Understanding and Using
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Numerical Data

ven i i i
= ”fd};:;dggultd ﬁavpld”thls chapter and its emphasis on data, numbers
statistics,” you wouldn’t want to. This is because it is essen:

tial to h i

o at;’e ina1 gr(;czlcel .underst.andmg. of the meaning of data and how data can

- ey ilfed > }:nstructlon. This chapter examines numerical data—scores

s hen student performance is measured. Here are six reasons
erstanding of numerical data is essential:

1.

Numerical data e
can be used to efficiently summarize and descri
number of scores. 4 ribe a large

2 - : .
Numerical data are important in determining student grades.

3. Numerical data are used in reporting

standardized test scores; an accu-

rate interpretation and the valid use of these scores depend on under-

standing the data.

Numerical data are used extensively
norms, item statistics, and other characteristics
quate analysis and interpretation of the quality 0
on understanding numerical data.

on school account
s and other reports;

stand and evaluate

Most research uses numerical data; an understanding of the nature of
data helps interpret and use research findings on topics of interest. %

in describing validity, reliability,
of tests and surveys; ade-
f tests and surveys depend

ability, numerical data are
teachers and

these data.

With an increasing emphasis
used extensively in school report card
administrators need to be able to under
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h the presentation of the most fundamental

1 will begin the discussion wit ; : ,
and importaix;\t way data are summarized—looking at different types of scores,

s

TYPES OF SCORES
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Several types of scores are commonly used in measurement. The raw scorty
ically indicates the actual number of items a student h_as. answered co ect
15 of 20 items are correct, then the raw score is 15. This is based on the sim;
frequency of items. A frequency is a count of items or of students. Frequency
refer to the number of students obtaining a specific score or range of sco
example, if 10 students obtained a score of 75 and 10 students scored 78,
quency of scores from 75 to 78 is 20. ;
Percentage indicates the number of items or students per hundred.
there are 25 items on a test and a student answered 20 of the items corre
student answered 80 percent of the items correctly. Similarly, if 15 stuc

a class of 30 students fail a test, 50 percent of the students in the
Percentage is calculated with division and multiplication. Simply d
number of items correct or students obtaining a specific score by
number of items or students, and multiply by 100. For example, if
students obtain a passing score, it can be concluded that 39 p
students passed (24/62 x 100). Closely related to percentage is propo
expresses the result as part of one. Thus, in the previous example, t
tion of students passing is .39.
A percentile score, or rank, is a measure of relative standing
the percentage of scores in a distribution that are at or below a sj
Hence, a score with a percentile rank of 70 is higher than 70 per
in the distribution. A percentile score is based on the number
correctly, but it does not indicate the percentage of items ans
other words, a percentile score indicates the percentage of
student outscored. As we will see in Chapter 8 ile sco

’ : pter 8, percentile

for interpreting norm-referenced tests. e
Ranked (or rank-ordered) scores are those that are p
magnitude (size) or frequency of scores. This indicates t
each score or student. Consider the ranking of the foll
five students. IR Y AR

ATAARARN

o
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Understanding and Using Numerical Data

Tied S('.orcs‘\:\'mx‘ld yield the same rank for each score, determined by the
average of the scores. Although ranking scores indicates relative position, it is a
crude index of b_est'to worst because the magnitude of the difference be’tweéxl
the scores is not indicated. Ranked scores can under- or overestimate the degree
of difference between scores. For example, if the difference between the g;gade
point averages is small, such as a hundredth of a point separating the valedic-
torian and the other top four students in the class, it is reasonable to conclude
that the difference between the students is, in a practical sense, meaningless. If
the valedictorian scored a full three tenths higher than any other student, how-
ever, then the difference is significant. In both cases, a mere rank ordering, with-
out consideration of the degree of difference, would have suggested that the
differences between the rankings were the same.

Classroom assessments typically use raw score totals as points or percent-
ages to grade students, give feedback, and inform parents of academic progress
(more on how this is done in Chapter 8). Traditionally, standardized tests have
used percentile and other derived scores. Standards-based tests may provide
both kinds of scores. For example, a state accountability test may give both the
number of items answered correctly and a derived score of, for example, some-
thing between 200 and 800 The raw score may be related to proficiency while
the derived score is tied to percentile rank. These differences in scores can be
tricky, especially when comparing scores from both or in trying to use large-
scale standards-based scores to drive instruction that is then measured with
classroom assessments. We'll discuss some of these derived scores in this chap-
ter; others are presented in Chapter 7.

