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+ Abstract
Information on EheinétGFéfaf‘hIgh school science (biel:gy, physics,
chemistry) ‘studies and their co;ceived;help to the study of clence at
th; un!v;réity was obtained from two independent sourFes,lﬂémely 12th

grade high school students and first year\university students. High
, " )

school experiences were also related to knowledge of sc¢/lence upon enter-

ing the university as well as to the actual achieve t in first year

§
. ‘e . © .
university sciénce courses? Results show, in general, a high level of

agreement bétweén the responses of high school an university studen{s.
The high school biology came out as significant}@ more inquiry oriented,
b / t.
/ ~
incorporating more laboratory work and percei éd as more helpful than

- v

ry or physics in the study of the perspective science in

/

_the university. _It was demonstrated that fhe nature of h&gh:school ex-

perience does exert significant effects/%n the learning of and achieve-

; ~

AY
ment in science at the universit?x\‘ /
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that study were: ' - v . ; N

\(Ta?mif' et al 1980; Tamir, Amir 1981b). .

Introduction

me——

Considerable improvements have taken[place in the last two decades in
sclenceyteaching at'the high school level. Yet many college professors still con-
tend that their courses will. be wh t they are regardless of theur students’ high
school background (Adams, 1952; Montean et al., 1963, Rozolis, 1967,@;am1r,

1977). A number of studies in recent years‘reyealed that high school- prepara-
tion does play an important role in college studies. It was found that in gereral
the stﬁdy of a specific science dlscdplﬂne in _ﬁigh schoo! did result in higher

achievement ln'college (e.qg., Tamir, 1969 Novak gt_alj. 1971).

However, the nature of the posltfve contribution of high school sclengg to
learning and achievement in the unlverslties has not been studied until very ré®
cently. In one study studemts at the end of their flrst year in a big mid- Western

university in the U.S. were asked to take a retrOSpectlve view and 1dentlfj nt] -

¢ -

ness and advantages in thé?r hlgh school program Three maJor concluswons of
&

)
}. The major detenn nant of the usefulness ‘of a high school course appears TQ b

4 3 v
' 4
\

~{ts potential contrlbutlon to success 1n college studies, Yol

2. Taklng specific science and maths courses is directly related to the Tevel

of preparedness for-college. : .f X . ‘\

-

3. Not only the number of courses but also their quality and nature make a dic¥er
ence. More rigorous, more 1nqu1ry oriented as well as courses wh1ch over

more subject matter appear to have a distinct advantage over watered deen

[}
\

easy to pass courses (Gailagher and lamlr.,1980).

In two similar retrospectivestudies of the relationship between high school
] - . ~ .

pr%paratlon and: college biology in Israel similar findings were reported . ., =

N
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Spec1f1c 1eapa1ng experiences. For examp]e; studying biology in high school

was found:to be most helpful in understand1ng Mand retent1on of new materia]

presented 1n the lectures in college. As {o the study in un1vers1ty laboratories,

the: most .helpful h1gh school Exper1ence washihat which has cons1s%ed of the
student's exposure to the “pew" qurrwcu]um in an academic high school where
he has specialized in biology with at least two hours-per week in inquiry ‘oriented

[ 4

laboratories (Tamir ek al., 1980). &

AQditiona11y, special{zing in high schoo]\biology and studying an inquiry
oriented curriculum sych as the Israel BSCS Adaptation, resu]tea in substant§a1
advantages for the study of col]ege biology. These advantages were ref\ecfed by
perceivihg the college biology course as less difficult as well as by performing

considerably better in g]] achievement measures emp}oyed in the college course
\ .
\

i

In a recent study Tamir & Am1r (1981b) compared the views of biology majors

(Tamir apd Am1r, 1981a).

to those of physics and’chem1st.y majors in Israel. They found that while there
were d1fferences between b1d/og1sts chemists and physwcistssimi]ar mechanisms
pertaining to the relationships between high school and college studies appear

\ . .
to exist. Following are-the major findings:

L ~ -

1. 0n the average high school experiences were conceived to be of more bénefit
to the learning and retention of new material presented in 1ectures than to
other modes of learning in.college. .

2.  With regard to the laboratory, more laboratory lessons in high school and

'\ more inquiry laboratories appear to be more desirable and to lead to greater

s help, higher satisfaction, higher level of expectations and higher achievemen

in college.

}.gq:'.;’
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3. Students who had specia]jzed in their_science major while in higgﬁéchool,
. . ‘have on the average distinct supériority over their nonfspec1a1izing"
(:’/ o counterparts, regardless of whether they major in bio]og%{ chemistry and
S - physics. -7 <. IR
4. While the d1fﬁerences -are not great, b1o1og1sts are, on the avegage, more
4 ' Ao sat1sf1ed in the1r h1gh school biglogy stuH1es than e1ther phys1c1sts or
- chem1sts in their respect1ve d1sc1p11nes They are also more content with

and-more,1nterested in stheir matr1cu1at1on examination than chemists or

' 4

physicists.., = .~ . '

. 5. Al the respondents agree that_better integration and coordination between hi:
school-and college studies is ngcessary. A specially strong plea to the

g
university. professors to build on high school stullies was mady by phys1cs

) magoxi, ref]ect1ng, perhaps the sequential nature of physics. oL 1
- Y
. [

' . ’2;3, Purpose of Study

Y

The present study is an extens1on of the previous studies. It'aims at
compar1ng the views of b1o1ogy, chem1stry and physics students in their freshmen

" year in co]]ege w1th those of their high school counterparts, name]y b1o1ogy,
‘. _
. . ‘ chem1stry and phys1cg majors in their senior year in high school. More

specificé]]y,'selfireports of_the groups will be studie:\on the following:. . -
5. '
‘1. Their 1nterest ip d1fferent top1cs in high school.

t

-

l?ﬁh 2. The nature of the1r h1gh school; 1aboratory exper1ences
3 The use of 1ngpvat1ve 1nstruct1§na1 strategies in h1gh school science classes
4, The1r att1tudes toward varwous components—ozithe matr1cu1at1on examination,
. 5. « ﬂheir sugqestions regarding des1ra§1e changes in h1gh schoo] science studies.

-6, The1r percept1ons (coliege} and 3xpectat1ons (h1gh school) of the contributio

of their high schoo] exper1£nces to the studies “in coﬁ1ege ) v
' \ .- o ) = »
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. 7. ' The relationships between nature of high school experiences. and the

‘ - ]
perceived help in college studies. . . &k.

rd -

o i o . e
In addwtlon the relatwonship between the self reportej perceptions on the

one hand and actual levels of retention of kn?wledge and achievements in

college biology will also be reported.

The data-provide an unusual kindaé? assessment of high school science - o

prdgrams,;their nature amnd their contribution to the study of science in cclleg:.

_\‘-"/ The comparison of similar data'JB€ained from different independent scurzes
~ may be regarded as igdependeﬁt replications which lend special credibility to

the validity of the findings. r

ot 7

-

, j ' " Method = - oo

§ample - . - N

The college sample conswsted of most of the first year sc1ehce students

at the Hebrew Unlvers1ty of Jerusalem 1n the year 1979-1980. N1nety were b1olcaj

majors, 97 chemistry majors anq_42 physwcs majors. "

\

, 0f the biology majors 71% were girls. 60% had fathers with higher edUCéthn’y
and 40% had mothers with higher education. 88% stud1ed in academ1c % -in
comprehenive and 4% in agricultural hlgﬁ schools. 76% stud1es the Israel BSCC

’//, ' daptation. 70% took the,matriculation examination in biology, 143 in

physlcs and math and the rest in various other subjects (includirg_students -

who coﬁgleted ‘their high school abroad). T

.
L4
r s . at,
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Of the chem1stry majors 47% were gjﬁ1s; 40% had fathe;s-qith higher'eduggtion

and 30% had mothers with higher education.” 71% studies in academfc, 8% in
& 7/
camprehensive, 6% in vocationa] 9% 1n\agr1cu1tura1 and 5% in kubbutz high schools

27% studies the new chemistry curricu]um. 41% took the_g matr1cu1at1on examination .

