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INTRODUCTION

Problem, background, and related research.

It has become incréasingly important in recent years for
college students of science to obtain a broad background in both

" the physical and life sciences. Not only are the interdisciplinary

research fields such as biophysics and biochemistry of growing
significance, but many largely non-research professions such as
medicine, dentistry, and secondary school science teaching demand
stronger preparatior. in all the major sciences. In addition, many
students find it more expedient to choose their majors after sampling
a wide spectrum of disciplines. A vital question, however, is how

to achieve this broal training ia science in a way which will make
efficient use of the student's available time, background, and
interests. One answer which has received increasing attention is

the integrated course concept. There have been a number of attempts

to teach combined physics~-chemistry courses, both at the college

and high school levels.(2-5, 10) Some studies have been initiated

to investigate other interfaces (such as between biology and chemistry)
as they relate to teaching (1), but this has apparently not yet led

to new curricular developments. Attempts at three-way integration
combining material from physics, chemistry, and biology have resulted
in courses for non-science majors at the college level (8) and, more
recently, for high school students (9), but until the advent of the
program described in this report there has been no effort at develop-
ing such courses for college science majors.

)

Purposes and objectives.

The object of the research described in this report has been
to develop a course for college science majors which combines in
an efficient and consistent way the material from introductory
courses in biology, chemistry, and physics. The course is intended
for those students who intend to major in any of these three fields,
as well as for pre-medical and pre-dental students. A preliminary
evaluatory study has been performed which surveys student performance
in subject areas as well as student attitudes and reactions towards

science learning.
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METHOD
(a) Syllabus.

A writing committee of four teachers of college science
(a biologist, a chemist, a physicist, and a biophysicist) met
during the summer of 1966 to prepare a detailed syllabus for
the first year of the two-year introductory course, and an
outline syllabus for the second year. The first year of the
course was taught during the academic year 1966-67 at Portland
State College, during which time the writing committee (three
of whom were the instructors in the course) attended all lectures
and laboratories, and met regularly in conference for review and
reconsideration of the syllabus. ‘

Appendix A contains a general description of the Portland
State College course. ' '

4 (b) Evaluation.

A preliminary study was conducted which was based upon the
results of subject matter questions and attitude surveys adminis-
tered simultaneously to the students in the combined course
A (treatment group) and to matched students enrolled in the conven-

5 tional courses in physics, chemistry, and biology (control groups).
A Students were matched on the basis of sex, year in school, major

' area of study, SAT verbal score, SAT math score, and high school

] grade point average. fxceptions with respect to the matching

2 criteria of sex, year in school, and major area of study were

" caused by limited control populations.

Secdied

Subject matter achievement was measured by having treatment
and control groups complete common test items inserted in regular
examinations in the several courses. The paired t-test was used
to compare achievement data from the treatment and control groups
in each of the three subject areas. Student attitudes towards
their particular science course, future plans, and science in
general were sampled with a 15 question survey instrument which
was completed by treatment and control groups. Point values'were
assigned to the various answers and then compared using the paired

1 t-test method.

i i) il
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! Details of the evaluation study are compiled in Appendix B.
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RESULTS
. (a) Syllabus.

A day by day outline of lectures, laboratories, and recitations
for the first year of the Portland State College two-year 6 credit-
hour sequence Science 201-6 is given in Appendix C. Reading assign-
ment refer to ‘texts by the following authors: in lLiology, Weisz (11);
in chemistry, Keenan and Wood (6); and in physics, Morgan(?7). A term
by term assignment of topics for the second year is also given in.
Appendix C.

The class-hour distribution is in approximately the same propor-
tion as the three separate courses for which it can be substituted.
Four lectures a week are scheduled, and two afternoons are set aside
for either laboratory work or r:citations, as appropriate. Physics
is more heavily emphasized in the earlier stages of the course, where-
as proportionately more time is devoted to biology later in.the sequence.
Although the object was not to develop an interdisciplinary course per se,
some attempt was made whenever possible to provide coherence by using
some unifying themes. One of these themes is physical, chemical, and
biological evolution. Another is the physical and biological aspects
of thermodynamjics, solutions, and the nature of protoplasm.

(b) Evaluation.

With respect to subject matter achievement it appears that the
control students performed somewhat better than the treatment students
only in the area of biology. (Comparisons using the paired t~-test
were made at the 5% level of significance.) The difference in perfor-
mance was not significant in physics and chemistry though in each case
the treatment students recorded a slight advantage. (Refer to page 5
of Appendix B). o

The results of the attitude survey (pp. 26,7 of Appendix B)
fave ' the combined course approximately as often as the separate
courses. (See especially the summary of the t values, page 37 of
Appendix B, and the numerical tabulations on page 12,) However,
the particular areac in which the different modes of instruction
seemed most effective are of interest. In particular, the treat-
ment students indicated a greater willingness to alter their future
plans with respect to schooling and career. (See discussion of
questions 2, 3, and 6 on pages 8 and 12 of Appendix B.)

e




DISCUSSION
(a)

Syllabus.

In the light of one year's experience in teaching the course,
it has become clear that the original syllabus (Appendix C) requires
a good deal of revision. The areas in which modern introductory
courses overlap were not to be fully appreciated during the original
writing sessions. The most satisfactory teaching experiences seemed
to occur whenever it was possible to use material from one discipline
to reinforce and reinterpret concepts in another. (An example: entropy,
which was discussed originally in a physics context, was developed as
a useful predictive quality in chemical calculations. Another example
involves organic compounds of biological significance.) However, a
number of opportunities for such integration were not exploited in
the original version. (Examples occur 1n the discussion of atomic
structure and nuclear properties.)

