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The cloze technique has besn usad to mezsure construets in beth written and
oral communication for English and, in a few cases, for other languages. Written
cloze tests, the only cloze tests discussed in this study, are constructed by
deleting certain words or syxvols from passeges and replacing them with blanks.
The subject attempts to completc the passazes. His score for each passage is the

number of responses which match the deleted material.

Results from reszsrch studies (Taylor, 1953, 1954, 1957; Bormuth, 1962, 1963,
1966; Fletcher, 1959; Jerkinson, 1957; Rarkin, 1957; Friedman, 196k Gallant, 1965)
indicate that cloze tests ere relizble and valid measures of reading comprehensibility
and difficulty for ordinary Exglish passages. '

Kane (1967, 1969) pointcd out differences between ordinary English (OE) and
mathemstical English (MZ). Although thz cloze tochnique has been validated as a
measure of ccuprehensibility ang difficulty of 0= basSsages, it has not been
validated for use with NI, Thus, the cloze technique cznnot e used indiscriminately
as a measure of rcading comprrenznsibility and difficulty for ME.
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The purpose of this study is to validote the cloze technique as a measure of
the comprehensibility znd Qifficulty of ME.

The cloze technique cannot readily be 2pplind to ME since (1) the cloze
technique is not defired to include deletions of rmathematical symbcls, and (2) the
cloze technique requires an ordering of words, but unlike OE which has a one
dimensional ordering of words oa a paga, M3 hos & two dimensional arrangement
for which no definite ordering is d=zfinod.

Hater (1969) definod word-token and math-token and established an ordering
for tokens which folilows the ordering of verbal cxpressions of mathematical symbols.
Word-tokens are graphic represcenuitions appcaring in ME which have phoneme-grapheme
relationships with spokea words. In geaeral, a word-token is a unit of alphabetic
8igns having lexical reaning a2d scnaratcd fronm surrounding context by spaces,
Examples: cirele, the, following). In goneral, math-tokens are symbols unique
to mathematices which do not havo phomase~-graphene relationships with spoken
words, (Examples: ‘yn~n, +). Tor this study, the cloze technique was adapted to
be used with mathematical English passages by using these definitions of tokens
-—- and ordering.*

N9 Hypothesge

'<:>: Hypotheses tested in this exporinent vwore divided into two sections (1) ma jor
: hypotheses, and (2) hypothoses which »2lated to %he design of the experiment.

|
QO
.

Q1 *For details concerning those definitions see Hafter (1959).
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Major Hypotheses:

1. A cloze test over a ME passage is a rellable measure. The comprehension
tests used in this study are reliable criterion measures.

2. A cloze test (Forml) over a ME passage is a valid predictor of reading
comprehensibility.

3. A ranking by means on cloze tests over a ME passage is a reliable measure.
The ranking by means on the comprehension tests used in this study is a
reliable criterion measure.

L. A cloze test over 2 ME passage is a valid predictor of reading difficulty.

Related Hypotheses:

1. There is no difference between the means of the different forms of cloze
tests over the same ME passage.

2. The cloze test treatments do not sensitize subjects and affect responses
on cciaprehension tests.

3. Results on comprehension tests are affected by the reading of the passages
before responding to the comprehension tests.

Design and Procedures

This study was designed to test each hypothesis by at least one verification
and where possible by cross-validation. The basic materials consisted of five
passages from mathematics books. Cloze and comprehension tests were written over
these passages and then administered to subjects in grades 7 through 10.

Passages. Five ME passages (P(1) through P(5)) were chosen. P(1), a unit on
Matrices, employed a discovery approach. P(2) through P(5), units on the Metric

System, Matrices, Statistics, and Logic, used mixtures of definitional and explanatory

material. Passages were lengthersed or shortezned to approximately 700 tokens.
Exercises were eliminated but most of the questions which appeared in context were
included. Pictures and graphs were included.

Cloze Tests. Five cloze tests were constructed for each of the five ME
passages. Form i (i =1, 2, 3, 4, 5) began with the deletion of the ith token.
Every fifth token after that was deleted until 130 tokens were deleted. For each
ME passage, all tokens, except those deleted, appeared in each cloze form.

Deleted tokens were replaced by red blanks. Red was used to differentiate
blanks used to represent tokens from vincula used in fractions. Subjects were to
infer and to write responses to blanks by reading and studying the contextual
clues of the passages. Two-sized blanks were used depending on whether adjacent
tokens were word-tokens or math-tokens. Tokens which appeared in pictures,
diagrams, and charts were eligible for deletion.

Criterion Measures. The comprehensibility of Passage x was defined to be
greater for Subject 1 than for Subject 2 if and only if the test score on a
comprehension test over Passage x was greater for Subject 1 than for Subject 2.
Passage x was defined to be more difficult than Passage y if and only if the mean
of the comprehension test results for Passage x was less than the mean of the
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comprehension test results for Passage y. Although there are problems in the use
of comprehension tests as criterion measures of comprehensibility and difficulty
for ME, at this stage there is no instrument generally accepted to be better.

A 28-item multiple-choice test with five alternative responses to each item
was written over each of the ME passages. Directions and test item stimuli
contained (1) no math-tokens which were not included in the ME passages being
tested or in elementary mathematics textbooks, and (2) no word-tokens which were
not in the ME passages or in Column G from AA through 10 of The Teacher's Word
Book of 30,000 Words (194l4), which is a listing of frequency of occurrence of words
in general reading material which should be part of the psrmanent vocabulary by
grades five and six.

