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I. INTRQDUOTIOH
A. The Problem
Having been rather oloseiy assoclated with the subject

of mental and achievement measuring in coliege, in research
work, and in the practical application, the question pre-
sented itself as to part of the statistical terms, formulae,
graphs, and tabulai representations taught in the mental
measurement classes of the différent colleges, were actually
being used by the students in their research work. After

the accumulation of these data the writer hopes to be able

to evaluate these terms, formulae, graphs, and tabular rep-

resentations as to major and minor importance and to deter-
mine whioh should be given the major emphasis by both the
teacher and the student in the mental measurement classes
in the future. |
| B. Procedure

In ordexr to arrive at a satisfactory conclusion on the
problem as previously stated, 1t was necessary to get both
the theoietioal.and the praoctical viewpoint. By using a

glossary of three hundred terms used in educational research

y
C. W. Odell, A Glossary of Three Hundred Te
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and measurement as the criterion, a satisfactory founda-
tion was layed to obfain the desired data. A thorough
examination wae made of twenty-one of the leading texts

in the field of mental and achievement measuring to deter-
mine what was actually being taught by the different col=-
leges in this field, and,a chart made of the texts examined
with the frequency of occurrence of each of the three hun
dred terms, formulae, graphic and tabular representation
used in research work% The possible grouping of these terms
into major and minor classifications as to frequency of oc-
ocurrence was watched vé:y closely. The number of times that
each author used each of the terms, formulae, tables, and
graphs, the total number of times each term was used by all
the authors combined, the total of all the terme used by all
of the authors, and the total of all the terms used by each
‘ef the authors were reoorded? Following this came the exam-
vin&tion of twenty-one masters and doctors theses from Chicago
and Columbia Universities to determine the extent to which
these terme as taught were actually being used in research”

work. These dﬁta were complled and recorded on a large chart

1
See Table page 63

2§.eg Table page 63
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1isting the theses, the author, and the frequency of occur-
rence of the different mental measurement terms, formulae,
graphlic, and tabular representation, the number of times
each term was used by eadh one of the authors, the total
number of times each term was used by all the authors, the
total of all the terme used by each of the authors'and’tha
total number of times all the authors used all the terma%

In addition to the examination of these texts and theses,
twenty magazine articles and eight surveys were examined to
determine what was being used in practical application of
what was learned in the mental measurement ocourses, and the
same method of tabulation was used as previocusly mentioned.
From these data the relationship was determined between the
terms, formulae, graphic, and tabular representations empha-
sized in the mental measurement courses and those same terms,
formulae, graphic, and tabular representations actuzdly used
in research work? by classifying them into two classes, as
majors and minors, in respect to their frequenoy of ooccur-
rence. This was done by placing all the terms, formulae,

tables, and graphe used by at least fifty per cent of the

1
See table page é}.

2
See table page 63




textbook authors in the major olass and those under fifty
per cent in the minor'class. If these major terms, form-
ulée, graphs, and tables were used by approximately fifty
per cent of the theses writers, that was considered suffi-
cient proof to warrant their being classified as major
terms used in research. The surveys were classified in
approximately the same manner and then a general conclu~
slon was arrived at and specific terms were recommended

as belng used sufficient to warrant their being taught

to students of research work.




IX, RESULTS OBTAINED FROM TEXT BOOKS
A. Measures 0f Uentral Tendency

1. The jean. In determining the frequency of ocourre
ence of the measures of central tendency, namely, the mean,
the mddlan, and the mode, the texte of twenty-cme of the
leading authors in the field of mental and 2chievement
neasuremnent, were read and thoroughly checked for these
terme, This investigation showed that the mean ss a measure
of central tendenoy, was used more frequently than any of
the other measures, being used consistently by each of the
twenty-one authors with a grand total of times used being
eight hundred and fertyémm} These authorities did not
use the term, mean, in all instances an the terms mean,
average, and arithmetio mean were used interchangeably, with
the term, average, being used moet frequently with a total
of five hundred and forty-nine coocurrencee. Thig may be
agoounted for by the fact that the word average may be used
more generally than the others, making the term, mean, pre-
fersble as it has a more spevific use and the aversge may
be saved for more inclusive use, and much confusion avoided.
The arithmetic mean was used less frequently than the others,

1 _-
Ses itable page 1
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having been used only eighty-five times, because of the
trend toward standardization of statistical terms used,

and a desire for simplicity. In recent years the mean

hag become quite popular for statistical use owing to the
development of methods of computing which greatly reduced
the amount of labor 1nvoived% The mean will readily be
recognized as the ao~called.average.whioh is usually taught
in the fifth grade of the elementary schools; The mean is
commonly defined as the value resulting from the dividing
the sum of the measures under consideration by the number

of such measures. In more recent developments in mental

- measurement it has come to mean a point on the scale such

that the sum of the deviation above it is exactly equal to
the sum of the deviation below it. The mean is to be used
when every score should have an influence in determining the
average or when the lowest unreliabllity is seught? It is
greatly effected by extreme cases and for that reason should
many times give way to the use of the median or the mode. It
is found by dividing the sum of scores by their number as in

the iormula

y . .
H. A. Greene, Workbook in Mental Measurement. p. 15.
g

W. A, M‘ccall, How To neg,_eur'e In Educstion. '2. 311 |
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MEASURES OF CENTRAL TENDENCY AS
TO FREQUENCY OF OCCURRENCE
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1
The Median. The data brought out the fact that the