FREQUENCY DISTRIBUTIONS

When there are many student scores, it is difficult to understaqd and interpret
the results as a whole without organizing the scores in a meaningful way. The

frequency distribution is the most fundamental approach to organizing a set of
data. This type of distribution simply indicates the number of students who
the scores obtained

obtained different scores. In a simple frequency distribution,
are rank ordered from highest to lowest, and the number of students who
obtained each score is tallied. Figure 6.1 shows how a group of scores car}
be represented by a simple frequency distribution. If there is a 1arge gun}berhq
scores or students, it may be best to use a grouped frequency distribution. In this

type of distribution, score intervals are created, and the number of students

whose scores are within each interval is indicated. This type of frequency dis-

tribution is also illustrated in Figure 6.1. Sk : : :

One disadvantage of group%zd frequency distributions 1sﬂthat ;222:2?;23
about individual students may be lost. This problem 1s © enh i s
in summarizing a large number of scores. Although on the .or:ieiv_zﬁai déta gre
index or a few categories provide a more succinct summary, 1(;1 :ri;D Srounen
embedded within the group. To construct a group frequency (;sthen divi::le -
mine the difference between the highest and lowest score an







Understanding and Using Numerical Data

of the overall distribution of scores as having a particular shape. To better under-
«tand shape, the data. can be presented on a twq—dimensional graph. The scores
;m‘ placed, in ascending order from lowest to hlghest', on thg horizontal part of
the graph (x-axis), and values' for the frequency with V.Vthh each score was
obtained are placed on the vertical part of the graph (y-fms). A frequency polygon
is created when a line is drawn to connect the frequencies of each score.

~ Witha large number of scores, the shape becomes smoothe.r 'c?ﬂd is ofFen
referred to as a “curve.” Different types of curves provide generic mformatlon
about the nature of the distribution. The most commonly used shape is the nor-
mal curve as shown in Figure 6.2. The norm.al curve represents a symm\etr}_cefl,
bell-shaped distribution. The normal curve is important for two reasons. Plr:st:
this distribution is found in nature when most human apd other kinds of trfuts
or characteristics are measured, such as height, weight, size, temperature, twpd
velocity, intelligence, intensity, athlgtic prowess, and so on. Seco;Td, propcrtxes
of the normal curve are used extensively in large-scale, standardized testing.

Figure 6.2  The Normal Distribution

In a normal distribution, most of the scores cluster around t}}e mlrcrijéi,t :::;T
few at the highest and lowest ends. Because the norr'x?al'fm;ve lsr;}:al e is,
one side is a mirror image of the other side. That 15,‘{ t en el
divided down the middle, the halves are the same; one 1>lacg;1\f€rzocan < tg diaiic
other. Being bell-shaped is also important. A symmetrlcaarent ot
in various ways, only one of which is bell-shaped as app

et

Fcomomra =

e & . .1]-Shaped
Figure 6.3 Symmetrical Distributions That Are Not Bell P
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100 Assessment Essentials for Standards-Based Education

If a distribution is not symmetrical, then it may be characterized as positipa
skewed, negatively skewed, illustrated in Figure 6.4, or flat. In a positively skeyg
or “skewed to the right” distribution, most of the scores pile up at the Joy,
end, and there are just a few very high scores. This forms a tail that poi
positive direction. Conversely, when there are mostly high scores wi
few low scores, the distribution is negatively skewed, or “skewed to
(tail points in a negative direction). In a flat, or rectangular, distribu
of the scores have about the same frequency. Negatively skewed di
are common in classroom assessments. In these tests, often most
do well, while just a few students do poorly. (Note: Positive and nega
does not mean good and bad!)

