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‘and by an algorithmic method. These items Wwere then organized into tests and

administered to 24 college students before and after they had studied the instructional
materials,’

. ]
» .

In this replication, the *tosts were ‘administered to 249 high school students, and
results were combined with those obtained earlier. This provided stable estimates of -
. item dmiculty Results Supported those obtained earlier. Thus, it appears that this

item-writing technique is feasible and that algorithmic methods of generating foils
produce items dt reasonably good quahty.
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FOREWORD . ) B
_ This research -and development was ¢onducted under the sponsorship of .the Defense
*  Advariced Research Projects Aggncy and is related to studies of criterion-referenced
testing being conducted at this ,Z:ntei. Information resulting from this testing will be
incorporated in a testing manual being prepared by the Navy Personnel Research and
Development Center. This manual will 'be used operationally by the Chief of Naval -
Education and Training, the Chief of Naval Technical Training, and the Chipf of Naval
Education and Training Sypport. ‘spec‘iﬁ(‘:ally, the Instructional Progri\r velopment
. Centers). _ . / . '
A previous report, NPRDC TR 78-23 of June 1978, described the béginning phases of 7
a contractual effort aimed at examining the qualities of {est questions written from a )—
‘'variety of methods. is report describ® a replication and ‘extenston of that work. -
Results will be considered in further development of algorithmic procedures for generat-
ing test questions fjom prose materials. C! : L

~ Appreciation is expressed to Dr, John R. Bormuth of the Un'iverSit'y of Chicago, and
© Dr. Jason Millman’of Corneéll University, who were consultants for this project.

~
- X

Dr. l’_at-Anfhon)/ Federicp of this Centet served as the Contracting Off‘cef Technical
Representative, . ‘ ' T * .
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DONALD F. PARKER
" @ommanding Officer
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LR . . : - * “» . . . .
Meqt\oqs‘for writing test stions or items, particulacly for criterion-referenced
testing, are needed that.are (m:ased on a logically defined relationship between ‘the
instructional materials and the test,items written to assess learning: from' those materials,
and (2) capable.ot producing items that can be easily replicated by many test developers.
Such methogds should allow tests t6 become more sciéntific instruments and contribite to’

the ladvancement of instructional Yesearch, educational ®/aluation, and the use of test

data in forming public policy. - . : .

A}

In an’ earlier study (NPRDC TR 78-23), an attémpt was made to refine a method of

objectively generating multiple-choice test questions by transforming sentences from
prose instructional materials and developing foils or question alternatives by an\ al.
gorithmic method. In that study, selected ipstructional material wts computer-analyzed
to identify high information .words--those that are relatively rare-in American Eng-
lish-and, to determine the text frequency of those words. Twenty high information nouns
and adjectives--10 rare singletons, and 10, keywords--were selected for use as questions
‘words. ° Singletons are high information. words that occur .only' once in a passage; a
keywords, those that otcur more than once. Twenty sentenc®s were then selected fof
.transtdrmation into itemg by four item writers. Five of these sentences ‘included rare,
.singleton nouns; five, rare singleton adjectives; 5ve, keyword nouns; and five, keyword
adjectives. . c ‘ o . ‘

The four item ‘writers transformed the selected sentences by éub'stl ting the question
words with wh-words (who, what, etc.), and generated item" foils or reshonse alternatives
both informally and with an algorithmic methdd. This regfited in 160 items--20 selected
sentences transformed by four item writers using. two- foil methpds--that were organized
into eight 20-item test forms. ' These test forms were gdministéred to 24 subjects--three
to each form--before .(pretest) and after (posttest) they studied the instructional
material. Care was taken to ensure that students completed different test forms on the

- two test occasions. .Average pretést amtl posttest item difficulty, as determined by .the:

-+ percentage. of subjects who answered the question correctly,.were computed for items (1)

" produged. by each of the four writers, (2) derived from each of the four types of question
words, and (3) with foils generated by each of the two methods. '

’ . . .
Results indicated that rare singleton nouns and adjéctives and keyword adjectives are
~ promising candidates for use as question words in developing questions that test learning
from prosé. Keyword nouns, however, are not good candidates.._It was concluded that the
methods used to generate foils algorithmically wete feasible. Although foils produced by
.these methods were somewhat easier than those generated by item writers, they still
appeared to produce a significarmt shift in difficultygfrom pretest to posttest when
instruc.t;lon'Was provided between testing sessions. _— .