median was used as second cholce in the use of terme in
measurement of central tendency. Although being used by
each of the twenty-one authors it did not ococur as fre-
quently ae the mean. I% was used by twenty-one authors
with a total of four hundred thirty-eight times. The
reason for its being uséd as a secondary term in measure-~
ments of central tendency may be accounted for by the faet
that the median has not been rigorouely defined, or, if
defined has not been generally accepted and has led to con-
siderable confusion in its computation? It has been de-
fined as that point on the scale of the frequency distribu-
tion on each side of which one half of the measures fall.
Another definition is that the median of o series is that
item, when arranged consecutively, divides the distribution
into equal parts? Because of these differences of opinion
as to its definition,.and the difficulty of its computation,
the median has not been asg popular as a measure of cenfral

tendency as it might be 1f a more definite and uniform de-

1
See table page 7
. ,

0. A. Gregory, Fundamentals of Edugational Messurement.

P- 290.

3
H. Secrist, An Introduction to Statistical Methods
p. 238. | )




finition was formulated and couwputation simplified by
thé léading authorities in the field of mental meaeuren‘
ment . |

| 3. The liode. The mode, defined as that measure of
central tendency of a variable faet which appears more fre-
quently than measures direotly above or below 1tlor in more
simple language, the score made by most of the pupilsgwas
found by this research»to bé used fewer times than any of
the other measures of central tendency. The mode was used
by only ten of the twenty-one authors and appearing only
sixty-nine times in the measurement texts. The mode has 1ts
advantége over the mean in that it shows precisely where the
majority of the cases fall, rather than being misled by an
average that nhas been greatly ralsed or lowered by an ex-
treme case whioh may not be a true measurement, Another ad-
vantage is in the simpliocity of its determination as it is
only nescessary to examine the frequency distribution and lo-
cate the interval where the maximum frequency occurs. The
reasona for this 1nfrequehcy of ocourrence as shown by these

data are that the mode 12 unstable and may be markedly changed

1
¢. A. Gregory, Fundamentals of Educational Meagurement,

Pe 25;. _

Jrtent ane Smith, Teste and Messurements, p. 50.

g0 Ar O7oeory, Dipdsmentale of Edusational leasenent,
po 2 . L
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1
by .the shifting of a few cases and only deals with the most

representative measures and neglects the extreme cases as

it is determined by the most frequent measures ohly? Pro-
bably the most comumon formula for its caloulations that
'give approximations to the true wode is that three times

the median less twice thé mean equals the mode? In summing
up the preceding disoussion, the nature of the data and the
pfoblem to be solved must determine the measure of central
tendency to be used in computation. If the size of the
measﬁres and the number of cases are to be taken into:.con-
sideration, then the mean is the term to be used. If, how=
ever, the most characteristic measure of the group is wanted,
the mode best satisfies this condition. The mean has the
advantage of being a common measure and one with which the
public ig familiar and its computation simple, but is great-
1y effected by extreme cases in whioh instances the median

or the mode would be more desirable.

1 ,
Wright and Smith, Tests and Measurements, p. 50.

2
C. A. Gregory, Fundamentals of Educational Meagurement,

p. 302.

*see tavle 1, pese 7.
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B. Measures of Variability

Some measures of variability, expressed as the dige
tance on the scale that will inelude a certaln proportion
of the measures in the distribution, was found to have been
used rather generally by each of the twenty-one authors,
depending largely upon the naturé of the distribution and
the arbitrery choice of the writer. The four measures of
variebility from which the authoritiea might eleot to use
elther or all of them are range, standard deviation, quar~
tile deviation, and mean deviation. This investigation
showed that these measures were used six hundred and twenty-
four times and the rank as to times used was range, standard
deviation, quartile deviation and mean deviation.

1. Range. The range of a series of scores or measures
igs the distance from the highest to the lowest measure and
indiocates the extent to whioh the extreme mensures differ
or wary, It indicates somewhat the oloseness of grouping of
the measures and is always‘a measure of distance on the ecale.
The data showed that the range was the most common term used
as a measure 0f variability, having been used three hundred

2
- and thirteen times by nineteen of the twenty-one authors.

1
Sge 3able page i
) .

See table page .,
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This condition was t0 be expected as the range is the dige
tance covered by all the measures, while the other terms
may include somae distinot part of all the meas.res. In
order to compute the range it io necessary to know the
largent measure and the smallest mezsure and then group
the date into step intervals and subtract the lower limit
of the loweast step interval from the upper limit of the
highest atep 1n‘aerva1:§ The range as a mezasure of varie
ability is the most commonly used and the easiest computed
but is the least relisble becausme it is so easlly effected
by the variation of a single acore.

2., Standard Deviation. The standard deviation, which
o muludga approximately the middle two-thirde of the distrie
bution, 4s the asquare root of the mean of the equares of the
deviations, when taken fr_om a measure of central tendenoy,
either the mean or the median, This measure was found to
have been used by aizfaan of the tiwnty«-ona ‘suthors one hune
‘dred snd ninsty-four timeg:f In computing the standard de-
viation the formna\(m_ is used when the series
is simple, 1f, however, Q:e nunber of cases is large, the
data e.rqlv arranged in a frequenoy distribhition and the fowmula |
’SD\g '- 18 ﬁa?ea, A point in favor of the use

1. |
gu‘. %, MaoDonald, Jimtigticg for Teachers, p. 112
'3°.~ W, Odell, Eduoations) Statigtics, p. 201

P




13

of the standard deviation is the faet that it bears & de~
finite relation to the normal probabllity curve. It has
the seme relation to the ourve that the radius of a cirole
bears to the cirole% Whan the standard deviations are
small the measures are concentrated near the center of the
curve and the gurve rises rapidly and if the standard de-
viation ig great the cuive is flat and the measures are
soattered widely from the center.