A major stumbling block which was encountered arose from the
fact that the class necessarily consisted largely of freshmen. These
students in the beginning are not only unaccustomed to the pace of
college work, but are not practiced in the analytical and problem
solving skilis demanded by the rhysics material. This latter diff-
iculty is compounded by the rather more rapid pace of the course
(six credit-hours versus five credit-hours in the regular physics
course),

Nonetheless, a number of advantages envisioned for the course
arrangement have been born out. The present syllabus permits a
student to complete his introductory science study with an expend-
iture of 17% fewer credit hours than would be required by the reg-
ular biology, chemistry, and physics courses. In addition he need
not commit himself very early to a particular major as he is taking
prerequisites for all of them. The laboratory-recitation arrangement
permits a flexibility which is hard to manage in other courses:
experiments have kept pace with the lecture material, some new
experiments have been tried, afternoon hours are available for
special activities such as films, student self~study groups or
tutoring sessiors, etc. (Having hours set aside for group activ-
ities is particularly significant in an urban institution where
many students live at home.) The occasional change of subject
emphasis and instructors does not appear to cause any difficulty.
In fact.there is reason to suspect that some students who might
otherwlse be swamped by a long continued exposure to one subject,
are "kept afloat" by being permitted to change emphasis from time
to time. However, definitive study of this factor has not been
done. Conversation with faculty has revealed that team teaching
of the sort practiced in this course can -be of particular interest
to those doing a significant amount of research, by making it feas-~
ible to divide a faculty member's load into efficient blocks devoted
principally to teaching or to research.

4




(b) Evaluation. ) .

_Although the evaluation study seems to indicate that the
combined course is fulfilling its stated objectives, the evidence
is not overwhelming. There are several reasons for this lack of
conclusiveness:

(1) Size of populations involved. Only a small number of
students were involved initially (32), and this population was
drastically reduced due to the large number of withdrawals of
students from both treatment and control classes. (This is, of

. course, typical of introductory science courses.)

(2) Subject matter testing. It proved difficult to devise
suitable questions for comparison of subject matter acheivement.
The control and treatment groups covered much of the material in
different terms of the year, or at different times during the term.
In any case it is unusual that any two instructors would give the
same amount of emphasis to any given item.

5 (3) Matching. The matching of control and treatment students
was not perfect due to limited populations and some arbitrariness
in selection of matching criteria. For instance, the comparative
drop-out rates were probably influenced by the difference in the

3 ratio of freshmen to sophomores in the two groups (see page b of
Appendix B). Similarly, it is possible that the results obtained
from the attitude questions 1 and 9 (see pages 7 and 8 of Appendix B),
which shows a negative interest reaction to physics in the treat-
ment group, simply reflects the greater biology orientation of

3 these students compared with the physical-science and engineering
3 orientation found in the traditional general physics courses.

(4) Limited test objectives. Although improvements can

Y ’ undoubtedly be made in the testing procedures, it is not clear

: that the short-range view revealed in this study has much bearing

: on the overall objective of the course, which is to provide a more
efficient and effecti-re groundwork for the training of future
scientists and science-oriented professionals. The results given
here are certainly interesting and of help in developing the future
of the course, but the long-range objective is not being tested.




CONCIUSTIONS, IMPLICATIONS,; AND RECOMMENDATIONS
(a) Syllabus.

The program as it has so far developed has been successful
in terms of teaching the pertinent subject matter-at least as
well as is done in standard courses, yet with the advantages for the
student of added flexibility in his future planning and in credit-
hour savings. 1¢ has not taken full advantage of some of its
inherent potential arising largely from the fact that it involves
many students who are brought together for relatively long periods
of time in several science learning situations. In future planning
the following points shoulu be given consideration:

(1). The "cluster effect". More use should be made of the
interpersonal relationships which develop among the students.
Problem solving "labs" can be organized to help develop analytical
skills earlier. Special math sections set aside for these students
might improve the relatedness of this subject to the student's
overall program.

(2) The interdisciplinary approach. Several major subject
areas offer excellent pros; cts for meaningful integration. These
include atomic struciure, which lies at the chemistry-physics inter-
face and includes material in mechanics, waves, electricity, and
1 energetics; organic chemistry and molecular biology, at the chemistry-
3 biology interface; and thermodynamics which includes topics in physics
E- and chemistry as well as cellular biology.

pe (3) The "spiral" approach. Under the circumstances of this

4 course, many topics in physics and chemistry cannot (indeed should
not) be thoroughly treated at the first encounter. For instance,
certain aspects of electricity and magnetism are required to under-
stand atomic structure which in turn underlies organic chemistry
and molecular biology. However, many other aspects of electricity

ﬂ and magnetism (such as currents, circuits, e-m induction, etc.) fit
'3 more naturally into the course at later stages, where they will also
! serve a secondary purpose of stimulating review and rethinking of

earlier learned ideas.

3 ' (4) Laboratories. The uniform background of the students in

; all the sciences will permit the use of meaningful interdisciplinary
lab experiments. Some examples of experiments which utilize fairly
standard equipment are: nuclear lifetime measurements (phys-chem),
gaseous diffusion (phys-chem), paper chromatography (chem=bio), and
osmosis/dialysis (bio-phys).




(pb) Evaluation.

It seems worthwhile to continue in the future the "short-range"
study begun-in this project. Some improvement will undoubtedly
arise from the larger population samples expected ir the future.
In addition, some changes in the matching criteria ought to be
examined (such as high school science preparation). Engineering
and applied-science students ought to be excluded from the
control groups. idowever, especially in view of the fact that
the syllabus used was only a preliminary attempt, the survey
reported herein can be largely regarded as a "dry run", i.e.,

a first model for use in the future. Moreover, the data handling
and computational procedures ought to be developed for automated
operation.

By and large, the most important need is to set up a system
for "long-range" evaluation of the course. The treatment and
control students' performance should be followed during their
upper-division work and beyond. Only in this way can we hope to
get a valid measure of the efficiency of the combined mode of
instruction in training men and women of science.
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SUMMARY

In view of the increasing need for broad scientific training
of research workers, medical practitioners, and teachers, a two-year
college core~science course has been developed which combines the
materials of introductory courses in physics, biology, and chemistry
at the science major level. A preliminary version of a detailed
syllabus has been written for the first year of the course, as well
as an outline of the second year syllabus. An evaluation study has
been begun, in which subject matter comprehension and student attitudes
were surveyed in the experimental course and compared with results
obtained from matched populations enrolled in conventional -science
courses.,

As an alternative to the conventional courses the core-science
program has proven to be a viable, interesting one in which the subject
matter can be covered in less time. However, experience with the
present syllabus has suggested several improvements. These include:
(1) additional emphasis upon interdisciplinary material such as atomic
structure, biochemistry, and thermodynamicsj; (2) teaching of some
subjects in accordance with the so-called '"spiral approach" in which
students return to topics several times with increasing depth of treat-
ments; and (3) increased opportunities for students to work together in
much of their science and mathematics studies. -

The preliminary evaluation study has shown the core-science
course is at least as successful as the equivalent conventional
course in terms of both subject matter achievement and student
attitudes with one significant exception, viz., the students in
the combined course are more flexible with respect to their future
plans.
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APPENDIX A
MEMORANDUM
March 13, 1967
TO: All student counselors, Portland area high schools,

FROM: Division of Science, Portland State College.

