagonism towards - the chemistry program.

- They must understand the unique nature of chemistry as

a discipline; the nature of the chemical réquirements

of qther disciplines within the curriculum;'og-the central-
ity of chemistry in-a comprehensive community college
program; of "the economic requirements of a chemistry
program, of the need to characterize the two-year college
student with respect to the abilities- required for success
in chemistry and the implications of’this for courses,
assessments- and’ instruction- and of the requirements

of the chemistry faculty to develop programs//o effectively

and effickently deal with these problems.

4
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“§¥“§>§§§§gfﬁax;¥ §9§§&£w99}1 es' assistance, the chehistry

faculty - many of whom are tfghlEiSBde? édug%tkﬁgaﬁﬂ%#%kum;V§§§§g§&$g4‘
trained and oriented towards teaching reasonably well TR
prepared science major students - should develop and
reorient themselves so they can implément.the curriculum

and programs described above in an educationally efficient -

-

and economically feasible manner.

’
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Center for the Study of Community Colleges

INSTRUCTOR SURVEY -

400-006

\
\,
Your college is participating in a nationwide study conducted by the Center for the Study of Com.
munity Colleges under a grant from the National Science Foundation. The study is concerned with
the role of the scientes and technologies in two-year colleges — curriculum, instructional practices |
and course activities. ' '

The survey asks questions about one of your classes offered last fall. The information gathered will

help inform groups making policy affecting the sciences. All information gathered is treated as

confidential and at nd time will your answers be singled out. Our concern is with aggregate instruc-
. tional practices as discerned in a national sample. . '

We recognize that the survey is time-consuming and we appreoiate your efforts in completing it.
Thank you very much. : ' .

v }

1a. Your college’s class schedule indicated that in Fall, 1977 you were teaching:

(Course) 1-13 (Sectiori)"

If this class was assigned to a different instructor, -please return this survey to your campus facilitator
to give to the person who taught this class. ' ' :
; o ' ’

v r

a

If the class was not tadght, please give us the reason whir. and then return the uncompleted
survey form in the accompanying envelops. )

b. Class was not taught because: (ex‘plaln briefly)

]

_ Please answer the questions in relation to the specified class.

2. Approximately how many students were lhltlally enrolled in this class? . . Males _______ 14-16

Females 1719

7
//

o

3. Approximately how many students completed this L
‘ course and received grades? (Do not include -
withdrawals or incompletes.) o -
. . : // -7 : \

,'/// ‘
Males . - 2
L Females _ 225

-~
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' ’
4. Check gach of the items below that you believe properly describes this course: '
. P a. Parallel or equivalent to a lower division college level course _ A
at transfer institutions - . . . . . . . . . . . . L e 26
b. Designed for transfer students majoring in one of the natural v ) //
resources fields (e.g., agriculture, forestry) or an allied health _ .
ficld (c.g.. nussing, dental hygiene,etc.) . . . . . . . . . . 12
c. Designed for transfer students majoring in one of the physical
or biological sciences, engjneering, mathematics, or the health
sciences (e.g., pre-medicine, predentistry) . . . . . . . .. - a3
d. Designed for transfer students majoring in a non-sciencearea . . . []*
e. Designed for occupational students in an allied healtharea . . . . [O°% ,
f.Designed for occupational students in a science technology or )
engineering technologyarea . . . . . . . . . . .o s -
. g- Designed as a high school make up or remedial course . . . . . [J7
h. Designed as a general education course for non-transfer and non- ) ‘
occupationalstudents. . . . . . . . . . . ... O .
A i. Designed for further education or personal upgrading of adult
4 students . -. . . . . .U . . R i _
- *
j. Other (please specify): — 7 0° . R
p : A ] .
" Sa. Instructors may desire-many qualities for their students. Please select the one quality in the following list of four
that you most wanted your students to-dchieve in the specified course. -
' , 1) Understand/appreciate interrelationships of science and ) . o
‘ technology withsociety . . .. . . . . . . ... . . . . [O" . &
© 2) Be abfe to understand scientific researchliterature . . . .* . . 02 - ,
3) Apply principles learned in course to solve qualitative and/or .
quantitative problems . . . . . . . . . T T mE
~”4) Develop proficiency in laboratory methods and techniques of o _ *
/ thediscipline . . . . . . . o . . .. 0+
ur qualities listed below, which gne did you most want your students to achieve? - ;
1) Relate knowledge acquired in class to real world systems S . .
*andproblems . . . . . . . . . . . ... 0! R
2) Understand the principles, concepts, and terminology of the discipline .  []2 )
3) Develop appreciation/understanding of scientific method . . . . 0 3
4) Gain “hands-on” or field experience in applied practice . . R N
| - . _ .
c. And from this list, which one did you most want your students to achieve in the specified class.
T 1) Learn to use tools of research in the %ciences_ A %"
2) Gain qualities of mind useful in further education . . - . . .. . nki L
't 3) Understand self e e e c. e B L ' .
.- 4) Develop theability to think critically. . . . . o . . . DO
" 6a. Were there prerequisite requirements for this course? = . Yes[J* No[J2 . . %