3. Quartile Deviation. The quartile or median devia-
tion was found to rank third in measures of variability
used, having been used by nine of the twenty-one authors
but used rather sparingly, appearing only elxty-two timea?
The quartile deviation applies to that portion of the dig-
tribution between the first and third quartiles and is com-
puted by teking one half the.range contained in the middle
half of the distribution. The formula used most commonly
is Q.0 :-':Qi%mi or the first quartile subsracted from
thé third quartile and the remainder divided by two., 1In
the use of the quartile deviation it does not show a com-
plete desoription of the total dletributions but gives a

1

0. A. Gregory, Educationel Measurements, p. 321
g . -
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statement as to the form of the distribution with some
measure of its central tendency and some measure of its
diegpersion and in the majority of the standard tests will
tell the most important part of the story. |

4. Mean Deviation. The mean deviation, the mean of
all the deviations from a point of central tendency, when
laild off on each side of the average in a normal distribup
tion, includes, roughly, fifty-seven and five tenths per
cent of the cases. The mean deviation was used by six of
the twenty-one suthors with a total of fifty—five times
used, placing it in fourt% place in the use of the measures
of variability% This may be accounted for by the fact that
the mean and standard deviation are used for the ssme pur-
pose with the standard deviation being the most accurate
and most desirable method of ascertaining the deviation
from points of central tehdency. An advantage of its use
is the fact that it méy be oomputed without going through‘
the laborious task of tabﬁlating the scores. It may be com-
puted from either the median or the mean and would be the
same from either 1if the distributions were symmetrical.

From a methematical standpoint it would seem that the median

N K
See table page 1k
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isAthg proper measure of central tendency‘to use’ in the
computation of the mean deviation% It may be found by
adding together all the deviations from a point of cen-
tral tendency and dividing the sum by the number of

measures in the group.

0. Measureé of Rélationahip

Measuret of relationship go a step fartﬁer‘than the
meie knowledge as to the distribution of the measures in
a serles of educational data and enables us to compare
one series with another and shows us the movement of the
group as a whole. The terms used by the twenty-one au.
thors in discussing measures of relationship were groupéd
into those of correlation, coefficient of correlation,
zero correlation, posltive, and negative correlation with

the entire group having been used six hundred and'twenty~

8ix timeas.

1. GCorrelstion. COorrelation was found to refer to
that interrelationship existing between the separate char- ,
acters by which they tend, in some degree, to move together.

When two quantities are so related that the fluctuation in

% > ' .
0. A. Gregory, Educational Measurements, p. 309

2 | | .
A. L. Bowley, Elements of Statistics, p. 316
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one is in aympathy with the fluctuntion in the other the
quantities are sald to be correlated. This term was used
three hundred twenty-cight times by twenty of the twentye
one 2uthors investigated. The coefficlient of correla-

tion is the unit with which we generally measure the de-
gree of likeness or corrélation of one geries ~ith an-
other. It 1s a numerical index which comparesz and oufie
marizes the extent to which the corresponding measures in
two series depoart from thelr respective averages. Al
though the coefficlent of correlation is a very definite
nmunerical expression whioh siows the degree or amount of
relationship, 1t 1s ratner diffiocult to interpret its meanw
ing in ordinary thought and language. One of the questions
that presents itegelf is how large a coefficlent must be to
be oalled high or how small to be oalled low and that a
comparatively high correlation may be relatively low when
compared with correlations obtained from other data or with
a perfeot corralation} The coefficient of correlation was
found to have been used two hunﬂredasixtyanine times by -

saventean of the twonty-one authors. This term was found

T
~"C. W. 0dell, Edycmtional fitatistics, p. 172

2
See tsble page 19
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t0 have been used rather generally since it is needed
when any degree of relationship is shown to exist. The
basic formula umed to qampute the coefficlent of corre-
lation is the Iearson Producteiicuent method of ¥ =

ExyY 1% ie found in terus of measures of
J@E@?@?ﬁzgiaenay andAmeagurea of variability. The methw
od usad is to compute the mean of each geries, find the
deviation of each measure from 1ts mean, multiply it by
the corrésponding deviation from the mean in the othér
aariés, and find the sum of the sum of these products for
the numerator of the formula. The denominator is the
product of the standard deviations of the two series. In
order to gain any knowledge cdncerning the relationship
of measures, which 48 very necessary in datermining the
poseible development or retardation, some mathemntiocal
solution must be arrived at, The product-moment method of
calculation has been the one most generally agoepted to
£111 that need. Either positive or negative correlation
may range all the way from perfect correlation, whioch means
that not on1y do thé’variablea of the two series vary in
in the esame diraation,"but that théy vary equally, down to
none At ﬁll which 18 zero correlation., If, after thorough

computation, no correlation ie found to exist between two
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gseries, it is interpreted as zero correlation. This oone
dition was found to have been referred to twelve times by
six of the authors% Positive correlation means that the
two variables vary together, that is as one increases the
other tends to increase, as shown by six of the authors

for a total of nine timea‘ugsd?- Negative correlation means
that the two variables vary together, but as one increases
the other tends to decrease, as shown by six of the authors

for a total of eight times.