SUBJECT: Science 201,=2,«3,«4,=5,«6, a new integrated core-science course for
freshmen and sophomores at Portland State College.

1. This is to bring to your attention a new program for science majors and sci-
ence-oriented students which has been in operation at Portland State College
since last September, Entitled “Basic Science for Science Majors" it strives
to combine the material from conventional one-year introductory courses in
biology, chemistry, and physics into a unified two~year sequence. CompTEtion
of this course prepares the student to undertake upper division work ia any
of these three departments, This course is highly recommended for gqualified
students majoring in these areas or planning medical or dental careers. The
program is being developed under a grant from the U.S. Office of Education in
an attempt to respond to several challenges posed by the traditional college
science curriculum, as outlined in psragraph (3) belcw.

2, 1In advising your senior students with respect to their college plans (in par-
ticular those who will be participating in our summer preregistration program),
- — ——we urge—you-to keep—this—course—in-mind i —In-order—to-qualify,—a-student-must
have successfully completed high school courses in biology, chemistry, and
“physics. 1In addition, he must have a demonstrated competence in high~school
mathematics through plane trigonometry., This latter requirement can usually
be interpreted as completion of trigonometry with a grade of B or above. We
also urge you to alert your non-senior science~oriented students as to the
availability of this course at Portland State College, so that they may take
it into account when planning their high school programs.

3., Several of the aspects of modern science and science training which this
course attempts to deal with are described below.

(a) Much modern work in the sciences is interdisciplinary in nature.
For this reason, Portland State College has for some time required many of
its science majors to take introductory courses in physics, chemistry, and
biology. A purpose of the core-science course described above is to permit
students to complete this introductory work in an efficient manner in their
freshman and sophomore years, thus freeing them from a choice of a specific
science major at the very beginning of their college careers.

Caan Liched S Tt iy Sl G SRS S

(b) A broad program in introductory science consumes quite a large
s portion of a student's overall program. However, the core-course is rated
at six hours per term, for a total of 36 hours, which is less than the
number of hours required to complete the three traditional courses it is
intended to replace.

(c) Under this program, the student is in an excellent position to
undertake those -upper division courses being offered at Portland State




A-2-

- — . — -College-which are of an interdisciplinary nature, such _as_Biophysics, Electron
Microscopy, Biochemistry, etc,

(d) We have reason to believe that this program is inherently more inter-
esting to many students than the traditional ones. A team teaching approach
is used; lecture and laboratory sessions rotate among the several disciplines
in blocks encoupassing several weeks of work,

4, “For reference the catalog description is given below:

Science 201, 202, 203, 204, 205, 206, Basic Science for Science Majors.,
6 credits each term,
A tvoeyear unified sequence incorporating the subject matter of General
Physics, Chemistry, and Principles of Biology, intended primarily for
science majors and others desiring an extensive background in physics,
chemistry, and biology. This course satisfies the prerequisites for
upper division work in these three departments. Prerequisites: High
School work in each of these three areas and competence in trigonometry,
Four lectures; two three-hour laboratories, or four lectures, one reci-
tation, and one three-hour laboratory.

E * Por additional 1n£ormation, telephone Dr, A,D, Pickar, Department of Physics,
Portland State College, Extension 337 or 401,

ADP:ph
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1. TInkroduction.

This regurt sﬁmmafizes gvaluation data obtained fTcnm
studasts who were vresented two medes of instruction in
biolsgy, chemisiyy and physies at Pertland State College
during the 1866-87 academic year.

in particular, this report will wempe.e data in achieve-
ment and attiiudes from studentis enrcil¢d.in[the first veax
of & two year uvnified golence couree (ESC;Sei«201=203a2@3c

204-205-206 Basic Sulence For Seience. ¥Madors) combining the

subjeot maﬁté@ of genegalIbi@l@gy,nehemistxy'and physictoe
with data frem students enyelled in biology, chenisteyy and

- ——— —gystes courses studying the separate disciplines. The sepaxate

conrses considered in this report were: General Payeies (PSC-

Ph.201.-202.203); Cenera: chemistoy {PSC<Ch-204-205-206)f

and Pripeivies of Biokeny (PSC-Bi-251-252-253).
Masting patkerns for the ceurses are 1isted belowr:
Sui~201...206 Feur lLectures and two three hour lsberatories;

s fouy lecturss, one recitaticn, ard one
three hour laborakowy.

Bi=251,..253 Three lectures and two iwo hour laboratories.
Ch-204.,..208 Threa lecturss, onre reaitatich, one three

houy ighoratory.

Ph-201...208 Thyee lectures and one recitation. The
iahoratory is offarzd as a distinot course
Pha84-205-206.
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3 ' 2. Matched Groups

Por the purpose of analysis and comparison of achievement .

] ' and attitude date matched treatmant and conirel groups were

s, T b -

established. The 32 students enrollied in Basic Seience were

204 sk

used as the treatment group and 32 students in each of the areas

Ry PR AL Y

of biology, chemistry, and physics were sslected as wmatched
control group members. Treatment and control students were

watched on the basis of sex, year in school, major area of

atuéyg SAT verbal score, SAT matﬁ score, end high schosl grade-
~ point average. (Appendix A) Exceptions in the mztched treaément
and control students with respect o the matching criteria of
sex, year ia school, and major srea of study were caused by
limited control populations and are noted in Appendix A.
The peired t-test was used to compare treatment and centrol
groﬁés with respect to SAT verbal scores, SAT matﬁ geores, and

: high schoel GPA. Similarity of the groups was demonstrated at

the 6.5% ilevel
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5. Envollment Pabieins,

[

Table 1-4, heims, illustzates the enrollment pattems for the

gotg of matched groups:

Table L-A ENROLIMENT PATIERNS OF MATCHED TNDIVIDUALS

Motohed Traatment Bioiogy  Chewas Phys
Sef Croun Group Gxaum Broup
0

7 w EX 7

=T e h
b
/]
©%
f

i_,‘;i a0 1 o4 NS
o
»
1 1 o o5 ¥ AT
AV
3. 2 > “ = LK
j. :3 <o N (57 <
14 W 5 4 w
~

©
20 i £ s %

. :

: 23 1% % i a

g

k . s
4 °r s

] 29 W % 4 &

3 2]

" F oY hald by l?l‘. "’l‘ 1 -
5 ?a 3 ' vh e N
3 . . & { s

24 i “ @ z
-
o) v,

: 25 &% - w L3
s
LA
13
E 26 ™ [ ) 0
1
27

: [V o w [y
E 2 8 -] N d L
” 2 * » £ 4
3 -~
L2
RIp o - - s
31 WY @ >
3 vl <.
:
;

2
> s

32 w X X
Tokals

o,
<«

15 17 14 -2
> : 17 : 15 18 an

S

e
ol
P
res
o

in T(.bl"' l Atl. mer
« tadicales anﬂividnais Ty
* indivalbes wndavidosls s
X indieaqtes that student 7

5




. Bedy

Tabile 1.8, bslow, summarizes the data 6nt students enrolled ab

the end of spring ;&.erm'_:: . N

Table 1B mﬁw'i.mmé TRAOLIED T THE B OF SPRLNG TERH o

“Tpestment | . Blology' ©. . Chemistry .- Physgics
Year - - Nombeped. - Mumbor~3  Numbere? : - Numbsye®
Frestmon ’16-«1:9 & 12237.2% 16=09466  15wh6.5%
Sophomores 13018 7 3w 9438 T 2w 6027 _Bu15,5%
Tobals o TT57 54658, . “TBa55.08: - .. 20.52,08

Formile used vo calonlave peyr-contages was yumber of individuais
involved in each instance divided by total number of students in the
groups i. 8. ®/32.,

Table I-C, below, summarizes the data on students nob enrolled

at the end of spring terms:

Table 1~0  INDIVIDUALS DROPPED BY THE BND OF SPRING TBAM

) & : P\ sment. - —Blology'm,wm Chemstryw“-Physios_m
Year Numbez~% - Wumber-% . Number-# JNumberd -
Fresamen . E‘FE'S%».; . 1c-u NS 12—37.2%” m- %
Sophmares . .0” i I 01% 2w 6;2% 1 3
Tob 313 ‘.g“'h?gy ‘7“52 077 z}:"‘hﬂ% 12"3; 02}0

Formula used 5 céiculate per»cenbages was sBeT oT inda.wdiﬁls
involved in each:iustance divided by teotal numbser of students in the

gronp, io eo Yszo

While the totals iun-the above table do n&; Paver the treatment
students iy should bs pointed out thab the drop-out rate for .all
' freshmen in a1l groups (113) was h7.7%-(54/113) whils all sophc;moras
in a1l groups {15} had a drop-out rets of 26,67 (1/15)e And since
1 of the 15- sophemores were members of. the control groups the diffore
. ont rates. of -avtritlion for freshmen and sophomores teﬁd to cause the
control group students to have highér rates of eurollmeny; at the end
of spring term and lower rates of drop-outy. Further commend in this

area will have to awalt mext year's studye
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arsas, cChemistzy and physics, the itreatment and control groups yecorded
D 2

e TS

similar perfoxmances alithough in each case treatmeut students demon~

strated a slight subject matter achievement advantage.
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S. Atiitudes.

Attitudes were sampled with a 15 guestion Regaction Inventorv

-

{Appendiz E} which was completed by treatment and control groups,
Point values were assigned to the varicus answers o inventory ques-
tions, Tables of raw scores of matched groups for each inventory
question can be found in Appendly F.. These sets of raw scores were
then analyzed with the paireé t-test method and a table of caloulated
t values can be found at the end of Appendix F. It should be noﬁed/}
here that questicns 2 and 6 &re not tzeated in the above fashion
and will be discussed later in this rveport,
Reactions to questions 4, 5, 7, 8, 14 and 15 demonstrated that
there is no significant difference betwsen treatment snd control
students on these items,
Inventory questions with significant differsntes bet@eon traat-
meat and control groups are listed balows
l. Wy experiences in this course have
a, intensifisd my interast in science
b. had no impact on my interest in sciencs
C» lessened my interest in secience
A significant difference was noted For treatment siudents come
pared with physics studonts. The calculsted ¢ valug is 2.345 {11 af)

and the allowable range for the t value at the 5 % level of sionifi-
g

» '*" 3 * '\ [y e
cance is = 1,796 {Appendin F)., Thewefore the £ value is sign

}-Jt
ia- .

figant,
The physics control group indicated & more intensified interest in
science. The ¢ values for itreaiment students compared with biciogy

\ -

studants and treatment students compared with chemistry students were

gy

not significant, {Appendix F)
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pared with biology students gnd treatw nt students compared with chemistry }
students.. For treatment students compared with biclogy students the calsu~
lated t value is -2.2320 {12 d4f) and the allowable range for tha + value at .
the 5 % level of significance is A 1.782. Therafore the % value is signifi-
cant, {Appendix 7) hind, for trestment students comﬁaéed with chemistry
students the calculated t value is -2.%693 {11 4f) and the allowabie range
for the t value at the 5 ¥ level of significance is t. T96. Therefore the
t value is significant., (Appendist F) In both of the above cases ﬁhe treat-
ment students feli that the course wis mona cha?leﬂg;ng than the maiched
;
control students. The t value for t;;;Maﬁnt students compared with physics
students was not significant, {Appendix F)
11, I consider the gquality of the lecture given to ba
2. of hich calibex

b, average
o peOT In Guality

Significant differonces were noted for treautment studsnts compared wit

biology students and tzaatment students compazred with chemistry students,

r treatment students comparxed with biology students the caiculated t valua

is 3,3178 (11 df) and the allowsble rynge for the t velue at the 5 % lavel
Q..
ficance 38 ~ 1,796. Therefore the

(&}
[42]
pete
«©
=
;-.n

gnificant. {Appendix

-
‘-
<
jak]
Pt
$
o
L)
“
e

F}  The biology contzol students felt that tha guallty of the lecture given

FEEL BTG LT

was of hich calibar, And, for treatment studsnis com ared with chemistr
] :

