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ARITRACT

THhe protleme The purpose of this study was to deterrine the
offect of training in a given area of science on achievemant in other
areas of science, Specifically, the purpose wms fourfold: namely,

{n high achool sciences, to determine the effect of training in (1)
general science on achievement {n chexistry; (2) kdology on achievement
in cienistry; (3) physics on achieversnt in chemistry; (4) chemistry on
achieverent {in physics. '

Proceture. The subjects for this study were 403 students in grades
eleven and twelve who were enrolled at three diffour;t Mc;h schools in
the ysar 1953-1954, Bimty-nino'mn cdemistry and 23 were phydoi
students at the first schooly 128 were chemistry and 78 were physics
studonts at the seocond schooly and 75 were the total chemistry and physics
studants at the third school. | |

The cheristry students at each uu;ol were grouped noooidtnq to
their previous science enrollment, The qroupa oconsisted of (1) students
who had talken general science or had not taken general science prior to
enrollment in cheristry; (2) students who had taken hiology or had not
tazen biology prior to enrollment {n cheristrys and (3) students who had
tai:en physics or had not taken physice prior to enrollment {n chexistry,.
Ao, students who were tating plysics and chemistry concurrently were
ocorpared with those students who had taken physics and chenistry cone
socutively, Only stulents at the second school were corpared in the

tiird group,



Sub=groups for the physics students consisted of students who had
taken chemistry or had not taken chemistry prior to enrollment in physics,
Students of the first and third school; had to be combined for this
grouping. '

Groups which were compered were equated for intelligence.

Cbjective tests were used to measure achievermnt of the groups
at the first school, and the remainder of the groups were measured by
teachers’ grades. Mean differences for each of the experimental and
control groups were checked for siynificance {n the usual manner,

A ptodxxct;mnt correlation coefficient wvas calculated between
chemistry grades and general science grades of choﬁﬂ.stry students in all
three schools,

Twaults and conclusions. At the first school, chemistry students

who had taken general science showed a higher mean grade than the none
general science students, am;'l the difference was significant at the 11
level of confidence. The mean grades at the second and third schools did
not ocorroborate this result,
At each of the three schools chemistry students having iud blology
showed no signifiocant difference when compared with non-hiology students.
Chemistry students who had taken physics showed a higher mean
grads than the non-physics students, The difference was significant at the
«05 level. There was no significant difference betweea the concurront and

ocongecutive groups, nor the group taking the ocourses in reverse order,



The correlation of chemistry and general science grades with
intelligence partialed out was 52,

It can be oconcluded thats

1, General science courses have different transfer effects in
different sciwols.

2¢ It seens that physics taken borc;m chcmtatry.nmltc in superior
lc;h.i.mxmnt in the latter course,

3¢ The hiology courses at the high school level seem peculiarly
free of transfer toward the physical sciences,

4, Whether physi-s is studied before or concurrently with
checdstry apparently has 1little effect on achievement,

S« The correlation of grades of general science and chemistry
-students may be used for prediction with sore degree of confidence,
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chemi stry and non—chemistry students ¢« s ¢ ¢ ¢ ¢ ¢ s o o ¢ 20



CHAPTER I

THE PROCLEM AND DPORTANCE OF THE STUDY
I. THE PROBLEM

The purpose of this study ﬁu to determine vth- effect of
training in a given area of science on achievement in other areas of
science, BSpecifically, the purpose was fourfolds namely, in high
school sciences, to determine the effect of training in (1) general
science on achievement in chemistry; (2) biology on achievement in
chenmistry; (8) physics on achievemsnt in chemistry; (4) chemistry on
lchh‘mnt in physics.

II. DPORTAXCE OF I PROLLEM

It is important in seocondary school teaching, qu.lduioi, and
curriculum planning to understand the possibility of transfer between
courses. Some ocourses, like English and lithomtica, have prerequisites
determining the order of courses, while in many high schools, science
oourses have no definite sequenoce or prersquisites.

Odell (7) explains that among the reasons that comparatively
few good science tests have been published {s the lack of unanimity in
the order of science offerings in the high schools.