Pilot studies were conducted to iuprove compreher:sion tests as valid criterion
measures of coimprehensibility and difficulty. :

Subjects. After incomplete data from 117 subjects were eliminated from the
experiment, data from 1717 subjects enrolled in Grades 7 through 10 were used in
the final analysis. Subjects were enrolled in five grade schools and three high
schools in Cincinnati, Dayton, Springfield, and Lincoln Heights, Ohio.

Treatments and Assignment of Subjects to Treatments. The data collection
took place on three days; on the first day a cloze test was completed by subjects,
s8ix days later a ME passage was studied, and on the next day the ME passage was
returned to e reviewed for ten minutes after which a comprehension test was taken.
PTime allotments for these activities were 55 minutes, 4O minutes, and 45 minutes
respuctively.

For each of the five comprehension tests, there were five experimental groups.
Each subject was randomly assigned to one of the twenty-five groups. Following
is the design for the comprehension test over P(1). The designs for the other
comprehension tests were the same.

Day 1 Day 2 Day 3

Group 1: Cloze Test P(1), Form (1) Read P(1) Comprehension Test P(1)
Group 2¢: Cloze Test P(1), Form (4) Read P(1) Comprehension Test P(1)
Group 3: Cloze Test P(1), Form (5) Read P(1) Comprehension Test P(1)
Group 4: Cloze Test P(i), Read P(1) Comprehension Test P(1)
Group 5: Cloze Test P(j), Read P(j) Comprehension Test P(1)

ifjfl

Cloze tests over P(1), Form 2 and 3,Wwere administered to subjects of other
experimental groups, thus each of the five cloze forms over each passage was
administered to one group. :

Some hypotheses required that Groups 1 through 5 be used together. However,
because of the unequal group sizes, a Subgroup 1* of 32 subjects was randomly

selected from Group 1 for each passage to test these hypotheses. In order to cross-

validate, half of the subjects who were assigned to Group 1 for each passage were
~andomly assigned to form Validation Group 1'. The remainder of the subjects were

,;Bégﬁssigned to Cross-Validation Groupl". Table 1 gives the assignment of subjects
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to groups.
Table 1
Assignment of Subjects to Groups
Passage 1 Passage 2 Passage 3 Passage L Passage 5
Group 1 211 225 209 225 220
Group 2 31 28 33 32 31
Group 3 32 32 29 31 32
Group 4 30 3 35 34 33
Group 5 23 30 35 31 29
Group 1* 28 31 27 30 30
Group 1! 111 111 109 115 106
Group 1" 100 114 100 110 11k

Scoring and Rescoring. All comprehension tests and cloze tests were machine
Scored. In general, a cloze response was considered correct if it exactly matched
the writer's original response.* Independent rescoring took place. There was an
almost total agreement on all of the cloze tests between the initial scoring and
rescoring.

Analyses Used

Prior to testing the hypotheses, the EmaxTest (Winer, 1952) was used to check

homcgseneity of variances for both cloze test results and comprehension test

results {¢ = 0.01). Also, distributions of subjects' scores on cloze tests

(F&rm 1) and comprehension tests were graphed. Graphs were inspected for distributions;
no statistical techniques were employed.

Hypotheses Related to Design. To test Hypothesis 1 (¢ = 0.01), the relation-
chips between different cloze forms over the same WME passages were tested by
using two-way analysis of variances for unequal n's. The dimensions were five
cloze form groups and four grades. The model included the interaction of forms
and grades.

To test Hypotheses 2 and 3, the relationships between different comprehension
test groups over the same passage were tested first by using two-way analysis of
variances f'or unequal n's. The dimensions were five comprehension test groups and
four grades. The model included the interaction of comprehension test groups and
grades. Secondly, if there was a significant main effect for comprehension test
groups (a = 0,05) and an insignificant interaction between comprehension test
groups and grades (c = 0.05, Scheffe's method (1959) was used to imake tests among
the means. A priori decisions to use certain contrasts were made.

¥TFor details concerning scoring see Hater (1969)
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To test Hypothesis 2 (@ = 0.01), two contrasts were employed for each passage:

Contrast 1 (1, O, 0, -1, O): The mean of Group 1¥ was compared with
the mean of group 4,

Contrast 2 (1/3, 1/3, 1/3, -1, 0): The mean of the means of Groups 1¥,
2, and 3 was compared with the mean of Group 4.

To test Hypothesis 3 (¢ = 0.25), one contrast was employed.
Contrast 3 (%, %, %, %9 -1): The mean of the means of Groups 1¥*, 2,
3, and 4 was compared with the mean of Group 5.

Major Hypotheses. To test Hypothesis 1, K-R 20 was used. Relizbilities were
obtained for Group 1 over all passag:s for both cloze tests and comprehension
tests and for CGroups 1* through 5 over all passages for both cloze tests and
comprehension tests.

To test Hypothesis 2, first, test results for Validation Group 1' for each
of the five passages were graphed separately, where the set of scores on the cloze
test was the independent variable and the set of scores on the compreheision
test was the dependent variable. The graphs were studied for relationships between
the variables. Then, linear regression equations were obtained for each passage.
The model was cross-validated using test results from Group 1" for each passage.