Mode

\Median
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ossence of the distribution. These indexes are calle
because they are used to indicate, with a single
uayerage’ score.

d measures of central tendency
number, the most typical or

Mean

The mean is the arithmetic average. It is calculated by adding all the scores i
the distribution and then dividing that sum by the number of scores Tiw mr:alg
s mpresented by X or M. For the set of scores in Figure 6.1, the meaﬁ is Sl.

One drawback of the mean as a measure of the typical score is that it may
be distorted with extremely high or low scores. Consider the following distrib-
utions and means. The distributions as a whole are the same with the excep-
tions of two scores. Yet this small difference results in vastly different means.

Lt 22248 5556,68 838,10 mean = 5.13
2.1,2,2,3,4,4,5,5,5,6,6,8,8,80,100 mean =15.93

Because the mean is pulled in a positive direction in a distribution with a
few atypical high scores, the distribution is positively skewed. It is as if the
mean is skewed in a positive direction. The opposite is true for a distribution
with a few very low scores that tend to skew the mean in a negative direction.
This is what happens to students when a zero is averaged in as one of the scores
in calculating interim or semester grades. The zero may distort the mean so
much that it no longer indicates the typical performance of the student.

Another use of the mean is to examine the overall performance of a cla_ss
or school. Typically, a class or school average is com'puted and compared thﬁh~
other classes or schools and/or performance in ea.rher'years. Importimt 1§5L1e>
are involved when using the data in these ways. First, just éS an T%tf‘éf&e :Efoef.et
can significantly affect the average for individual students, it la SO c(ore; =
the average for a class or school. This means that a few very 'O.Wicorés_ f‘or
skew the average for the entire class. Consequently, when analyzing scores

- istribution alon
the class as a whole, it is prudent to examine the frequency distribution g

S B 3 s that will
with the mean. This will show extreme SCOTeS and clusters of scores

help make interpretations more accurate. are re d

pSfx‘ond, teazf\ers find class averages most “?’eﬁd hed theﬁ?)ﬁ (}gr ggggﬁ;
for subgroups of students and knowledge or sk111§. The mean Lr s cufiaad
in a class who have demonstrated very high a.Chlevemeanufd be higher than
homework, in-class worksheets, and other aSSlgﬂn}ent;S ﬂ(())ntent. This type of
the mean score of students who have struggled with trei ;ndeed suggest high
feport helps validate the interpretation that h’g? |:S,C~Oalcs or parts, the teacher
Achievement. By breaking an overall mean i bt'ldbc tify areas that may need
is able fo use these results in a diagnostic Way to identify

further instruction or even remediation- ~res of students from previous

Third, comparing mean scores with the S0 ee care because although the
Years, or with students from other schools, rquxres ﬁfférences in other factors
5¢ores are based on the same test, there are invariably ¢
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that affect the average score, such as ability levels of sttllldent;, n’tIOtlvahon"«
administration procedures. For example, in one scl}ool, all students may
test, whereas in another school, students whose primary language is not
are exempted. For a variety of reasons, students as a group chaplge from
year, so even longitudinal data from the same school can be misleading
differences are not taken into account in interpreting the averages.

Median and Mode

The median is the midpoint or middle point of the distribut;
words, the median is the value of the score that has 50 pem
below it and 50 percent of the scores above it. Thus, the median is th
is at the 50th percentile. The median is found by rank ord
in the distribution, including each score that is the same, a.nd
that has half of the scores above it and half below it. For
Figure 6.1, the median is 80 (in distributions that have
scores, the median is the sum of the two middle scores
median is not distorted by extreme low or high scores and
of typical score in skewed distributions than the mean.

The mode is simply the score that occurs most freq;
in Figure 6.1, more students scored an 80 (three) tha
mode is 80. In some distributions, there can be
example, if two scores occur the same and b
scores, the distribution is bimodal, S

In a normal distribution, the mean, m
positively skewed distribution, the mean is
whereas in a negatively skewed distribution
and mode. The relationship between t}
illustrated in skewed distributions in
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Figure 6.5 Distributions With Different Score Dispersion

Although it is sometimes helpful to use general terms such as small, large,
great, little, and high to describe the amount of dispersion in the distribution,
three measures are typically used to more specifically indicate variance: range,
interquartile range, and standard deviation.

