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CHAPTER I
THE PROBLEM

1. Major and Minor Problems

Purpose of study.-- The writer has observed that
students enter high-school chemlstry with different amounts
of previous sclence instruction. Some of these students
adapt themselves quite quickly to the new learning situations,
and upon termination of the course have shown crediltable
achlevement. Other students, however, who have evidenced
marked achievement in scientific and non-scientifilc courses,
fall to achieve well in their study of chemistry., Therefore,
it 1s hoped that the investlgations leading to the writing
of this paper will 1lluminate the problem area of determining
The Effects of Different Numbers of Years of Science Study

upon Achlevement in Hjgh-8chool Chemigtry.

Jugtification for problem study.-- School administrators,

guidance counselors, teachers, and parents desire information
which will assist them to gulde students into those scilence
areas which will allow the student to acquire the maximum
achievement sccording to their individual abilities. If
years of sclence preparation prlor to studyling chemistry

is a factor in student achlevement in high-school chemistry,

-]
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then this problem, and the minor problems contained herein,
are Justified.

Furthermore, other lnvestigations into the sclence area
have indicated that "....students who do not enroll in
/science courses/ are denied guided and directed experilences
which are intended to lead out to vital concepts, skills,
attitudes and appreciations."l/ It is hoped that the results
of thils problem will indicate, at least in part, to what
extent previous sclence study assists students in galning
those concepts, attitudes, and skills, which are vital to
achievement in high-school chemistry.

Assumptiong.-- The wrlter's finances, time, and

facilities avallable for the investigation of the problem
forced the writer to establish certaln assumptions to ensure
valldity. Those assumptions are:

1. S8ince the sclence courses in the seven schools
differed with respect to content, difficulty, and
time allotments, data gathered from all the schools
and grouped together would be more reliable than
analyzing each school separately.

2, For the purpose of grouping students into highest
and lowest thirds in intelligence different forms

of intelligence tests are equivalent.

1/Roy O. Billett, Fundamentals of Secondary-School Teaching,
Houghton Mifflin Company, Boston, 1940, p. 256.
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Although the sclence courses in the different
schools may vary in title and content, students
may be valldly grouped as having none, one, two
or more years of sclence preparation prior to
studying chemistry.

In each of the seven schools, teacher marks are
comparable with regpect to indicating achievement

in the dlfferent years of sclence preparation.

Minor problemg.-- The major problem of this study

was investigated by considering the followling five minor

problems:

1.

The effects of academlic aptitude upon achievement
in high-school chemigtry when years of sclence
study are held constant.

The effects of mental age upon achievement in high-
school chemistry when years of science study are
constant.

The achievement of boys and girls with similar
academic aptitude when years of sclilence preparation
are constant,

The achievement of students in high-school chemistry
with two years of sclence study in the general
science-biology sequence, compared to the achleve-
ment of those students with one year of science”

study 1in biology.



5. The correlation factor releting teacher marks of
previous sclence study to achlevement in high-

school chemistry.

2, 8Bcope of Problem

Schoolg.~~ The different schools participating in
thlis study totaled seven 1n number, Each of the seven
schools was most happy to participate in the study and was
very cooperative, 81ix of the cooperating schools are
located in towns under ten thousand in population, The
seventh school is located in the c¢ity of Attleboro,
Massachusetts. All of the schools were within a fifteen-
mile radius of the writer's own home, and are centered in
the southeastern section of Massachusetts 1in the Ngorfolk
and Bristol County areas., The population of six of the
high schools was under five hundred students; the seventh
school was a little larger than five hundred in population.
Each of the high schools in the towns of Foxboro, Mansfield,
Sharon, Franklin, North Attleboro, and Walpole, as well as
the Attleboro High School, meintalned a chemistry course in
the Junior year of studies.

Studentg.-- High-school chemistry students participating
in the study totaled 333 in number., All of the students
had three or less years of sclence study prlor to enrolling

in chemistry.



3. Data Gathering Methods

Selection of schools.--~ The seven participating schools

were selected on the bases of:

1. Chemlstry course offering in Jjunlor year

2. Number of students enrolled in chemistry

3. Proximity of schools to wrilter's locale.

School principals, and in some instances the
superintendent of schools, were interviewed to gain
permission for using their school facilities for the conduct
of the study. All of the interviewed administrators were
cooperative and encouraged their science teachers to parti-
cipate in the study. The cooperation of all the various
school personnel was greatly appreclated by the writer,

Selection of students.-- All of the cooperating
schools opened thelr student files to allow the writer to
assemble those data which were considered necessary to the
successful conduct of the problem. Each science teacher
provided the writer with the names of those students
currently enrolled in chemistry. The permanent records of
each chemistry student were consulted to obtain the
following personal student information:

1. Birth date

2. Intelligence quotient

3. Sex



4. Science preparation in number of years and courses
taken
5. Teacher marks obtalned in each year of sclence
study.
Tables 1 and 2 contain distributions of boys and girls in
participating schools with various amounts of science
preparation prior to studying chemistry.
Participating boys.-- The number of boys taking part
in this study totaled 171 or 51.4 per cent of the test

Table 1. Distribution of Boys in Participating Schools,
According to Years of 8cience Preparation

Years of Participating Schools Totals
Sclence Preparation | A | B C D|E|F G
(1) NSO ONGIEOIINE))

None....-oo.-.o.... l 55 2 5 42

0
ONCececccsvocescsnsnse 7 0 1

7

3

(@)
=+

TWOOIQOOO'"Q."Q’. 16 21 12 O 8 19 85
PNree.c.vcveeevacsans 5 15

(@]
~7
(@]
O
(o]

Totaleeeceoeaees |29 |10 |22 |27 [35 |21 (27 171

group., Forty-two boys had no previous science study prior
to chemistry; whereas, 31 boys had one year; 83 had two
years; and 15 had three years of previous sclience study.

Those boys who had two years of sclence preparation composed

48,5 per cent of the boy group.



Participating giris.-- Girls participating in this
study, as indlicated in Table 2, totaled 162 in number.

Table 2. Distribution of Girls in Participating 8chools,
According to Years of 8clence Preparation

Years of Participating Schools Totals
8cience Preparation | A | B | C D|E|F|{| G
(1) (2)1{(3)](4)(5)i(e) 1(7)](8) (8)
NONE.ooveeeseesnsae | 7| O O] 1|36 | 3] 3 50
Oneonooc.o-uotoooio 2 2 ll 24 o 8 6 55
TWO.eecvvosoocoanse 3|7 || 7]0]3 |18 65
Three.l'..O.QQ..". l 5 O O O 0 0 4
Totalee.eeevsoess |13 |12 |28 |32 |36 |14 |27 162

This group represented 48.6 per cent of the particlipating
students., Fifty girls had no previous science study prior

to chemlstry., Fifty-three girls, however, had one year of
previous study; 55 had two years; and only four had three
years of preparation. As a group, the girls had less science
study before enrolling in chemistry than the boys.

Selection of standardized test.-- The study was dependent
upon the successful measurement of achievement in high-
school chemistry. Many tests attempting to measure thils
factor have been constructed and published. Therefore, 1t
was necessary to consult critical reviews of each chemistry

test to obtain that test which appeared to guarantee the



truest measure of achievement. With the exception of the
Anderson Chemistry Test, all of the reviewed chemlstry tests
contalned no validation or reliability descriptions; and
st11ll others, such as the Minnesota and Iowa Achievement
Tests, were designed by state departments of education to
evaluate particular courses of study.l/ Tests such as these
were thought not desirable for this study and were rejected.

Professor William Rieman, Chemistry Department, Rutgers
University, reviewed the Anderson Chemistry Test and con-
cluded that the "test" was as good as any similar test
designed to measure achievement in high-school chemistry.g/
This review and the following test description caused the
writer to accept the Anderson Chemistry Test as being
sultable for this study.

Deseription of Anderson Chemigtry Test.-- This test

was constructed to measure the extent to which students
achieved the important objectives of & high-school chemistry
course. The test consisted of four parts, three parts
devoted to the understanding of:
1. Functional concepts and skills (47 per cent)
2. Application of functional principles of
chemistry (18 per cent)

1/ Ogcar K. Buros, The Fourth Mentel Measurements Yearbook,
Gynphon Press, Highland Park, New Jersey, 1953, pp. 617-621,

2/Ibid., p. 632,




5. Application of the elements of the scientific
metnod and asscclated attitudes in chemical
gituations (19 per cent).

The fourth section of the test was constructed to
measure the student's "Ability to use basic chemistry
8kills" (16 per cent).

There are two comparable test forms, AM and BM,
each containing 80 items, and requiring 40 minutes of
working time. Only test form BM, however, was used in
this problem study.

External and internal test validation.-- Publishers

of the Anderson Chemistry Test reported that test items

were "justified both in terms of frequency of inclusion in
commonly used textbooks, and on the basis of expert jJjudgment
as to 1mportance."l/ Initial forms of the Anderson Chemistry
Test were tried out in 35 high schools in 11 states on
approximately 2,000 students. Validity indices of 0.49

and 0.50 were obtained for each of the two forms.g/

Test relisbility.-- Coefficients of reliability of

0.90 and 0.93 were obtained on the test on students from

two different communities. To better interpret the
coefficients of rellability the standard error of measurement
was computed and was reported to be 3.6 standard score points.

This means that the student's score does not differ by more

1/Kenneth Anderson, Anderson Chemistry Test, Manual of
Directions, World Book Company, Chicago, Illinois, 1951, p. 2.
2/For a complete descriptlon see appendix - Anderson

Chemistry Test, Manual of Directions.
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than 3.6 points from his hypothetical "true" score.

4, Organization of Data
Cellecting the data necessary to the problem of

determining The Effects of Different Numbers of Years

of Science Study Upon Achievement in High-School Chemistry

consumed much time. Consequently, the more difficult task
of grouping the voluminous data required greater time and
closer attention to detail.

Experience groups.-- All of the students were first

grouped according to theilr number of years of science
rreparation prior to studying chemlstry. The determined
experience groups totaled four in number and contained those
gtudents having none, one, two, and three years of sclence
prior to studying high-school chemistry.