To test Hypothesis 3, product-moment correlations were obtained between means
of cloze test results from Group 1' and Group 1" for all passages. Product-moment
correlations were also obtained between means of comprehension test results from
Groups 1° and 1" for esch passage.

To test Hypothesis 4, the Pearson r was used to obtain a measure of the
relationship between the means of the scores on the cloze and comprehension tests.
Correlations were obtained between the means of:

a) cloze test results Group 1' for all passages and comprehension test results
for all passages,

b) cloze test results Group 1" for all passages and comprehension test
results Group 1" for all passages,

c) the mean of the cloze test results for Groups 1¥, 2, 3, and 4 for all
Passages and the mean of the comprehension test results
Groups 1*, 2, 3, and 4 for all passages.

Results

§ There was no evidence to suggest rejection of the hypothesis of homogeneity
é of variances of cloze test results for groups responding to different deletion

' systems over the saile passages and for groups responding to a single deletion
system over different passages. In general, there was no evidence to suggest
rejection of the hypothesis of homogeneity of variances of comprehension test
results over the same passage for groups responding to different cloze tests and
for groups responding to one cloze fori1 over different passages.

-
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Frequency distributions of subjects' scores on cloze tests were unimodal
for four of the five passages. For Passzge 3, the distribution was irregular
toward the center, but tapered toward the ends. Frequency distributions on
comprehension tests were bimodal for P(1), P(2), and P(3). The modes to the right
were smaller than the ones to the left. Skewness to the left appeared for P(1);
skewness to the right appeared for the other four passages.
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Hypothesis 1 Related to Design: The analysis of variance for the main effect
of forms cver each passage is summarized in Table 2. The observed values were
0.17, 1.k0, 1.51, 0.95, and 2.02. In testing the null hypothesis of equal means,
the value required for significance at the 0.0l level was F 09(h, 120) = 3..48.

*/

Thus, there was no evidence to support the rejection of the hypothesis of equal
means on cloze tests over the same passage for groups using different cloze forms.

Table 2

Sunmary of Analysis of Variance of Cloze Test Results
(Form x Grade)
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P(1) P(2) P(3) P(L) P(5)
Source arf F ar F ar F ar F ar F
Form I 0.17 L 1.40 Y 1.51 L 0.95 Y 2.02
Grade 3 5,12 3 12.82 3 7.44 3 6.79 3 8.06
F x G 12 1.14 12 1.1k 12 1.72 12 0.7S 12 1.12
Error 134 129 129 143 138

F 99(h, 120) = 3.48
F 95(3, 120) = 2.68
F 95(12, 120) = 1.83
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Hypotheses 2 and 3 Related to Design: The analysis of variance for the
main effect of comprehension test groups is summarized in Table 3. The observed
F values were 11.68, 2.56, 9.48, 8.5C, and 12.95. In testing the null hypothesis
of equal means, the value required for significance at the 0.05 level was F 95(h, 120)

= 2.45. Thus, there was evilence to support the rejection of the hypothesis of
equal means on comprehension tests over the same passage. The observed F values
for the interaction effect of comprehension test groups and grades vere 0.85,
0.85, 1.15, 0.67, and 1.12. The value required for significance at the 0.05 level
was F __(12, 120) = 1.83. Thus, there was no evidence to support the rejection
of thé9gypothesis of no interaction of means on comprehension tests over the same
passage for groups and grades.
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Table 3

Sumiery of Analysis of Variance of Comprehension Test
Results (Group x Grade)

(1) P(2) P(3) ~ B(b) P(5)
Source  4f F ar F af F ar F arf F
Group L 11.68 L 2.56 L 9.48 L 8.59 h 12.95
Grade 3 10.31 3 17.25 3 11.13 3 9.58 3 13.46
GXG 12 0.85 12 0.85 12 1.15 12 0.67 12 1.12

Error 129. 132 136 138 135

F és(“’ 120) = 2.45
F 95(3, 120) = 2.68
F.95(12, 120) = 1.82

Since the assumptions were met, contrasts were obtained. The differences
among comprehension test groups using contrast coefficient are sunilarized in
Table 4. For Contrast 1, the observed values were 0.00, 0.00, 4.8k, 0.b2, anq
0.05. The valiies required for significance at the 0.0l level were found by using
(g-12)F _{Q~I, d) where q was the number of comprehension test groups and d was
the deégges of freedom for error. The critical value was 13.92 for 120 degrees of
freedom. Thus, there was no evidence to support the rejection of the hypothesis
of equal means on éomprehension tests for subjects in different cloze groups..

For Contrast 2, the observed values were 0.21, 0.21, 3.93, 0.40, and 0.00.
The critical value was 13.92 for 120 degrees of freedom for error. Thus, there
was no evidence to support the rejection of the hypothesis of equal means on
comprehension tests for subjects in different ¢cloze groups. '

For Contrast 3, the observed values were 45.81, 7.71, 29.45, 34.0k, and 51.16.
The critical value required for significance at the 0.25 level was 5.48 for 120
degrees of freedoir for error. Thus, there was evidence to support the rejection of
the hypothesis of equal means on comprehension tests for groups studying a passage
before tseking a comprehension test on it, and groups not studying the passage
before taking a test on it. ' -
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Table U

Summary of Differences Among Comprehension Test Groups
Using Contrast Coefficients