. in chemistry, 26% in bio]ogy, 7% in physics and the rest in.various other subjects

\
Of the physics majors 85% were bays, 60% had father; with higher education

and 40% had mothers with h1gher educatton. 56% stud;‘ﬁ in academic, 18% in
. vocational, 10% in agricultural anf 15% in kibbutz high schoo]s. 38% studied
the new phy51gs curriculum. 74% took their matriculation examination in physics,

" 5% in chemistry, 5% in biology and the rest in variaus other subjects.

7 -

The follgwing two interesting ‘observations are notehorth: Firstly, while

r

three'quarters o% the bigplogy majors had followed a new inquiry oriented currf;-
ulum (The Israel BSES Adaptat1on) most chem1stry and physics students had folin.2”
trad1t1ona1 prOgrams This is a ref]ect1on of the slower d1ffus1on of the |
1nqu1ry oriented physics and chem1stry programs 1n Israeli high schools. Secent /"

while close to three quarters of the physics and biology maJors had specialize:

Ay

1n their respective d1sc1p1ine;,1n h1§h schoo]s less than half of the chemistr

maaors had done so. This implies that, on the average, h1gh school preparaticn

-

for college stud1es in chemistf&"ﬁ!&not as bJoad as that 1n physigs ‘and in

biology. .&' : i; 3 “

It should:be ndted that most high school graduates spend several years

—

\#4n military service. -Hence, their ?eSponses in }979-80‘pertain to their

high school experiences in the mid-seventie®.

The high school sampTe_consisted of 437 12thrgrade.students in the year 1930,

. of whom 255 majored in biology, 125 in physics and 57 in chemistry. By majors

L 3
we refer to students.who continue to study a particular science in 10th, 1ith

apd 12th grade and whg, by and large, talge“the matriculation examination in tnat

8 |

e

)




- particular science. i

*

The biology manrs stud1ed in twelve different schools d1str1buted L

| 11 over the country 57% Lere g1rls 53% had fathers with h1gher education .
andl4o% had mothers with higher education. 'All the students studied the
C © . " —
Israel BSCS Adaptation program. . i
' J - . ot . v
The chemistry majors studied in two wof the above mentioned twelve schools.
3
50% were g1rls, 72% had fathers with higher educat1on, and 52% mothers with

§h1gher educat1on. A1l of them stud1ed the, "new" inquiry or1ented chem1stry
program. (Note the difference here between them and the cotlege sample most
) - % [ 4 ~ L ¢

of whom-stgdied "traditional"” .chemistry).” ' N

. &

|
The phy51cs majors studidd in six of the above mentioned twe]ve schools.

, 0n1y }7% were g1rls, 63% had fathers with h1gheﬁ education, and 51% had mothers
with higher education. A1l of them studied "trad1t1ona1" phys1cs (while 38%

of the college sample had studied "new" physics). ! /

In spite of a mean¥3§e difference ot about four»years thetsimilarities
. .between® the college and high scngdﬁ samples are striking. Indeed tnd thirds of -~ .
the high school samples indicated that‘they intend to continue their science
studies in college. - " ; . \

A Y

Instruments, data collection and: analysis - .

e - " A special questionnaire was designed in order to procure the views and
opinions of the students about various aspects of their high school science
programs such a;/tﬁe:r’degree of interest in different topics, the role of
the 1aboratory, the extent to wh1ch,Jnnovat1ve 1nstruct1ona1 approdches were used,
the extent to which the1r high school Sc1ence stud1es taught them to learn’ by

themse]ves, the1r att1tudes to var1ous components of their matr1cu1at1on .

.
. ‘. -,

Al
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examination, the level of importance'}hey assign to different suggestions
Y ‘ o ' .
to improve the teaching of science in High school, their interest in broadening
the1r SC1ent1fic know]edge and their expectations as to the ‘extent to which their

high school stud1es will he]p them in their study of science in college.” '

Many of the items Jere jdentical to those, used by Tamir and Amir (1981 a+b)
Certain items such as those dealing Yt:h interest in spec1f1c top1cs, or thbse”

dea11ng w1th different components of e matricu]at1on examination were, by

necessity, different for biology, chem1stry and phys1cs ; The whoﬁe-questionnqire‘
- ] .
used a Likert type 4 levels scale in which 1 = very little or very rare; 2 =

.

little or rare; 3 = much or frequent and 4 2 ven} much or very frequent.
’ ’

The data were analyzed by computer programs yielding frequency‘ld1str1but1ons
X :

as wé]] as mean scores and standard deviations. It is realized Ebit-the

scales are ordinal and therefore frequency counts wqre.madg and are partially
reported. At the same time, however, in ordef to save spéce we ngporﬁ

mean scores4and standard deviations whichqprdvide a rough and easy to grasp
estimaté of the results. Further analysis of the data.inéolved‘the use of

- parametric statistics such as qpalysi§ of variance anglt tests. The decision
to,use parametric statistics with thé onginal scales 1is baséd op Abelson and
Tuckey (1959) as well as ‘on Labévitz (1970) who argues that intervak statistics
may be applied to any ordinal varfable since "although some small, errBr may
accompany’the treatmeng<bf ordinaﬁ variables as interval, this -is offset By

the use. of more powerful, more sensitjyve, better deve]oped and more. clearly

1nterpretab1e statistics with known sample error" (p. 515)

4 - %
.
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_ % ' Results and Interpretation -
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R ! ] Interes%in different topics in high school ) N .

The ‘topics which appear in Tables I-III were t&ken from the chrent syllabi
4+~ in Israeli high schools. Syllabi in Israel are prescribed by the Ministry of -
Education and Culture, although schoos and teachers have at least some f}ex1b411tx
in emphasizing ceFtain topics less than others. In physics certain topics 5uch
; as dynamics -and kinematxcs constitute a corefcurriculum while others such as

electrochemistry, heat and special theory of rebativity are eiectives

.
L o ¥

S - Thmmommeenmesmeossooennes )

4 .
) It may be seen that on the average the 1eve1 of interest expresse//~) tke
‘ two samples.of biologists is higher than that of either chemists or phy51cists
' ‘ The 1owest 1er$1 of inter8st is exhibited by chemists, especially by the ’ : t'
univerSity sample most of whom had studied "traditional” chemistry 1n high ) .
school. - The higher level of interest of univer51ty cOmpared with high school” '

s . ‘
biologists (t = 4. 73 p>r0 01) may be.gxplained by -the i%ct that a third - -

of the high school sample represented students wh/“would not continue their studu
<

'of biology in college, probably because they are less interested in bioiogy
and may have decided to major in it because of various reasons, by default
This exp1anation is supported by the general finding that in all high school
samples the range.gi the. mean ratings is wider and éxtends Eubstantially

/toward the lowernlevels of interest (a-difference of more than a half s andard
graleve . A |

deviation nay be observed between the mean rating scores of university and

. high school sampleﬁ\?n sevenal items in the bottom of the list of the \topics in

each tab]e) The difference in levels of interest between the tya’samp es are
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especia]]y conspinous for biolbgists and chemists in Specific tdpics such as
b anatomy. bacterio]ogy, biochemistry, morphology, rad1oact1v1ty, spec1a1 relativity
A theory and particp]ate structure of dathes. Perhaps the university studehts are
more aware of the pqtentia1 of these'topics. Nevetthe1ess one should considqr
, the possibility that there top1cs are less interesting to those students who do .
¢ rot aspire to cont1nUe their study,of science in college. In certajn top1cs '
./hh chemistry i.e. chemical. familiés or chemical industry in Israel, an oppodite
- trend "appears: a gigherﬂleve1 of interest was ekpressed'by the highischoo1 sarmple.
Taking into congideration that the university sample studied ntraditional” chemistry,
this'may be an' indication that these topics as taught within the framework of tho

"new" Chemistry are so much more fﬁTEresting that even the les$ selective high

schoo; sample was mucﬁ’mOre 1nterested in studying them.