Range and Interquartile Range

The range is simply the numerical difference between the highest and lowest
scores in the distribution. It is calculated by subtracting the lowest score from the
highest score. The range is a crude measure of dispersion because it is‘based on
only two scores from the distribution, and it does not indicate anything about
relative cluster of scores. In a highly skewed distribution, the range 15 par‘hc\u-
larly misleading, suggesting a higher degree of dispersion than actually 9-’}‘“’; 4

The interquartile range indicates the middle 50 percent of the scor‘es in t :
distribution. By limiting the measure to the middle 50 pex.rcent qf the SLOI‘QtS, e
majority of the scores are included in the calculation of dispersion, Dot = rm}:_
high or low scores that would influence the range are excluded. Th?lmft:()rg‘u;he
tile range is determined by subtracting the score at the 2 per;enF ¢ fer( uartile
score at the 75th percentile. In the distribution in Figure 6.1, the interq <
range is 13 (87-74).

S tanda v i i 53 ) 1§
rd D I‘S i

A more complicated but informative and g{rease 7 distance of the SCOTeS
Standard deviation, a number that indicates the “average

yother close
om R AT : t are punched toget ;
0 the mean. A distribution that has scores thé:‘ whereas distributions with

the mean will have a small standard deviatio standard deviation-
Ores spread way out from the mean will have a large

03
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. 1an is calculate
swiation 18 calcu at 0
i asy to follow:

Standard d _ :
e ps are relatively e

mula, but the ste

1. Calculate the mean of the distribution.

5> Calculate the difference cach score is from the mean (sce Figure 6.6),
. ALl

3. Square each difference score.

4. Add the squared difference scores.

5. Divide by the total number of scores in the distribution.

6. Calculate the square root.

These six steps are illustrated in Figure 6.7 with the scores from Eigure 6.1.

Essentially, standard deviation is finding how much each score differs from
the mean and then finding the average difference score, or, in other words, find-
ing the average distance of the scores from the mean. Simply calculate the squared
deviation scores, find the average deviation score, and then take the square root
to return to the original unit of measurement. The most common convention in
reporting and using standard deviation is to indicate that one standard devia-
tion is equal to some number (e.g., 1 5D =5).

In a normal distribution, there are certain properties to standard deviation
that are universal and that help in understanding the scores. The meaning of how
scores are related when we say “one standard deviation” is always the same ina
normal distribution, regardless of the unit of standard deviation. For instance, @
score in a normal distribution that is at +1 standard deviation will be at the 84th
percentile. This is true for any normal distribution. If one distribution has a mean
of 40 and a standard deviation of 5, a score of 45 is at the same percentile asa score
of 6.5 in a distribution that has a mean of 6 and a standard deviation of 0.5.
ek s romal e s Syt can s e o
o ThiCs e i?m P?'re contained within given units of standard devia-

igure 6.8, where 1 SD = 5. On both sides of the mean

(15), there is a line that designates —1 and +1 SD. The negative and positive
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g R
“ of scores

«34% > |« 34% >
of scores | of scores

10 15 20
Y S, et
Y- b

15-5=10 15+5=20

X=15
18D=5 o
18D +18D

Figure 6.8 Bt
Source: Adapted from McMillan & Schumacher (2006).

F1gure69showsamozecempieh desc
of standard demation.Aslmgu&w di
98th percentile, and -2 SD will be at the
student’s score is at two [
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\(FASURES OF RELATIONSHIP

Measures of relationship are used to indicate the degree to which two scores from
different measures are related. That is, are scores from one assessment asséci‘xted
with, or predictable from, scores from another assessment? ‘éup (()c;e
Ms. Lopez has a small class of students and is interested in the relationih;p
petween her clagsroom semester geometry test and the scores from a la rge-s:cale
geometry test of the same content. Both tests are taken by her students. The scores
for the students are summarized in Figure 6.10. When these scores are rank-
ordered and compared it is evident that there is some degree of relationship
because students who obtained a high score on the classroom assessment also
obtained a high score on the large-scale test. In other words, in a rough sense,
scores from one test can be used to predict approximate scores on the other test.
If there was no relationship, there would be no pattern or prediction. Students
with high scores on the semester test might have low large-scale test scores, and
those obtaining low classroom test scores might have high standardized scores.