;
{
]
3
Fe
1
E
N

a® (Psi/Sigma)2
1, 0, 0, -1, © 1/3’ 1/3’ 1/3> -1, O 117: %, 'fl;': %, -1
Passage Contrast 1 Contrast 2 Contrast 3
1 129 0.00 0.21 45.81
2 132 0.00 G.21 T.71
3 139 L.64 3.93 29.45
L 138 0.42 0.40 g 34.04
5 135 0.05 0.00 51.16

%3 = Degrees of freedom for error
(q-1)F 99(q-l, 120 = 13.92 where gq-1 = L4

(Q-l)F.75(q-1, 120) = 5.48 where g-1

1

Main Hypothesis 1: Table 5 gives the means, standard deviations, and
reliabilities of cloze tests, Form 1. The reliabilities of cloze tests (Form 1)
for each passage were 0.94 for P(1), 0.93 for P(2), 0.96 for P(3), 0.95 for P(L),
and 0.96 for P{5). Table 6 gives the mrcans and reliabilities of cloze tests for
the five forms over each passage. The range of reliabilities for the five cloze
forms were 0.94 to 0.97 for P(1), C.91 to 0.96 for P(2), 0.95 to 0.97 for P(3),
0.9% to 0.97 for P(4), and 0.96 for ®(5).

Table 5

Means, Standard Deviations, and Reliabilities
of Cloze Tests for Form 1

Passage Unweignted Standard K-R 20
Mean Deviation

1 69.97 19.57 0.94

2 56.11 16.35 0.93

3 72.01 23.69 0.96

L 49.60 20.29 0.95

5 62.98 21.99 0.9%
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Table 6

Means and Reliabilities of Cloze Tests for Five Forws

Passage
1 2 3 L 5
| Form Mean r Mean r lean r Mean r Mean r
1% 73.00 0.95 51.9% 0.91 25.12 0.97 18.61 0.95 22.95 0.96
2 76.15 0.94% hh.77 0.96 61.19 0.95 51.86 0.97 53.47 0.96
3 76.27 0.95 51.80 0.9% 65.86 0.97 L2.77 0.96 59.45 0.96
L 73.87 0.97 51.25 0.92 67.03 0.95 51.77 0.96 6L4.7h 0.9
5 73.03 0.96 L6.19 0.95 61.00 0.95 L47.13 0.94% 67.03 0.96

. Table 7 gives the means, standard deviations, and relisbilities of conprehension
tests for Group 1 of each passage. The reliabilities of comprehension tests were
0.89 for P(1), 0.82 for P(2), 0.88 for P(3), 0.81 for P(4), and 0.86 for P(5).

Table 8 gives the means and reliabilities for the five comprehension test groups
over each passage. The ranges of reliabilities, excluding group 5 for each passage,
were 0.89 to 0.92 for P(1), 0.78 to 0.87 for P(2), 0.84 to 0.88 for P(3), 0.79 to
0.86 for P(4), and 0.84 to 0.88 for P(5). The reliabilities for Group 5 were

0.82 for P(1), 0.79 for P(2), -0.08 for P(3), 0.22 for P(4), and 0.21 for P(5).

Takle 7

Means, Standard Deviations, and Reliabilities of Comprehension
Tests for Group 1

Passage Unweighted Standard K-R 20
. Mean Deviation

1 16.99 6.21 0.89

2 12.45 5.31 0.82

3 11.86 6.01 0.88

L 11.15 5.11 0.81

5 .70 6.06 0.86
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Table 8

Means and Reliabilities of Comprehension Tests for Five Groups

Passage
1 2 3 L 5
Group Mean r Mean r Mean r Mean r Mean r
¥ 16.57 0.92 12.7% 0.78 11.11 0.88 11.00 0.8% 14.03 0.88
2 17.23 0.91 12.18 0.83 13.21 0.87 10.72 0.8 14.03 0.87
3 17.56 0.92 13.81 0.87 11.93 0.8% 11.10 0.84 14.97 0.84
L 16.73 0.89 12.90 0.81 13.89 0.8 10.41 0.79 1L4.52 0.88
5 8.86 0.82a 10.17 o0.792 7.54 -0.088 5.48 O0.20a 7.03 0.21a

aSu.b,jects did not read passage before taking comprehension test cver it.

Main Hypothesis 2: From the graphs of the d:sta, the model vy = ax2 +bx +c
was accepted to represent the data, where x denotes results on the cloze test and
¥y denotes results on the comprehension test over a specific passage. The aralysis
of data using this model is summarized in Table 9. The observed values of F for
significance of regression were 35.63, 61.72, 41.67, 57.69, and 82.82. The value

required for significance at the 0.001 level was F 999(2, 120) = 7.31. Thus, there

was evidence to support the hypothesis of significance of regression.

For all five passages the correlation of x2 with y was greater than the
correlation of x with y. Thus, x° was entered as the first independent variable
in cach equation. Partial ts for x were 0.08, -C.74, -0.88, -0.62, and 1.31.

In testing the null hypothesis (b = 0), the value of t required for significance
at the 0.05 level was t (100) = 1.68. Since no observed t values exceeded the

975
critica’ value there was no evidence to support the rejection of the hypothesis
that b = 0. For each passage, bx was removed from the model. New equations were
calculated using the model y = ax2 + ¢ for the validation groups (See Table 10).