Y

L The more genera1 and perhaps the most 1mpoFtant resu]t in Table 'I-III is the
gré/t similarity in the relative levels of interest 1n}d1fferent topics expressed

by both the high schoo1 and the university samples. . ,'
For examp1e ﬂet us take app]ications of’ b1o1ogy, chem1stry of Israe11 rocks
and chemical 1ndustry in Israe] These topics emphasize appligation of science ard
occupy a very 1ow position/as far as_ the 1eve1 of studentsI interest is concerned.
Perhaps the reason is that the study of these hopics does not contrzbute to the
study of bio]ogy or chemistry 1n co11ege. Topics such as the, human body, genetxcs<5
_‘organic chemistry, atom strUcture, dynamics and kinematica are not only 1nherent1y
interesting bdyfperhaps.ahe conceived as more, essentia] to the understanding of the
structure of the respective djsctpTﬁnes. A deeper-inS1ght 1nto the re]at]Vee~&:e 's
of interest reveals soﬁelintéresting regu]arities. ?or'éxamp1e, in biology,

4

one may look.at theé different topics with three d1mens1ons in mind: Regarding

F
t . =
types of vrganisms one may observe a low level of 1nterest in p1ante and -
microorganisms as opposed to a high 1eve1-of interest 1in an1mals and in humans. v
x » . . /@ ' , .
(S . ‘ - ) ¢ 12
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These‘results are in fujl agreement With those obtawned in previous stud1es (e g.
Tamirézjhungwwrth 1974). As far as the,different f1e1ds of b1ologg_are o ) ‘ .
concerned, 16w°st {s the 1nterest in morphology, somewhat highgr in biochemistry =~ g,i
. ,” . and anatomy}> even stronger in physwology and ecology .and strongest in genet1cs .

. and human bwology As 0 the 1earn1ng process a very wo interest.is assaciated

with applications. of biology, while laboratory -and outdoors studies rank h1gh
. [ . ’

~ = N &

J . N N .
n interest.- ' . y = . .
: oo . ca

™ In additjon to the differences among the different sc1ence d1sc1p11nes, I 4
j other high school bdckground var1ab1es also appear to influence the 1eVe1 of‘
" i 'fnterest in study1ng sciencei~ Thus, for -example biologists whose fathers were
»‘.academ1cs or profess1ona1s had reported slgn1f1caht1y higher 1eve1 of interest

' ir sdudying'biology- than the1r counterparts whose fathers were clerks or non-

professional workers Phys1c1sts who had specialized in phys1cs, chgmists who

~had spec1alxzed in chem1stry and b1o1ogists who had specialized in biolcgy, a1.~
reported a higher level of 1nterest than their non-specializing counterpapts

in studying the1r respect1ve disciplfnes 1n high school. Similarly, physicists

and b1olog1sts who had had more than two weekly laboratory lessons in high

school also reported a her 1eve1 of'1nterest than’ their counterparts who had =

had less than two weekly 1aboratory lessons.. , "~ \ - . -,

-

-~

~of
.It may be concluded that the nature of study‘exper1ences is c]ose1y related to
7, ]
the 1eve} of interest in studying a specific science discipline. \\//’>

\\ \ ) o
e . - The nature of the laboratory experiences ‘ )
- \ '

Two types of laboratories ‘were def1n\d in the questionna1re as follows:

"In~the conf1rmatory laboratory the principles, phenomena and answers are given '

and the role-of the laboratory work is to demostrate and conf1rm them. (On

" the other hand) in the inqu1ry*1aboratory students are engaged in 1nvest1gat1on
“arid in solving problems the answer for which they have to|fipd by themse1ves
‘ L . o, T . . ) '
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Table IV presents responses about various aspects related to.learning
3 . T,
in the IJ!brétgry in high school. ’. ‘ .
@ . X - i
& . . . [ - e - ‘ ¢
Insert Table IV about here
. 1 . . Py »

. It may be seen that compared with physics and chemistry, students in biolcgy
*

——

had been engaged considérably more in laboratory work than their chem1stry and’

- . -

physics counterparts. T ¢

ﬁggever, the more signi%icant di%ference relates to the nature of the

’ labera 6ry experiences.- Hhi]e 92% of the biclogists in the high. school sample
~;g%rf€6;:ztthat at least half of their laboratories were inquiry oriented, only 56%

27 ;‘ of the éhmists and 22% of the physics high school sample report on similar

*exper?ences. The figures "for the college samples are 48%, 43% and 27%
respectively. The results %ndicate_ﬁhdi in both 1980 and the mid- seventies
most ppysics studén;s had predomjnantly confirmatcry laboratory experiences.
For ch:nists about half, of the students had inquiry oriented laboratoris with
a sigpificant difference in favor Z;/;bé high school sample who Studied the’

' "new" curriculum. The difference bEtween the two biology samples reflects
tHe fact that all the students in the nigh school'sanple)studied the "new"

1nqu1ry orjented curriculum
-‘ .
As to the desirable 1nqu1ry/conf1rmatory ratxo, biologists

appear to be most fayorable towards inquiry, with thechigh school sgmple
rejecting d1together the idea of .having predomxnant]y confirmatory 1aborator1es
A similar position is &aken by the chemistry high sch001 sample, who 11ke

their biology counterparts studied,a “new“ inquiry oriented curriculum. s
Thecchemist 'y college sample, on the other hand, appears most reluctant to
advoéete inquiry laboratories, prbbably as a result of studying traditional

chemistry in high school enq_perhaps due to lack of knowledge what inquiry




oriented laboratories really are. Indeed, when chemists and biologists who had
studied the “new" curricula were compared with those that had studied'"traditipna1“

programs, the “new" students were found to havé studied cdnsidetpbly more

_— inquiry oriented laboratories.
) 4 /-

Intenestingly'Boi of the college physicists, in spite of their
o/

Ptraditional high school experiences, s;ill prefer more inquiry oriented

-

/ﬁaboratories.‘ Perhaps this is an indication of their dissatisfaction from
their confirmatory 1abor5tory experiences. This inference is supported by

the relatively high percentagé of;physicists who prefered recitations over
h )
. laboratory lessons in high school.

> &

Innovative instructional strategies
- “ - K

~ | . s . '
Only the high school samples responded .to this part of the questionaire. °

Table V presents the results. - . ‘ .
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The data ip Tablg v ;howlthat none of thé 1nnovat2;? stfategies isused e
widely. Yet, while for physics and chemistry the employment of these approathes
rranges between “notngyallﬁ and "some", for the biologists a medium level of ‘
use is reported for three strategies, namely, research studies, analysis .
of research papers and discovery learning. As to outdoors field studies,
although ‘1ittle use is reported by the biologists, nevertheless it is used
by biologists considerabty more than by either physicists or chgﬁﬁsts.
“The historical approach which has‘been declared as one of the cﬁégggstones of

. : .
_teaching science as enquiry (schwab, 1963, p. 41), 1s‘hard1y used in teaching

-

== gcience in -iyae;ﬁ]} high schools.. - 15 * T
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Attitudes towards various components'of the matriculation examination
— =
» ¥
The matricuTation examination refTects m&%e than any other means the ob-

'Jectnves and emphases of the different SCience curricuTa as conceived by students

R

and teachers. This is so Sinte naturaTTy both teachers and students invest\thgln\,

efforts and actiVities to attain successfu\ performance in these examinations

L -

Hence Tt is reasonabie to assume that the attitudes of students toward different
components of the matricuTation examination are a valid measure of the impor-

*

tant they assign to different obJectives oﬁ the curriculum.