D. Tabular‘Representation

Caloulations ére‘made_and results found for sohe de-
finité purpoée. The reader is desirous of obtaining all
the information possible about the'subjedt under discussion.
The author, 1n‘ordar to successfully portray the idea in
mind, is very anxidus to find‘some method by whioh thie may
be done with utmést satisfaction. The use of tabular repre-
sentations has been very extensively resorted to, to bring
out faots that disoussion fails to clearly bring before the
reader. Some to:m of tabular representations are necessary

before the different relationships, whioh are so necessary

1

See table III, p. 19.
, .
See table I1I, p. 19.

ses teble 111, p. 29.
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in measurement, may be suoccesafully oaloulated.‘ Tables
were‘used rather sxtensively by twenty of the authors with
a total of six hundred and twenty-one times uaed} The fact
that one of the authors did not use tables in any form may
be explaiﬁed by the fact that hie text was totally of the
discussion method with no problem method presented in which
tabular representation might be nesded. Authors of more
recent publications were found to have made use of tabular
repressntations more extensively than those of the earlier
publiocations. Tabular representations have enabled writers
to say more in less space than would be possible in the
disoumsion method, Heasurements beilng largely mathematical
and tables being a great aid to the statistician, the high
degree of positive correlation between the statistical meth-
ods and measurement and the use of tabular representations

may be asoounted fox.

E. Graphic Representations
The use of graphs to represent frequenoy distributions
is a very common and satisfactory system because of the

fact that data may be more clearly and effeotively presented.

1 |
flee table page o
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Many persons who ate confused with tableé»may readily
interpret well constructed graphs. Those who are able %o
understand tables will be more sble to readily understand
graphic representations. The field of graphic represent-
tations 1g raiher clearly divided into freguency polygons,
bar diagrams, histograms, sectional bar diagrams and sec~
tor dlagrams. These different forms of graphs were found
to have been used rather extensively by each of the twenty-
one authors. They were used four hundred and twenty-seven
times by the twenty-one authorslin the order of frequency
previously named, with no author failing to use graphs in
some form or other.

1. Frequengy Polygon. The frequency polygon was the
graphic representation most frequsently used, having been
used by each of the authors with a total of two hundred
and ninety-eight times used. This graph being simple in
econatruction and easily interpreted has made it one of the
most desirable one of the group. This graph is made by
constructing a perpendicular, whose height represents the
number of cases, at the mid-point of each interval and then

cenneoting the tops of these perpendioculars by straight

- A




23

l;nes, forming the frequency polygon. This method of
representation has been used very extensively in the nor-
mal frequenoy curve showing the normal frequency dist:ie
bution.

2. The Histogram. The histogram or column diagram
ie composed of a series of reotangles each of which has
ag its base one class interval and as its height the num-
ber of cases in the intervél. Frequently the lines di-
viding the rectangles are omitted and the lines of the
whole histogram drawn. This graph has an advantiage over
the frequency polygon in that the area of the gpace above

each interval represents the frequency in that interval.

The individual case may also be shown by its use, by di-

viding each rectangle into as many squares as there are
cases and labeling each so that it can be identified. In
the investigation it waé found to have been used fifty-
one times by fourteeh of the authbrs%
3. The Bar Diagram. The bar diagram was found to
have been used by thirtéen gf the twenty-one authors for

a total of fifty-five times.

1

- Ses table IV, p. 2.
2

See table, page 2.
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TABLE IV
FREQUENCY OF OCCURRENCE OF GRAPHIQ

AND TABULAR REPRESENTATIONS

+Section
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This is 8 diagrem constructed with vertical or horizontsl
bareg, with a bar for each case and the frequency represented
by the length of the bar. This graph ie very readily under-
stood and used qulte often in graphic representation,

4, The 3ectionsl Bar Diagram. The sectional bar dia-
gram was used b{ eight of the authors with a total of twenty-
four times used. This may be used in order to represent
parallel cases with their possible correlation on the game
dlagram. This graph meets with favor as used on a compara-

tive basis.

F. Formulae

The use of the proper formulee is & very necessary
factor in making the differsnt computations in the field
of measurement and research. In this research fiftsen of
the twenty-one authors was found to have used some fOrmu-
lae for a total of two hundred and eight times? inoluding
the formulae for mean, quartile deviatidn, coeffiolent of
aorielation, and the probable error of the mean, mediaxn,
sigma, and coefficlent of correlation,

1. zgg”&ggg.lln finding the mean six of the authors

N - |
Ses table page . pu

a .
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uged the formula ~V¥Y\= “"’éﬁ_ or the sum of the values

of ail of the meagures divided by the number of the meas-
ures. This isg the most simple way of computing the mean
although it, many times, involves much labor. Three of

=l -
e or the mean

the authorities used the formula /V)ax
equala the sum of the products of each measure times the
frequency of the measmr_e? This formula may be used when
the frequencles are large and considerable time and labor
saved. Another method similiar to the second type is to
group the measures in 2 frequency distridbttion by fives,
with all of the cases in each class considered as being at
the mid-point of each class. This formula would bem-«z.'“x
or the sum of the frequenoies times the mid-point of thT
measures,

"Q_z_ Medlan. In calouléting the median the formula
Md.> ','é:' ie the most commonly used. Thie is the number
- of cases divided by two and plaoing the median at that
point on the scale. Some authors used the fomulaﬁ)f:f-gi
which is not mathematically sound as the results obtained
by using this formula are not always the same. This for-

1
0. %. Odell, Edugational Statistios, p. 66.