It is interesting to note that the entire chemistry
clags in school E, Table 3, had no sclence instruction
beyond the eighth grade. All of the other schools apparently
encouraged thelr students to particicate in science courses
because together they contributed only 21 of the 92 students
in the group having no previous sclence experience. However,
the fact remains that 27.6 per cent of the chemistry students
had no gcience in high school before studying chemistry.

Of the 333 students surveyed, 84, or 25.2 per cent,

as indicated in Table 4, column (5), had one year of sclence



Table 3. Number of Puplls in Each School
Who Have Had No Previous Courses
In 8cience

—
———

Schools Number of Pupils
(1) (2)
AO......DQ..... 8
B.oocoo.o.o.... o
c....."t....Q. O
D...O..".'.... 2
El'............ 71
F0.0.'OO..OO". 5
GQQOO'Q‘......‘ 6
Total.ceeoss g2

before studying chemistry.

Column (3), Table 4, indicates

that biology, with 62 students, was the most popular one-

year science study. General science, column (2), however,

Table 4, Number of Puplls in Each School.

Who Have

Had One Year of 8cience

Instruction, Distributed According
to Course Taken

Courge Take

General
Schools Goqores Biology | Physics Totals
(1) (2) (3) (4) (5)
A... 2 7 0 9
B... 2 0 0 2
C... 0 12 0 12
D... 1 29 1 31
E..o ¢ 0 0 0
Fo,. 12 7 0 19
Geoo 4 4 0 11
Total 21 62 1 84

11



12
contributed only 21 out of the 84 students with one year of

study.

The most popular science sequence in six of the seven

schools, as indicated in Table 5, was the general science-
biology sequence, which contributed 116 of the 138 students
with two years of science instruction. Columns (3) and (4)
Teble 5, Number of Pupils in Each School,
Who Have Had Two Years of Science

Instruction, Distributed According
to Course Taken

Courseg Taken
General | General
Schools |8clence | Science |Blology |[Totals
Biology | Physics | Physics
(1) (2) {3) (4) (5)
A... 12 2 5 19
Beeoo 9 5 0 14
Ceve 38 0 0 38
Deve 9 o 10 19
E... 0 o o o}
Feoo 11 0 0 11
Gone 37 0 0 37
Total 116 7 15 138

indicate that the remaining 22 gtudents divided thelr studies
by taking physics and general sclence or blology.

' Table 6 indicates that few students have three years

of scilence instruction prior to studying chemistry. The

nineteen students with three years of science experience
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Table 6, Number of Pupils in Each School,
Who Have Had Three Years
of Science Instruction

Courses Taken
General

Schools 8cience DBlology Physics
(1) (Y
A.Q.I. 6
B..'.O 6
C..'.' o
D.oonc 7
E..... 0
F.'.Q. O
G..... O
Total 19 -

are all seniors who took physics in their high-school Junlor
year,

Intelligence groups.-- Students in each of the experience

groups were placed into subgroups on an intelllgence quotient
and mental age basis. The intelllgence quotient of each
student was obtained from the permanent record and arranged
from highest to lowest 1n intelligence. The range of each
of the intelligence groups was determined to aid in dividing
the subgroups into levels of highest and lowest thirds 1n
intelligence.

Divislion of the range of intelligence quotients, however,
did not produce groups with similar frequencles. In order

to produce such groups 1t was necessary to divide the range
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of students into thirds and accept the corresponding
intelligence levels ag representing points of highest and

. lowest thirds in intelligence. Table 7 contains information

Table 7, Intelligence Quotient Ranges and Frequencies
of Students Grouped According to (1) Lowest
Third in Intelligence and (2) Various Years
of Science Preparation

Years
of 10 Thnird
Preparation IQ Range F
(1) (2) (3)
None *® " ¢ 00 80P 0P 85"105 28
one ® 6" D O o s e o 00 85“' 104 26
TWOOOOOCOQUOOQO 80"’108 49

pertalning to the range and number of students in the lowest
third in intelligence for each year of sclence preparation.
When Table 7 is compared with Table 8, 1t is evident
that the numbers of students 1n the lowest and highest thirds
in intelligence for each year of sclence preparation are not
Table 8. Intelligence Quotient Ranges and Frequencles
of Students Grouped According to (1) Highest

Third in Intelligence and (2) Various Years
of Science Preparation

Years
of Highest Third
Preparation IQ Range F
(1) (2) (3)
None.........-. 117"130 25
oneoooo--oooooo 112"127 22
Two-ooooo.-oooo 117_150 55
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equal. These groups, nevertheless, were the best groupings

that the assembled data permitted. All other attempts to
, group these students proved to be more unsatisfactory than

the accepted ones and were rejected.

Mental-age groups.—- The experience groups were again

divided into the second subgroup according to mental age.

The range of mental ages was divided into thirds to determine

levels of highest and lowest thirds in mental age, Dlivislion

of the mental age range, however, falled to produce subgroups

with similar frequencies, and it was agaln necessary to

divide the range of students into thirds and accept their

mental ages as determining points of highest and lowest

thirds in mental age. The mental age range and number of

students in the lowest third in mental age for each year of

science preparation are arranged in Table 9 for the convenlience

of the reader,

Table 9. Mental Age Ranges and Frequencles
of S8tudents Grouped According to

(1) Lowest Third in Mental Age and
(2) Various Years of Scilence

Preparation
Years

of Lowest Third

Preparation Range (MA) F

(1) ) (8)
None.ceseenee 160-210 30

one...O..OO.. 180‘-214 22

. TWOeeesssonsne 160-214 39
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When Table 9 ls contrasted with Table 10, it 1s
apparent that students in the lowest and highest thirds in
, mental age, for each year of sclence preparation, are more‘
Table 10. Mental Age Ranges and Frequencles
of Students Grouped According to

(1) Highest Third in Mental Age
and (2) Various Years of Science

Preparation
Years
of Hlghest Third

Preparation Range (MA) F

(1) (2) (3)
NORE.coseces 235-270 27
One. s e s 00 s 255"’272 25
TWO.cooevoce 240-290 58

alike in number than students grouped similarly according
to intelligence quotient.

8ex groups.-- The boys and girls in each experlence
group were separated into two subgroups, one consisting of
boys only and the other of girls. Absenteelsm on test day
and deficient permanent records caused the frequencies of
each of the subgroups in Table 11 to be smaller than
originally expected. Nevertheless, the number of boys in
each preparation group was thought to be sufficient for the
purposes of this sgtudy.
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Table 11l. Mean Intelligence Qiotlents
and Frequenclies of Boys
Grouped According to Years
of Sclence Preparation

Years
of Boys
Preparation Mean IQ F
(1) (2) (3)
NoN€eveeoess 115 39
oneQUODOCOOQ lll 21
Two..’....‘. 108 72

Table 12 contains data on girls grouped according to

years of preparation; In each of the preparation groups

Table 12, Mean Intelligence Quotients
and Frequencies of Girls
Grouped According to Years
of Scilence Preparation

Years
of Girls
Preparation Mean IQ F
{1) (2) )
None..OO..C. 110 44
One.‘.’..." 106 47
TWOOIOIOCOOC 112 52

the mean intelligence quotient of girls, column (2), is
within five points of the boys' intelligence quotient. Such
a small dilfference in intelligence quotiente indicates that
boys and girls participating in this study are approximately
equal in aptitude,
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Teacher marks.-- All of the boys and girls in each of
the experience groups had their marks in each year of sclence
instruction averaged together so that the average science
mark could be compared with thelr Anderson Test score. This
method was employed to assist in determining a correlation
between sclence-teacher marks and achievement scores obtalned
on the Anderson Chemistry Test. All of the schools partici-
pating in the study graded upon a five-point basis; hence,
there was no difficulty in transposing the different marking
gsystems onto a five-point numerical scale--five points
indicating highest achievement and one point lowest achleve-
ment,

Blology versus general science-blology sequence.-- 8ince

those students who had one year of sclence preparation

in biology and those who had two yeafs of science preparation
in the general science-bilology sequence comprised two falrly
popular groups, it was thought to be of interest to compare
the achievement of these two groups. S8Students in the general
science group had a mean intellligence quotient of 108, as
compared to the mean intelllgence quotient of 112 for students

in the general science-biology sequence.

5. Test Administration
Testing.-- All of the cooperating science teachers

proctored their own chemlstry classes during the actual test
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periods. Each teacher was interviewed by the writer one
week before the actual test day to ensure constant test
procedures within all schools, None of the participating
students was aware of the testing program until test day.,
On this day each student was handed a typewritten statement,
prepared by the writer, which informed all students of the
testing program's scope and purpose. A copy of this state-
ment may be found in the appendix.

Each teacher retained coples of the Anderson Test to be
administered to students who were absent on test day.

Test schedule.-- Establlshing a test schedule to satisfy
all schools proved to be a dlfficult task. During the
month of October all cooperating sclence teachers agreed to
participate in the testing program during the first two weeks
in May. Late in April, however, some teachers believed that
their gtudents would not perform well upon the Anderson Cheme
istry Test and desired to postpone testing until the last
week in June. The science teachers required much evidence
to support the writer's claim that a loss of one month's
study in chemistry would not act adversely to the problem
study.

Testing began Tuesday, May 1, 1956, and ended Thursday,
May 10, 1956,




CHAPTER II
PROBLEM FINDINGS

With the completion of the last test administration
all efforts were turned towards the task of correcting
the tests and readylng the materlal for statistical
analysis,

Unfortunately test results were affected by factors
which influenced the median and mean Anderson Test scores,
Two of these factors, absenteelism and improper test
administration, were anticipated and controls were
established to minimize thelr effeots.l/

The third obstacle to the testing pattern was the
uncontrolled number of students having three years of
science study. It was thought that the nineteen students
were too small in number to warrant full statistical treat-
ment, The mean intelllgence quotient and mean test score,
therefore, were the only measures computed. S¢udents with
three years of sclence study had a mean intelligence
quotient of 115 and obtalned a mean score of 43 points,

The findings of each of the other preparation groups
are discussed in the divislons of this chapter.