The kind of description of relationship shown by these two sets of scores
is conceptual. Generally, a more specific and precise measure of relationship is
used, known as the correlation coefficient.

Semester Standardized Semester Standardized

Student Exam Score Test Score Exam Rank Test Rank
1. Molly 97 93 1 3
2. Ted 95 95 2 1

8. Dan 94 94 3 2
4. Cheryl 90 89 4 6
5. Ryann 88 91 5 4

i 86 90 6 G

7. Hannah 85 84 7 8

8. Tyron 82 85 8 #

9. Jim 79 82 9 10
10. Jan 78 79 10 12

1. Biy ) a3 11 9
12, Maria - o 12 o
13. Frank 0 71 13 16
14. Can s a0 14 R
. = A 15 o
\“‘"‘-—-—~

Figure 610  Classroom Exam Scores and gtandardized Test Scores

107
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Correlation Coefficients b e
. asures the degree to whi t e sco;es o 0 Or more vari-
able‘l: g:)rfiltzt;:r;r? ielated. The correlation coefficient (r) is a number between -y
and +1 that is calculated to indicate the strength anduldu‘ecgqn of the relatiq
ship. A correlation coefficient is calf:ulatEd by a fprm a and 1s reported ag
76, r = .35, r = .04, and so on (notice that there is a minus sxgn_before ane
tiv:e correlation but no plus sign in fron't of a po.sx'nve correlation). Althor
there are a number of types of correlation coefficients, the one enco
most in assessment is called the Peaxison ;;roduct—qlog\ept correlation. A
ive correlation means that as the value ot one variable increases, so does
tflaleug of the other variable. This is also called a direct relationship. If the ¢
lation coefficient is between 0 and +1, it is positive. A negative or inverse
lation is indicated by a negative coefficient and indicates that as the value of ¢
variable increases, the value of the other variable decreases. A neg
inverse correlation is represented by a number between 0 and ~1.
A positive correlation is not necessarily any better than a negative or
example, a desirable positive correlation exists between time spent stuc
achievement, whereas an undesirable positive correlation would be stu
iety and referrals to the counselor’s office. Conversely, there are
negative relationships, such as those between student attention and
rebukes, or time teachers lecture and student attitudes. An undesirable neg
correlation would be student disruptions and student achievement.
The coefficient also indicates the strength or magnitude of the re
independent of direction. Strength refers to the degree of the relatic
is, how powerful or helpful it is in predicting one variable from a
positive value (e.g., 7 = .93, r = .85, or r = .88) represents a high or
tive relationship (+1 is a perfect relationship). The same is true for a
tive value (r = -.93, 7 = —.85, or r = —.88). Low values, those close to z
a weak or small relationship, whereas values midway between 0 an
mdlgate n}oderate relationships (e.g., r = —.45, r = 62). Thus, the s
relationship becomes stronger as the correlation coefficient ape

+1 or ~1 from 0. This is illustrated in Figure 6.11.

10

Direction: Néak
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correctly. The s%‘atterpl'()t is a graphic representation of the relationshi It ;

formed by making a visual array of the intersection of each student’s slcp. s
the two variables or measures. The two-dimensional graph is made bOre 011:
ordering the values of one variable on the horizontal axis, from low to hi %rand
rank ordering the values of the second variable on the vertical axis For efar;larlle

to correlate student achievement scores with self-concept score\s' the ran ep of
results for the achievement scores could be placed on the horizéntal axisg ahd
range of self-concept results on the vertical axis. This relationship is illustrated
in Figure 6.12 with a few students. The student scores are summarized next to
the graph in random order. The intersections of each set of scores are indicated
in the graph with the letters. Together, these intersection points form a pattern
that provides a general indication of the relationship. Figure 6.12 shows a pos-
itive relationship. As achievement scores increase, self-concept scores also
increase.

The scatterplot is helpful in identifying two aspects of correlation that affect
the interpretation of the coefficient. The first is to determine if there are any
atypical scores as related to the overall pattern. In the illustration in Figure 6.12,
for instance, the intersection of Helen’s scores is not at all consistent with the
pattern. This atypical score, or outlier, lowers the coefficient to give the impres-
sion of less relationship than actually exists. It is similar to the effect that an
extreme score has on the mean. In this case, there is a spurious correlation, rather
than a skewed distribution.