The nature of the: differept matricuiation ‘examinations is briefly described

" below. In most science ‘programs the students take a-paper and pencil test as

well as a practicaT test..\ s' d
. 7

The paper and penciT test in ioTogx conSists of three parts. Part 1 contains

muitipie ChOTﬁe items Part 2 presents Situatioﬂ'probiems which require inter-

pretation of ‘tables and graphs and expTanation of the data based on appTication

of biologicaT principTes Part 3, presénts -’ piece of research paper which

requires'anaTysis and interpretat}on as’ w:z}*as'continuation of the research

H ..
through the design of a new experiment., e physics test consists of inter-

pretation of graphs expTaining phenomena, quaTitative and quantitative calculations,

planning an. experiment and predicting LﬁSgresuTts The chemistry test includes
two parts: ?2?; consists of muTtipTe chOice items while Part 2 requires

interpretation tables and graphs, calculations, explanations of phenomena

l

and prediction of experimentaT resuTts’br of pr0per§ifs of differefit substances.

The practicaT examination in ioTogx consists b three parts. Part 1 -

requires the student to design and perform a novel experiment to solve an
unfamiliar probtem. Students f TToWing the traditionaT curriculum perform a ) -

familiar experiment instead aifj? is an oral examination on plants and animats.

Ay

- e . ‘ 5 - ':"‘ -‘ 16




Part 3 requ1res the students to 1dent1fy organ1sms wﬁ;h a taxonomxca] key\ :
The pract1ca] examination in ths1cs requires the performance of a familiar
v

¥
L . 4

experiment as well as skills in using laboratory instruments.
» L4 ﬁ N >

There is no practical examinatjon in the new?chemistrx currjculuﬁ. The ,
tréditiena1 programlreqqires the ste;ent to identi%y jons and salts and to explain
why they did what ‘they d'id.‘ - R

Table VI presents the tiews of students on the importance of various aspects
‘and components of the matriculation examinations. Some of the students did not
respond to this part of the q\e;t1onna1re either because they had not taken the
.exam or because they’had not been ab}e to recall the deta11s The high school
sample did not respond to the firs;»foyf items in Table VI beceuse, at the time,
they had not taken the matriculation examination and{ therefore, were not
ready to make the required Judgements ‘ There a?e relatively few responses of

"the chemistry high school sample, hence' these data shou]d be considered as tentative,

especially where they are in d1ségreement with those obtained from the col]ege sample.’

“ R ’ - ~ LN \
. . L L et L L Tt ;— ~~~~~~
- ‘Insert Table VE about here\.
The results in Table VI reveal a high level of ,agreement between the two .

biolagy samp]esl

I

The results indicate that for the bjologists the matriculation examination
was more interesting, they ap?recjated as important all parts of the paper
and pencil test and that part of tﬁe‘practica1 examination)which required tox‘
des1gn and perform an. exper1ment to so]ve an unfam111ar problem. On the other

hand, performing a familiar experiment, the ora] examination and the 1dent1fica-

tion of organ¥Sms with the aid of a key receiggélon1y mediocre rating. .

O
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The- chemistry examination although reflecting imporatant objectives was con- '

ceiveq as not interesting, requiring memorization of facts and not allowing for’
demonstrating the attainment of important learnings. It -appears as if .in general.
the physicists and biologists were more Sa£7§??EBTwith their examinations than the .

-chemists. It is noteworthy that both physicists and.chemists djd not appreciate -

quantitative calculations as much as qdé]itative calculations. .

. JRR

§31he,.ma1n d1fference between the b1o1ogy and phy51cs h1gh’schoo1 samp1es relates -

('
to ?ﬁe importance of 1¢qu1ry\sk111s ,The phys1c1sts assign a very high rat1ng to -

roQt]ﬂe procedures such as performing a familiar experiment oh>demonstrat1ng skill

in gsing instruments, and at the same time do not conceive as very’important skills !
such?as interpretation of graphs and tab]es or planning experiments.&- The ‘\
biologists, on the othei hand take the oppos1te position, giving a very high
prem1um ta solving unfamiliar prob]ems, to p]ann1nq eXper1ments and to the

& . -

interpretatior of graﬁhs and tables. It is very interesting to note that when
physicists‘reach the-dniversity they realize how much more impohtaqt are inquiry )
skills, compared with practicing routihe procedures, 4and they eéhibit views very
similar to those of the biologists. The correspo ence between the !iews of
bioiogi;ts, physicists and-chemists at the college level with that of the high

“ school biologists, together with the specifie reéu]ts lead to the conq%ysion that, \- '
at least as -far as 1nqu1ry skills are concerned, the biology prograhggg reflected

jn the matr1cu1at1on examination offers super1or greparat1on for cqllege studies.

Improving science teaching in high school %!

. The 1mportance assignﬁd to different suggestions to 1mpr5§e the teaching of

science may be regarde//as an ind1cator Qf students' preferences of spec1¥¥t

learning;gggesf1ves and lpstruct1ona1 strategies. Certawn]y they should be

. H
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considered as an important data source for future revisions of science curricula.

Table VII presents the mean responses refeted to “the three subject matter areas.”

'
- R ‘- . .
. -
\ - e e e e e e e e e e o T .
.

It kgy be observed.that there are only a few Hifferences aﬁang biologists,
physicists and chemists of both high school and collegé semples. Al11 the students
would hav /1dked to study from up-to-date texts,wobtain up-to-date knowledge
throhgh aImaFiety of up-to-date ad coordinated instructional strategies, and have

more active learning experiences such®as sm;;}\?roup and inquiry oriented labs.

- . 2 ?i' .
~\}% we take 9.5 (the mean point on the 4 po%nts scale) as.a outing point -

we may conclude that by and large students are satisfied with the number of
. . \?
hours .devoted to laboratory work as well ag with the broadness and deepness of

subject matter coverage. Perhaps therf may be a weak trend towardgéhe f

\

_study of less topics in more depth, especially in the college chemistry sample.
Nhether the call for recruiting youpger teachers expressed by the physics and .
chemistry college samples is still valid may requ1re further 1nvest1gat1on

That very few young physics and chem1stry graduates choose teaching as a profess1on

.

is a we]l known problem in Israel as well %? in many other countr1es The

. W s

- plea of students for 1mprovements should pot bé interpreted to mean.that sciente

-

teaching is poor. In fact science teaching has improVed substantially in the'
last ten years, especial)y in biology Nevertheless, there is alwg%g_rooé fbr
more 1mprovements. For example, some of the biology texts in use are more '
than tef years old. Even though they may have been uptodate in the mid sixties,

they certainly deserve updating in 1980.

. - . - ' -
A 3 *
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¥y 2% fo 5 v #3584 *




A

H1gh schoo] contr1but10n to the studles in the university -

Tab]e VIII presents the responses to the question: "To what extent wou]d

(or did) the study of sp1ence (b1o]ogy or chemistry or physics) in high school

{

he]p you in study1ng that sc1ence in the un1vers1ty7"

- -
.