3 b

students the calculated t value is ~2.0244 {10 df) and the allowable range
for the t value at the D ¥ level of significance is T 1.812. Therefore the
3 t velue is significant. {Appendix F} In this case the treatment students

-

] felt that the quality of the lecture given was of highest celiber. The t

3

value for treatment studenty compared with physits students was not signi-
ficant. (Appendix F)
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12. I consider the assignments made were

a. reasongble
be average
C. unreasonable

A significant difference was noted for treatment students
compared with physics students. The calculated t value is 2.9994
(9 df) and the allowable range for the t value at the 5% level
of significance is ¥ 1,833. Therefore the t value is signifi-
cant., {Appendix F) The physics conirol students felt that the
essigmments made were more reasonagble than did the mgtched treat-

ment students. The t values for treatment students compared

with biology students and treatment students ccmparéd with

chemistry students were not significant. (Ap;endix P)
13. I consider the laboratory experiences
a. coutributed significgntly to my understanding _
be were average in their contribution to my understanding
c. contributed little to my understanding
Significent differences were noted for treatment students
compared with biology students and treatment students compared
with chemistry students. For treatment students compared with
biology students the calculaéad ¢ value s 2.,6353 (12 df) and the
ellowable rsmga for the t balue at the 5% level of sigﬁificance
i ¥ 1.782. Therefore the ¢ value i3 s}gniﬁicant. {Appendix F)
And, for treatment students compareé with chemistry students the
calculated t valve is 3.3167 (10 d€) and the allowabie range for
the t value €8 T 1,812, Therefore the t value is significant.
(4ppendixz ¥) In both cases ebeve the control students were more

satigfied thsn their treaiment countexparts that lzboratory

experiences contributed more to their understanding. The t value
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for treatment students compared with physics students was not.

significant. (Appendix F)
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6. Effects On Changes In Science Maiors &nd Sciewrce Careerg.

Quesilens 2 and & on the Reaction Inventory show rether
interesting wegults. It 1 demonstrated that carly experience
with all sciences dees cause studemts to change their minds about
the choices of science majors and science career choices. Thig
must be looked orn ag an advantsge of the integrated mode of
instruction. d

The questlons and mumerical tabulstions of the vesponses
by group sre listed beleow:
2¢ Yy experiences in this course have
ae caused mz to consider changing ny major from science
to gnotheyr fleld of study
b. caused me to comsider chamgiug ay mgjor from one
o sclerse to gnother
¢« had no effect on my choice of majors
6. Az a result of my experiences in thig coursse

a. 1 gm comsidering chenging my career choice from one

which i3 scilence oriented £0 scme other vocation

b. ¥ am considerfing changing my caraer chkoice from ome

science vocatica to another sciance vocation

. X have not considered wmaking o chenge in my cholee
of careors

TABLE 2 NIMSRICAL TABULATICH OF RESPONSES TO QUESTIRN 2

Group ADSTIEE Q. Answer Db. ANSWET Co
Treatment 3 7 7
Bilology i & 7
Chemiscyy 0 2 i0

Fhysics g A 8
Tokals 5 14 33

— T,

TABLE 3 WIMBIRICAL TABUIATION GF RESPONSES 70 QUESTION 6

Ciroup AngwLr g« apsyer bo Angswer C.
Tzeatnont 3 5 9
Biology {0 & 8
Chemistxy A ¢ 1k

Physics i 1 0

Totals 5 16 Yl

R

O R 0. v
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TREATMENT GROUP AND MATCHEDR COHTROL GROUPS

Group key:

1) TRPATMERT GROWP

2) BIOLOGY GROUP

3) CUBMISTRY CROUP

4) PHYSICS GROUP

Ygtehing item codes

SEA: M-tale PoFemale

YEAR: FePreshmsn S«Sophomore

MAJOR 2 S-Scilence Q-lther

VERBAL:  SAT Verbal Scowe

MATH ¢ SAT Makh Score

HSGPA: High School GPA

A % placed with the code letter in the items of sex, year and
ma jor indicates that the treatment and Control are not matched
in that jtems

da X giaeeﬁ in the colwmn under DROP-OUT indicates that the
student dropped out of the course.

The wumber iu the SEY coluum indicates paviiculer sets of metched
Trasemeni, Biology, Ghemistey and ?ﬁysies students. These SET
rumbers ave wsed throughout this zepeort in preseating dats in

the various zeblese.

on ol i

o o et
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SET CROUZ SEX YEAR MAJOR VERBAL MATH HSGPA DROP-OUT

1 7 5 g 710 620 3.9
2 F F o 680 580 3.8
13 o 1 S 620 520 3.7
4 My g 8 570 610 3.9
3 M F S 610 750 2.6 x
2 ¥ F s 450 520 2.6 x
2 3 4 F S 460 570 2.6
& ¥ F 8 650 580 2.6 x
1 ¥ 8 5 o 2.2 3
2 H S 8 o T 2. ;
3 3 M8 S . 24 ;
% ¥ . P 8 o . aa 3
1 M F 8 s 2.9 x
2 M ¥ 8 — — 2.9 x ?
& 3 ¥ F 8 o 2z
& 4 S T 2.8 x
1 M F 0 620 640 3.2 x
2 M F o 540 470 3.5 %
5 3 ¥ F s% 670 580 3.1
& R g g% 670 680 3.1
1 ¥ F S — — 3.4 4
2 ¥ ¥ S —— — 3.4 X
& 3 F ¥ 5 o Y x
4 ¥r F 3 T 34
1 3 ¥ 8 460 680 3.4
2 ¥ 8 430 680 3.4
73 Mo¥ 8 430 680 3.4
) ¥ 3 8 470 640 3.4
1 M F 8 470 576 3.2 -
2 M F 8 540 530 3.9 x
8 3 N ¥ 5 469 53 3.2
& ¥ F 8 450 550 3.3
X ¥ 0 F 8 620 650 2.7 %
2 M 3 8 560 640 2.9 X
9 3 M F 8 549 640 2.9 ®
4 Mo F 8 500 850 3.1 %
1 ¥ OF 8 510 600 3.1
2 K ® 430 580 3.1
03 ¥ 8 £10 630 3.0
4 B 7 8 676 560 3.3