2
C. A. Gregory, Fundsmentals of Educational Measurement$
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mula arose through a misconception of the exact meaning

of the median, it being taken for a particular score or
' 1

measure rather than a point on the scale.

‘ ey
3. Quartile Deviation. The formula Q = Q’fﬁm

was the one used by four of the authorities in finding
the quartile deviation? ‘The result of this formula shows
the quartile deviation to be one half the distance between
the first and third quartiles. Some writers do not use
this because it is sometimes not considered as a measure
of variability at all, since 1% is not an actual distance
from an average. It is a measure of variability only when
the distribution is symmetrical, however, it may be con-
sidered as such without serious error.

4, Average or Mean Deviation. The most commonly

used formula for finding the average deviation is AQ:?H“L

or the average deviation equals the sum of the deviations
divided by thé number of cases. This is an advantage bee
oause of its gimplicity and is most desirable when the num-
ber of cases is small. Another formula used 13}\9:?#

or average deviation equals the sum of the products of the

frequemcy times the measure divided by the number of cases.

1 o
O. W. 0dell, Educational Statisticg
G W. 0dell, Educational gtatistios, p. 86

©+ 6. W. 0del);, Eduestional Stetistigs, p. 121




28

FORMULAE

TABLE V
FREQUENCY OF OCCURRENCE
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This may be used with an average number of cases. There
a great number of cases are considered the formula
e B EA PR TS ,

¥ e wi;ng fﬁ%r average deviation equals the sum of

frequency times the {requency loss minus the frequency

gain divided by the number’ of ozses times the size pf the
atep 1nterva1:} This may be used when the data ia é;::;ped
in intervals. | |

5. 2tandard Deviation. Home formula for the compu-
tation of the standard deviation was used forty»thqugm .
times by nine of the authors with the formula—t™’ = 7‘:7‘“"
being used by seven of the nine with a frequency of thirty
times used?.z This is computed by taking the square root of
the sum of the frequenciés times the deviation squared di-
vided by the number of oases. This is %o be used when
data are arranged in frequency distribution. The formula
SD:‘-:’{;ZV—W.M' was used by five of the authors with a
frequency of nine times usad? This i3 computed by taking
the square root of the sum of the deviations squared di-
vided by the number of cases. Thig 1s more simple in ite

computation and may be used for the standard deviation of

1@:. E. Macdonald, Prgotical Statistics, p. 121
8oe table ¥, p. 28.
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S ;
a simple series. The formula ﬁD'rﬁ"zFﬂ# =~CYS was uged
by three of the authors investigatedf This formula is used
when the width of the cless interval is greater than one
unit and the assumed rather than the true mean is used? In
this formula the standard deviation equals the square root
of the sum of the frequencles times the deviations wmquared
divided by the number of the ocases minus the corrected errorx
times the size of the step interval.

6. Qoefficient of Correlation. In the computing of

the coefficient of correlation some formulas was used by
thirteen of the twenty-one authors for a total of fifty-
four times. The formula used most frequently was the Pear-
gon's Product-Moment method of V= E’)C" £X or the sum
of the deviation of a measure in one series from the mean
times the deviation of a measure in the other series from
the mean divided by the square root of the sum of the
ksquare of the deviation in one series times the sum of the
square of the deviation in the other seriea. . This method

was used by twelve of the thirteen authors., The formula used

O. W. Odell, Educational $tatistics

See teble Y, page 28.

See %able ¥, page 24.
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by five of the thirteen a.uthozjs was Spearman's Foot-Rule
method of Fa__,;...gﬁ%_ ‘or the coefficient of correlation
"n
equals one minus six times the sum of the galns divided
1

by the number of cases squared minus one. The formula

. 2
P=1-% N} | |
used by two of the authors. This formula ig that the 5

using the Rank-mfferenoe'method wes

coefficient of correlation one minus six times the sum of
the difference squared divided by the number of cases N
times the quantity, number of casees squared minus one.

6. Probable Error. Formulae for the computation of
the probable error was used by eight of the twenty-one

2
authors with a total of seventy-nine times used. The fore

mula RE:.&"?‘;‘S‘%‘E’ or probable error equals .67U5
times the standard deviation divided by the square root of
the number of cases, was used twenty-one times by six of the |

3 |
authors. The formula %45‘5/.;?% or the probable ¢
error equals .8454 times the standard deviation divided by

the square root of the number of cages, was used twenty-

one times by four of the authors in computing the probable

error of the median. The formula S0

1

See table V, page 28.
2 .
ee table V, page 28.

w

B |

table V, page 28.
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or. probable error of the standard deviation equals 67485
times the stendaPd deviation divided by the square root
of twice the number of cases, was used by three of the
authors in computing the probable error of sigma. Tﬁe
tormra PE = GTU5 TL;%

equals .6745 times one minus the coefficient of correla-

or probable error

tion squared divided by the square root of the numwber of

cases, was used by eight authore in computing the pro-

bable error of the coefficient of correlation.