100 ©

90 @

: ®
70 4 @

60 - 0o N T R

—__———‘-"—_’—“—-‘
i ® Sel- :
j Concept |Achievemen
0 1 Subject
| Ryann (A) 1: :r/')g
s Jesse (B)
@ Amanda (C) 19 1(2)2
— Meghan (D) 13 -
B Katie (E) 15 e
@ Cristina (F) 14 3o
@ Emma (G) 16 4
4 Jan (H) 28 os
b T T B v T sy iy B S Helen (l) 2
12 13 14 15 16 17 18 19 20 L_/,,-___,...-———L._—-———*
M
F

o]f- ept
'Bure 6.12 Scatterplot of Achievement Related to Self-Concep
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Iso indicates if the relationship is linear or Curvilineqy,

% Sent correlation coefficient is calculated as if the rela-

The Pe.’ar'?:’on Rroductl;?OEUS, if the scatterplot identifies a‘curvilinear pattern,
:;:::?}llz ﬁ,:f;:?;irt (v)vili be lower than the actual relationship.

The general patter

Interpreting Correlations o o
Because correlations are used extensi.ve.'ly in assessn}en;: hxt is nnpt;)lrtant m _
interpret the meaning of correlation cqefﬁcxents accul."ate y. erte Sre ree pri-
mary limitations to consider: correlation and causation, restricted range, and .

the size of coefficients.

Correlation and Causation

It is tempting to think that a correlation describes a cause-and-effect r?h-_ |
tionship, but that is rarely the case. An accurate interpretation of a correlation
always begins with the understanding that the relationship is descriptive only
of a predictive relationship—that to some degree, the value of one variable or
measure can be predicted from knowledge of value for another one. You should
not conclude that one variable caused the change in the other or was the reason &
that the values of the other measure or variable changed. g o

Correlation does not imply causation for two reasons. First, a relati
between A and B may be high, but there is no way to know if A caused Bor
B caused A. For example, consider the relationship between achievement and
self-copcept.illustrated in Figure 6.12. Although it is clearly positive, we don

family background and SES, lik

: € parental educati i
attitudes, are probably more re 3 ation, income,

! Sponsible for achievement,
g;g;f};;nﬂ:he Sfchogls would not rajse achievement much be{::use of the
e PrincipTzeofaa?cli}ilﬁaoiilc‘?:@ﬁmt}é facﬁors. In Figure 6.13, T have il
riables i itive re
between body weight and reading Conr): ebong a strong post
follow the st Prehension. Hard to believe

. €PS in Figure 6.13, you, ; 03 )
stringing together 4 Serine s fme, you see that 5 Positive relationship
I X ar-ze 7 oo
fnﬁ"a@ to weight, and obviously g;f:?s’ihhox}g. How? A third

Drzgi‘:‘eg t;?\omprehemion' » 1S a positive mlahmasmp
ese two lin A - , e | :
something causalperpan o, COelations e
taskandachﬁvw’it > _ ﬁ@gg‘
T ReeS Obvious phyy




ndustandmg and Using Numerical Day 11
al Data 1

1. Plot the body weight and scores

High of a group of first graders
|
8-
(]
3
>
o
0
m
Low
g Reading achievement High
2. Next, add the scores of
second graders
High
First graders
&
(=2}
®
2
>
° ‘j
0
m @
Second graders
Low
Lo Reading achievement i ok
3. Finally, add the scores of pupils in
grades three through six
High
=
28
>
o
=]
m
Low T
i
Low Reading achievement -

e

Figure 613 Correlation Between Weight and Reading Comprension

achie | : ical, like the
‘®vement, and in fact, this might be true. It simply So:ncrcés iogls? do not be
f,"%\re correlation between amount of rain and gr owth 0 %

in achievement %s an
{ increased achieve-
unted-for variables
ere given different

.um into thmkmg that the reason or cause of mc]reaseivi
Meng in time on task. The reality is that we don’t kno 5