1/8ee Chapter I, 8ection 5.
=20~



1. Intelligence Groupings
Median scores.-- The results of the Anderson Chemistry
Test administered to students grouped in highest and lowest
thirds in intelligence are presented in tables for the
reader's ready reference,
The lowest level of achlievement, in terms of Anderson
Test scores, was obtained by students in the lowest third
in intelligence with no previous science preparation,
These students, Table 13, column (2), had a median score of
33 points which placed them at the 22 percentile of the
standardized test group. The medlan scores of those
students with one and two years of science preparation were
34 and 38 points, respectively. The maximum difference in
scores of students in the lowest third occurred between
Table 13, Distribution of Median Anderson Test
Scores According to (1) Years of

Science Preparation and (2) Highest
and Lowest Thirds of Students in

Intelligence
Intelligence | Years of Science Preparation
Group None One Two
(1) (2) &y (4)
Highest Third 41.5 45,25 49
Lowest Third 33 34 38

students with no preparation, column (2), and students with
two years of preparation, column (4). The maximum

difference was flve points.

21



22

8tudents in the highest third in intelligence, Table 13,
with none, one, and two years of sclence preparation had
median scores of 41 1/2, 45 1/4, and 49 points. Here again,
the maximum difference in achlevement occurred between
students with no sclence preparation, column (2), and
students with two years of preparation, column (4), This
difference was approximately eight polnts., 8tudents in the
lowest third in intelligence with no science preparation,
column (2), and students in the highest third in intelligence
with two years of science preparation, column (4), displayed
the greatest difference in performance. The two groups
differed by 16 points.

Percentile ratings.-- Table 14 offers the reader
another perspective on the relative growth of students
grouped according to intelligence. The percentile scores,

Table 14, Percentile Ratings of Students
in Highest and Lowest Thirds

in Intelligence with Various
Amounts of Sclence Preparation

Eears of 8cience Preparation

Intelligenc Maximum
Group None | One | Two |Difference
(1) 2) 1(3) | (4) (5)
Highest Thir 44 | 52| 62 18
Lowest Third 22 24 33 11
Difference 22 28 29 —
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based upon the norm group of the Anderson Chemistry Test

1lluminated the various raw score differences occurring
between groups, and indicated that the maximum relative
growth of students in the highest third was 18 percentile
polnts as compared to 11 percentile points for students

in the lowest third in intelligence. The difference between
students 1in the highest and lowest third in intelligence

for each year of sclence preparation was 22, 28, and 29 per-
centlle polints, respectively.

Standard deviations.-- The performance of students grouped
according to intelligence can be better understood by
observing the deviations as grouped in Table 15, Students

Table 15. 8tandard Deviations of Ander:s.on Test
8cores According to (1) Years of

Science Preparation and (2) Highest
and Lowest Thirds in Intelligence

Years of Preparation
One

IQ Groups None Two
(1) (2) (3) (4)
Highest Third 7.8 10,9 11.8
Lowest Third 8,8 B2 9.0

in the lowest third in intelligence, Table 15, tended to be
more homogeneous in their varlation of performance than
dlid students in the highest third who displayed a continuous

increase in varliation of performence for each year of sclence
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study. The difference in standard deviations of students
in the highest third, columns (2) and (4), was four points
as compared to a difference of three points for students
in the lowest third, columns (3) and (4).
The reader can perhaps gain a clearer picture of the
performance and overlapping of students grouped according

to intelllgence by observing Figure 1., The bar graph 1ls
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Figure l. Medlan Test Scores and 8tandard Deviations of
Students Grouped According to (1) Highest and
Lowest Thirds in Intelligence and (2) Years of
Sclence Preparation
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drawn to scale and offers a visual comparison of medlan
scores and deviation of students grouped according to
intelligence wlth different amounts of science preparation.

A close examination of the graph reveals that the students
in the lowest third, regardless of preparation, never
performed as well as students in the highest third with
similar preparation, There was, however, an overlap in
performance between students in the lowest third with

(n) years of preparation and students in the highest third

with (n-1) years of preparation.

2. Mental Age Groups

The simllarlity of data existing between students
grouped according to mental age and intelligence was so
great that the writer hesitated to engage in any discussion
pertalning to mental age groups in fear of being redundant, |
Yet, the absence of such a discussion would tend to obscure
the remarkable relationshlip of these two groups.

Medlan gscores.-- The median scores of students in the
mental age groups are tabulated in Table 16 for ea sy
comparison. The maximum difference 1n scores of students
in the highest third in mental age occurred between students
with no previous science preparation, column (2), and
students with two years of sclence preparation, column (4),
This difference was 6 1/2 points as compared to 4.9 points
for students in the lowest third with simllar preparation.
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Table 16. Distribution of Medlan Anderson Test
Scores According to (1) Years of
Science Preparation and (2) Highest
and Lowest Thirds of Pupils in Mental

Age
Mental Age Eears of Science Preparation
Groups None One Two
(1) (2) {(3) (4)
Highest Thir 41.0 44,2 47,5
Lowest Third 33.0 54.0 37.9

At this point the reader will find it interesting to
compare the scores of Table 16 with scores earned by
students grouped according to intelligence, Table 13, As
mentioned previously, the scores are so nearly allke that
their similarities are best analyzed by dlrectly comparing
each table with the other.

Standard deviations.-- Table 17 contains the standard
deviations of students grouped according to mental age and
indicates that students in the highest and lowest third with
no previous science preparation, column (2), had standard
deviations which for all practlcal purposes were ldentical.
Students with one and two years of preparation, columns (3)
and (4), displayed a difference of approximately two points.
When viewed with respect to years of preparation, students
in the lowest third showed little variation in performance
as compared to é variation of spproximately four polnts for

students in the highest third.
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Table 17, Standard Deviatlions of Anderson Test

Scores According to (1) Years of
Science Preparation and (2) Highest
and Lowest Thirds in Mental Age

Mental Age Yearg of Science Preparation
Groups None One Two
(1) (2) (3) (4)
Highest Third 8.6 12.6 12,1
Lowest Third 8,7 8.9 10

Figure 2 graphically portrays the performance of

students grouped according to mental age and shows that
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Figure 2, Median Test Scores and Standard Devlations of

Students Grouped According to (1) Highest and
Lowest Thirds in Mental Age and (2) Years of
Science Preparation
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students in the lowest third tended to overlap students in

the highest third in performance. Thls overlapping in
performance was not so prevalent when the students were
grouped in terms of highest and lowest third in intelligence.
This point is better understood by comparing the findings of
these groups as presented in Flgures 1 and 2,

3, 8ex Groups

When the students were placed into boy and girl groups
according to years of preparation, it was interesting to ‘
gee that although the groups were similar in intelligence,
boys consistently averaged a higher mean score than the
girls. Columns (2) and (3), Table 18, show that boys
tested for each year of sclence preparatlon had a mean score
higher than girls with similar sclence preparation., The
boys' average mean score was 42,8; whereas, the girls had
an average mean score of 36,6 points. Boys and girls with
two years of preparation tended to be more similar in
performance than dld students in any other preparation group,
The mean score for boys wlth two years of preparation was
45,6 as compared to 42,3 points for the girls. The
difference in scores of boys and glrls in each of the
remaining preparation groups was approximately seven and
eleven points for none and one year of preparation,

The relative growth of boys, column (2), Table 18, as

compared to the relative growth of girls, column (3), was



Table 18. Distribution of Mean Anderson Test Scores
of Boys and Girls with Different Amount
of Science Preparation

Years of Mean Anderson Test Scores
S8clence
Preparation Boys Girls
(1) (2) - (3)
None....-ooo.oo 59.1 32.6
Oneooocoooooooo 43.7 34.8
Twooi'tl....i.. 45.6 42.3
Average Scores 42,8 36,6

29
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approximately seven and ten polnts. Although boys con-
slstently averaged a higher score, the girls displayed
greater relative achievement for each year of sclence
preparatlon.

4, Bilology 8tudents Compared with General
8cience-Blology Students

The information contained in Tables 4 and 5, Chapter I,
indicated that students who had two years of preparation
in general science and biology composed a group which was
approximately twlce as large as the group wlth one year of
preparation in blology. The findings of each of these two
groups, however, are thought to be valid for comparison
purposes, and are presented for the singular purpose of
attempting to describe the effects of different numbers of
years of sclilence preparation upon achlievement in high-school
chemistry.

Biology students.-- Those students who had one year of
study in blology had a mean intelligence quotient of 108 and
obtalned a median score of 36 points. The standard deviation
was computed to be approximately eleven points.

General sclence-blology students.-- In contrast to the

above group, students who had two years of science prepara-
tion in general sclence and blology had a mean intelligence
quotient of 112 and a median Anderson Test score of 43,

The standard deviation of the group was 12 points.
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5. Correlation of Teacher Marks
with Anderson Test Scores

Scatter diagrams relating Anderson Test scores to
teacher marks of students with one and two years of science
preparation were constructed to offer the reader the
advantage of visual relationshipé. 8tudents obtalning the
highest teacher mark in a flve-polnt qualitative marking
system were grouped in column five (5), and students
recelving lower teacher marks were grouped in columns with
decreasing numerical values., These columns represent
marking systems of A, B, ¢, D, E, or F and A, B, Cf, C-, and F.

One-year preparation.-- Table 19 1s a scatter diagram
relating test scores to teacher marks of students with one
year of sclence preparation. The computation of the
coefflicient of correlation by the product moment method was
0.51,which for predictive purposes 1s not too significant.,
Yet, when the mean Anderson Test score of students in each
column was computed, 1t was discovered that those students
having a teacher mark of "A" had the highest mean score, and
students having lower teacher marks obtained lower group
mean scores, The mean scores of students having teaéher
marks corresponding to grades of A, B, or C were 47 1/2,

39 1/2, and 32 points, respectively.
Two-yegr preparagtion.-- When the scatter diagram relating

test scores and marks of students with two years of preparation



Table 19, Scatter Diagram Relating Anderson Test Scores

to Teacher Marks of Students with One Year

of Sclence Preparation
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was constructed, 1t was thought advisable to include those
point scores which were part of a five-point qualitative
marking system. Therefore, both the whole number and
fractional values of the average marks are included in
Table 20. The qualitative scale included in the table is
Table 20, 8Scatter Diagram Relating Anderson Test Scores

to Average Teacher Marks of Students with
Two Years of Sclence Preparation
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1llustrative of the marking system in most of the participating
schools,

When the mean score of students in each column was
computed, 1t was agaln dlscovered that students having the
higher average mark obtailned the higher mean group score,

The mean Anderson Test score of students grouped from
highest to lowest in teacher marks was 57, 45,8, 48.7, 39.6,
33,3, 32,3, and 28,5 polnts,

Computation of the coefficlient of correlation by the
product moment method was 0.59. This correlation factor
was slightly larger than the one computed for students with
one year of preparation and 1s not too significant for
predictive purposes.