b. IF YES: Which of the following wer¢ required? (CHECK ASMANY AS APPLY)
' - - 1) Prior course in the same discipline tq:ken in high school ]! . . college{]7 - ow

" 2) Prior course in any science thken in highschool[72 . . college[]® __ vy
_ -3) Prior course in_maghqm'atics taken iq - high school 0%. . college[]°
oL ) Declared science or technology major . . . % .° [3¢° ’ . :
| '$) Achieved a specified score on en examination. []% ° e
6) Other (please specify):— — : oe |

-

Lo 2 . | _ "
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7. Over the entire term, what percentage of class time is devoted to each of the following:

AN
. a. Yourownlectures . . . . . S % 32/33
b. Guestlecturers . . . . . . . . . . . N 1 V5 S -
c. Student verbal presentations . . . - —_— % . . 38/31
d. Classdiscussion . . . . . . . . . . . . . % 38/30
e. Viewing and/or listening to film or taped media . . - . . S A Y
f. Simulation}gaming e e e e e » .. () 42/0
- . g. Quizzes/examinations . . . © . . . . . . . . % “aaas
h. Fieldtrips . . . . L % 46/47
i Luturi/demonstratlon experiments ' % _ 48/49 -
. i- Laboratory experiments by students S . .BO/ST . O
- . k. Laboratory practical exammimations and quizzes =~ ..o o0 o o " %y - 62/63
_L Other (please specifv): ' i )
* - ‘ : : 9% B4/55
" ~ T ) B Pleasé¢ add percertages to make | TOTAL: 100 %
. sure they agree with total
o ‘ ) : _ , R
8. How frequently were each of the following instructional media used in this Class? .

N

‘Also check last box if you or any member of your faculty developed
any of the designated media for this course

. . - . )
Ny N ) . . .
. L3 » . . .
. § . .
. EX " -
. i -

.

. . Developed
- . . o by selfor .
. , Frequently Occaslonally Never other faculty

. . - . ] used used _used member .

- .afEME. O o 0z mE ¢
. ' " b. Single concept filmloops . . . . . . A i | 02 / [j5 4 &,

R s 02 s O+ s
. d. Slides . ¢ . . e e e : Sl * Ink o mE ‘D‘ . 59
T, e. Audiotape/slide/film combinations . . . . . . .I 0O . O® . O3 O+ o

- i 'f. Qverhead projected transi)arencies C e e e 0! mk 3 : i:]i 61 .
' . g Ahdiotapes, cassettes,records ‘. . . . . . . . D"' n2- - as - 0 62
. h. Videotapes . . . . . . . , . . Lo o 0O 03 0+ 63

i, Television (broadcast/closed circuit) . . . .. .o e n LA Os v s ~ &,

N j.'_Mz;.ps,;charts. illustrations,displays. . . . . . . L ek 0os - 04
: "." k. Three dimensional models _ ;"-' ‘0O -2 ‘ mE B L

1. "Scientific instraments. . . . oL L A W 0?2 -0 [j‘ o1
m. Natural preserved orhvmf specxmens e e e D.1 o O ' [_’]37 o @‘ . &
. n. Lecture or demonstration experiments ¢ - : . e Y
involving chemical reagents or physmal apparatus . .. [O' L [O?%. 03 04 69
o. Other(please:cpecafy). ! S— . [ -. 02 0 : O« ®

’ “ ' t e . ' . . . .
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9. Which of the following materhls were used in this class? CHECK EACH TYPE USED. THEN FOR EACH TYPE
USED, PLEASE ANSWER ITEMS A-D.