Analyses of Data Using Multiple Linear Regression Model

y = ax2 + bx + ¢ Over Each Passage for Validation Groups

Table 9

Passage
1 2 3 L 5

Regression Coefficient a 0.0002 0.0027 0.0020 0.0022 0.0009
Regression Coefficient b 0.0110 -0.0826 -0.1017 -0.0524 0.1065
Intercept 9.9436 7.9919 8.5639 7.4078 l.3883
R: Multiple Correlation

Coefficient 0.63 0.73 0.66 0.71 0.79
R2: Coefficient of

Determination 0.40 0.53 0.4k 0.51 0.62
Std. Error of Estimate 4.63 3.68 4.58 3.98 L.02
F for Sig. of Regression 35.63 61.72 L1.67 57.69 82.82
df Error 5 1038 108 106 112 103
Partial t for x 1.27 2.83 2.38 2.52 1.37
Partial t for x 0.08 -0.7h -0.88 -0.62 1.31

F.999(2, 60) = 7.76

F.999(2, 120) = 7.31
t'975(100) = 1.98
t.975(200) = 1.97




Table 10

Analyses of Data Using Linear Regression Model

vy = ax2 + ¢ over Each Passage for Validation Groups

12

Passage
1 2 3 L 5
Regression Coefficient a 0.0013 0.0020 0.0013 0.0018 0.0017
Intercept 10.2927 5.7520 5.3171 6.1256 7.4688
R: Correlation Coefficient 0.63 0.73 0.66 0.71 0.78
R2: Coefficient of
Determination 0.40 0.53 0.4l 0.51 0.61
Std. Error of Estimate 4,61 3.67 4.57 3.97 4.03
F for Sig. of Regression 71.90 123.40 82.76 115.62 162.82
df Error 109 109 107 113 104
60) = 11.
F ggg{l> 60) = 11.97
F 1, 120) = 11.38
.999( 2 ) 3
Correlation

For each passage, a second saiiple from the population was used.
coefficients obtained between x© and y were higher than the correlations between

x and y for these groups.

in Table 11.

F values were significant.

The analysis of data using
the model y = ax2 + ¢ over each passage for the cross-validation groups is summarized

:
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Table 11

Analyses of Data Using Linear Regression Model

2
y = ax + ¢ Over Each Passage for Cross-Validation Groups

Fassage
1 2 3 L 5

Regression Coefficient a 0.0017 0.0023 0.0013 0.0016 0.0014
Intercept 7.9980 4.4859 3.7856 6.5560 8.1324
r = Correlation -

Coefficient 0.64 0.78 0.77 0.69 0.70
r = Coefficient of

Determination 0.41 0.60 0.59 0.48 0.49
Std. Error of Estimate 5.0l 3.35 3.83 3.26 L.07

F for Sig. of Regression 68.86 170.47 140.29 100.17 109.13
df Error 98 112 98 108 112

F.999(1, 60) = 11.97

F.999(l, 120) = 11.38

After the regression equation fcr test results over each passage was obtained
for both validation and cross-validation groups, the regression coefficients from
each equation for one sample were applied as weights to test results from the
other sample. The regression equation was calculated using weighted scores.

There was evidence to support the hypothesis of significance of regression in
each case, (see Table 12).
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Table 12

; Correlations and F Ratios Obtained by Double

Cross-Validation Using Model y = ax2 + c

Multiple Correlation Coefficients

Group 1 2 3 L >

SRR T 3 T v T 4 R T TR B N SR TR L T T L TR L S T I S N LT R . N I, T3

Sampie 1 0.63 0.73 0.66 0.71 0.78
Weights 1

K
d
g

3

Sample 2 0.63 0.76 0.81 0.69 0.64
Weights 1

Sample 2 ) 0.64 0.78 0.77 0.69 0.70
Weights 2

Sample 1 0.60 0.70 0.66 0.69 0.71
Weight 2

F for Significance of Regression

, Sample 2

? Weights 1 63.00 154 .82 180.40 96.89 78.96

; df Error ‘ 98 112 98 108 112

1 Sample 1 B

j Weights 2 62.01 107.45 84.36 105.55 107.35
df Error 109 109 107 113 104

Note: Sample 1: validation group; Sample 2: cross-validation group;
Weights i refers to weights from linear regression equation using Sample i.

F‘999(1, 60) = 11.97
F.999(1, 120) = 11.38

Although F values were lower using the model y = bx +c than for the model
y = ax2 + ¢, they were highly significant. The correlations obtained using the
model y = bx + ¢ are summarized in Table 13. For each passage, correlations
obtained from the different sample groups were compared. Since the t statistic
cannot be used with correlations (r # 0), z was used (Ostle, 1963). Obtained
z values were 0.17, 0.61, 0.97, 0.53, and 1.27. In testing the null hypothesis of
equal correlations, the value of z required for significance at the 0.05 level was 1.96.
Thus, there was no evidence to suggest rejection of the hypothesis of equal correlations. j
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Using a z transforiiation, the average correlation of the correlations obtained j
using the validation groups for each passage was 0.69. Using a 2z transformation, :
the upper and lower confidence limits (¢ = 0.55) were found using the cross-
validation groups. In each case, the average correlation for the validation
group was contained within the confidence interval using the cross-validation group.