The writer belleves that the statistics presented in
this section and 1n the preceding sections were sufficient
in thelr attempt to describe the effects of different
numbers of years of sclence preparation upon achlevement in
high-school chemistry. If such were not the case, the conclu-

sions presented in Chapter III would not be valid.



CHAPTER III
SUMMARY OF FINDINGS AND TENTATIVE CONCLUSIONS

A summary of the findings of each minor problem is
presented in this section. Before presenting each summary
the minor problems are restated to offer the reader the
opportunity of becoming re-acquainted with the problem as

originally stated.

1. Restatement and Summary of Minor Problems
First minor problem.-- The effects of academic aptitude
upon achievement in high-school chemistry when years of
science study are held constant,

The findings related to the first minor problem are:

1, Students in the lowest third in intelligence with
no previous scilence study obtained the lowest
achievement score as measured by the Anderson
Chemistry Test.

2., Students in the highest third in intelllgence with
two years of sclence study obtained the hilghest
achlevement score.

3. 8tudents in the highest third in intellligence
displayed a greater gain in achievement for each
year of study than students in the lowest third

with similar preparation.

-355-
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4, Students in the highest thlrd in intelligence with

one and two years of preparation tended to display
a greater variation in performance than atudents
in the lowest third with similar preparation.

5., 8tudents in the lowest third in intelligence with

one and two years of science study had a tendency
to be equal in achievement with students 1n the
highest third in intelligence wlth one less year of
sclence preparation.

Second minor problem.-- The effects of mental age upon
achievement in high-school chemistry when years of sclence
study are constant.

The findings related to the second minor problem are:

1, Students in the lowest third in mental age with

no previous scilence study obtalned the lowest
median achlevement score,

2. 8tudents in the highest third 1ln mental age with

two years of science study obtailned the highest
median achlevement score.

3. 8tudents in the highest third 1n mental age with

one and two years of science study tended to display
a greater varlation in performance than dld students
in the lowest third with similar preparation.

Third minor problem,-- The achlievement of boys and girls
with similar academic aptitude when years of sclence

preparation are constant,
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The findings related to the third minor problem are:

1. For each year of sclence study boys obtailned a
higher mean score than girls.

2. Girls displayed a greater relative gain in achieve-
ment after two years of sclence study than boys.

Fourth minor problem,-- The achievement of students in

high-school chemlstry with two years of science study in

the general sclilence-biology sequence compared to the
achievement of those students with one year of science study
in bilology.

The findings related to the fourth minor problem are:

1. Students who had two years of science study in
general science and biology had a median score
which was higher than the median score of students
with one year of study in bilology.

2. Both preparation groups displayed approximately
equal variation in scores.,

3. Students who had two years of sclience study in
general science and biology had a mean intelligence
quotient which was four polints higher than the
intelligence quotient of students with one year of
study in blology.

Fifth minor problem.-- The correlation factor relating

teacher marks of previous science study to achlievement in

high-school chemistry.
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The findings related to the fifth problem are:
1, The correlation factor relating Anderson Test
scores to teacher marks of students with one
year of sclence study was 0.51.
2. The correlation factor relating Anders.on Test
scores to the teacher marks obtalned by students
with two years of sclence study was 0,59,
3. Those students who obtained the higher teacher mark,

as a group, also obtained the higher mean test score,

2, Tentatlive Conclusions
The necessary consequences resulting from the findings
of the problem of determining The Effects of Different

Numbers of Years of Sclence 8tudy upon Achievement in High-
School Chemlstry are recorded below as tentative concluslons.

Perhaps other studles directed towards the investigation of
the major problem will yleld findings which are not identical
to the findings presented herein. Until that time arrives,
however, the following statements are offered as conclusions
arising from this problem study.

The conclusions are:

1. Achlevement in high-school chemistry is directly
assoclated to the independent variables of
intelligence and years of previous sclence study.

2. Students in the highest third in intelligence dlsplay

greater achlevement gains for each year of study
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than students in the lowest third with similar
preparation.

“ 3. 8tudents in the lowest third in intelligence tend
‘ to be more homogeneous 1ln achlevement than students

in the highest third in intelligence with similar
preparation.

4, Students in the lowest third in intelligence tend
to perform as well as students in the highest third
in intelligence with one less year of sclence
preparation.

5. 8tudents grouped according to mental age and
intelligence display similar achlevement patterns.

6. When years of sclence study and academic aptitude
are similar, boys tend to achieve more in their
study of high-school chemistry than girls.

7. Students who have had two years of science study
in general science and biology achieve more in their
study of chemistry than students with one year of
science study in blology.

8. For predictive purposes, the correlation factors
relating teacher marks to achievement in high-school
chemistry were not significant.

Concluding statement.-- If the conclusions presented

‘ in thils wrliting were synthesized into one statement, they
could well indicate that students who elect chemistry,
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regardless of academic aptitude, stand to achieve more in
thelr study 1f they have a background in selected high-
school scilence courses.

Undoubtedly, the facts causlng such a statement indicate
the necessity of requiring students to participate in
elementary high-school science courses so that they might
have the opportunity to acquire the attitudes, ldeas,
appreciations, and skills which are essential to maximum

achievement in the advanced science of high-school chemistry.
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NATURE AND CONTENT

The Anderson Chemistry Test has been constructed
to measure the extent to which students have achieved
the important objectives of a high school course in
chemistry. There are two comparable forms, AM and
BM, each comprising 80 test items carefully selected
on the basis of curricular validity and satisfaction of
statistical requirements.

The time required for administration of this test is
one class period. Test booklets are non-expendable, all
student responses being recorded on separate answer
sheets. The answer sheets may be scored easily either
by hand or by machine. -

The Anderson Chemistry Test is divided into the fol-
lowing parts in the proportions given: Part A — Under-
standing of functional facts and concepts (47%);
Part B — Understanding and application of functional
principles of chemistry (18%); Part C — Under-
standing and application of the elements of the scientific
method together with its associated attitudes in chem-
ical situations (199); Part D — Ability to use the
basie skills in chemistry (16%,). '

The following outline indicates the scope of the test
and the relative emphasis given the various aspects
measured:

1. Chemical changes — 89,

2. Chemical solutions — 99,

3. Symbols, equations, problems — 20,

4. Atomic structure — 109,

5. Ionization — 109,

of high school tests.

' -Dunmng Physics Test
Nelson Biology Test

The Anderson Chemistry Test is one of the tests in the Evaluation and Adjustment Series

The achievement tests in this series cover a variety of subjects in the fields of mathe-
matics, science, social studies, and the language arts. Each test in the series contributes
toward a complete, integrated evaluation program for secondary schools.
are designed specifically to evaluate the outcomes of instruction in the various subjects
as they are being taught in the typical schools of our country.

The series also includes the following tests in the field of science:

Engle Psychology Test

These tests

Kilander Health Knowledge Test<
Read General Science Téest
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2 Anderson Chemistry Test

6. Study of the elements, individually and by
families — 229,

7. Organic chemistry — 14¢;

8. Applications of chemistry — industrial and per-
sonal — 7%,

DEVELOPMENT OF THE TEST

The Anderson Chemistry Test, like the other tests
in the Evaluation and Adjustment Series, was con-
structed and validated according to rigid standards.

The procedures followed in selecting the content of
this test to measure important outcomes consisted of
(1) determining in the soundest manner possible the
objectives to be measured; (2) determining the proper
- emphases and weights to be assigned to the various
objectives; (8) deciding upon suitable methods of
measuring these objectives; and (4) developing test
items caleulated to furnish the desired measurements.

The items were constructed only after a thorough
analysis of varied instructional materials and authori-
tative pronouncements in the science field. Most
- elements measured may be justified both in terms of
frequency of inclusion in commonly used textbooks
and on the basis of expert judgment s "0 iniportance.

In determining the objectives and content of this test
the following sources were utilized:

1. Approximately 20 widely used textbooks.

2. Representative curricula and state courses of study.

3. National Society for the Study of Education. Forty-fifth
Yearbook, Part 1. The Measurement of Understanding.
University of Chicago Press; 1946.

4. National Society fof the Study of Education. Forty-sixth
Yearbook, Part I. Secience Educaiion in American Schools.
University of Chicago Press; 1947.

b. Progressive Education Association. Science in General
Education. (Report of the Committee on the Functions
of Science in General Education for the Commission on
Secondary School Curriculum.) D. Appleton-Century Com-
pany; 1938.

6. Kenneth E. Anderson, ‘“The Relative Achievements of the
Objectives of Secondary School Science in a Representative
Sampling of Fifty-six Minnesota Schools,” Doctor’s Dis-
sertation, Minneapolis: University of Minnesota, 1949.

Imitial tryout. After the curriculum research out-
lined in the preceding paragraphs had been completed,
three experimental forms of the Anderson Chemistry
Test were developed. Each preliminary form of the
test comprised 105 items. Thus, almost twice as much
material was tried out as was ultimately included in the
final forms of these tests: These experimental forms
were administered near the close of school in 1949 fo
groups of students in 35 high schools in 11 states.
Approximately 2000 students took the experimental
forms of the test. Their mean IQ was 113, according
to results on the Terman-McNemar Test of Mental
Ability, given at the same time as the experimental
forms.

Construction of final forms. The results of the pre-

liminary tryout were analyzed during the summer of |

1949. Difficulty and validity indices ! were computed
for each item in the test. The mean validity index
of the test items in Form AM is .49; and in Form BM, .50.
Difficulty values for each item are given in Table1l. On
the basis of these difficulty and validity data, items
were selected in such fashion as to yield two final foi ,
of the test precisely balanced in difficulty, of sultarg{‘
range of difficulty, and composed of items known to be
of significant discriminating power.

In selecting material for the final forms of the test,
consideration was given not only to the statistical evi-
dences of suitable difficulty and validity, but also to the
construction of a test which, from a content standpoint,
would correspond to the original outline or blueprint
and which would, therefore, represent a balanced cov-
erage of objectives.