_

O Collections
3 of
readings .

O Reference
4 books

[} Journal

5 and/or
magazine

articles

L

O Syllabi
7 and
handout
materials

Problem
8 books

$ (please _
" specify)

~N

[J Newspapers —

A. B. C. . B ¥ A '
- How much say did you have in
Y * : the selection of these materials?
How e Selected ;

. many How satisfied wereyo? *| - *  them but .
pages in with these materials? " Did you had to Was .
total Db prepare _ verify member of -

: v were Would TDefinitely. these with a a group Someone
Check students like to  intend materials? chairperson. that elsc
Materials required [Well- change changing - Total oradmin- selected selected
to read? |[satisfied them them Yes No say istrator them them
. 18 } 17 ‘18 :
g Teweoks o Q- 0% 00 00-0% {0y - O 0. @,
[] Laboratory )
2 taterials
- and’work- 22 . ‘ 3 24 _
books A w RN s LA = AR w L A u 0z mE s CEE
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10. Please indicate the emphasis given to each of the following student activities in this class. . 7
" 4 Notincluded Includedbut  Counted 25%

. in determining  counted less or more .
. + student’s than 25% toward
‘ grade toward grade © grade
2 a. Papers-written out§idc of class . BRIt 0! . 72 | ' ‘03 67
. b', Papers written in f:lass . L 02 B RE 68
¢. Quick-score/objective tests/exams . . . . [ . 02 : Bk T e
d. Essay tests/exams . N ‘0z - R E 70
e. Fieldreports . . . -~ . . . . . . . O 2 33 . n
f. Oral recitations . . . .~ . . . . . . [ .02 mE o
g. Workbook cgmpletion . . . . . . . . O . B3 RERE A
h. Regular claps attendance . . . . . . .. ] 32 ' [j3 ‘ .74
- * “i. Participation in class discussions .-+~ .- - [}V -- - [J% o 1 R &
j- .Indivldual dleCl..lSSIOIlS withinstructor . . . [ 32 O3 T8
‘ k. Researchreports . . ". . . . . . . . o SNk L 7
WFi ; ' ’ 1 - 2 3 7
e 1. Non-written projects . 0O ‘ 0 O .,
m. Homework . . . . . . ~ . . . . Q@*Of 2 . - O3 e
n. Laboratoryreports . . . . ... . - . . [ 12 R 80-
L. . L - i
= o. Laboratory unknowns and/or practical . _ . v [
s _ exams (quantitative and qualitative) . . . []' 02 0?3 L *
'p. Problemsets . . . . . . . . . . . [ Inka mE 13

q. Other (please specify): A 0! 02 . Os 14

.

* 11. Examinations or quizzes given to students may ask ‘them to demonstrate various abilities: Please indicate the .
importance of each of these abilities in the tests you gave in this course. (CHECK ONE BOX FOR EACH ITEM)