III. RESULTS OF CHECKING THESES AND SURVEYS

In determining the frequenoy of occurrence of the
different statistical terms, formulae, graphic,’and tab-
ular representations actually used in research work,
twenty-one theses from Columbia and Ohicago Universities
which had been written by students of these ﬁniversities
apblying for the bachelors, masters, and doctors degrees,
were thoroughly examined\and each occurrence checked. In
addition to this work,»twenty magazine articles and eight
surveys were examined and results ohecked. This was done
in order to determine to‘what extent these terms were be-
ing used by the different students of research and in
what proportion they were being used to each other and to
the same terms used in the twenty-one texts préviouely

examined.

A. Measures of Central Tendenocy
In checking the above researches for the measures
of central tendency, they were found to have been used by

elghteen of the twenty-one theses writers for a total of

33
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TABLE VI
IN THESES

MEASURES OF CENTRAL TERDENCY USED
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three hundred and ninety-one timeé and by each of the sur-
vey writers for a total of two hundred and ninety-four
times making a total of six hundred and eightyefive times
used by practical writere%

1. TIhe Mean. The mean was the most popular of the
measures of central tendenoy, having been used by eighteen

of the twenty-one theses writers and each of the ten sur-

 vey writers for a total of five hundred and fifteen times
2

used. These figures ineluded the arithmetic mean and the
average which gave this term a moré general use than the
others.

2. The Median. The medlan was used by twelve of the
twenty-one theses writers for a total of seventy-one times
used and by eight of the ten surveys writers for a total
of ninety-two times, making a grand total of one hundred
and eighty-three times used by all.

3. Mode. The mode did not seem to have been used
very extensively in these writinge ﬁs it was used only
seven times by three of the authors, while it was not used

at all in the surveys,

1
See table page 38

| %&aap&éﬁls.r&unajui

3
ﬂ_ﬂ..ﬂ__sﬁﬂéﬁ_kjﬂi
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| |
| | . TABIE IX
I o MEASURES OF CENTRAIL TENDENCY USED
| IN SURVEYS
: : 3
f Surveys,and : : : s ,
| - Writers of Mean ¢ Median $ Mode
| Articles : . $ ik
| Journal of Edu~ ° 5 : $
cational research 26 . 1 * 0
| ; : :
School Review, ¢ : | .
twenty articles ° 22 o 14 . 0 ;
| Indiena Rural °® _ : : | i
| sSurvey : 3% . 5 . 0 3
| Indiana Higher ° : :
| Iearning Survey ° 15 : 0 4 0 ;
: : 3
| Gary Survey : 7 | 23 : 0 |
St.Paul Survey ° | : s g
| . 8 : 14 : 0 |
Boise Survey 3 16 i 12 : 0 f
S : — |
Grend Repids  ° : 3
Survey . 29 . 12 . 0
Indiene Publie @ : : :
Education s 16 + 0 . 0
. 4 .
Smith Higher H : : ]
- Iearning Survey i 28 $ 1l 3 0
H : :
T » : :
Total - 3 202 : 93 : 0
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B. Measures of Variabllity

The‘different neasures of variability were found to
have been used by fourteen of the twenty-one theses writ-
erg with a total of one hﬁndred and two times used and by
eight of the ten survey writers for fifty-five ﬁimes used
- making a total of one hundred and fifty-seven times used.

The range seemed to be the most desirable of measures
of reliability being used fifty-eight times by thirteen
of the theses authors and forty-nine times by eight of the
survey writers.

The standard deviation was the next in order having
been used forty-eight times by nine of the aufhors.

. The quartile deviation came next with only one of

the theses‘writers using 1tawhile none of the surveys con-
tained 1'3'

The mean deviation was enﬁirely left out of the twenty-

one theses and the ten surveys.

1 38
See table page

“gee sadbe page 22
See table page %
4 36

- Hee table page
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TABLE VII
MEASURES OF VARIABILITY
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TABIE X
MEASURES OF VARIABIIITY
USED IN RESEARCH (SURVEYS)
. : ;
Surveys and : : Standard } martil
Magazine . . anaar : Quartile
Articles ¢ Range . Deviation + Deviation
Journal of Educ~- : : .
ational Research @ 3 o 1l . 0
School Review : , : ;
(Twenty Articles) ¢ 1l : 0 . 0
Indiana Rural : : :
School Survey f 0. : 0 . 0
Indiena Higher f : ;
Iearning Survey : 3 . 0 : 0
Gary Survey : : :
: 6 * 3 : 0
St.Paul Survey ; : :
: : 13 * 0 : 0
Boise Survey % : :
, » . l . 0 s 0
Grand Rapids : : :
Survey : 12 : 0 : g
Indiana Public  ° : :
Education Survey > 10 ‘ 0 : 0
Smith Higher : * :
Jearning Survey : 0 : 0 : 0
Total & 49 ;4 ;2
Note~ The Standard Deviation ‘did not appear &n any of
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/ C. Measures of Relationship
I
The measures of relationship were found to have
been used two ‘hundred and eleven times by fourteen of