e ——— e st PSSRSO vapepeEprerapvesee SRR IR EE I SRR S DS S ot n
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SET GROUP  SEX YPAR MAJOR  VERBAL  MATH HSGPA  DEHOP-OUT
1 M F s 490 306 2.3
2 M F ] 430 340 2.4 %
it 3 i F S 450 560 2.6
4 2} 7 8 530 510 2.4
1 M ¥ S 370 620 3.3 x
2 H F s 560 630 3.3
12 3 M F S 350 530 2.8 «
4 M g% S &40 660 3.2
1 M F S 750 680 3.9 =
2 ol 4 s 440 500 3.4
13 3 Y ? S 580 610 3.7 ®
& M 7 S 610 650 3.9 %
1 F F 8 610 630 3.0
2 F 7 S 510 410 3.0
4 3 F S% S 510 570 3.3
4 M* F o 570 620 3.0 %
1 51 F S 610 $60 2.5 x
2 M 7 S 450 57 2.5 X
i5 3 M F S 430 630 2.6
4 M E 8 420 610 2.5
1 M F 8 410 460 2.7 5
i 2 # 13 5 430 460 2.6 %
] 6 3 L1 ¥ 8 350 %30 2.5 x
: &4 i 19 s 440 6460 2.4
) M P S 500 48 4.0
2 M F S 530 440 3.1
17 3 M ? 5 530 550 3.9 X
é M g 8 550 645 3.9
: 1 13 F 8 410 530 2.9 2
: 2 7 7 s 530 510 3.2 %
‘; 18 3 F F 8 300 510 3.0
f & W P s 510 550 3.1 ©
5 1 ¥ F g 380 516 2.9 =
3 2 ¥ F o 460 6090 3ol pe
’ 9 3 M ¥ 8 480 S0 2.9 r
b M F 8 560 630 3.0
1 M F 0 646 590 3.3
2 M ¥ 0 G40 350 3.5
230 3 M ¥ g 590 550 3.4
4 ¥ F o 439 540 3.3
1 4 3 S 49 570 3edh
2 ? ¥ S $70 530 3.4
21 3 F F 5 $20 660 3.6
4 ¥ P 8 %00 610 3.8 %
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OET __GROUP  SEX YEAR MAJOR VERBAL _MATH XHSGPA DROP-CUT

1 M ¥ 0 390 510 2.3
2 i F 0 490 490 2.2
22 8 i g S 500 550 2.4 %
4 i iy S# 550 546 2.3 X
1 ¥ ¥ 8 620 720 3.9
2 ¥ ¥ S 530 730 8.7
23 3 M ¥ S 520 720 3.3
4 M ¥ S 520 700 8.9 %
1 i F 0 570 660 2.6
2 H ¥ o 570 840 2.1 X
24 3 H ¥ S 560 640 2.8 x
C 4 ¥ F St 470 850 2.7 .
1 M F S 530 540 8.2
2 M F S 570 510 8.8
25 8 M F S 560 510 3.1
4 i F S 510 560 3.1 x
1 F F S 580 550 3.0 x
2 T I3 S 590 590 - 2.9 ®
26 3 F P S 540 480 3.0 x
4 13 ¥ S 570 §50 8.0
1 ¥ 7 o 6290 640 3.0 x
‘ 2 A C 480 630 2.9 X
; 27 3 H F S 570 610 3,2 x
- 4 H F 0 520 640 2.9 x
1 ¥ . 8 610 580 3.0 x
2 F ¥ S 530 59¢ 3.0 x
28 3 ¥ 3 S 580 ~ 590 8.0 S
& e ¥ S 620 620 3.0 x
@ 1 M F S - ose 8.5
\ 2 M F S e o 3.8
29 3 K F S . e 3.8
4 M T S e e 3.5
] 1 L F = 430 530 2.3
g 2 i F S 860 230 2.0 %
, 0 3 ¥ F S 410 870 2.4 x
4 o F S 390 580 2.8
! ¥ F S 630 680 3.4
2 L S S 499 430 8.4
3 3 H 3 S 570 470 3.8
4 5% S 530 540 8.4
1 N T S 510 B0 2.1 x
2 M 8w S 550 620 8.1 x
32 3 Mo g S 530 820 3.1 u
4 ¥ e S 510 630 3.1
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Paired tohasl values for treatment and control matohing items:

Matched High School
Broups SAT Verbal OAT Math Gzade Point
T range t rangs t range
T 9,971 {97 a2) ¥ 2,971 (2748} T 2,945 (31d¢)
t Vaiue t value © value
Treatnent
& Biolopy 1,428 2.857 0.04¢4
Treaiment '
& Chopiotyy 2605 1.000 0.090
Troatment , .
& Fhyeies 2«402 - 0.903 N 1.2401

t ranges listed asbove at the 5% level: all t values listed are within
their respective ¢ range and therefere the groups are to be considered
natchod on these items.
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REACTION INVENTORY

This reaction irventory was prepared to assist the Scieance
Faculty of Portland Stats College to improve its undergradugte
instructicn. The angwezs you provide will be held in strict
confidence. No Inatructor of this couvse will see your ¥esponse
sheet. He will be provided s tally of the results, howevez.

Instructions: Please give your zesetions to the following lise
of ltems regarding your experience im this course.
Leaw & elvcle apeund the lsttex that corzesponds
to the statemsnt that mast nearly vegisters youwr
txue feelings.

1., My experiences im this ccuwse have

a. intensified my interest in gcience
be had no impact on my iatezest in science
c. lessened my intersst in selence

2. My enperlences in this course Rave

8. cauged me to consider changing my majoxr fuom sciemce
to another field of study

bo caused ma to comsider chenglng my major £rom one seience
¢ azcther

o had no effect on my cheice of mejors

3., My experlences in this couvse have caused ma £0

ap elect different couxses than I had originally intended for

NeEL yeay
b. make no changes in my course selection for mext yea¥

&, To what egtone has this course met your ewpachations with
respect to lmprovipg your subject matier compelence

2. very well satisfied
be satisfled
¢e disappointed

S. Ag 8 result of my experience in this course I am
2. counsidevably move awave of the impact of science on human
affaixs
b, gomewhal more sware of the impact of science on human affalss
c. no more aware of the impact of science on khuman affaivs

5. As a result of nv euperiences iz this course E

a. T an considering changing my caresy cholce from one which is
seiencea oriented to gome other vocatlion
be T am conpgldering changing my caveer cholce from one seience

vocation to ancther seience vocatlion
ce I have not considered making a change in my choice of carvears
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8.