Table 13

S 7 e i S ik Dt M

Correlations Obtained Using Model y = bx + ¢

gty

Passage

1 2 3 Iy 5 }’
r, (Validation Groups) 0.62 0.71 0.6k 0.69 0.78
r, (Cross-validation Groups) 0.6k 0.75 0.71 0.65 0.70 :

Z values 0.17 0.61 0.97 0.53 1.27
Upper Confidence ILimit® 0.7k 0.82 0.80 0.7k 0.79
Lower Confidence Limit® 0.50 0.65 0.61 0.52 0.60 .
% = 0.05 with cross-validation groups j
&
z . =1.96 ‘

975 g

Main Hypothesis 3: Groups 1' through 5' and 1" through 5" were the two
independent samples from the populaticn used to rank the cloze tests and comprehension
tests. Table 1t includes the méans and reliability of cloze test rankings across
3 sample groups. The product-moment index of relationship between the twc sets of 3
: neans was 0.9G. Table 15 includes the means and reliability of comprehension test %
: rankings across samwple groups. The prcduct-ionent index of relationship betwezn
; the two sets of ieans was 1.00 (rounded from 0.9983).
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Table 14

Means and Reliability of Cloze Test Rankings Across Sample Jroups

Means® Correlation
Passage Validation Cross-Validation rb
1 . 69.48 70.34 0.99
2 56. 50 55.89
3 71.35 T2.°77
L 52.02 47.05
g 62.73 62.63

%Means are weighted according to the number of subjects in each grade over
each passage
br = Product-moment coefficient

Table 15

Means and Reliability of Comprehension Test Rankings
Across Sample Groups

——— = — ———
Means® Correlation
Passage Validation Cross-Validation rc

1 - 17.13 16.75 1.00°

2 12.80 12.20

3 12.38 11.32

L 11.63 10.66 .
5 14.87 - 14.33

%Means are veighted according to the nuiuber of subjects in each grade over
each passage.

bRounded from 0.9983

c . .
r = Product-moment coefficient

:
|
3
|
|
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Main Hypothesis k: Figure 1 contains a comparison of the imeans of cloze
tests and couprehension tests for the validation groups, cross-validation groups,
and Groups 1* through 5% for all passages. For all three sets of groups, four of
the five passages were ranked the sa.ie by the cloze test means and comprehension
test means. However, for the fifth passage (P(3)), the cloze test mean and
comprehension test iean ranked the passage quite differently. The cloze test
ranked the passage easier than the coaprehension test for all three sets of groups.

Correlations between the means of cloze test and comprehension test results
are summarized in Table 16. The correlations were 0.54 for the validation groups,
0.51 for the cross-validation groups, and 0.83 for the combined groups. In testing
the null hypothesis of no correlation, the values required for significance at
the 0.05 and 0.10 levels were 0.38 and 0.81 respectively. Since the observed
values did not exceed the critical values (¢ = 0.05), there was little evidence to
support the hypothesis of significant ccrrelaticns.

Table 16

Correlations Between Ranking of Cloze Tests
and Ranking of Comprehension Tests

Groups Correlation Coefficient
a
r
Form 1: Validation Groups 0.5k
Form 1: Cross-Validation Groups 0.51
Forms 1 to 5: Combined Groups 0.83

a'r = Product-moment correlation

An r of .81 is significant at the 0.10 level

An r of .80 is significant at the 0.05 level
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Note 2: The top 1ine in each set graphs cloze test means, the

bottom line graphs couprehension test means.

FIGURE 1

COMPARISON OF MEANS OF CLOZE AND COMPREHENGION TESTS

FOR DIFFERENT GROUPS
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Conclusions

Conclusions Related to the Design. Three hypotheses were tested which checked
factors related to the design of the experiment. First, the procedure of using
only one cloze for:i to test the validity of cloze tests as ireasures of reading
comprehensibility seemed justified. This conclusion resulted {ro.: analyses of all
cloze forms over the same passage. There was no reason to believe that cloze
forms over the sane passages have unedqual means and unequal variances.

A second Tactor which related to the design of the experiwment was the effect
of the cloze test treatuwent on couprehension test scores. There was no evidence
to suggest differences in means of scores on comprehension tests for groups of
subjects who responded to a cloze test over a passage different from the one tested
by the comprechension test. Therefore, it was concluded that cloze test treatments
did not unduly sensitize subjects and cause the subjects to respond differentially
to comprehension tests as a result of completing cloze tests over the passages.

A third factor vhich was studied was the role of reading and studying passages
on comprehension test results. It was hypothesized that, if the comprehension
tests were tests of comprehension and not merely of former knowledge, there should
be evidence of different responses for subjects who read and subjects whc did not
read the passages. Therefore, results for subjects who read and studied the
passages over which comprehension tests were written were compared with results g
from subjects who did not read the passages. §

2 a e ot e g YaNh AV SIS LA I, e N by AT LY

For all five passages, the hypothesis of equal means on comprehension tests
for these groups was rejected. For four of the five passages, the differences
between means for groups who read and those who did not read wers very large.
Since the higher wmeans were found for groups in which subjects read and studied
the passages, it was concluded that the comprehension test scores were not only
a result of background of subjects, but also a result of reading and studying the
passages over which the tests were constiructed. Thus, there was no evidence to
reject the hypotheses related to the design of the experiments.

Results suggested that: (1) for each passage it is suificient to use one
form of cloze tests for validation of cloze tests as measures of reading
comprehensibility, (2) the cloze test treatrents do not sensitize subjects so as
to affect responses on comprehension tests, and (3) reading and studying passages
affects comprehension test results.

e I " i e S tmt L B ST\ DDA LA P o o hn domn® 0 o Y P % YA ok A Pa LM o A

Conclusions Related to Main Hypothesis 1. In all instances reliability
coefficients were greater than 0.90. Thus, it was concluded that cloze tests
were highly reliable when reliability was measured by the K-R formula 20.