~

- D n D b D D S D D DD mD B WS D D Y S s e

The re}atlver h1gh standard dev1at10ns (as well as the wide “distribution™
of frequency counts which are not reported in order to save space) show that
different students f€el d1fferent1y about the extent to which they were or 3
would be helped by their h1gh 5choo] experiences. This_result gguld have been
expected, considering the dif?erencesyémqng schools as well as among students.
Beardng this in'mind, it is striking to find out that; on the average, there >
are hardly any differences between‘hio]ogists, chemists and physicists in
the coIIege samp]es. “For all of them high schoo]ienperiences appear to have

helped more in lecture than in the laboratoty. Most valued was’ the help of prior

~ knowledge to the learning, understanding and retention of new material presented .

in lectures.

i

(

In general the expectations of the hidh school samples are substantia
h1gh%r than the perceptions qf the coIIege sampteswaJhere are at_least two ,

plausible interpretations. One is that as students reach college they find

-out that the demands are different and that they have forgotten many. of the

employment of sepcific skills (See Ausubel, 1963, p. 94). |

qetaIIs that they studied in high school. Somehow whet\hes precipitated

helps in the learning of new related materials, but not so much in the

\

\ ) - .
R ) ¢
T b . . \\\ . ‘. ‘ 4
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An a1ternat1ve explanation may refer to the 1apse of severa] years* ) A
betwéen the high school and the college samples' experiehces. Perhaps By ;S'

1980 those students who.study inquiry oriented programs,\especially the biologists,
) i S o9 )

are indeed better prepared for ihdividua] 1earning from different,sources,

t

are indeed.more self reliant and are 1ndeed better prepared to understand reseanfh

~.
~

It would be 1nterest1ng to follow these students and f1nd out how they actually
bejave when'they re?th college. Some support for the second 1nterpretatwon is {
provided by the’fact that high school physicists who cont1nged to study ,
“traditional" physics express the-weakest expectatiohs regarding the acquisition of

" self-learning skills while the bioiogists whose inquirx oriented curriculum emphasizesﬁﬁ

these ski]]szindeed exhibit the strongest expectatidns regarding their potential

Y ’

help in co]]ege. ' T N -

N

That the nature of -high school exper1ence indeed plays an important role
may be seen in the data presented in Tab]e IX. For the purpose of brev(ty the
four 1tems related to 1aboratory on the one hand, and the four items ] '
related to the lectdve on the other hand (See Table XVIII)were bpoled together
"to become the two dependent variables in Tab]e IX. -The 1ndependent variab]es

"~ are listed as high school variables. | '

- ‘ .
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It may be seen that con51derab1y greater he1p is reported by students who
maJor in the. university in the same discipline in which they majored in high

school, who studied a “new" high schdo] curricu]um, who had more than two .,

- fweekly 1aboratory lessons and who had mote 1nqu1ry or1ented Jaboratory

,-experiences
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52 out of the 90 unfversity bio]egists in our{study’hgd patticipated in
apotper s tudy (Temir and Amir, 19814)in which their knowledge and achievement
in bielogy were assessed. Self reported perceptions of what concepts ane —
skifls had beeﬁ studies in high school (Prior Stud})'as well as perceived levels
of knowledge and understanding of this concepts and skills (Knowledge)‘;hile
enteriﬁg the university were measured by a specially designe@ instrument
designated as KPSI,(Know{e;ge and‘Ptiqr Study Inventory). .As well, their _ .
achievement in their first year college biology ceurse was measured by the .
regular -course exam1nat1ons It is of special interest to .the present study
to examine the re]at1onsh1p between high school re]ated varlables and academic
achievement. .Hence, even though we only have re]evant data perta1n1ng to a
subsample of biologists, we decided to presgnt them in Table X.

A

N Insert Table X about here
) " The data in Tab]évx reveal a number of positive re]atioﬁships. It should be
a \emphasz;ed that these relationships exist in spite of the lapse of at least three )

~~

years between high schoo] graduation and -ntrance to ‘the university due to mili-
tary service. Thus, ‘for example, students who perceived their htgh school ’
studies as helpful to their study in college had indeed studled more,concepts and
skills, indeed had more knowledge of concepts and skills upon ‘entering the |’
university and indeed achieved~better in college biology. $ince the college
‘bioTogy course was. focus1ng on bacteriology and molecular blology, no wonder that
-those who had. been more interested in these topics in hlgh schoo1 also knew

Iy

more about them at entry and -achieved better 1in the cOurse .

(23 -
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High schoolauersus college students . . ' .

Ad

The present study conS1sts of three college samples and three high
school samp]es Tamir, Amlr (1981b) have already compared the responses of .
the three” co11ege samp]es In this study the focus js on the comparison '
between_the views of high school and co11ege samples. We have already alluded
. " to.various similaritis and differences in\previous sections. However, in .
0rde§Eto fac111tate the compar1son, mean scores of subsets of 1tems dealing

with spec1f1c aSpects were calculated and the statistical S1gn1f1cance of the T

differences was tested by t tests (see Table X1).

.............................
oo ) o
4 . N P

The data in Table XI show that with regard to certain aspects such as

the importance of different componerits of the matriculation examinations,

or the expectations ang- suggestions related to science studies in college,

there is full agreement between high schoo1 and co11ege samples. With regard

1
i

to 1nterest in different topics studied in high' school, the biology college

sample revea]s a hwgher 1eve1 of 1nterest and a similar trend may be

observed 1n the physics samples. Ne explained these trends by the more . .
se]ectlve nature of the co11ege samp]es natura]]y on]y those who are more

interested in high schoo] science, continue their stud1es of science in college.

The lack of dlfferences between the chemistry samples is explained by the fact
that all hlgh school students studied the “new" currlcu1um which is,
apparently, mdre 1nterest1ng than the tradttiona1 one even for students who

do not intend to study chemistry in college.




1 , 3 . . 1 . '
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When we turn to the other items in Tab]e XI wer f1nd a substant1a1 difference,

especially between the expectations of the high school sample and the percept1ons of

the college samples. Possible explanations ‘for these differences have already

AN "‘ . ~ . hl - -
been discussed. - . , ] . .

-

™ Disctission and conclusions .

. L’ ¢

) The findings inaicate thdb high school preparatior in science has s1gn1‘13an+

effects on various aspects re]ated LO the study of science in the un1vers1ty It

appears th>t there are at least three mechantsms of effect in operat1op

T a) The nature of high schoo] stud1es affects tmagpbdents while they are still

~r

in high school, For example more inquiry 9r1ented e<pex1ences arld.more

F 3

" time devoted to 1aboratory work tend to develop more positive attitudes
» and a h1gher level of interest in the stgdy of scﬁencﬂ in. h1gh schoo]
. b) The nature of the curriculum as well as that of the 1earn1ng experiences in

hidﬁ school effect the amount of knowledge gained as well es the meaning-

fulnesd and sefention of th¥s knowledge. ‘
c) The com ination of affective variables, sueh as interest and confidence
/ \based on past exper1ence with cognitive variables such as pr1or know-’
ledge of concepts and sk111s has a cons1derab1e effect on- the way students
perceive their scienge studles in the university, on their preferences re-
~garding these Studiéz, an their study skill§, on their expectations and on

==
- =

. . = -
their achievement.

3 y ‘-&:
(!

A unique feature of the rdesign of this study is the inclusion of ¥hree

high schoo] and three’ co?1ege samples. This.design a11ews for a number of

comparisons each of wh1ch helps to ‘put the specific results_in perspective.