_ e Very Somiewhat Not
e S~ ' ) o . important fmportasit , . important - .
- a. Masteryofaskil . . . . . . . . . . O 0?2 . . O3 . 15
' b.- Acquaintance with concepts of the discipline, . []'- - O32 s 16
: c. Recall of specific information . . . . . . [O° o: - @ O v
Understanding the significance of certain -
works, events, phenomena, and experiments . []° ' 0?2 Os 18
e. Ability to synthesize course content . . . . []! ukh O3 L
* f. Relationship of concepts to student’s ownyvalues []' - [g2 ) O3 20
_ g Other (please specify): - I 0 " 0z A 0s . 2
' 12. What was the relative emphasis given to each type of question in written quizzes and examinations? o )
(PLEASE RESPOND BY CHECKING ONE OF THE THREE BOXES FOR EACH ITEM.) -
A o Frequently . Seldom . Never
' used used used
a. Multiple response (including multiple :
choice and true/false) . . . . . . . . 0O 02 . gos® 2
b. Completion . .. . . .. ... .. 0O D 0 2
c.EBssay . ' ... . . . . . .~ .. Qv 02 O3 o
d. Solution of mathematical type problems o o : . )
where the work mustbe shown+ . . . . . [ 0?2 . 03 %
e. Construction of graphs, diagrams, ) C . ’
- - chemical type equations,etc. . . . - . . [O7 - Oz s 26
‘" {f. Derivation of a mathematical relationship -~ . [J' - 0z . 0s R
g. Other (please specify):———— — o' s o . ®
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13. What grading practice did you employ in this class? ABCDF . . . . . [ T PR "
oo L - ABCD/No credjt . . [1?2
SR ) ABC/No credit . . [J3 o
. v ) .‘ ) _ Pass/Fail . ,. . .y [3* /
‘ . . / ' . Pass/No credit . - [J°%/ |
.o . ' . No grades jssugd . .. p 4
L L . . ' - . Other i [j L
- X . . . . ) (please specify) i
A ° T e - * ' . A
* - . . ) .
- 14. For each of the following out-of-class activities, please indicate if attendance was required,
. recommendc_:d or nelther. . . ' -
- ' . . ) Attendance Attendance "Neither
o - ‘ . required for recommended but required nor
. Lo . _." .\ e e e e e e course cl'ed“ .. qotnq‘ﬂnd. _.mmmended
a. On:campus educational type films ...~ . [ 0?2 S 3% ot
*b. Otherfilms . . . . . =+ . . . . . O . - O* L O3 o
. Field trips to industrial plants, research ) ‘
i j laboratories . ... . . . . . . . . [O' - 2 03 ’ 32
d. Television programs . . . .., . . . . [0 2 _ R .33
“e. Museums/exhibits/zoos/arboretums . . Lo O ‘ 0D: . E 34
* . Volunteer service on an environmental project . [J '[j 2 a3 »
g. Outside lectures PR o A 0oz, . ImE 36
) h. Field trips to natural formation or : . ' . - )
: ecologicalarea . . . . . . . . . . [O". - Oz2 - Os e
" 1. Volunteer service on education/ . ' ‘ ' e _ s
community project . . . . . . . . . [O K - O B :
j. Tutoring . . . . . - . .- . .- .. Q@O - - Q2 - - ,3’-(_-' % T
k. Other (please specifv): - 0’ ekl 3 L 40
15a. Was this class conducted as an interdisciplinary course? Yes . . . . ... [] L * "
’ . ' N o . No. .. . . . . . {O2.
) [ | \ - N mi . .
- ~ AR .
b. IF YES; Which other disciplines were involved? , : —
' * . . " (please specify) . -
. e . X
- } J 42_- u"’
. » . K . 43- A
’ i ' . . *e . . “ . .
16. Were instructors fram other disciplines involved .... - : ' C L ‘ .
. ° ’ . * P - » .
' - ” - N YES . < Ng . ) , T .
' ...in course planning? . . . .. . . . . - . . . AR LR o £ RN
' . ...inteam teaching? . . . . . . . . . . . . . o oL Oy 02 s
.‘..inqﬁerir_xggues‘lectur_es?. IV I TR PR o L s ‘ —_—
o . . ) : . ¢ v o o o
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Clerical help .

Test-scoring facilities

Tutors .

Readers

Paraprofessional aides/instructional assistants
Media pm&uction facilities/assistance . .
Library/bibliographical assistace . .
Laboratory assistants '

e

Assistance was .

avallable to me

In the following

. 47 Dl ’-
o
fal
0O
/ D5

’
.
SV s I
,
.

g
ae

Other (please specify): .

a®

- 17a. Which of these tyf"u of assistance were hvn!hble to you last term? CHECK AS MANY AS\_AI;PLY.
ymch did you utllize? CHECK AS MANY AS APPLY. .