» .
& . L . ! ! ’

L

IQPurEE‘ e . ‘ . . . . |
, The purpose of this'smdy was to extend or replicate the earlier study. It is expected

that the results will form the basis for additional development of algorithmic procedures '
Hor generating test questions from prose materjals. - N :
.
i N * . ». " ‘
\ . \
» I\ ' ';‘" ' f 4
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Approach o/

. 1 The eight forms wg’re administered to 249 high school students before and after they -

e had studied the instruttional material. For bot pre- and posttest, about 30 students were
randomjy- assigned to each of the-test forms. Care was taken, however, to ensure that the
forms gdministered to each subject on the two test occaslons wete dlff,?renlt. '

: ‘ g . - -

- Tg obtain stable estimates of item difticalty, test results from the earlier study were °
combined with those obtained in this study. Thus, the total number of subjects was 273
(28 *college students and 249 high school students). A repeated measures andlysis of -
variance was used to examine differences4p item difficulties between (1) the four item °

e e weters;—{2) -the-two parts—of —speech ofquestion wortls, (3) the two types of text
‘ ; frequencies (keyword and rare singletons), (4) the two foil types, and.(5) the two gest
occasions, X ; S - ,

-

Results !

I Items bised on rare singleton nouns and adjectives and” keyword adjectives
_showed a significant change in ttem difficulty from pretest to posttest, indicating that
such items are useful .in learning from the type of prose used in the study. -

2. Items derived from keyword nouns produced-low quality items,‘p(imopily becayse -
the sentences they-occurred in were usually introductory sentences of eral nature, '
. . 3. The two types of foils proved to be almost eqhally effective for_fearning, as .
v evidenced by the similarity in posttest item difficulty.. Those generated by item writers, .

" however, were considerably harder on the pretest and showed a higher change in item

‘dif!igulty from pretest to posttest than did those generated algorithimically.

/

_ 4. - No significant differences between itam writers were fdund, indicating that the
sentence transformiation. methods employed apparently’ neutralized the ‘effects .of item
" writer bias that has been found in other studies of item, writing. , :
 donqiusions’ N DR

*
t

'The concept of using a corhputer-based algorithm to Analyze prose instructional .
materidls and to identify high information words appears ta be workable.. High
information rare. singleton npuns or adjectives, as well as keyword adjectives that occur
. \ Do more than three times, appear to be good candidates for question words. Keyword

cur in.

¢ nouns, however, apparently are not. good candidates, particularly when the'y‘ oc
- general introductory sentences. ~ i \ ‘ o ' \ :
Recommendations ’ ' * S '

.
v ]

: 1> Rare singleton nouns.and adjectives and keyword atjectives that occur infre-
quently in instructional materjal should be used to elect sentences from prose. passages

! - Tor transformation into questions that measure feading comprehension. Keyword nouns
should not be used, particularly when.they occuf in general introductory sentences.

> : 4. Methods of ' algorithmically generating foils for multiple-choice versions of ‘
‘ . sentence~derived questions siguld- b\e further. refined arid applied in a variety of subject

, ‘Mmatter areas,
_ T Ny
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e . N
’ INTRODUCTION - ‘
Al - \ ' ) . .
Problem - . s . -
e . - !
Methods fot writing ' test Tgestions‘ or items, partiéularly for criterioh-refere_nced . }
testing, are needed that are (1) based on a logically defined relationship 'between the ' -

L inSt_r'uction__al materials ahd the test'items written to assess learningdrom those materials,
’ (2) defined by a set of operations open to public inspection, capable of- producing - -
items that can.be easily replicated by many test develope uch methods should allow .