All teachers who administered the preliminary forms
in this initial experimentation were asked to criticize
these forms, particularly with respect to coverage of
topies, clarity of questions, difficulty of the materials,
adequacy of directions, etec. Thus, in effect, the test
was subjected to the critical review of many classroom
teachers prior to publication these criticisms have been
taken into account in developing the final forms of the
test.

RELIABILITY AND EQUIVALENCE OF FORMS

For a proper evaluation of a test it is necessary to
have relevant information pertaining to the stability, or
consistency, of the test scores, and to the degree of
comparability among the forms. Such information
for the Anderson Chemistry Test is given below.

Reliability. Corrected split-half reliability coeffi-
cients of .90 and .93 were obtained on the Anderson
Chemistry Test based on 162 chemistry students in
one community and 151 in two communities combined. -
Inasmuch as this test is essentially a power test, these
reliability coefficients may be regarded as good estimates
of the reliability of the instrument itself. An alternate-
form reliability of .87 was found based on administration
of both Forms AM and BM to 128 students in one
community with an interval of less than a week between
the successive administrations. .

It is somewhat difficult even for the statistically
trained user of tests to interpret the practical signifi- .
cance of a reliability coefficient in terms of the flue-
tuation in the test results of an individual student that
may be expected from one testing to another. For thi:
reason it is often more meaningful to use the standarc
error of measurement,> which is an estimate of the
amount by which an individual’s obtained score is

1 Difficulty values for each item were computed by averaging . -

the per cent passing each item in the upper and lower 27 per cent
of the item-analysis population. Validity indices are approxi-
mations of the item-total score correlation obtained from the
upper-lower 27 per cent groups by means of the Flanagan table.

:S.B. Meas. = e1V1 — 7y when oy = 8.D. of total score and
7y is corrected split-half reliability coefficient.
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TABLE 1. ITEM-DIFFICULTY VALUES
Item No. | Form AM Form Bum || Item No. | Form AM Form BM
1 80 81 41 62 67
2 78 76 42 59 30
3 78 75 43 65 59
4 76 75 44 40 53
5 74 74 45 66 54
6 72 1 46 40 73
7 70 70 47 49 49
8 69 70 48 42 43
9 69 68 49 47 43
10 68 67 50 39 32
11 67 67 b1 20 24
12 67 67 52 26 33
13 66 67 53 75 3
14 66 67 b4 61 64
15 63 64 b5 57 54
16 63 67 56 52 51
17 62 62 67 48 50
18 62 62 68 45 48
19 61 62 59 67 72
20 60 60 60 66 70
21 59 58 || 61 64 63
22 57 57 . 62 32 30
23 57 56 63 80 91
24 56 55 64 56 66
25 55 54 65 46 56 .
26 54 54 - 66 81 37
27 54 53 67 42 81
28 53 53 68 68 49
29 53 51 69 29 36
30 52 50 70 54 60
31 49 48 71 52 41
32 49 48 72 70 68
33 49 47 73 68 87
34 48 47 4 65 55
35 46 45 %5 64 54
36 44 44 76 58 54
37 44 43 Ky 57 53
38 42 29 78 57 52
39 75 82 79 51 46
40 66 56 80 29 34
Mean Diff. 57 57

likely to vary from his “true” score. The standard
error of measurement is more meaningful, also, because
it is less a function of the variability of the group on
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which it is based and is more comparable from test to
test than is the reliability coefficient. The standard
error of measurement on the Anderson Chemistry
Test is 3.6 standard score points. This means that
there are two chances in three that an individual's
score on the test does not differ by more than 3.6
points from- his hypothetical “true” score.

It is necessary to keep constantly in mind the fact
that the obtained score on this test, as on any test, is
not an absolutely accurate measure of an individual’s
achievement, but that it involves certain measurement
errors, the approximate magnitude of which is suggested
by the standard error of measurement. It is especially
important that this concept of measurement error be
given consideration in connection with the interpre-
tation of differences between scores of any two tests.

Equivalence of forms. Forms AM and BM are com-
parable in content in the sense that their respective
items cover in approximately equal proportions the
various aspects of the subject with which the test is
concerned. In both forms there is approximately the
same amount of emphasis devoted to any given aspect
of the subject. The forms are, moreover, of equal
difficulty. On the basis of item-difficulty values
derived in the initial tryout of the materials, items
were allocated to the final forms in such a manner as
to result in two forms precisely balanced not only with
respect to average difficulty, but also with respect to
distribution of item difficulties. Furthermore, the
items in the two forms were balanced with respect to
validity indices. :

As an additional check on the equivalence of forms, a
study was undertaken involving the administration
of both forms of the test in a rotation-type experiment.
A randomly determined half of the group took Form Am
first; the other half, Form BM first. Comparison of the
distributions of scores of the two forms for the groups
tested indicated that the two forms are almost directly
comparable at all points along the scale, even in terms
of raw score.

Thus, any differences found between results of ad-
ministration of the two forms are accurate reflections
of changes that have taken place from one adminis-
tration to the other, within the limits of the reliability
of the test, and are not consequences of any systematic
differences between the forms. '



4 Anderson Chemistry Test

GENERAL DIRECTIONS TO THE EXAMINER

This test may be given by the regular classroom
teacher, without any extensive previous training. Stu-
dents may be tested in the usual instructional groups or
in larger groups if sufficient proctors are provided. Be-
fore attempting to administer this test the examiner
should become thoroughly familiar with the directions
governing its administration. The usual physical stan-
dards for good test administration — e.g., lighting, desk
space, quiet, ete. — should be met.

Time schedule. The actual working time which must

be allotted to this test is 40 minutes. To the working
time must be added approximately 10 minutes for the
examiner to distribute and collect testing materials, for
the students to fill in the identifying information on
the answer sheet, and for the examiner to give the
directions. Testing periods should be so arranged that
the full working time is available.
. Materials needed by each student. Each student tak-
ing the test will need a copy of the test booklet, a copy
of the separate answer sheet, scratch paper, two soft-
lead pencils, and an eraser. If the answer sheets
are to be scored by machine, a special electrographic
pencil must be furnished to each student.

SPECIFIC DIRECTIONS FOR ADMINISTERING

Be sure that each student has two soft-lead pencils,
scratch paper, and an eraser, and that the desks are
cleared of all other materials. -

If the students are not familiar with the use of separate
answer sheets, and particularly if the tests are to be scored
on an International Business Machines Scoring Machine,
the students should have special practice in marking their
answers before they start on this test.t The special prac-
tice answer sheets should be inspected to be certain that each
student 18 making one glossy black response for each item.
The blackened area should not extend either above or below
the pair of dotted lines, but it may extend approximately
v inch to either side. Two up-and-down strokes over each
other usually are adequate.

Begin the specific instruction period for this test by
saying: “You will now be given your materials for the
Anderson Chemistry Test.”

Give each student an answer sheet and say: “Now

fill in your name and the other information called for

on the left-hand side of the answer sheet. Be sure to

1IBM Form ITS 1100-S288, “General Directions to Pupils
. Using Special Answer Sheets for Machine-Scored Tests,” can be
obtained through the nearest IBM branch office; or the Division
of Test Research and Service, World Book Company, will provide
suggested practice materials, which may be adapted and mimeo-

graphed locally.

fill in all the information accurately. The date of
testing is ...... " (Give the date.) “Be sure to
record your birth date — the year, month, and day of
your birth. Now look farther to the right. It says,
‘FORM OF TEST AM, BM (CIRCLE ONE).’ Now put
circle around . . . (whichever form is used).”

Allow sufficient time for each student to fill in tt
required data. When all information has been filled in
on the answer sheet, say: ‘“I am now going to dis-
tribute the test booklets. Do not open them. You are
not to make any marks whatever on these test book-
lets.” (Pass out the test booklets.) Then say: “Now
study the directions on the cover page of the test
booklet.”

If tests are to be scored by the International Business
Machines Scoring Machine, the following additional
directions should be read : '

“Your papers are going to be scored by an electrical
scoring machine. If your papers are to be scored
fairly, it is essential that you remember the following
rules: (1) Use only the special pencil. (2) Make heavy
black marks as long as the pairs of lines on the answer
sheet by moving your pencil up and down several
times. (3) Do not make any stray marks. (4) Do
not mark more than one answer for a question.
(5) Erase carefully any answer you wish to change.
Failure to follow these instructions is apt to reduce your
score as read by the machine.”

While the students are reading the directions, move
about the room in order to make sure that everyone
knows how to handle the answer sheet and has marked
the samples correctly. When this has been done, say:
‘“Are there any questions about how you are to take
the test? No questions will be answered after the
examination starts.” (Allow time for questions.) '

Then say: ‘“You will have 40 minutes in which to
complete this test. When you have finished checking
your answers, close your booklet and leave it on your
desk until you are given further instructions. Remem-
ber, do not make any marks on your test booklet. Now
open your test booklet and fold it so that only page 2
is showing. Always keep the booklet folded so that
you have only one page in front of you at a time. Start
work now.” (Record time in hours and minutes on
the blackboard.)

During the testing period, move quietly about the
room, making sure that the students are marking the
answer sheets properly.

At the end of 40 minutes, say: ‘‘Stop!
booklets.”

Collect the test booklets, answer sheets, electro-
graphic pencils (if furnished), and used scratch paper.
Count booklets and answer sheets to make sure that
all are returned.

Close yow
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DIRECTIONS FOR SCORING

- The score on this test is the number of right answers.
Hand scoring. Hand scoring is accomplished accu-
rately and rapidly by means of a perforated stencil type
f scoring key. To score an answer sheet by hand,
roceed as follows:

1. Scan each answer sheet and, with a colored pencil,
draw a line through any row of spaces in which
more than one answer has been marked by the
student. - Count multiple-marked items as omitted.
Do not count multiple-marked items as right even
though the right answer is one of those marked.

2. Place the scoring key over the answer sheet so
that the heavy black arrows in the center of the
answer sheet show through the openings on the
key and the arrows on the answer sheet and

motion so that the answer spaces on the answer,

sheet show through the openings on the key.