That there is no agreement in the nation’s hgh schools as to
the order of grade levels of the commonly acocapted science courses is
shown by Johnson (S) i{n his study for the Office of Educmtion, Although
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biology is usually a tenth grade subject, chemistry eleventh grade, and

physics twelfth grade in most of the schools offering the subjects, a
number of the schools have du;fonnt orders for the courses. It would
seen, therefore, that studies of achievement in ocourses takea in
different orders may help establish the pmpoi order for these oourses
and my aid {n d-nlopinqA new ocourses Or 1lprovinq the acospted ones.

It seems that it should be possible to predict a student’s
achieverent in one of the science ocourses on the hasis of his prior
science work and/or indicated interests and aptitudes, Also, better
curriculum planning should follow known effects that training in one
science has on achieverent in another science,

Teacher differences, school differences, transfer of training,
motivation, and objectivity of measures of achievemsnt are problems
that arise in such a study, and it {s hoped that the results obtained
in this study will promote further investications in the science M@

ulum,



CAPTER Il
KEVIEW OF THE LITERATURE

A survey of the literature revealed no reasarch which vas related
directly to the present problem, although several studies which relate
indirectly were found. And-foon (1), on completion of a study of
Minnesota schools, reportss ' v

The present study did not determine the contributions to
achievement in Hology and chemistry of such pupil factors as
previous courses taken in scienoce and years of high school
mathematics taken. »e¢ The data are available and othar com~
parisons can be made at a future date.

In & recent letter (April 25, 1955), answering this writer’s
inquiry, Anderson says, ..« I know of no study related directly with
your probleme, This does not mean that such a study has not been done
or does not exist in the literatures ¢e.”

In a pre=publication statement, Herbert A, Suith of the editorial

staff of The Thiyd Annual Review of Research in Scisnce Eiucation sayss

®,00, I believe that I may safely say that no studies were
roported which related to the effect of prior scdence courses.
llowever, some studies will be reported which show the effect of
hMgh school science on college performance in certain science
areas.”

A number of studies of the latter type have substantiated Smith’s
statements. FKadley, Scott, and Van Lente (4) examined the high school
records of 698 students who were enrolled in beginning college chemistry.
They found that the group that had studied high school chemistry, physics,

and mathematics had the lowest percentages of “D” and “E” grades and the
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highest percentages of "A®, "%, and "C” grades., A comparison of students
who had had high school chemistry with those who had had no high school
chamistry, with mthematics and phy:iu'prcpantun disregarded in both
groups, showed marked superiority for those who had studied chemistry.
Students who had had a comhination of hiqh'sohool chenistry, physios,
and mthematics xade the best records in beginning chemistry in ocollege.

Fontenella (3) investigated the use of the American Council on
Education’s Psychological Examination and General Achievement tests as
predictors of achievement h‘oolloqu cheni stry and biology. The sub~
jects of this study were 235 frestumn pre-nmedical students at Fordham
College, Kew York., Using rho (rank-order correlation), he found that
achievoment test scores and chemistry grades ocorrelated ,518; ACE socores
and chemistry grades, .894; achievement test socores and biology grades,
+8083 ACE soores and biology grades, .60,

That interest and retention of early secondary school science is
of some lasting benefit has bsen found by Flather (2). According to his
evaluation of the science program in the high schools of British Columbia,
the ninth grade general science oourse has been rather successful {n
developing students and diffusing ideas into society, Le Lases his
oconclusions on former students’ opinions.

Kot all investicators agree that high school courses favorably
affect achievensnt in subsequent ocollege ocourses. In a letter, E, L,
Miller, professor of biology at Stephen F. Austin State College, reports
that first ysar oollege students of hiology apparently do not benefit



from having high school credit for the ecurse. His investication of
the high school hackground of failures in {introductory ocollege hiology
rovealed that about S1% had high school hiology and 49% did not,

Powers (10) is of the opinion that high school science preparation
is not of significant importance to later studies in science, He says
that, "Many who have bscome career men in science began ,.¢ in ocollege
with no apparent disadvantage as compared with ... classmates who had
studied scienoce in high school.”