1
the twentymone theses writers and ninety times by six

of the sué;eys writers for a total of three hundred
three times. Gorrelatlon was the measure most often
used with a total of two hundred and thirty-three times
by twenty of the thirty—one theses and survey writers
combined? The coefficient of correlation was second in
use with fourteen authors using it forty-eight times?
Negative correlation was used. twenty times by four of
the writers of theses with thé positive 00ﬁrelation be-
ing used by only one of-the téeses writers, with that of
zero correlation left out entgrely.
D. Graphic and %abular Representationa

Graphic and tabular representations geemed to be
very pOpular in the minds of the thirty-one writers of
theses and surveys. In this, tabular representations

took the lead ‘having been used by all of the thirtybone

writers with a total of eleven hundred and sixty-one
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times used% Next came the frequemcy polygon with one
hundred and elghty-eight times used by thirteen of the
thirty-one authors? Next in order was the bar diagram
with a frequency of one hundred and ten times for eleven
authors. Sectional Bar dlagrams were not used by any of

the writers of theses oi surveys.

E. Formulae

The different formulae as found in previous studies
did not seem to be needed to satisfy the desires of these
thirty-one students of research. In the twenty-one theses
the formula for the coefficient of correlation was used
only thirty-eight times, while only three of the surveys
contained the formula. The formula for computing the
probable error was used only eleven times in the theses
and none in the surveys. The formula for the gtandard De-
viation was used one time in the theses and one time in
the surveys. All the other formulae for computing the
mean, median, quartilﬁ déviations, and average deviation

were omitted entirely.

1
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III. CONOLUSION

To arrive at the conclusion that all the terms, formu-
1 lae, graphs, and tables as taught in the mental measurement
clagses of our colleges were not actually being used by the
| student in research work, it was necessary to examine, with
a glossary of three hundred terms used in mental measurement
as a guide? twenty-one texts of the leading authors in the
field of mental measurement in order to ascertain to what
extent these terms were actually being taught in mental
neasurement classes? ‘These texts revealed that out of the
three hundred terms suggested as a basis, only seventy-
eight of them were used by the text book writers. Many of
this number were terms that may be used generally, rather
than specifically, such as: score, having been used more
frequently than any other term, with scale running a close
| second, and the terms, average, frequemocy, and data being
;' used rather freely. Of the terms of more specific meaning,

median headed the list with a frequency 0f four hundred

thirty-eight times used. Next came the term, norm, with

1
0. W. Odell, A Glossary of Three Hundred Terms Used
in Researgh.

2
- Bee table page 63
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three hundred forty-five times used; the term correlation
with three hundred twenty-eight; intelligence quotient
with three hundred seventeen; range with three hundred
thirteen; and mental age, coefficient of correlation, ob~
Jective, variability, mean, deviation, ohronological age,
probable error, validity, percentiles, standard deviation,
ranking, rating, etc., appeared in this order respectively
as to frequency of oocurrence. Such terms as average
variability unit, chance list, coefficient of corfespond-
ence, coefficient of intelligence, composite score, crude
data, curvilinear relatlions, oycle test, decile, derived
measure, experimental coefficient, frequency ocurve, pro-
file chart, social age, eto., seemed to have either been
embodied in some of the other terms or discarded complete-
ly as unnecessary to intelligent study. Such terms as

these are not suffiociently definite to satisfy an exacting

public. The terms used by approximately fifty per cent of
1 .

the text book authors were placed in the group of major
terms and the remaining ones placed in the minor group as

to frequency of occurrence. This former list consisted of

1
See table page §3




th;rtyaeight terms while the later list congigted of the

remaining forty terms. The number of different terms used
} by the individual authors ranged from sixteen as the mine
imum by W. 8. Monroe to forty-nine as the maximum by P. M.
1 Symond§ with the median at thirty-six and seven tenths,
None of these authors approach, very closely, the total

| number of the seventy-eight terms used as a group.

; : The five graphe were used very generally, with the

f frequency polygon being the most favored one,ehaving been
used two hundred and ninety-eight times by twenty of the

twenty~one authors. The use of the graphs varied from

H. O, Rugg, who used ﬁome form of graph seventy-two times
down to H. A. Greene, who used only two graphs in his en~
tire text. k

Tables were used rather freely by each of the twenty-
one theses writers with the exception of L. M. Terman, who
did not use any table at all, while H. A. Greene used the
tables most frequently with a total of thirty-five tables

used.,

1
See table page 63

See table page 28

3
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Formulae were not used very generally, the coefficient
of correlation having been used by thirteen of the authors
as a maximum, with average deviation as the minimum, having
been used by only two authors%

Terms that had fallen into the major class in the text
books also appeared most frequently in the theses, as the
same oentral tendency was noticeable in each of the major
classes, but many of the major items in the text were not
considered as necessary in the theses. The minor terms
seemed to become more and more unnecessary as the research
students applied his knowledge pf.ra.ctica.lly. 0f the thirty-
eight terms that were used frequently in the text books ex-
amined only fifteen of them were used with any degree of
consistency in the theses examined. Of these fifteen, the
majoiity could be classed as terms with a general rather
than a specific meaning? The term, average was used by
eighteen of the twenty-one authors and the term score was
used by eighteen writers also, with the term data used six-

teen times and range, correlation, coefficient of correla-

tion, mean, median, and mental age appearing in this re-

1
See table page g3
. |

See table page §3
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spective order.