L)

.
. 3 =
N




For examp]e, -the three last items in Table XI reveal a h1gh level of agreement

~«

" afong d{sc1p11nes and within. each discipkine, so that ‘it is safe to conclude
: that college bound science students in Israe] rate the1r matriculation N
* exam1nat1on as reflecting 1nmL£tant obJectxves be11eve that a h1gh level
of coord1nat1on between high school and college studies is important and-
hare high expectations from thedr college studies in terms of aquiring knowledge
.and study sk;1H§. As the same time, however, detected differenEes permit, ‘ <j:::
statements such as. Expectations of gh schoo] students regard1ng the help ’
 of their high school science. stud1es ) the1r co]lege studies are cons1derab1y S
hgherjthan the perce%yed help reporte y college students, in biology, chemistry
and physics. In spite of th1s genera] trend significant d1fferences exist — -

b e e T

between biology on the one hand;and physics ot chemistry on the other hahd ~
Both expectatfons of high school stndents “and actual percept1ons of co1Tege .
students regardind help, reveal considerable superiority to the biolggists.
Hence, 1t may be conc]uded that high school preparat1on in biology is more
i ’ Badequate than, that of e1ther chemistry or biology. thg are the features
~ ¢of high schoo] biology that‘make the difference? The results .imply -

that, these features include: a) more %nteresting topics; b) more laboratory

" work which is characterized by a higher level of inquiry;  c) more innovative

. instructional strategies such as stﬁdéntsjrresearth»stddﬁes:.discorery 1earning,
analysis pf research paﬁers and'outdSOrs_field studies; d) more interesting
matriculation examination which o%fers'rea] ehallenge snch as s51Vin§" , R
unfam111ar problem in the 1aboratory, e) more opportunities to deveTop study
skills and aqu1re that kind of knowledge which would be helpful in the study R o
of biology‘in‘col]ege The results in TahJes IX and X show that at least some‘

| © of the biologists expectations and perceptions are indeed actualized when students

- . reach college. Those who are better prepared, 1ndeed know more, ach1eve better

Q

=5 . | . ) .
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and Jook back.with more apprec1at1on to the1r high school exper1ences

- - . {

Another 1mportant conc]us1on shou]d a]so be mentioned. g]] the way, in
d1fferent parts of the qudstiofnaire and in d1fferent items we f1nd that students ’
apprec1ate var1at1on and;j1shness in study exper1ences This apperc1at1on is o
espec1a11y expressed in the résponses regard1ng des1red improvements. It may , -~
he concluded that a study program which gives balanced inquiry oriented and

expo§1tory learning exper1ences is most desirable to students and at the same

-

\t{;e offers the most adequatg/preparation for college ‘science studies.

Finally, thr resutts provide interesting information about the nature of
science.brggrams in Israeli high schools. Physics‘teaching'comés out as4host
traditiqnal, especially with regard to laboratory work. The "new" chemistry -~ °
deogram reveals a number of advantages in terms of students interests, learning,
1n the laboratory and providing inquiry experiences. The biology program occupieS‘
top position in terms of providing inquiry exper1ences and in many other aspects T
which have already been descr1bed Since we are dealing with the same educational
system, even with, the same schools, and consider1ng that the soc1ocu1tura1 status
of'UHichem1stry and physics students are even higher’ than those of the biology
students (See descr1pt1on of samples), the e;planatnon for the more pos1t1ve
results pertaining to the biology students, must be the nature of their
curriculum and of their classroom experiences:' Those responsible for chemistry
and espec1a11y for physfcs teach1ng, are well adv1sed to examine the ways and

N means used by the b101oglsts in de51gn1ng and 1mp1ement1ng their program(eg -
| fus o Tamir,1979). A1l of those resPons1ble'for science teach1ng ‘both in -
high school and at the university, including b%p&ogists, are advised to examine

earefu11y the detailed results of the present study, so‘that they would be

able to take adequate steps to improve science teaching in high school as_well as

the bridges between high school and college science. 3
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Table I _
Interest in different topigg in gigh sthool biology -
High xchool - . Univérsity
) > © N =255 _ N =90_
- Topic. '+ %High* X S.D. %High* X. 8.D.
Human .bod)} ’ 91 3.58 9 93 3.67 .58
< Genetics 84  3.457 /.ig 790 3.60 .71 . .
i Zoology 85 3.30 . .75 ° 85 3.33 .77
- Field trips * - ‘ 80  3.25 .94 91 3.46 .78
Animal behavior 80 3.19 .88 83 3.40 .90 ‘
~# Eyolution 74 3,14 .89 . 86 3.43 .76
Laboratory Work e 76 3.08 .90 75 -3.20 .78
Ecology 70 ' 3.00 .94 63 2.66 1.05 L
Physiology 71 2.99 .94 80 3.53 .68 i
Botany 73 2,95 .82 79 _2.98 .91
Anatomy 57  2.69 .98 79 3.21 .84
-~ Bacteriology * 57 2,66 .98 . 81 3.11 .78
Biochemistry 54 2,62 1.03 78 3.17 .844
« Applications of 52 2.52. 1.10 61 2.66 .93
- biology . N ’ .
@ Morphology . 49 2.95 .97 66  2.80 .82 . ]
L]
Total average . 2.99 .45 3.21 .35

[

*%High presents the percentage of students who selected ranks 3 or 4.

L 4 ~

& * 4 . -
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o ‘ ¢ " " Table 1 . ,/‘

Interest in different topics in high school chemistry

v ; : . t .
) ’ _ High school University
. . - ‘N =57 N = 100

- Topic . , - High®™ X © S.0:  %H{gh* ¥  S.D. -
: Organic chemistry * . ‘.86 3,38 .77 75\ 3,07 1.13_ "
' _Atom structure RANE ¥ 328 .75 91 3.45 .72 -
Chemical bonds : T 79, 34 .88 76 310 . .92

. Acids and basis - J5 2.95 1.01 70 2.89 ..85

. Chemical families U, 69 - 2.95 .91 58  2.65 .96

, Periodic table // 66 289 84 77 73.04 .90

Oxidation - reduction oo 63 2.80 .94 63 2.74 .94

Energy in chemical reactions . °,. 57 2.68 .90 59 2.62 _ 1.00

Chemical thermodynamics o Y 2.64 1.06 49 2.41 .97

‘ « Nuclear chemistry - . .50 2.50 1,22 63 2,77 1.15

"‘Polxﬁefs and proteins H‘.‘ ) 38 2.40 1,21 57 2.68 1,15 .

. Chemical industry in Israel . l 42 2.28 .98 25 " 1.81 .99
- Frée energy and entropy < o35 1.88 . 1,14 28 1.95 1.09 '

Kinepicé - reaction velocity' 20 1.73 .94 37 2.15. .1.05

Chemistry of Israeli rocks 9 1-.33 .66 25 1.75 .98

Total average - ; ; < 2276 ;ig 2,65 ?60

"% High presents the percentage of students who selected’ ranks 3 or 4.