Mallinson and Van Dragt (§) reviewed two studies oconoerned with
the interests of high school students. From these studies, they ocon=~
cluded thats

The possibilities for predicting a person’s soore or rank

in interest in science ¢¢¢ at the twlfthgrade level from the

soores or ranks at the ninth grade level are somewhat dubious,

Odell (8) has .reported that grades in high school can be pre-
dicted by earlier achievement in school, He found that by weighting and
ocombining marks in certain elementary school subjects, the ocorrelation
with high school freshman marks averaged .65, larks during the first
two years of high school correlated slightly lower.

Another study by Odell (8) showed about the same dagree of
ocorrelation between college freshman marks and the best possiile ocom-
bination of intelligence test soores and marks in different high school
subjects, The correlation was .63 for the best combination and greater
than 450 for less than half of the college subjects.

Travers (13) indicates that aptitude tests are no better for
predictive purposes than the msthods used by Ross and Odell, He found



that aptitude and achievement can not be correlated properly without
better oriteria than high school grades,

More and more, general science is coming to be required of all
students as the first science oourse in high school. The reasons listed
by Preston (11) are (1) orientation for those who must shortly go to
work, and (2) foundation for higher science study. The course is usually
given from a different point of view than are physics and chemistry, and,
therefore, there should be no great mmt of rupetition in these courses.

At the time of Preston’s (12) study in 1958, most science curricula
wore oorposed of the four_ courses now éenoully acoepteds gensral scienoce,
biology, chemistry, and phyti&. He suggested an {improved arrangement of
work to follow a to;xr year plan, The ocourses would be of graduated diffie
culty so that a student may progress as far as he wishes or i{s capable.

Ys foresaw, however, the possibilities that elementary and junior high
school science .connn might provide preparation for successive courses,

making it possible to lsave senior high school sciences as slective,



GIAPTER III
GROUPS STUDIED AND TESTS ASD MEASURES USED
I. GROUPS STUDIED

The subjects for this study wers 403 students in grades eleven
and twelve who nfo enrolled at three different high schools in the year
19531954, These schools are designated as School Mumber One, School
Number Two, and School Number Three in this study. Of the 403 students,
99 were chemistry and 23 were physics students at School Number One;

128 were chemistry and 78 were physics students at School Nusber Twoy
and 7S were the total chemistry and physics students at School Fumber
Three.

For the sake of clarity 1a‘ presentation of the data, the three
sachools are indicated by a subscript in the different groups studied.
For example, Group A; was made up of chemistry students in 8chool iLumber
One. GCroups Ag and A3 were chamistry students {n Scixool Number Two and
School Fumboer Three respectively. This systea of identifying groups is
followad throughout the study.

Croups A,, A,. AS' were each divided into two sub-groups, ons of
which was made up of students who had studied general science before
enrollment {n chemistry, and the other group was made up of students who

had not studied general science,
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Croup D consistel of chemistry students who either had taken kiolosy,
or had not taken hiology prior to enrollment {n chemistry. Students from
School Kumher One and School Numter Two participated in this section of
the study; therefore results are reported for Groups B} and Bj.

Croup C oconsisted of chemistry students who had taken physics or who
had not taken physics prior to enrollment in chemistry. School lumber Two
wag the only school in which this group ocould be stutied. It is cesig-
mted as C,.

Croup D conasisted of physics students who had taken chemistry or wio
had tsken no chemistry before enrollment in physics. Students of two
schools had to be comiined for this group, as only two physics students at
School Mumher One had not had .chomlstry, and only six physics students st
School Number Three had had chemistry, The group, therefore, is identified
es Group Dy se

Cther groups are reported briefly to help interpret the study.