3. To obtain the score on the test, count the number
of marks appearing through the holes punched
in the stencil. This is the number right, or raw
score, for this test. - Encircle the standard score
corresponding to this raw score in the table at the
left margin of the answer sheet, like this example

for a student whose raw score on Form AM of a
2 2

. .2 21
test is 21: 0 e 152 15

Machine scoring. It is assumed that all persons attempting
to score this test by means of the International Test Scoring
- Machine will have familiarized themselves thoroughly with the
scoring techniques deseribed in the various International Business
Machines publications, particularly as they concern the manipula-
tion of the machine itself. To insure satisfactory accuracy in
scoring, the following steps are suggested:

1. Be sure that the machine is properly adjusted according to
IBM directions.

2. Scan each answer sheet carefully, completely erasing all
double-marked items and stray marks, no matter how slight,
which fall within the sensing spaces.
marks with an electrographic pencil. If answer sheets are
badly marked, it frequently is easier to score them by hand
than to scan and clean them.

3. The same stencil which serves as the hand-scoring key may
be used as the machine-scoring stencil. Field holes must be
punched in the spaces indicated by black circles at the top
and bottom of the key.

Note which form is encircled on the answer sheet and make
sure that the proper machine-scoring key is used. Then, with the
master switch on field A, the A formula switch in the RIGHTS
position, and the B and C formula switches in any position but
A, read the raw score (number right) on the RIGHTS circuit of
the A field. Locate this raw score in the raw score-standard score
table. The numbers which appear below the raw score are the
corresponding standard secores for Forms AM and BM. Draw a
circle around or otherwise mark the appropriate standard score.

Darken all faint .
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INTERPRETATION OF RESULTS

Raw scores on most tests are in themselves of but
limited significance. They do permit an objective
ranking of students in accordance with achievement
status, but for maximum significance of results it is
necessary that there be some basis for comparison and
interpretation of the scores. In the case of this test
meaningful interpretation of scores is made possible
by standard scores and percentile horms. The nature
and uses of these two types of interpretative scores are
described below.

Standard scores. Raw scoreson the Anderson Chemistry
Test, as on all the tests in the Evaluation and Adjustment
Series, are converted to a scale of normalized standard
scores. These standard scores have the property of
constituting a scale of more nearly equal units than
do the raw scores and are, hence, better suited to the
measurement of growth. They have the further great
advantage of representing a uniform mode of interpre-
tation for all tests in the series. The standard scores
for all tests in the series are comparable in the sense
of being derived according to a uniform method, relating
them all to scores on the Terman-McNemar Test of
Mental Ability. The raw scores on the Anderson Chem-
istry Test are converted to standard scores having a
mean of 113 and a standard deviation of 13.5, these
values having been chosen because they represented
the median and standard deviation, respectively, of
the distribution of Terman-McNemar 1Q’s of the stu-
dents in the chemistry test standardization population.
Thus, automatically, provision is made for taking ac-
count of the ability level of students by virtue of the
fact that the mean standard score for the norm group
is assigned a value corresponding to the median 1Q for
these students. The standard scores are particularly
useful in connection with comparison of results on two
or more tests in the series.

Percentile norms. Expression of scores in terms of
percentile norms is the most common mode of interpre-
tation of test results at the secondary level. Table 2
presents percentile norms corresponding to standard
scores on the Anderson Chemistry Test. These norms
are end-of-year norms and are to be used in interpreting
the results of tests administered at the end of one year
of instruction in chemistry. The percentile rank cor-
responding to a given standard score indicates the
per cent of the national normative group which had
scores equal to or less than a given standard score.
The relative standing of a student in various tests in
the Evaluation and Adjustment Series may be compared
in terms of his percentile rank in the several tests; but
such comparison suffers from the fact that the percentile
scale is not a scale of equal units, and from the more
serious limitation that the standardization populations
for the various tests differ in ability level one from
another,



6  Anderson Chemistry Test

TABLE 2. END-OF-YEAR PERCENTILE NORMS -

tand. . d. . tand. . nd. .
SSiore Torile SStca;lre Yerile SSc;lre Torile sé‘,t:ori Torile
1484 994 126 81 1056 28 86 2
147 99 124 79 104 26 84 2
146 99 123 76 103 24 83 1
146 99 122 74 102 22 82 1
144 99 121 72 101 19 81 1
142 98 120 70 100 18 80 1
141 98 119 67 99 16 79 1

140 98 118 66 98 14 78 1-—
138 97 117 62 97 13
137 96 - 116 60 96 11
136 95 116 55 95 10
136 94 114 52 94 9
134 93 113 49 93 8
132 92 112 47 92 T
131 91 111 44 91 6
130 89 110 41 90 5
129 87 109 38 .89 4
128 86 108 36 88 3
127 84 107 33 87 3
126 83 106 31 86 2

+ Standardization. The Anderson Chemistry Test is one
of eleven tests in the Evaluation and Adjustment Series
standardized in the spring of 1950 in a comprehensive
national standardization program. This test was ad-
_ ministered to 3539 students in 76 schools representing
24 states throughout the country.

It is now generally recognized that it is practically
impossible to demonstrate that any normative group is
truly representative of a hypothetical national school
population. At best the test author and publisher can
only present data on certain characteristics of the
normative group which are known to be related to
achievement; this information permits the test user to
compare his own students with the normative group
with respect to these characteristics. Two such
characteristics which may be defined easily are age and
intelligence. The median chronological age of the
students on whom this test was standardized is 17
yrs.—6 mos., and their median IQ on: the Terman-
McNemar Test of Mental Ability is 113. If a teacher or
administrator knows that his school deviates appreci-
ably from the normative group in average ability or in
age-for-grade, he should, of course, take account of
such deviations when interpreting results for the school.

All tests in the standardization program were ad-
ministered by the classroom teacher or the principal;
all scoring was checked and the statistical work and
analysis of results were done by the Division of Test
Research and Service.

USING THE TEST RESULTS

Some of the uses which may be made of the results on
the Anderson Chemastry Test are described below.

Evaluating individual achievement. The primary func-
tion of this test is to provide a valid, objective measur
of achievement in chemistry for the individual studem.
This measure of the student’s accomplishment permits ™
the teacher to determine how well the student has
succeeded in mastering those objectives of the course
which are covered by the test. The percentile rank
corresponding to the score tells the teacher how the
student compares with the normative group of other
students taking the same course throughout the country.

The concept of “evaluating” a student’s achievement
implies more than a mere measurement of status. It
suggests an appraisal of his performance, presumably in
relation to his ability, and a judgment as to whether or
not his achievement is in line with what may be expected
from him in light of his ability. The standard scores
for the Anderson Chemistry Test are such as to permit
ready comparison of achievement with mental ability
level, since the scores have been equated to 1Q’s
derived from the Terman-McNemar Test of Mental
Ability.! Thus, a direct comparison of the student’s
standard score on the test with his Terman-McNemar
1Q will indicate the direction and extent of the difference
between his ability and achievement in this field.
There has also been prepared an expectancy table in-
dicating the level of achievement on the Anderson
Chemistry Test associated with varying levels of 1Q for
a random sample of students in the normative group.

Individual guidance. Every achievement test result
which is obtained for a student during his school career
has significance not only as a measure of what he has
accomplished in a given course, but also as a predictor
of what he is likely to do in the future, particularly in
closely related fields. Thus, results on the test reason-
ably may be assumed to be prognostic of success in
later work in the field of science.

Every test result has potential usefulness in the
guidance of the individual student with respect to future
educational and vocational plans. A common difficulty
in the use of results from a variety of tests for guidance
purposes is that the several results are not comparable,
either because of different systems of interpreting scores
on the various tests or because of lack of comparability
among the groups on which the tests are standardized

1 Similar comparisons may also be made with results from th
Otis Quick-Scoring Mental Ability Test: Gamma, and the Pinine,
General Ability Test: Advanced, by means of tables of comparable
scores on these three intelligence tests available upon application
to World Book Company.
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Thus, relative strengths and weaknesses of the in-
dividual are not accurately portrayed. One of the
advantages of the Anderson Chemistry Test, as one of
the tests in the Evaluation and Adjustment Series, is
that its results are comparable with those of all other

sts in the series, since scores on all tests are expressed
‘ terms of a common standard score system.

By virtue of this comparability it is possible to
obtain accurate comparisons of a student’s standing
in various areas; it is possible, in a given area such
as science, to determine whether a student is con-
sistently strong in the field, or whether he tends to
manifest greater or less proficiency in this area as he
progresses through school. The utilization of these
comparative test results is simplified by the preparation
of a cumulative profile chart for the student on which
his standing in various tests in the Evaluation and
Adjustment Series may be recorded, all in terms of the
common standard score system.

Evaluating group achievement. Inasmuch as this
test will be administered, as a rule, very close to the
end of the school year, the results have limited use-
fulness for instructional purposes for the particular
groups of students tested. The test may be adminis-
tered a2 month or so before the end of the school year
and efforts made in the remaining time to review or
reteach the areas where weaknesses are revealed. The
test, however, is not designed as a diagnostic instru-
ment; it does not furnish analytical measures of the
individual student’s mastery of various aspects of the
subject. The interested teacher can make effective
use of the results in the analysis of the achievement of
a whole class, looking toward the improvement of
instruction.

The first step in the study of performance of the
class as a whole is, of course, the determination of the
average standing of the class on the test which, like the
results for an individual student, may be evaluated in
relation to the ability level of the class. Beyond this
simple appraisal of achievement as a whole, however,
it will be profitable to make a question-by-question
study of the results for the class. This may be done
by determining the number of students who answered
each question correctly, converting these values to
- per cents of the class passing each question (which are
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really local difficulty values), and then comparing these
local difficulty values with the item-difficulty values
reported in Table 1. The teacher can determine for
each question whether the class is achieving as high a
level of success as the students on whom the item-
difficulty values are based. By grouping the questions
according to topie, perhaps in accordance with the
outline given on pages 1-2 of this Manual, and summa-
rizing the item values for each topic, the teacher can
determine which topics, if any, seem.to be mastered
less well by the local group than by the typical students.

Information on the topics or areas in which students
are relatively weak will prompt the teacher to give
thought either to devoting greater time to the topics
in question, or to revising the instructional program in
some other appropriate way. It is possible, of course,
that the teacher will conclude that the areas in which
the students do not do well are not particularly im-
portant and that no change in the instructional program
need be made. The important thing, in either case, is
that the teacher’s attention has been focused on objec-
tive evidence as to relative mastery of various topics.