Tables seemed to be a favorite and very desirable
method of bringing the date before the reader as they
were used consistently throughout the texts and then
were carried over into the practiocal side by being used
by each of the theses writers for a total of four hun-
dred forty-three times%, Uniformity seemed to be the
thing that was moet desired here in the presentation of
these data and the table form met this requirement. ihe
graphs were not used as frequently as the tables, as
they were only used one hundred fourteen times with the
frequency polygon first with fifty-two and the sectional
bar diagram last, which did not appear in any of the the-
ses? The different formulae did not seem to be needed
by the theses writers as they were only used sizxty-nine
times with that for coeffioient of correlation being used
thirty-eight times by ten bf the authors, which was the
only one that was used with any degree of consistency.
This may be accounted for by the fact that practically all
the computations were made outside of the actual theses

and were not necessary in the final form, also that the

L ._
Bee table page Bl

2
Bee table page 28




52

computations made by the average theses writer are suffi-
olently simple that 1t is not necessary to reduce them to
formulae. |

In addition to the other investigationes, twenty re-
search articles and eight surveys were examined to gee to
what extent these same térms, formulae, tables, and graphs
were being used in that fleld. These articles examined
were ones that would find their way out'of the realm of
the educational institutions into that of the individuals
taking part in the practical side of the question and in
studying these different terms used in these surveys would
give one a falr inglght into whet the public as a whole
would need if these articles were to be absorbed by them
and any results come from the research work. After these

articles and surveye were thoroughly examined the data were

compiled into usable form end notations made. Of these

articles‘only eight of the terms were used frequently e-

nough to warrant their being placed in the major classifi-
oation. These termsg were all used for a grand total of e-
leven hundred times with the emphasis being placed upon the

ones with more general meaning as in the casme of the term,

1
See table page 63
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average, being used one hundred eighty-two times by ten of
the writers with the term, score, used one hundred fifty-
one times by eight of the writers and the term, data, hav-
ing been used one hundred twenty-five times by ten of the
writers and the terms median, correlation, range, scale,
and objective used in this order as to frequency with a
total of three hundred twenty-nine times%'

The tables were used very consistently by each of the
ten writers with a total of seven hundred twenty-two times,
agailn showing that tables are a very deasirable means of the
presentation of data?'

Graphe were used by eight of the ten research men with
a total of two hundred and forty-one times, bringing the
use of graphs somewhat more to the front than was done by
the theses writers, this may possibly have been done be-
cause of the necessity of placing this material on a more
comparative basis than that of the theses?

The different formulae were practically ommitted in
these surveys and magazine articles as they were used by

only three of the ten writers with a total of only five

1 ‘ .
~ See table page 63
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formulae used. Again it was brought out that formulae are
not needed in the presentation of research articles. 8eve
erel outstanding oonditions were noticeable in the rela-
tionship existing between terms, formulae, tabular and graphe
ic representations used in the measurement texts and those
actually used by the student in research work. The findings
in this research work would lead one to think that these
three hundred terms suggested ag a guidelshould be classi-
fied a8 to importance. Thls would result in placing these
termg in a classification of major and nminor terms as to
frequency of use? Thig plan would be eubstantﬁéfed by the
data which showed that the terms tended to cluster them-
selves around central tendencies with the frequency of occure-
rence.very great of those of major importance with a gradual
scattering of those of minor importance, even to the extent
that some of them did not eappear in either the text books

or the regearch materials. The tendency for these terms to
group themselves under a few major groups was even more

noticeable in the research articles than in the measurement

texts. This condition as to frequency of occurrence of

1
S8ee C. W. Odell, Giossary of Three Hundred Terms Used
in Research.
' 2
See tsble page 63
3
See table page 63
4

See table page 63
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these mental measurement terms need not imply that the
terms placed in the minor classification are not worth
learning, but that the emphasis should be placed upon the
ones in the major classification with the ones in the

minor class being taken up indirectly. ‘Major emphasisg
should be placed upon the technique of research and the pre-
sentation of results in & practical, understandable form

to the public, and that these mental measurement terms
should be taught only to the extent to which they may be

of practical use to the student in his work in the educa~
tional field in which he is to take an active part in the
future. In conclusion one would say that the tendency is
to use a smaller number of these terms, formulae, graphio
and tabular representations with emphasis upon simplicity
of understanding and ease of calculation. This may be ac-
counted for by the fact that the student of research should
be more interested in the‘quality of the terms used rather
than the quantity. This would be further desirable because
of the fact that he ie presenting these findinge to a class
of people that are not statistically minded, who place the

major emphasis upon the content of the artiole rather than
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upon the method of approach. It is of vital importance
that the results of research be presented in the best
possible mommer. These results should be presented in
gimplified form, from which the terminology and procedures
involved in the study have been practically eliminated no
that the fihdinge may be'readily comprehended by those per-
song who may be untralned in such technical matters but
must nevertheless be depended upon to use the results in
ways that may be desirable in the improvement of education.
In thie light one could recommend that the research student
not be drilled persistently upon these three hundred theo-
retical termslas suggested by the author but that the
thirty-eight terms placed in the major listacoupled with a
few from the uprer part of the minor limebringiﬁg the t0-
tal nunber of essential terms up to fifty terme would give
the student sufficient background to do research work so

far as the terminology of mental measurements is concerned.

N .
C. 7. Odell, Gloggary of Three Hundred Terms Used
in Regearch. o
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