A conparison of reliabilities of responses by large and small groups was
made over the saiie cloze tests. The .;aximum fluctuation of correlation coefficients
was found for Passage 2, but the fluciuation was small. Thus, it was concluded
that reliabilities obtained from cloze test results using small groups of approximately
: 30 subjects were similar to reliabilities obtained from cloze test results using 3
3 larger groups of approximately 200 subjects. 3
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A factor vhich undoubtedly contributed to the high reliabilities was the length
of the tests. Only a few items had a difficulty level of 1.00 or 0.00. Aftar
eliminating the extreme ends of difficulty, each test included more than 100 items.
With so many items in a range which allowed for discrimination by subjects,
religbilities were high.

Unlike wultiple~-choice items having n choices which allow correct responses
to l/n items ©o be due to guessinz alone, correct guessing on cloze tests resulted
from correct choices of words existing in the minds of the subjects or from tokens
in close proxiiity to the missing tokens on the cloze tests, and not from correct
guesses of alternative-responses on a test. Since the replace:aent set arising
from both the subjects' background and the tokens on cloze tests was large, the
error created by guessing & correct response was small. t appeared that the
number of itewms replaced co:rectly by guessing alone was nearly zero for cloze
tests. The fact that correct responses due to guessing were held at a minimum
was one reason for the reliabilities of cloze tests being higher than the reliabilities
of multiple~choice tests.

For four of five cloze tests, the average percent of subjects responding to
the last five items on each test was sinilar to the average percent of subjects
respond .ng to a randoin selection of five items froir the rest of the test. However,
on Passage 4 the percents were different for the last five items and the random items
respectively. The fact that some subjects quit before others could cause an
increase in both the item discrimination values for the last items of the test and
the test variances, thus resulting in an apparent increase in reliability.

In sumary, some of the intrinsic characteristics of the cloze tests which
seemed to contribute to high reliabilities were the length of the tests, the
near-absence of the guessing-factor, and the distributions of iteir difficulty.
One extrinsic factor which could have caused spurious reliabilities for the cloze
test over one of the passages was the quitting-factor.

The X-R 20 coefficient for 28-item comprehension tests over all comprehension
test groups in which subjects read the passzges prior to taking the tests were
greater than 0.77. It was concluded that comprehension tests were reliable
criterion iieasures when religbility was measured by the K-R foruaula 20.

The coefficients for groups in which the subjects read passages different
from those they were tested on ranged frow 0.82 to -0.08. The low reliabilities
were anticipated for these groups since errors due to guessing were magnified.
The comprehension tests were written to test the amount of information gained through
reading. The content for the passages was unfamiliar to the subjects in the
experiment. Therefore, it was difficult for subjects to respond correctly to
questions by using their former knowvledge. Since guestions were multiple-choice,
correct responses to items could be g result of correct guesses. As a result,
there was additional variation in responses from one iteii to another which lowered
reliabilities.

The reliabilities of multiple-choice tests were high; however, they were not
as high as the reliabilities of cloze tests. Two reasons which seewed to account
for part of the differences in reliability coefficients were: (1) the length of the
tests, and (2) the errors due to guessing which were present in the multiple-choice

T mprehension tests.
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Conclusion Related to Main Hypothesis 2. The equations calculated for each
passage using the model y = ax€ + bx + ¢ showed that multiple correlations were
large. However, for each equation, there was no evidence to suggest that the
regression coefficients for the x terms were different from zero. Consequently,
X vas removed from the model. New equations were calculated using the model

y = ax2 + c.

As a method of further validation, a second samplz from the population was
tested on each rassage. Using the new model, the multiple correlation coefficients
and the amount of accountable variances were large and about the same sizes as
with the original samples. Regression coefficients using one sample were applied
as weights to the other sample. In all cases, multiple correlations were large.

Therefore, it was concluded that a model was found which described the
relationship between cloze test and comprehension test results. Within the
limitations imposed by comprehension tests, the model y = ax® + ¢ was appropriate
for the data.

However, one of the limitations of this study was the distributions of the
sunjects' scores on comprehension tests. As was pointed out earlier, these
distributions were skewed. The affect of the skewness on the relationship between
cloze test and comprehension test scores is not to be discounted. Whenever two
sets of scores are correlated, the size of the correlation can be restricted by
different shaped distributions. Since the distributions of four comprehension
tests were skewed toward the left in the scatter diagram depicting the relationship
between comprehension test scores and cloze scores, y was skewed toward the lower
end of the graph in the relationship between x and y. Consequently, a curvilinear
relationship resulted which was not due necessarily to the variables being measured,
but could have been due instead to the distributions of the criterion measures.

Another linmitation, not independent of the first, which may have contributed
to the curvilinear relationship was the guessing-factor. The possible range of
subjects' scores on cloze tests was 131 with a negligible guessing-factor; the
possible range of subjects' scores on comprehension tescs was 29 with a high
guessing-factor. Since there were 28 items of five responses each, the most
likely minimum scores due to guessiiig on comprehension tests distributed around
5.6, not 0. As a subjects' knowledge cf the content increased, fewer of his
responses were guesses. As g result a floor was created at the lower left-
hand corner of the scatter diagram.