11, TESJDS USWD

L)

The Californie Test of Mental Vaturity, Form 1950, was administered
to all students reported in the study, except for reare cases vwhere the
Otis Quick Sooring Test uia used. Groubs which m}o corpared were
equated for intellijence 'y use of these tests,

The Kuder Preference Fescord proved to be of some value as an aid in
inlterpretation of results, This test was used only at Sciool lumber

‘n".'e..
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For Croups A) and B;, objective tests were used to measure achieve-~
ment, Standardised tests, Series C, and accorpanying workbook units in
#Disoovery Problems in Chemistry,” by Eckert, Lyons, and Strevell, were
used, Five units of work were covered for the period of the study, but
two units, III and IV were excludsd to insure validity.

The remainder of the groups were measured by teachers’ grades.
lLetter grades were assigned the following numerical values for purposes
of tabulations Af—=97, A—=93, 5f==88, B==83, Cf=~78, C—=74, D=70,
FP==£5, Where grades were recorded in numbers, the actual grades were
tabulated. At School Fumbesr Two, the grades were recorded in letters;
at School Kumber Three, most of the grades were recorded in numbers.

III. TREATYZXT OF DATA

Mean scores were obtained for the raw socores of Group A) for each
unit of work corppleted. The final tabulation contains the average scores
for three units of work, which made it necessary to reduce the group in
sise because of absences on the dates of the reqular tests. Make-up tests
ware not included., Mean sooii-n were a-lao‘ obtained for the raw scores of
Group By and teachers’ grades :nro used for all the other groups, Mean
differences for each of the experimental and control groups were then
checked for significance in the usual manner.

A product-moment correlation coefficient was caloulated between
chemistry grades of Group Ajgs and general science grades of the same

students.



CHAPTER IV
RESULT3 AND DISCUSIION

Achievemsnt in chemistry for Group A} was checked at the end of
three saparate units of the oourse, and achievemsnts of the general
salenoce and non-general science groups were compared, Average grades
for the three units combined \nmv then coapared, -

At the end of the first unit of work in chemistry, the general
science group, A;, showed a slight superiority over the non-general
science group, the difference between the means being significant
iuqhtly below the 11 level of confidences The differsnces between
means of the same groups were significant at the .01 level at the end of
both of the remining units of the ocourse. Table I shows data for an
average of the three units of chemistry. This shows that the difference
between means is significant at the .01 level.

To verify the results obtained for Group A, chemistry students
at the same lchool._ in 1952 tﬁn grouped in the same manner. The students
were taught bya different teacher, but the same workbook and standardiged
tests were used, It wvas found that the results for this group confirmed
those obtained for Group A}, This check was made for unit I only. A
statisticml analysis of raw socores ylelded a critical ratio of 3.43,
which {indicates a significant difference at the .01 level.



TAAE I

AVERAGE OF TLRER UNIT TESIS OF GROUP Ay SIOWING THE
DIFFERENCE IN SCORES OP CTUNERAL SCIENCE
AXD NON=GENERAL SCIENCE STUDENTS

General Science Ko Genexal Science
N =44 Nzl4
Moan soore 64,0 53.1
sD 12.5 13,8
- Differsnce of means 10.9
SE of difference 4.2

Critical natie 2.59

1
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For Group A_, Table II, neither yoirly averages nor first

g
semester grades corroborated the results obtained for Group ‘1' At the

ond of the first semester, a higher proportion of “A” grades was obtained
by the group which had studied general science, but a Chi square of 1,74
calculated for the proportion {ndicated no significant differenoe,

Likewise for Group AS’ no significant difference was found between
general saience and non=general science students, These data are showm
in Table III,

The Kuder Preference Record was used with Group Ag. Investication
failed to reveal any significant difference in science interest raw scores
between students having had general science and those that had not,

Group By showed no significant difference in means, but the
difference was in favor of those students that had had no biology. The
data for this group are shown in Table IV,
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" TARLR I1

FIRST ERISTER 8C0ZEI FOR GROUP R4 SHOWING THE
DIFFERENC2 BEIWEEN GENERAL SCIENCE AND
NON=GENERAL SCIENCE STUDENTS

General Science . . Ko Gsneral Science
Nzl |  Nz68
Moan grade . . . . 823.36. - 8L
Difference of means " 1.13 :

dotes The difference of means is obd.ously too silgln te mexit
further statistics. : . .
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TAHRLR III

SCOZES POR GROUP Ay EHOWING THE DIPFERENCE ERTWEEN
.. . . GENERAL SCIENCE AND NON-GENERAL - *
ECIENCG SIUDENTS | |

General Bdina
B =23 .