‘ o . Tablg LI ¢
" Intest in different topics in high school physics i
| T ) "\ * Cs
Y \ . High school’ University ' B
. P} L5 N = 42
Topic %High* X S.D. %High* X S.D.
Dynamics 83 . 3.24 .8‘3 85 3.26 .1.07
,' /\xix/xematiés IS 82 3,19 .83 - 85 3,15 .99
’ Electromagnetism , 78 3,11 - .93 79 3.05 .94
Electrons and atom structure 70 3.02 1.08 95 3.61 .68 f ‘
Altermate surrent cycles, 72 2.98 1.00 75 2,69 1.24
Electrostatics 73, 2,96 .86 84 3.10 .85 '
Statics 73 2,92 .89 73 2.89 1,05
Electrodunamics , 68 2.89 1010 76 2.95\_92 '
Liquids and gases - i 63 2.82 1.03 67 2.68 .88
Mechanics of rigid bodies ( 64 2,77 1.04 67 2,67 -1,12 , ;
Wave theory 61 2,72 1.06 71 2.88 1.20
Radioactivity 58 2,71 1,16 .87 3.35 .79
Electrochemistry . 54 2,57 1.03 61 2.58 .92 )
Geometric light theory ~ 56 2,57 1.06 72 2.86 .98
‘Heat ¢ L, 53 . 2.55 1.06 64  2.67 .86
Special Relativity Theory 45  2.33 1.27 75 3,08 1.10
Particulate structure of matter 39 2.22¢ 1.01 67 2.85 .99 )
“Total Average ~2.82 .61 2.98 .57 Y
* % High .presen'ts the percentage of students who selected rar‘xks.S or 4.
. 2
< -
\ -
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The Aspect

: A\
Distribution of responses related to differont aspects gf high school science laborstorie

Table IV

’

¢

(in percents)

)

¢

Number of weekly lab lesaons

less than two

tvo ‘or more

1

Nature of laboratory lessons
most are confirmatcry

about half are confirmatory

most are inquiry

-

-,

The desirable ratio
most confinmatory
half? confitkatory

most or.all inquiry.

Vhat was prefcred

recitations over labs

recitations and labs equally

labs over recitations

.

~—
Biologxs;s Chemists Physicists
High school Collere liigh school College liigh school Collsy
N=255 N=9 f«57 .N=100 K%129 N= 4
Ve
8 2 47 45 - 42 53
92 79 53 5% 58 47
.' ) -
8 52 44 57 78 73
32 34 - "42 2 o 2 24
60 14 . 14 1 2 3
a4
3 o 32 7 50 39 21
24 - 52 ' 29 43 -, 40 46
& 17 64 .7 21 33
%5 . 3 29 28 39 62
48 = 50 J 48 41 27
27 14 32 24 - 1
. ] “
1 4 -
: .
)
[ i [
t A
Py _ . Y
/

/




. Instructional

Staategy

Table

- -
.

Biologists Chemists

N = 255 h =57
X S.D. X S.b.

i r

-

Ph{sicists P

A’ = 125 d_f =
C X S, 2,434

innovative instauctional strategies in high school science classes

t

Duncan range test

1:2  1:3 233
. <

¥

.- Doing research studies
Discovery Ie;u-;xing
Analysis of rescarch papers 2.5% 1.02 1.l49..
Outdoors .field studies

" Historical approach

N 20b3 091 20m

2.42 .80 2,18

—

2,02 .85 1.30

1.66 .78 \1.61

.76
.75
%63
.50

67

1.71 .74 . 45.76" " u »

1.80 .69 23,75 w "

1,46 .62  76.55™" "

# ‘/ - I

1.39 .60  35.92 »
\ [ £ ]

1.46 .58 2,98

1 = pot at all 2 = some

.

-

13

Mean scores on a 4 points scale in vhich:

» P< 0,05

N

!

# 3 = much

w P < 0.01

4 = vory much
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Table VI

.ttitudes toward and pssessment of the ymportance of various aspects and compenentu-of the matriculution, examinations

:

L.
ASPECT OR COMPONINT

Biologisata .

’

Chemists

thysiciats

. High school College tigh school College High scheal College
’ N = 229 N=90 Ne=19 Nz 35 ‘N= 99, N =22
‘ e 3 X S, X S X Sb. A S A SM. & S.D
s anteresting than other mst;iculstion examinations 3.02 .77 2,40 .81 2,88 k.26
tects important learning osjictives . 2,61 .8l 3,03 .9 2.39 ,78
1wt hased en memorization of facts and details 3.23 .81 2,07 .78 : 3.41 .67 )
»ws for demonstrating attainment of xn@or?unt 2,23} .8l 2,00 .76 2,23 .75
ruings
. FAFER AND P'ENCIL THST " ' i
tiple choice items . # 2,98 .81 3,00 .76 3.1l .66 7 2.2 f&U — —_— -
. erpretation of graphs wii tables 1 3o22 L6 3,49 G510 J.05 0 W62 3,00 64 2447 .82 2.7; 73
aiing experimeuts 2.99 82 3,21 Wi --' - —_— - 2.72 .85 3,00 .71
txclxng results of exp¥rimeats —~— -a - -~ 3.:}//ih3 3.1 82 2.8 48 2,89 .99
laining phenomena 3,300,700 Y49 90 34T 6L 3450 '.62 2,47 0 3.3% .75
ititative calculations v _— - —_— == l 169 70 2470 .71 201 85 2.45 .69°
fitative calculations ] - e= - .- o) S 2094 .13 'S.“‘-‘ g7 321 .63
orehension and ennlysis of rﬁudurjh papera 3,30 0 3,41 W68, -« - -— - e | = e
—_ ar
' - .
. ) ./.‘ ‘ /
S 34 - :




' Table VI-. y be 2 o .
| Ty —
v - v !
_ FRACTICAL EXAMINATION | \
11 in using inatruments —-— - — - -— - — ==\ L3 70 2,62 .77
forming familiar experiments 2,15 .91 2,39 +.91 - e -— - 173,36 .66 2,71 T3
forming experixp_ani's to solve uufapiliar problems 331 LT 3,33 .66 — =T e -m — - - - .
-1 ex;.minatjon en plants, w'}milu aud phencmena 2,65 97 2, J4 0 2455 .9 2,70 1,02 _— - — =
entifying plants or anizmals or ions and salts 2,35 JB7T 2,32 T8 240 910 2,50 LTI —_— e U
) . - . B . .

/ . f R ) °
')Mew scores on 4 points scale in which 1 = levest, 4 = highest. Por the last 13 {tems the |
ratings pertain to the level af importance; -~ uot included in thus exwsination.
\\
X . : . .
C
/

"
S

L
TNy




Table™ VIT

Perceived impertance of c_l_ijtoront suggested chauges and imprevements in éigh scheol science teaching

b ~

. . . o , -
O Biologists Chemists Physicists

' Higb scbool College High school College High school College

' Suggested Change . N=25 N=& N = 57 N =09l N =125 N =39

X s.0. ) X S.D. X s.p. X S.0._ "X 8D X S.D

Younger teachers . | 1.74 1.00  1.88 .91 1.5 .84  3.34 .78  2.201.02  3.33 .74

< More idstructienal T.V 2,22 1.00  2.35 .96  2.28 1,03 2.98 .79  2.20 .92 3.00 .83

Deeper knovledge en ‘ ‘
: fewer tepics ' 2.68 .02 2,62 .68  2.48 .95 2,95 .62 2.50° .91  2.62 .38
- Mere bours of lab verk . 2.53 .91  2.68 .86  2.28 .86 ° 2.77 .BL 2,50 .89  2.19 .94
. Mgre reseurces: ‘orsi‘gim.l ' ’

papers, encyclepedis etc. 2.65 .91 2.88 .T1 2.09 .95 2.10 .91 2.43 .96 2.14 .98

Mere class discussions 2.89 .79 3.00 .75’ 2.85 .93 2.82 .81 2.33 .84 2.86 -65
Ho"}"quiry labs 2.9.1 .88 2.89 .94 2.‘98 «71 3.02 .70 2.71 .8? 3.10 ,-‘378
Impréved instructionklstrategies 3.32 .82 2.92 .53 2,98 1,03 2.73 .49 3.07 .811 2.83. .46

/ "
More oppertunities for thinking 3.26 .73 3.28 .80 -3.29 .74 3.18 .73 2.98 79 3.?9 +60