This discussion of the effect of skewness and the guessing-factor on scatter
diagrams of cloze test and comprehension test scores points out reasons which may
have accounted for the curvilinear relationships between the two variables. A
study of the graphs revealed that the linear and quadratic curves departed from
one another in the lower left-hand regicn of the graphs, while in other regions
the curves nearly coincided.

In conclusion, within the limitations imposed by the comprehension tests,

model y = ax2 + ¢ accounted for a little more variance than the model y = bx + c.
However, if these limitations were eliminated, the simpler model y = bx + ¢ appeared
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to be equally appropriate. The use of the comprehension tests with only 28
rultiple-choice responses placed a restriction on the responses. Because of this
limitation, it seewed appropriate not to reject the model ¥y = bx +c as the model
of the prediction of comprehensibility from cloze test responses.

The amount of accountsble variance using the model y = bx *c was large. A
further study of this model revealed that correlations for the validation and
cross-validation groups over each passage were not significantly different. A
correlation coefiicient of 0.69 was found as the average correlation coefficient
acress all five passages for the validation groups. Confidence bands were placed
on the correlation coefficients for the cross-validation groups. In each case
the average correlation coefficient, 0.59, was contained within the confidence
band. It was, therefore, concluded that the correlatic. coefficient of 0.69 was
a good estimate of the relationship between the cloze tests and ccimprehension
tests over passages.

Conclusions Related to Main Hypothesis 3. In general, it was found that
ravkings by means of cloze tests and comprehension tests are reliable measures
since the rankings by means were nearly the same for different samples of the same
population.

Conclusions Related to Main Hypothesis 4. Although the correlations between
means of cloze tests and comprehension tests did not reach the desired level of
significance, they were high (validation groups. 0.54; cross-validation groups,

0.51; and combined groups, 0.83). Because of their magnitude, it was concluded

that a relationship between cloze tests and comprehension tests was probable,

but that the strength of this relationship could not be determined because of the
small sample of passages used in the study. Correlations were high enough to

warrant further study of the relationship between cloze tests and comprehension tests.

An inspection of the means of cloze tests for the validation and cross-
validation groups and the cloze tests over all five forms revealed that: (1) for
Passage 1, the wean of Cloze Form 1 was smaller than the mean of the other forms
over this passagz, and (2) for Passage 3, the mean of Cloze Form 1 was larger
than for the other foris over the passage. Therefore, when a single form was used,
Passage 3 was ranked easier than Passage 1. However, when the five forms for
each passage Were averaged, Passage 1 was ranked easier than Passage 3.

In addition, using only one form resulted in a lower correlation with the
eriterion measure than using all five forms. Tn all cases, the wean of the comprehension
test over Passage 1 was greater thain the mean of the comprehension test over
Passage 3. It was concluded that an average across the five cloze forms over a

single passage was a better index of the passage difficulty and a better correlate
with the criterion measure than the iean of only one cloze forii.

For four of the five passages there were no jnversions in the ranking of
cloze tests and comprehension tests by means. However, for Passage 3 the mean
of thz cloze test scores was the largest or second largest mean of the five
meais, and the mean of the compirehension test scores was the second smallest
wean. The topic of Passage 1 and Passage 3 was matrices. For both passages it
apneared that the rciundancy of matrix symbols and numbers in the passages made
it vasy to respord to the cloze tests.
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In Passage 1, only one topic was presented, the multiplication of watrices.
By contrast, in Passage 3, the topics presented included uatrix adéition, subtraction,
multiplication, identity element, caacellation law, and other topics. Passage 1,
2, b, and 5 were written to be used rith school children, put Passage 3 was written
as a. summary for the general public. Passage 3 contained so .any new topics that
subjects were not able to learn andé respond to a comprehension test over all of
the topics at once without confusing the concepts. When subjects responded to
topics one at a time on cloze tests, they did much better than when they sorted
and r.sponded to thewn on coiiprehension tests.

e

In conclusion, higher correlations were obtained when five cloze tests over
a single passage were used than when only one cloze form was used. There were
no inversions in the rankings of cloze tests and comprehension tests for four
of the passages. Only for Passage 7 was there reason to suspeci the relationship
between cloze tests and comprehension tests.

Suwsary
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Results of this study supported the hypothesis that cloze tests over
mathematical English passages are highly reliable measures and salid rredictors
of the reading comprehensibility of uvatheiatical English pascages for the grades
tested. An average linear correlation of 0.6S was found to represent the relation-
\ ship between cloze test and comprehension test scores. This correlation may urder-
: estimate the relationship between the tests since a quadratic sodel accounts for
- nore variance than a linear model. However, the additional variance way be due
to guessing and subjects' distributicns on comprehension tests.
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Using double cross-validation techniques, it was found that correlations were
similar for the different samples tested over the same passage and for sa:iples
tested over different passages. Therefore, conclusions concerning the use of cloze
tests as predictors of comprehensibility were strengthened.

Cloze test means over mathematical English passages were ranked the same by >
different samples from the same population. Thus, it was concluded that the
ranking of cloze tests is a reliable :.easure. Since the nuber of passages used
in this study was only five, conclusions concerning the validity of cloze tests
as measures of difficulty are tentative. Cloze test .eans were ranied the same
as comprehension test means for four of the fisre passages. Consequently, there
is enough evidence to suggest thne n.<bavle conclusion that cloze tests are valid
predictors of reading difficulty for mathematical English passagss.
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