The proper use of any achievement test involves
a careful consideration of the extent to which the test
really covers the objectives which are considered to
be the important outcomes of the course. Because
of the nature of standardized tests designed for national
use, it sometimes happens that they cannot give to all
objectives the same relative emphases as an individual
teacher might consider to be appropriate; indeed,
certain admittedly important objectives may not be
covered at all in the standardized test. The teacher
who is interested in a complete evaluation, therefore,
may consider it desirable to supplement the standardized
test with measures designed to cover the specific local
outcomes which are not properly represented in the
standardized test. Such comprehensive evaluation can
be made by listing the local objectives, determining
which of them are covered in the standardized test and
which must be covered separately, and developing
test questions or other measurement techniques for the
objectives not covered in the standardized test. The
results on the standardized tests and the local test may,
if desired, be combined by appropriate methods into
a single over-all achievement measure.
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DIRECTIONS:

Do not open this booklet until you are told to do so.

This is a test of your knowledge of chemistry. For each question there are five possible answers. You
are to decide which answer is the best one. You may answer a question even when you are not perfectly sure
that your answer is correct, but you should avoid wild guessing. Do not spend too much time on any one
question.

Study the sample questions below, and notice how the answers are marked on the separate answer sheet.

Sample A. H20 is the formula for —

. hydrogen.
. carbon.

. oxygen.

. water.
salt.

[l SNl S

For Sample A the answer, of course, is “water,” which is answer 4. Now look at your answer sheet. At
the top of the page in the left-hand column is a box marked SAMPLES. In the five answer spaces after
Sample A, a heavy black mark has been made filling the space (the pair of dotted lines) marked 4.

Sample B. Which one of the following terms does not belong with the other four?
6. NaCl
7. HO
8. Fe
9. KOH
10. H,SO04

The correct answer for Sample B is “Fe,” because “ Fe’’ is an element while the other four are compounds.
“Fe” is answer 8, so you would answer Sample B by making a heavy black mark that fills the space under the
number 8. Do this now.

Read each question carefully and decide which one of the answers is best. Notice what number your choice
is. Then, on the separate answer sheet, make a heavy black mark in the space under that number. In marking
your answers, always be sure that the question number in the test booklet is the same as the question number on
the answer sheet. Erase completely any answer you wish to change, and be careful not to make stray marks of
any kind on your answer sheet or on your test booklet. When you finish a page, go on to the next page.
If you finish the entire test before the time is up, go back and check your answers. Work as rapidly and as
accurately as you can.

When you are told to do so, open your booklet to page 2 and begin. The working time for this test is
40 minutes.

Issued 1952 by World Book Company, Yonkers-on-Hudson, New York, and Chicago, Illinois
Copyright 1950 by World Book Company. Copyright in Great Britain. All rights reserved

PRINTED IN U.8.A. AC: BM—3



Part A : 9. The most common halogen salt is —
. : 1. calcium fluoride.
1. Water solutions of acids contain — 2. barium chloride.
1. hydrogen ions. 8. sodium chloride.
2. oxygen. 4. ammonium chloride.
3. a metal. 6. potassium iodide.

4. chlorine.
6. the carboxyl radical.

10. The decaying of fruit is an exampla of —

6. deoxidation.
7. chemical change.
8. physical change.

2. The chemical substance making up the cell wall of plants
is —

6. an acetate. 9. transmutation.
7. cellulose. 10. hydrogenation.
8. sugar.

9. a non-carbon compound.
10. similar to coal in composition.
11. Water and kerosene are —
1. mutually soluble.
2. a tincture.

3. When calcium acts on water, the gas given off is — b _—
3. a ““true solution.

1. oxygen. 4. immiscible.
2. chlorine. 5. miscible.
3. argon.
4. hydrogen.
5. ozone, 12. Soft water is used in preference to hard water for domestic
purposes because —
6. it has a better taste.
4, A property of hydrogen is that it is — ‘7. it is purer.
6. pale green. 8. it contains fewer bacteria.
7. very soluble in water. 9. it boils at a lower temperature.
8. denser than air. 10. it does not react with soap.

9. a monatomic gas.
10. less dense than air.
13. The usual laboratory method of preparing hydrogen is by

using —
5. Hydrogen sulfide solution is a weak acid because it — 1. zinc and hydrochlo(;'ic or dilute sulfurie acid.
. 2. zine and acetic aci
. d.
;' ::;::slégﬁl: 8 re 3. water and sending an electric current through it.

8. forms relatively few hydrogen ions. 4. sodium and hydrochloric acid.
4. is a solution. 6. calcium and sulfuric acid.

5. does not contain oxygen.

_ 14. Limestone is essentially —
6. “Dry Ice” is — 6. calcium oxide.
6. solid carbon. 7. strontium carbonate.

7. solid carbon dioxide. , 8. calcium sulfate.

8. solid carbon monoxide. 9. calcified chalk.
9. anhydrous ice. 10. calcium carbonate.

10. an isotope of water.

15. A physical change occurs when —

7. Sulfur dioxide is used in — 1. water is electrolyzed.
1. gas ranges. 2. wood is sandpapered. '
2. gas mantles. 3. wood burn§. )
3. heating plants. 4. sulfur dioxide unites with water.
4. refrigerators. 5. food is digested. ‘
6. gas lamps.

16. If a quantity of blue-black smoke issues from the exhaust

8. An example of a non-electrolyte is — pipe of a moving automobile, it means that —
6. sugar solution. 6. no carbon monoxide is being formed.
7. hydrochloric acid. 7. the car has leaky valves.
8. sodium hydroxide. 8. a poor grade of oil is being used.
9. sodium chloride. * .9, the carburetor is set too lean.
10. sulfuric acid. 10. there is incomplete combustion in the cylinders.

[ 2] Go on to the next page.



17. Thereaction between aluminum and hydrochloric acid rep-
resents — ~ i

1. synthesis.

2. double displacement.

3. analysis.

4. single (simple) displacement. -
6. catalysis.

ulfur dioxide at standard conditions of temperature and
ressure is —

6. an acid.

7. a base.

8. a golid.

9. a salt.
10. an acid anhydride.

19. Substances which do NOT break up into ions when in
solution are called —

. electrolytes.

. aqueous.

. hydrates.

. non-electrolytes.
. isotopes.

O QOO =

20. Protons are —

6. the nucleus of the atom for all elements.
7. planetary electrons.
8. particles of positive electricity.
9, particles of negative electricity.
10. neutral.

21. “Carborundum” is —

. a boron compound.
. a colloid.

. quartz.

. a silicon compound.
. diamond.
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22. Oxygen is obtained commercially chiefly from —

6. potasgium chlorate.
7. liquid air.

8. manganese dioxide.
9. mercuric oxide.
10. sodium hydroxide.

23. The adsorbing material in gas masks is —

. activated charcoal.
. caleium chloride.

. sodium phenylate.

. copper sulfate.

. precipitated chalk.

o OO DD

24. Aluminum resists corrosion chiefly because there is formed
on the surface a layer of —

6. aluminum oxide.
7. aluminum earbonate, -
8. aluminum nitride.
9. aluminum sulfide.
10. aluminum sulfate.

25.
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Sour milk contains —

1. acetic acid.
2. citric acid.
8. lactice acid.
4. tartaric acid.
5. ethyl alcohol.

26. Carbon combines with oxygen to form —

217.

28.

29.

30.

31.

[31

6. peroxides.
7. hydroxides.
8. carbonides.
9. oxides.

10. carbide_s.

The best way of preparing a quantity of oxygen in the

laboratory is by heating —

. potassium chlorate.
. iron oxide.

. hydrogen peroxide.
. mercuric oxide.

. water.

Ot GO PO

Hydrogen is used extensively in the production of —

6. solid fats.
7. salad oil.
8. gelatine.
9. ham.

10. olive oil.

What happens when zine is heated in a sealed tube con-

taining hydrogen?
1. An oxide is formed.
2. Water is formed.
8. The zinc gains in weight.
4. Monatomic hydrogen is formed.
5. Nothing happens.

The mineral bauxite contains the metallic element —

6. sulfur.
7. nickel. _
8. aluminum.
9. copper.
10. silver.

Fluorine can displace chlorine, bromine, and iodine from
. their compounds; chlorine can displace bromine and iodine
from their compounds; and bromine can displace iodine
The foregoing statement is evidence

from its compounds.
that of the four halogen acids —

1. HBr is the most stable.

2. HI is the least stable.

3. HF and HCI are the least stable.
4. HBr and HI are the most stable.
6. All are equally stable.

Go on to the next page.



32. The element found in proteins, but not in fats or carbohy-
drates, is —

6. nitrogen.
7. carbon.
8. hydrogen.
9. oxygen.
10. iron.

33. Silver nitrate is —

1. an acid.
2. a base.

3. a salt.

4. a hydride.
5. a mixture.

34. What form of sulfur is stable at room temperature?

6. prismatic

7. monoclinic

8. amorphous
9. rhombic

10. milk of sulfur

35. The electrolyte in a lead storage battery is —

1. nitric acid.

2. hydrochloric acid.
3. ammonium chloride.
4, sulfuric acid.

5. manganese dioxide.

36. Isotopes of an element have different —

6. numbers of external electrons.
7. atomic weights.

8. chemical properties.

9. symbols.

10. formulas.

37. The weight of one gram-molecular volume of acetylene,
CzHg, is —

. 14 grams.

. 25 grams.

. 26 grams.

. 28 grams.

. 30 grams.

Qi WO N =

38. When a substance is reduced, it —

6. always loses oxygen.

7. becomes an uncombined element.

8. loses electrons.

9. requires hydrogen as a reducing agent.
10. gains electrons.

[4]
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Part B

There are 7 sets of 2 questions each in this part of the test. The
first question in each sel is an information question and the
second is a question on the chemical principle that best explains
the answer to the preceding question. In each case, on your
answer sheet, opposite the number of the question, make a heavy
black mark under the number of your answer.

39. Which one of the following compounds is non-existe:

1. CaO
2. SO,
3. ALO;
4. NeO
b. Mn02

40. Which one of the following statements gives the principle
that best explaing the answer to question 397

6. Atoms that are inert chemically are thought to have
the outer shell completely full of electrons.

. Some atoms are electrically neutral.

. Oxygen unites with most of the other elements.

. Incomplete outer shells make elements chemically
active.

10. Metals will unite with non-metals.

© 0=~

41. Almost all explosives contain a compound of the element —

. fluorine.