Better coordination betwveen lab

‘ and recitations 3.29 .73 3.1 .79 3.25 .73 3.42 .59 3.08 .78 3.24 58
: Small groups werk in lab 3.30 .88 3.4 .82 33l .69 332 .78/ 2.97 .89 3.2 74
Uptodate textbeoks 3.46 .87 3.56 .18  3.26 .88 3,60 .72 3.317.90 3.34 .66

38

-

Mean scores on s 4 i)oints scale in vhich l:not important, 2 = of some importance,
LY f

3 = important, 4 = very important.




f -E_;. e LV [ e , a = » _1,
}7 - . - ? ‘ . S
o - , = . J Table VIII £§ " /,"' '
- 'y . edd :
Bolp ot hxgh school atudus gdifferent aspects of acicnco studies in college .
! . L4 * - - .
' Biologists Cheamists Phyucuto .
. High school College High school Cellege Bxgh school Col'lccv 7 ’
- . - ‘_N=255" _N=8 _N=57T  Nu97T’ N..12; N'= 39
| T Aspect o : X“spD. X s.b. X SD, X S.D. X S.0.. X S.D.
a STUDIES IN THE LABORATORY . - . - .
.o . . R . N
* Preparing lab reperts 2,59 .81 1.88 .88 2,45 .83 1.,961,.00 2.471.08.1.68 .78 \
) kroblea  solving in 1a¥  2.77 .73, 2.05 .84 2.9 .70 1.98 .93 2.18 .94 2,02 1.02 ° ,
Understanding lab vork . 2,797 .75 2'.07 76 2.55 9 2,13 .98 - 2,22 .93 2.15 1.05 %
Acquiring lab techoiques’ . 2,66 .78 908 .88 2.46 .76 1.91 1.00° 2.9 .96 1.78 .83
vmnmmrfmu.smnx.mnms o . \ L e : P 1
/"Lurnme from books -nd 2.84 .78 "2.22 ,92. 2.29 .70 2.1 .95 2.10 .92 2.10 .97 | |
. ether sources : ¢ ’ a }
Understanding research . 2,80 ,83 2,02 .98 2,20 .87 1.84 .88 2.10 .99 “T1.93 lag3 - - ‘ ~ |
Vo . : . ‘ - . i 2
Retention of material -~ ~ 2,55 .87 . 2.29 .91 2,56 .86 2.46 .98 2.13 .99 2.44 .98 ° '
presented in lectures : ' ~ . o -
‘Under-kndinkfmg léarning 2,89 .76« 250 .90 2.98 .71 2.65 .86 * 1.01° 2,51 .79 ;
in lecturas - . . X : : o , . ..
. . o> » [
‘ o 4 . @ . { R ' b ﬂ
\ * W -, . . .. A /S "t LN
_ & Ehpochtion’s of the high school auples .and-pérceptipns of the collogo s - .
on . 4 points lcale in which 1 = Very little, 2 = lith, 3 = much, 4 sonry much o . .
/ . ot
40 : - not iﬂcludod in the quo}honnnro.' : ' . . .- M
Ld 1 H -
. - . * . > - . « 41 -
e ' , :
LD -~ - : ..
.o - - E e : .
U - " 3 X . z
ToatE [, . Y - ' !




Table IX
The relationship between the nature of high school experiences and their re{pé'd help in the univer“si‘f:y

F »

t

|
HELP IN THE UNIVERSITY

Values of t and N hre not reported for each analysis in order to’'save space

[

In the Laboratory In Lectures
| - Biologists Chemists ' Physicjsts . Bidlogists Chemists - Physicists
N=90 N =97 N =.42 © N=90 ‘ N =97 N =42
High school variable x . S.D t x SD. t “x 8D t x S8D. t x S8.D. t x S.D; t
: ! i > / L
"
Specialization: ’ :
university major  2.22 .71 »x 2,15 .86 1,98 .85 2.50 .79 wx 2.42 .68 x 2,37 .13 x
\' other 1.41 .46 1.84 .76 1.68 .49 © 1,46 .66 2,10 * .80 1.85 .56
. Curriculum: > . '
g ‘ 1.65 .71 xx 1,88 96 1.80 .87 1,96 .79 2.15 .84 2,27 .18
"new" 2,12 .67 1,95 .75 2.82 .37 2,32 .87 2.30 .74+ - 2,25 .56
. No, of laboratory ‘ '
lessons per week: f
less than two 1,63 .48 »x 1,51 .53 wx.1,62 ,60 xx 2,10 57 »x 2,02 78 3 1,91 .41 X
more than two~ 2,61 .60 2.39 .82 2.33 .79 2,74 .65 2.43. .70 2.39 .85
Type of la:boratory: 5 ¥ ‘ .
42 confirmatory 1,89 .60 ¢ 1,96 .75 xx 1.84 3Jo .70 221 782 2.24 .72 2.10 .73
at least half inquiry 5 53 79 2.50 .79 .31 142 1,12 2.44 .80 .58 .71 . 2.58 .81
- i x R - .L';.
] p < 0,05 ¥ o < 0,01 43
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il Table X
Correlations of high school related variables to
self-reported kﬁowledge and prior study in
high school and achievement Th.college
.. (nasz)

~

’ High sct}ool variable

v

- Kno»glcdgc Prior Study

Achievement in

Conb cpts  Skills

Concepts Skills * college biology

5 - P ' N * .
. Number of lab J26 16 Tl o
.+ lessons per week
Adjusting high school . 24’ll .

biologyte the
y univRrsity requirements

.06

Maintaining continuity
> between high school
- und un!w:rsityg * .

L ~Help of high school -+
biology to study in ,
university lubs : W .

Help of high school
biology to general
, study of biology ut
=8 ' _the university
Interest in b-:tctcriology -» a2
. ok and in molcecular biology
i . in"high school

. ) : ‘ Interest in other . 35’0‘
’ biological topics

{n high school '
7 ’

of
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' . . TABLE XI

Summary comparison of responses of the high school and college samples

L R ' ¢
' Biology . * Chemistry » Physics ¢
d ‘ High School University High School University High School University
- . N.= 254 N = 87 N =57 N =96 N =124 N-= 4T
Variable x 8., % Sb. ot X S.D. X S.D. t % S.D. & S.D.- t
interest in high 2.§9 453,21 .35 Im72%F 2.76‘/ .57 2.65 .60 1.06 2.82 .61 2,98 .57 1.b45

school topics \\\‘k\\g '
suggested improvement  2.79 .38 2.83 .37 .88 -2.73 A2 296 .39 3.32°% 2.64 .39 2.82 .35 2.77%
in" high school o . - . k' 5 ‘

Help in lab : .70 .63 2.02 .70 8.01°% 2.50 .61 1.99 .83 4L.16™ 2.26 .85 1.90 .75 2.33%
. . : C
Help in lectures 2.77 62 2.26  .8% 5.3277 2.50 .57 2.25 .76 2.32" 2.19 82 2.24 .73 .38
Expectations from® 3.06 .5k 3.05 .47 -.20 3.10 .49 2.99 .56 1.22  3.04 .54 2.93 .50 1.22
"= college studies o .
] -
Suggested coordination  2.95 54 2,95 .52 .09 .3.04 .61 3.03 -.58. .16 2.94 .84 2.92 /.64 .24
between high school - .
and college studies ’ . .
. Importance of differént 2.84 42 2,98 43 1.2 2.73 . .20 E2.89 .38 1.87 2.81 Ab 2,91 48 .91
components of the )
matriculation exams .
) - 2% ] * o .t
- > 0.0 0.01
10 , R __S p > A ‘
! n. . P 4 b
’ © >-\ )
\ - o