¥

b.

Utilized
48- U‘
D2
DS

- [O*
as.
DO
HD7
e
DQ

18. Although this course may have been very effective, what would it take to have maie it better?

CHECK 'AS MANY AS APPLY. o .
~ a. More freedom to choose materials Y .
b More interaction with colleagues or administrators
c. Less interference from colleagues or administrators .
< d. Larger class (more stﬁdcnts) ) '
‘ e. Smallerclass . I
f. More reader/paraprofessional aides .
= .g. More clerical assistance .
" h. Availability of more media or instructional materials
i.-Stricter prerequisites for admission to class
~j. Feweror no prerequisites for admission to g:lass_‘ .
. k Changea course déscription -
1 Ins‘t ructor release time to develop course and/
. or material Ce e e e e
) m. Different goals and objectives =
n. Professional development opportunities for instructoi'; .
o. Better laboratory facilities . R
7 p. Students better prepared to handle course rt_:cju\xrements
- q. chex:- (please's'peci[y): e — e
e . [
.. \ ' 7:'
f.
.~ ' " -
. ‘ ‘ - \ ‘
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Now, just a few questions about you . ... . y
19. How many years have you taught in any a. Lessthanomeyear . . . . . . . . . [J' 51 .
- two-year college? S T
- | » . . b. lZyears. e i
) ' ¢ 34years . . . . . . . . . . . . [*O°
d/ 5-10 years . - B ) O« -
, ‘ ] e. M0 years:. . . . . . . . . . . [O°
. ‘ ‘ » f. Over20years. . . . - . . . . . . [J¢

20. At this college are you considered to be a: a. Full-time faculty member . . . ‘ e 62
‘ ‘ b. Part-time facultymember . . . . . . . [J2
N ~ ¢. Department or division chairperson . . . 3 .
d. Administrator . . . . . . . . . . [O% -
. e. Other (please specify): ' .
’ . s
] 1
- 21a. Are you currently employed in a research or lndustrial posltlon dlrectly ;elated ‘
. to the discipiine of this course? - I . _
v d ) ‘ . YCS.D 1 ¢ -
T . - ' No[]J2 _
h. IF YES For how many years? .. N S A i . S o . '54(56
. S . . ws- .7
c. If prevlousl; you had been employed ln a related industry or research organizatlbn, pleue lndlcate the '
" number of years: .. . s ; _ - | o « 8887
. . . . . 3 . ' . . ) . : . - )
22, What is the highest degree yoii presently hold?®  a. Bachelor's - . . . . . . . .. . . [Ov .
o . o St R ] b. Master’s ", . ... . ... . N I L
' ' S S D c Doctorate, .- . B 3 L Tl
Y | R T oo
CIRRe . - < . - .
N ’ ' . - _."', ) "-.‘ - . - . ._ ’ i

. L o .
] b o L ol . RS
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¢\ o . . . - - i MNP
- L . L. gt 1. - - A 1 i
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: . . N . .. - B e  F R 0 < 0
. . . n . o . - .o . .. . :
. . ~ o't R R Te . . N . .
- Lo - R . . wo* .- TR ) i o ’
e S .- . L
v . W, R . - “ . L. v,

T ‘3:; “ © ' IMPORTANTINSTRUCFIONS = ' . .~ - )
- ~n ’ Ny ’ et .
“Thank you for takmg the ume to complete this survey Please seal the completed questionnaire in the envelope .
whrch is addressed tothe project facilitator on your campus and retuyn it to that person After collectmg the fon‘ns
from all pamcipants, the facilitator will forward the sealed envelopes to the Center. Lo
Wc apprerate your prpmp‘!t attentxon and partxcxpancm in this import;mt survgy for the Natxonal Science Foundatxon : i\-) -
.:".o L ¢/ '. o _.:q | _ B ‘.'. » ,. -.. o E ) | - :, X :‘:.
© Y . Arthur M. Cohen e . . Florence B. Brawer .~ . o
o Principal Investigator ResearchDirector e LT .
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