Mmdov . h 78.42

o - sas
Difference of means

S8 of diﬂ',roma
Critical ratio

. Mo G.xiora‘l S8alence

Xz15 .
ey
| 7,89
275
.77

0994



TATLE IV

UNIT TEST SCORES OP GROUP By SXWIXG THE
DIFFERENCE CETWEEN B Y AXD
BON-BIOLOGY STUDENTS

Blology . Ko Bielogy

N=4 K=15
Mean soore 56;9 ) 60,8
8D ' . 181 - 8l.2
Difference of means S 3.6 .
SE of difference 6.l

Critical ratio 59
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Group By showed the same slight negative trend as B; for the
first semsater grades. However, the cliqhtly higher mean grades for the
students with no biology does not indicate superiority, since the dif-
ference can be explained in terms of chance factors. These data are
shown in Table V.

Group C, was first tabulated without ocorrection for intelligence,
as the difference of intelligence quotients between the groups was not
signifiocant at the .05 level, Chemistry students having had physics
numbered 35 and those with no physics, 72, A critical ratio of 3.82
indicated that there was a significant difference between means, and
the difference was significant beyond the 1% level of confidence in
favor of those having had physics. A slight correction to better equate
the group for intelligenoce resulted in a reduction of non-physics students
to 48, the difference of msans from 6,1 to 3,5, and the consequent critical
ratio to 2,08, Table VI shows the proper statistics.

Sinoe student load might have an effect on the results, the tabue
lation of grades of those having had physics in Grouwp Cy was ocompared
with grades of 18 students who were taking the courses concurrently,
There vas no significant difference in the grades of the group, There
was a difference in intelligence which tended to favor the concurrent
group, which would indicate the possibility of a slight negative trend
for achievement, though the difference was not significant,



TABLE V

FIRST SEMESTER S8CORES OF GROUP SOV DG THE
DIFFERENCE BEIWEEH BI AND
EON-BIOLOGY STUDENTS

Biology
K =923

Mean grade - 8061
8D 1s.6
Difference of msans '

S8 of difference

Critical ratfo

¥o Biology
N 35
84.8
%13
4.7
5,03

« 938

17



TARLE VI

SCORES OP GROUP Cq SIOWING TIE DIFFERENCE
EEIWEEN PHYSICS AXD KON-PHYSICS

Physics

NalS
Mean grads |
gD
Difference of means
SE of difference
Critical ntio

84.3
6.3

STUDENTS

No Physics
N = 48
80,8
5.3
S.3
1,68

2.08

18
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Group D13 made a well balanced study group not possible in
either school studied ln&pndtntly. The relationship of chemistry
and phyaiea' was not as pronounced in this order of enrollment as in
Group C3. The critical ratio calculated from the difference of the
means, being only 1,81, does not indicate a alqnifi'oant difference,’
The trend, however, is the same as the other significant relation-
ships between the physical sciences. These data are shown in Table
ViIi.

A correlation coefficient for chemistry and general science
grades was computed for the 117 students in Group Ajzs having had
both pourses. A partial correlation was made to correct intelligence
as a factor. The product-moment correlation for intelligence and
chenistry grades was ,32; for intelligence and general science grades,
¢293 for chemistry and general science grades, .‘566. The oorrelation
of chemistry and general science grades with intelligence partialed out
was 52, All of the correlations were significant beyond the .01 level.