S

1G.

12.

13.

14,

15
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As a rzesult of my experience in this course

2. T am more awave of ihe Imtezdependence of a1l the ﬂcxences
be E \ave not changed my views gboul the interdependemce of
the aciences

1 would rete the overall imstruction I have recaived in this
course as

&« excellent

b, good
c. failr
¢, DOOT

1 would rate the inatruction I hewve received Iin thig course a8

2. quite gtimulating
be of average interest
co quite dull

I feal this couvse has been
2. challenging ¢c me

bo of average difficulty
co vather essy

. % congider the quality of lecture glven to be

g, of high caiibex ‘
be avezage
2o poor in quality

i consider thz assignments wade wexe
a. Tteagonable
b, averege

ce. unyeagonable

I consider the lazbozatory experlenc 8

- s

a. contyibuted gignificantly to my undsrstanding
bs were average in thelr contribution to my understanding
c. contributed lttle o my understanding

1 covsider that the racitation groupa

1. contributed significantly to ny undersianding

1

b. weze average in thelw contxabatxon to ny understanding
c. contributed. liztle to my understanding

I consider thet the exsminations were

2o appreopriate
be ingpprovriate

for the couzge
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The following tables vepresent the raw scores obtained £rom
responding matched creatment and countrol group studenis on the
Beaction Iovantory. Each table repregsents the individual matched

trestment and contwzol student vesponses for 2 particulaz question.

summezy of student vesponses on these items appeaws elscuhera

in this weport.

* indicates no ragponse
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SCIence 201 outline- Fall 1966. APPENDIX G

M T W Th B
Sept. 26, PH:Introduction to physics, Vectora|PH: Particle kin-
Introduction to Chapters 1, 2, ematics, Chap, 3.
1 lcourse, ' CH,lab: Check=-in. :
PH,recitation: Chen., balances.
Slide rule, math, Ch.manual: p,2<6,
Oct, 3, PH: Brief quisz ‘
PH: Kinematics - |{vectors,kinemat.)
2 {concluded Particle dynamics, Newton's laws, Chapters 4 and 5. 3
PH,racikinematics PH, lab:Measurennt ;
and Vector proba. l&errors. Intro&fx 1
g Oet, 10, . PH:Quiz(dynamics)4PH:Rotational motion, orbits, rigid
: FH:Statics of rig4 . Statics concluded{body dynamics, Chapters 8, 9, 19,
3 3 |4d bodies. Chap.7. : PH,1lab:Gravitat, ’
1 : PH.rec: Dynamics accel.(Ex,4);rot-
: ; problems, at. accel, (Exp.6) _
;- det. 17, PH:Quiz(rotation)d FH? Impulse and ”
: PH:Rotation con- Work and energy concludsd, linear momwentum, 5
: 4 Jcluded, Work and Chapter 13. b
3 energy. Chaﬁ.11,1%?f1.rac: Staties, PH,lab: Exp. 4 3
4 ’ rotation probs, and € conts nued, .
. [ Oct, 24. \ PH: Quiz(work and [CH: Atomic structure; periodic
: " | PHsNuclear scat- energy). tabla, Chapters 1 and 2, 3
' 5 | tering. Angular - |Gyroscopic motion. - 3
nomentum, Chap,13, {PH.rec: Energy, PH,lab:Cellisions 3
: omentun probs, and scattering,
Get, 31. " [CH: Nuclear chemistry concluded =e=-wemm, ‘
CH:Atomic struct, .J , ;
6 |completead,Nuclear HCH.P&)C tatonic stin CH.lab:Perc- B
¢ chem Chapter 14, latomic & molec.wt. comp, jrela 3
» L .~ " |Prob, book Chap.3.| atomic wt, .))1]
Nov, 7. CH: Electroniec structure 'of the CH:Chem. changes
?* CH: Electronic atom concluded. and chen, bonds. £
7 | strueture of H.rec: Muclear CH,lab: Periodic [Chaptar 4., 3
{ atom, Chapter 3, |chem. Problenm law(Ex.4 ) jc hanges, :
book Chapter 18, | substances(Exp,5),
: Nov, 4. 5 ICH:Exam (Chapters lCH:Chem. changes &CH: Organic chem- 1
» CH: Chem. changes| - 2, 3, 14). bonds concluded., Jistry, Chapter 25 3
" 8 land bonds contd. {CH,rec:lab manual iCH.1lah: Electro- 3
: exerc.6 + review ‘ - {lytes,acids,bases
: hapters 2,3,14. salts (Exp, 7). -
E Nov. 21, CH: Organic chem. \ 2
3 CH: Organic chem, contd,Chaptar 26, 5 3
E, 9 | continued. ‘ N x
E CH.rec: Organic N 3
5 nomenclature, ‘ -4 3
E‘ Nov, 28, ~ [CH: Organic chemistry concluded., Chapters 27 and 28.
CH: Organic chem, 3
10{ continued. A
{CH.rec: Organic CH.lab: Organic 3
chemistry, chemistry. :
Dec, 5. BI: Evolution of [BI: Formation of [B7: Early eartht
4 BI: Origin of the the elements., solar system. hem, evolution,
? 11{ universe. Chen, '
E text Chapter 29, rH.; lab: Organic ilm: Cosmology.
E’ chemiastry,

‘ N’C 3 S
. ® * RERR e L 2o & PRI NY, TII s 1
: » - - ] A
» . - 4.
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" SCIence 202 outline- HinterT1%7.

C=2
W

Th ¥

Jan, 30

BI,lab: cellular
and organismic
organization,

BI: Compounds of biological sig-
nificance . Pp, 65-78,

BI: Theories of
biological evo=-

Bl,lab: Cellular |lution, Pp.37-51.

and organismic
organization,

Jan, 90
BI: Evolution of
1ifeo Ppo 51 -580

BI.lab: Cellular
and organismic
organization,

uﬂI: Nutrition and
the oxygen revo-
lutionePp.59=64.