. chlorine.
. sulfur.

. nitrogen.
. hydrogen.

Gt CO DD =

42. Which one of the following statements gives the principle
that best explains the answer to question 417
6. A large volume of gas is necessary for an effective
explosion.
Relatively inactive elements form unstable com-
pounds when combined with other elements.
8. Very rapid burning results in an explosion.
9. Compounds with high heats of formation are un-
stable.
10. Compounds with low heats of formation are stable.

7

43. The addition of manganese dioxide to potassium chlorate
with the application of heat will result in —
1. less oxygen per unit of time than when potassium
chloride is used alone.
2. more oxygen per unit of time than when potassium
chloride is used alone.
3. no change in the rate of production of oxygen.
4. the production of manganese chloride.
5. the production of potassium dioxide.

44. Which one of the following statements gives the principle
that best explains the answer to question 43?
6. Positive elements change places with negative ‘
ments in chemiecal reactions.
7. Oxidation and reduction take place at the same
time.
8. A catalytic agent may or may not change the speed
of a chemical reaction.
9. Manganese dioxide furnishes oxygen in this and
other chemical reactions.
10. A catalytic agent may speed up or slow down a
chemical reaction.
Go on to the next page.



45.

46.

47.

48.

49.

L

50.

What is a chemical compound that has the following char-
acteristics: a gram-molecular weight of 98; a good dehy-
drating agent; a good oxidizing agent; and a high boiling
point?

1. sodium hydroxide

2. calcium chloride

3. plaster of paris

4. sulfuric acid ‘

b. hydrochloric acid

Which one of the following statements gives the principle
that best explains the answer to question 457

6. Fractional distillation makes use of differences in
boiling points.

7. Substances that lose water are said to be efflores-
cent.

8. Each substance has a definite point above and below

which they absorb or lose water.

9. Some salts absorb water in the formation of crystals.

0. Substances have specific physical and chemical

properties by which they may be identified.

‘Which one of the following is the best conductor of elec-
tricity?

1. iron

2. silver

3. lead

4. nickel

b. tungsten

Which one of the following statements gives the principle
that best explains the answer to question 47?

6. Good conductors have low atomic weights.
7. Good conductors have low densities.
8. Good conductors hold their electrons loosely.
9. Good conductors are malleable.

10. Good conductors are ductile.

Precipitators are often placed in chimneys of factories to —

1. conserve fuel.

2. reduce fire hazards.

3. reduce smoke and recover solids.

4. increase the draft.

b. increase the heat output per ton of fuel.

Which one of the following statements gives the principle
that best explains the answer to question 497

6. Finely divided particles burn rapidly.
7. Reduced pressure increases the flow of air.
‘8. Air reduction results in slower burning.
9. Colloidal particles carry electrical charges.
10.
able for burning fuels.

Forced drafts increase the supply of oxygen avail-

b1.

b2.

Anderson: Chem.-B

‘Which one of the following organic compounds is probably
the most active?

1. CH,

2. CiHyp
3. C.Hg
4. C.H,
6. CoH,

‘Which one of the following statements gives the principle
that best explains the answer to question 51?

6. The greater the number of carbon atoms, the greater
the chemical activity.

7. The smaller the number of carbon atoms, the greater
the chemical activity.

8. Saturated hydrocarbons are very active chemically.

9. Unsaturated hydrocarbons are more active than sat-
urated hydrocarbons, and the degree of activity is
proportional roughly to the degree of unsaturation.

10. Saturated hydrocarbons are chemically inactive.

Part C

Each of questions 53 through 58 consists of five terms, one of

which does NOT belong with the other four.

the

/ You are to select
term which does NOT belong. Mark its number in the

proper space on your answer sheet.

53.

54.

55.

56.

57.

58.

' [56]

. cesium
. krypton
. helium
neon
argon

O OO

6. silica

7. charcoal

8. graphite

9. lampblack -
0. diamond

1. malleable
2. strong

3. lustrous

4. combustible
5. ductile

. bauxite
. cuprite
hematite
. diamond
quartz

COwPN»

. acetic acid

. lactic acid
tartaric acid
. nitric acid

. citric acid

Pl ol -

. bronze

. brass

. solder

. nichrome
iron

Somam

Go on o the next page.




Questtons 59 through 62 are based on the following table:

RESULTS OF THREE EXPERIMENTS TO DETERMINE WHAT
FACTORS, IF ANY, AFFECT THE SOLUBILITY OF SOLIDS

KIND AND TEMPER~ KIND AMOUNT OF

EXPERI- AMOUNT OF ATURE OF PRESSURE OF SOLUTE
MENT SOLVENT SOLVENT SOLUTE | DISSOLVED
I 100 ce H,O 20° C. | 600 mm | CuSO; | 22 grams
100 cc H:O 60° C. | 800 mm | CuSO4 | 89 grams
I 100 cc H,O 20° C. | 700 mm | CuSO, | 22 grams
100 cc H,O 20°C. | 700 mm [ KCl |34 grams

II1 100 ece H.O 10°C. | 700 mm | Sulfur | .1 gram
100 cc CClLy 10°C. | 700 mm | Sulfur | 15 grams

Constant factors are those which are kept the same in an exper-
iment. Varied factors are those which are mot kept the same
in an experiment. You are to assume that if a factor was found
NOT to affect the solubility of solids in any one experiment,
it would not do so in any other experiment. The number of
grams of solute dissolved in the given volume of solvent produced
saturation.

Read each question and study the table carefully. Decide which
answer i8 best and mark its number in the proper space on your
answer sheet.

59. What factor or combination of factors in Experiment III
produced the observed difference in the amount of solute
dissolved?

. temperature of solvent

. kind of solvent

. kind of solute

. pressure; temperature of solvent
. kind of solute; pressure

OV GO D) =

60. What factor or combination of factors was varied in Experi-
ment 11?7

6. kind of solute -

7. kind of solvent

8. temperature

9. temperature of solvent; pressure
10. kind of solvent; kind of solute

61. What factor or combination of factors was kept constant
in Experiment 1?
1. kind of solute
2. temperature of solvent; pressure
3. kind of solvent; kind of solute
4. kind of solvent; pressure
B. kind of solvent; kind of solute; pressure

62. In these experiments, what factors definitely affect the
solubility of solids?

6. kind of solute; pressure .

7. kind of solvent; temperature of solvent

8. pressure; kind of solvent

9. kind of solvent; kind of solute

10. temperature of solvent; pressure; kind of solute

[ 6]
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the figure and read each question carefully.

Anderson: Chem -8

Questions 63 through 67 are based on the figure below. Study
Then, on your
answer sheet, make a heavy black mark in the space under the

. number of the best answer.

5 ()

7
Dilute —V X 6)
H 280 4 Brs R,
g 28

63. The piece of apparatus marked V is called 3 —

. funnel.

. pneumatic trough.
. thistle tube.
graduate.

. U-tube.

O OO

64. ghe products of the chemical reaction to the left of X will
e —
6. hydrogen and zinc sulfate.
7. hydrogen and sulfur dioxide.
8. sulfur trioxide and zine sulfate.
9. sulfur dioxide and zine sulfate.
10. hydrogen sulfide and zinc sulfate.

65. The product of the chemical reaction to the right of X
will be —

. earbon dioxide.

. carbon monoxide.
. hydrogen sulfide.
. hydrogen.

. water.

OV QO DD

66. To be certain that the substance in beaker Y is a result of
the chemical reaction to the right of X, a substance must
be placed in the tube at X. The substance which would
do the job is —

6. glass wool. ’

7. calcium chloride.

8. aluminum sulfate. ‘
9. sodium chloride.
10. water.

-67. The glass-tube openings T and R should —

. be reversed in their relative positions.
. both be far above the liquid.

. both be in the liquid.

. Temain as they are.

. both be just above the liquid.

Go on to the next page.
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-~ Part D

Questions 68 and 69 are based on the equation for the prepara;
tion of oxygen by heating potassium chlorate. (Atomic weights:
K =39,Cl =3855,0 = 16.)

68. To balance the equation, the coefficient of the oxygen is —
' 1.1

Lol ol o ]
b 02 O

69. If 490 grams of potassium chlorate are used, how many
liters of oxygen will be obtained?

6. 22.4 liters
7. 44.8 liters
8. 67.2 liters
9. 89.6 liters
10. 134.4 liters

Questions 70 and 71 are based on the equation for the prepara-
tion of hydrogen wusing zinc and hydrochloric acid. (Atomic
weights: Zn = 65, H = 1, Cl = 85.5.)

70. If 65 grams of zinc are used, how many liters of hydrogen
will be formed? '

71. What is the equation or reacting weight of hydrochloric
acid?
6. 35.5
7. 386.5
8. 70
9. 78
10. 146

72. When CuO is reduced to metallic copper, the copper gains
how many electrons per atom?

Ll ol ol o o
C LR

73. Which is the correct formula for aluminum hydroxide?

6. Al(OH);
7. Al(OH):
8. Al(OH)4
9. Al:(OH)s
10. Al;(OH)2

. ' » Anderson: Chem.—B
74. Which is the correct formula for potassium sulfite?

1. K580,
2. KSO,

3. Ka(S04):
4. K,S

5. K2S0;

75. What is one of the products in the completely balanced
equation CaC; + Hy0 —> ?

6. C:H;0H
7. CO:
9. Ho -
10. H,0.

76. Which is the correct formula for barium nitrate?

. Ba2N03
. BaNOs;
. Ba(N03)2
. Ba(NO2):
BaNOy

O N

77. Which is the correct formula for normal calcium phosphate?

6. Cas(PO4)2
7. Cas(POy)s
8. CaPO,

9. Cay(PO3):
10. Ca(POy):

78. The equation Fe -+ 8§ —>-FeS represents which one of
the following chemical changes?

1. synthesis
2. analysis
3. simple replacement
4. double replacement
5. catalysis

79. What will be one of the ions in the ionic representation
of Ca(OH),?

6. Ca+
7. CaO+
8. OH-
9. OH-—
10. Cat+++

80. Which one of the following contains the greatest percent-
age of oxygen by weight? (Atomic weights: K = 39,
Cl = 85.5, Na = 23, O = 16, Ca = 40, Hg = 200.)

. KCl03
. NaClO;
Nazozy,
Ca0
HgO

oo

Go back and check your answers.
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