N Caused students to be on task more, of if e unatg w
, tually responsible for the increases. Maybe students
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( ) ‘ds~Dase ‘: l ol li()n
nic 1 l{ , Cnn.l'.' f()l‘ . l.’l!l([;]ld. l A Ld A
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ith more study time, or maybe the increased time o, task
toring. There are many other possible causal explang.

d for, necessitate great caution in concluding that
of more time on task.

incentives along W
consisted of one-on-one tu

hich if left unaccounte

ions, w : e
. ment increased because

in this case, achieve

Restricted Range

A second limitation in interpreting co;relati.on is that some cozfrellaFions may
underestimate the true value of the rglatxon;slnp because the variability of ope
of the measures or factors is not as blgh as it shquld be or could be. That is, jf
the range of scores for one of the variables is Conf.mgd to only a part of _the total
distribution, the correlation will be lowergd. This is ca'lled r'estrzctzon in range,
Suppose, for example, you want to examine .the relationship between grade
point average and standardized test scores of gxfted. students. Because.a the range
of grades and test scores of these students is restricted, the correlation would
probably be small. Restriction in range is one reason why modest relationships,
at best, are reported between college entrance exams, such as the SAT, and
achievement in college. The range of test scores is limited to students who
scored relatively high.

Stze of the Correlation Coefficient

The third limitation to consider is concerned with the size of the correlation
coefficient. There is a convention that a high absolute number is described as a
strong relationship, but this gives only a hint of the true or actual magnitude of
the relationship. This is because it is easy to think of the decimal as a percent-
age, so that a correlation of .70 means 70 percent of 100 percent of the possible
relationship. Actually, the amount of the relationship that is common among
the two variables is estimated by squaring the correlation and thinking of that
as a percentage. Thus, .70 squared is .49, or 49 percent. This has a dramatic
Impact on what the correlation means because as the correlation lessens, the
amount of relationship in common is reduced exponentially (r = .50, 25 percent;
r = .30, 9 percent). This squared value (called the coefficient of determination) is
the more accurate indicator of the magnitude of the relationship.
willltr:;g;)eerl ecc;)nfldgratlon related to the size of the correlations is that many
PR con;ni Zfzf:g; zithough they areosmall and account for a very gmgﬂ
icant in this context to : (e.g., Gl ‘). Researchers use the term szgmf'

mean that the correlation is statistically different from

no relationship at all. It is Probable that in studies that have a large number of

participants, that a small correlation i 28 e
This does not, however, mean th " will be reported as statistically significa

meaningful. atthe correlation is strong, high, important, O

The importance of the s
6.14, which shows scatterpl

shows a strong positive relationshi sense
: - This makes measures
grade point average (GPA) and SAT score, Buteisf you 1;2; g:et}t‘:;rade point

1 of correlations is illustrated further in Figure.

ots of four sets of data, The correlation of 7 =
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Averages that predict an SAT score of about 1000,
s from 2.2 to 3.0. This is pot nearly as precise as the iy o
of r = 84 might seem {0 imply. Examine the rema £l S

_ Sy ; ining three sc;
one of nO xjelatlonshlp', r= ,06,‘d0esn t look too differentg from msgggf:f lOtS'.T.hC
elationship, T = 58, illustrating further that the actual predictive (psvf’gsmfve
er of a

correlation is not what. it may seem to be. What about the ¢ '
Can SAT score be predicted by knowing the length of hair? i (% 00

2 .
fange of predicted scores

USING DATA TO IMPROVE ASSESSMENTS

One ‘?f the helpful uses of descriptive data is to use summary statistics about
individual items to improve assessments. With traditional selected-response
tests, the first item statistic of interest is the difficulty of each item. Difficulty is
simply the percentage of students who answered the item correctly. A difficult
item may be answered by fewer than half the students, whereas an easy item
may be answered correctly by all students. If the purpose of the test is to pro-
vide a norm-referenced interpretation, difficulty values around 50 percent are
desirable. The difficulty index, then, informs about which items are helping to
discern a difference between students in what they know and can do.