BI: Reproduction- the genetic code,
Pp. 443-461,

51.1ab: The role I

of enzymes. I

Jah, 16.
BI: Changes in

the code & conse-
quences ., Pp.%4~1184

BI: mamo

PH: Fluid staties

and dynamics. Chapters 17, 18,
PH.,1zh: Surface

tension and cap-
illarity(Exp.13).

{Jan, 23,
PR: Frictional
work. Chspter 6.

FH.rec: Fluid and
friction probs,

PH:

Qiz (flaids)
Heat and temperature;ideal gases, Chapters 19,20,2

PB.lab Calorim-
etry (Exp. 23)-
half of clsss,

Jan, 309

PH: Heat and tenp
5 |concluded.,

‘|ry-half of class,

PH.rec:Heat probs,
PH.lab:Calorimet~

PH: Quiz (heat).

Thermodynamics and kinetic theory. Chapter 22,

|CH,1ab: Diffusion
(Exp.14) ;molar gas
volume (Exp. 10).

Feb, 6.

PH:Thermodynamics
6 letc, continued,
Akinetic theory

PH.reczThermo;\&

problems,

PH: Quiz (Thermo.

cluded,

ete, ) Thermo. con-{{in part)."

CH: Thermocpemistry. Chapter 16

CH,1ab: Heat of .-
reaction(Exp,27).

Feb, 13.
CH: Thermochem-

7 |istry concluded,

CH,rec: Thermo-
chemistry.

CH

Oxygen, hydrogen, and water, Chapter 6.

CH. lab: Specific
heat of a solid
(Exp. 28).

Feb. 20 .
CH: Solutions,

8 |Chapters 9, 10.

CH,rec: Concent=-
ration., Problem
book chapter 9.

CH

Solutions (chapter 10) - continued,

CH, 1ab: Oxygen
(Exp.9) ;hydrogen
(Exp.10).

Feb, 27,
CH: Solutions

9 | concluded,

CH.rec: Review.

Exam,

CH: Colloids, Chapter 11,

CH.lab: Colliga=-
tive properties
(Exp.19 or 20).

Mar, 6,
CH: Colloids
10} continued,

BI.lab: Amino

acids (aoparatioﬂ

CH: Colloids
concluded,

& identification)

|Bl:Physical nat-
ure of protoplasm |materials (cell-

Pp, 78-82, ular level).Pp.
BI, lab:Movement 78~82,

materials-liv,crg.

BIs;Movement of

e

LI
3 B
Lo
i ..

o
;’ B
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SCJence 20;- Spring 1967. ? W : ™ F s/3
1)
Mar, 29,
PH: Oscillations, simple harmonic motion, Chapter 15,
«lab¢ Spri
endulum (Exps jtor-
~ ion pend, (Exp.11)

April 3,
PH: Mechanical
waves,Chapter 23,

PH.rec: Oscilla-
tions problenms.

PH: Quiz(oscilla-
tions.
Waves (continued)

|

and sound, Chapters 23 amd 24.
.lab: Resonance _
vaves (Exp.60,6%

April 10,
PH: Similarities
in wave behavior,

PH.rec: Wave prob-
loms.,

PH: Quiz (waves).
Electromagnetic
waves  Sect,31-14

PH: Geomstrical optics -reflection
and refraction., Chapter 32,

PH, 1ab: Resonancs
continued,

April 17.
PH: Relativity,

b

.roc: Optics
oblems.

PH: Quiz(optics).
Relativity con-
cluded.

PH: Geometrical optics- lenses and
optical instruments, Chapter 33,

PH, 1lab:Prism spec-
trometer(Exp.74);
compound microscp.

April 24,
PH: Microscopes
(guest lecture).

.rec: Opties
roblenms,

PH: Quizs(optics).
Coupled oscillat-
ors.

BI: The taxonomic EI: The monera.
system,Pp,161-169,Fp, 169-177,

PH, lab:Spectrom~
ater & microscope

continued.

May 1. _
BI: Protista-
algae.Pp.178-192,

BI.lab: Diversity
of life.

PP. 193-2110

BI: Protista -protosoa and fungi.

BI, lab: Diversity

I: Plantae-~
ryophytes.
?po 213-2190

of life continued,

1 weekend-~ biology field trip.

O, fixation,Pp,
345=352,

May 8, I:Plantae=trach~ |BI:Animalia-acoel-4BIl: Animalia=-
-[BI:Plantae-trach- ophytes concldd. jomates & pseudo- |schizocoelomates,
eophytes.Pp.219~ coalomateaPpl53~ . 272-288,
251, BI,lab: Diversity BI,1lab: Diversity
pof life continued. of life continued
yitse — A T:—Animalia=——|BI:Exams—— ——CH:Oxidation-and-
I: Animalia=- nterocoelomates, v eduction,
8 lachizocoelomates p. 288-201, hap.18 (in part).
oncldd. BT, lab: Diversity BI, lab: Diversity
of 1life continued. of life concluded.
y 22, CH; Oxidation and [BI:Molecular biol4BI:Fhotosynthasisy
H: Oxida*ion and Foduction concldeogy-ﬁTP.Pp.395-98 hotolysis,
ireduction contd, 423‘4390 Ppo 329-3450
H.,rec:0xid.-red, CH.lab:0xid, ~red,
rob,book chap.5, titration(Bxp.31)
May 29, BI: Cellular respiration. Pp., 399- 420,
I:Photosynthesis«

BI, lab: Metabol-

ism,




Fall

Term content {(unrevised) - Core course seccnd year.

Physics

C=l

Chemistry

Biology

Equilibrium: Acids,
bases, saltsj solubil-
ity productsj hydrol=-
ysise

(Weeks 1 thru 5,)

Nutritions Respirationg|
circulationg structure
and movement; integra-
tion,

(Weeks 6 thru 10,)

Electricity and
magnetism,

Reproduction; develop=-
ment; geneticss evol-
ution,

(Weeks 1 thru 5.)

4
b .
5 | (Weeks 6 thru 10,)
=

Physical opticss
Modern topicse
)
=
-, . _
Q.
[ /p)]

(Wweeks 6 thru 8,)

Electrochemistrys
descriptive inoreganic,

(Weeks 1 thru 5,)

Ecologye.

(Ve sks 9 and 10,)