The inconsistent results of the study regarding the effect of
general science upon chemistry achievement in different schools may
be explained in part by the nature of the course itself, According
to Gdell (9) there is less agreement on the content of the general
science course than is true of the other high school science courses,
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TAGLE VII

GRADES FOR GROUP D1s SIIOWING THE DIFFERENCE
BETWEEN QHEMISTRY AKD hONe
CHEMISTRY STUDENTS

Chemistry L o Chemistry

. N 28 . N = 30
Mean grade 78.08 74,5
i) : 8.15 9.95
Difference of means . 3,58
SE of difference ' 2.12

Critial natio 1,61



CUAPTER V
SUMVARY, COKCLUSIONS, AlD RECQIENDATIONS
I, SUMAARY

The objective of this study was to determine the relationship
between general science and chemistry, hlploqy anci cinmlttry, and
physics and chemistry, ’

A review of the literature indicated 'that no studies have been
made directly relating to the problem, )

Four hundred and three students at three high schools were
studied, They consisted of 99 chomi'stry and 23 physics students at one
school, 128 chemistry and 78 physics students at the second school, and
75 total chemistry and physics students at the third school. A1l of
the m- studied were equated for intelligence,

The chemistry students at each school were msasured by the
difference of mean grades (or socores) of those having had general science
and no general science, biology and no biology, physics and no physics.
At the fiist and third schools, thi difference of mean grades of physics
students having had chenistry and no chemistry was used for compariscn,

Kuder Preference Records were used at the third school in an
atterpt to gain some inaight as fo the cause of the relationships.

A oorrelation coefficient vas computed between the chemistry
and general science grades of 117 students at the three schools that

offered both courses.
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The results of the studies to determine the effect of general
science on hto't achievement i{in chemistry were inconsistent, There
was & significant difference between chemistry studsnts having had
‘gereral science and no general science at School Kumber One, but the
difference between like groups was not significent at Schools Two and
Three,

Biology grades showed no significant relationship with chemistry
grades,

Ph;sic- showed a dQcisin effect on chomi&ty achievemsnt; but
the study was limited to the ueond_ school, because insufficient data
were available at the other two schools.

The possibility of some transfer of tmnnq from chemistry to
physics was indiocated in a combined ltudf of tho first and third schools.
The results, however, are not considered to be significant, as were those
found for the reverse order of the courses in the second school,

Students studying chenistry and physics concurrently showed no
difference {n achievement corpared to students having physics and
chamistry consecutively,

Chemi stry grades for the students at all three schools
ocorrelated .52 with general science grades. Intelligence was partialed
outs This (.52) 1s a eignificant relationship,

The Kuder Preference Record saience interest raw scores showed
no relationship for the dichotomy of cherdstry students (general

science and no general science) at the third school,
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II. CONCLUSIOXS

From this study it can be oconcluded thats

l, General science courses have different transfer effect in
different schools. Interest, as a factor, i{s not a_n}iablo indioator
of achievement in the smll groups studied. |

2, With only one school from which to judge, it seems that
physics taken before chemistry rnulti in supsrior achievement in the
latter oourse. The same statemsnt can not be made for the courses in
Yeverse Order,

3, The biology courses at the high school level seem peculiarly
free of transfer toward the physical sciences. ’.

4, Whether physics is studied before or concurrently with
chemistry apparently has little effect on achievement.

§. The correlation of grades of general science and chemistry
students may be used for prediction with some degree of confidence,

The relationship compares favorably with other measures reported.
III, RECQMEXDATIONS

It is suggested that more guidance based upon a recognition of
certain facts may be advantageous for certain stude.ts, such as the
influenoe of general science on achievemsnt in chemistry in one school,

and the effect of physics on chemistry achievement in another schoecl.
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Some high schools, such as School Number Three, offer chemistry
and physics in the eleventh and twelfth qnd._l with the choice of
order depending on the student, A continued study of the ranks of
students taking the ocourses in different orders miqht‘ prove helpful
in removing unfair competition by having members of a class equally
prepared, Such careful planning is ospoci'ally inportan't té those
ooncerned with academi o success, .

The proper order of science courses in the high school seems
{important enough to merit more attention, More edumtional and psycho=
logiocal research is needed involving many more schools, Such research
does not need to be elaborate, but more objective mesasures of achieve-

ment should be used than those used in this study,
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