In most classroom tests, however, the interpretation is criterion- or
standards-referenced. The typical difficulty index for items will usually vary
between 60 percent and 100 percent. For items that are answered correctly by
only a few students, review the items to determine if the scores are low
because the item was poor, because instruction was inappropriate for the
items, or because students in fact do not understand what is being assessed.
For items that are answered correctly by all students, review the items to see
if there are flaws in the items that result in correct answers even by students
who do not have the knowledge and skills that are being assessed. ;.\not.her
way to check these items is to use them before and then after ix?structlon ina
pretest-posttest design. If students are unable to answer the item corrgctly
prior to instruction, and then know the answer after instruction, then the xtet;n
is working well to document student learning. For items answered fonireii ig
by some students, check to see if the students who answered correctly

well on other, related work and whether s

answer did poorly on related work. If both
the item is a good one.

_ Asecond procedure to use with items t'hat are ¢ the item. The discrim-

interpretations is to calculate the discriminating power 0

;mt"‘X power of an item refers to the ability of the 1;2!:; ttz gllssgr:e ' low. A dis-
tudents whose total score is high and AbasiETas pleting five steps:

“limination index for each item can be calculated by com

tudents who did not know the
of these conditions are present,

used for norm-referenced

tal score.

1 Ra the basis of to
nk order all students on (usually the top

: ‘ 2'D“’lde the scores into a high and a low group
~ third and bottom quarter or third).

quarter or
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3. Tally the number of students who obtained the correct answer in

group.
4. Subtract the number of correct answers in the low group
number of correct answers in the high group.

5. Divide the difference by the total number of student scores in i
scoring and low-scoring groups divided by 2.

A positive discrimination index of .40 or better suggests that the
doing a good job of separating students on the basis of wbat they kn
negative discrimination index means that the item is working agat

of the test. Such items need to be reviewed carefully. For exan
a class of 20 students takes a test. Three of the top five scc
answered question 3 correctly, while four of the bottom five stu
the right answer. The discrimination index of this item is ~20:4

Discriminating power is not as useful with criterion-refer
tions or with performance assessments because the range of

smaller, and, with performance assessments, there are few tasks
assessment is structured to provide different levels of comp
more than simply pass/fail, then the items can be analyzed
criminate on the basis of categorizing students in one of the
students categorized as “exemplary” answer an item ctly,
ignated as “fail to understand” miss the item, then the item i
needed. In a performance assessment, the same logic can
sufficient number of tasks are evaluated. Each task is like
To apply these principles, a record of the performs
three assessments is summarized in Figure 6.15. Use tt
and discrimination to answer the following questions

1. What is the difficulty index for each item?
2. What is the discrimination index for each ite

3. Are eye contact and voice clarity (two of



%
O0W, 4o
,
| m'\' :‘J
«‘Li?["\‘m‘
Studenss
i Obtained
A,
nterpret
jrmance b
). e

Understanding and Using Numerical Datg

prie e A Test B Giving a Speech

Total [tem Total Item Total Eye Voice

Student Score 1 2 Score 1 2 Rating  Contact Clarity
By v w u o 5 5 )
Ron 60 r w 30 r w 5 4 3
Sally 75 r r 28 w r 3 2 3
Tamika 83 r w 19 w w 4 4 1
Mica 72 w w 24 r r - 1 4
Helen 88 r r 22 r r 2 2 3
Rosemary 85 r w 18 w w 4 3 5
Ashley 78 w % 27 w r 4 2 5
Kenya 92 r r 29 r w 5 5 5

Figure 6.15 Summary of Student Scores on Three Assessments

Voice clarity: The three highest-rated students had a voice clarity Fatingf
of 33. The three lowest-rated students had an average clarity rating }?
3.3. Because the average clarity ratings of the students are the same, the

~ Voice clarity ratings are not working as appropriate.

nd
Although data from assessment results can be used to better understa

Zgod(igt learning, as well as to improve subsequent fpeemen s St"mh ?lgfal):;:
i a1 ; : : ent. Descriptive ;
ways be tempered with professional judgm asufe that drives

E D i ise me

L more as a general indicator than a precise His By
fp'elelc conclusions or practice. Data must be judged on validity, :ex,luls?llnt)g i

X ;Ss, along with other factors that influence interpretatlor} lc; s e
aﬁonss'in € descriptive data from assessments are only some O

making implications and drawing conclusions.
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