J tests to become. more scientific instruments and contfFibute to the advancement of

-t

C e - instructional research, educational evaluation, and the use of test data in forming public
- ’_\\\ policy: o _ . .. . DR A
_ Background . | : . ' )
i ' - '

Roid and Finn (1978) attempted to refine a method of objectively generating
multiple-choice, test questions by transforming sentences from prose instructional mate- - o
rials and developing foils of questiop alternatives by an algorithmic method. A prose '
passage on insect development (see appendix), which was written for approximately the K

o high school level, was selected fpr use inthe Roid and Finn study. Items &tems and foils)
, . to test learning frorh this passage were develeped using the following procedure:
' 1. The selected .material was computer-analyzed to identify high’ information
. words--those that are reldtively rare in American'English--and" to determine the text
frequency of those words. Twenty high information nouns and adjectives--10 “rare’
- singletons and 10 keywords--were selected for use as question words. Singletons are high
-information words that occur only once in a passage; and keywords, words that occur more \

. than once. \ o

- ) ’ N : s . . . .
2. Twfenty .sentences were then selected for «transformation into multnple-ehoncg
items by four item writers. Five of these séntences included rare singleton nouns; five,
N - rare singleton adjectives; five, keyword nouns; and five, keyword adjectives, .

.
LS.

3. The stems for these multiple-choice-iteins were produced by substituting the
question words® with wh-words (who, what, etc.). For example, the rare singleton
"silverfish" appeared in the following sentence: "The most primitive insects, such as the ..
silvertish, do not go through metamorphosis." _For this sentence, one writer produced the
following item stem: "The most primitive insects, such as what, do not g0 through

' metamorphosis?" Next, for each of the 20 stem items produced, each writer produced
two sets ‘of foils or alternatives. One set was produced informadlly by the writer; and the
7 , other, by an algotithmic method. For example, for the above item stem,. the writer/au-

thor ‘produced the following foils:

-

. L
a. Informally--Butterflies, Silverfish, Canine, and Cicadas.”™, ’ T
) b. Algorithmically--Silverfish, Females, ‘Individuals, and Wasps. )
) ‘This process resulted in 160 multiple-choice items: 20 selected sentences trans- /.

formed by four item writers using two foil methods. For a given instance, the stems, as
well as the foils produced informally by the writers, were,comparable but not identical.
The * foils -produced algorithmically, however, were the ~same agr‘oss items/writers.

Examples are provided in the appendix. . . N

'y . *

)
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singleton and keyword nouns, those selected as guestion
y using.the method deYeloped by -Fredericksed (1975),
i .+ gl | u - Jo illustrate, using th method, the singleton noun’
"silverfish" would be classified as a concrete, progessive; animate noun (41).
n'the passage that also met this classification were then

Those selected as foils for "silverfish" wsing this

siogleton gnd keyword pouns in- th
selectad ‘at random_to ‘create foils,
( nd "wasps;“-as_indicated above.: ' .- [

' e

-+ To generate fails for the rare

words were classified semanticall
. . ¢ .

which is.. shown (n Figure 1.

a

method. were "females" "indixiduals,"
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Figure 1. Fredericksen's semantic classification of nouns,
- . .

-

To generate foils for the adjective question words, all rare singleton and keyword
adjectives in the prose passage {not Just those selected as question words) were Flassified
using semantic differential techniques (Nunnally, 1967, pp. 336-538). In rese
these techniques,. adjectives are typically classified based. on their (1) evaluation (e
good or bad), (2) potency (e.g., strong or weak), (3) activity (e.g
tamiliarity (e.g., simple¥or complex). In addition to these four categorles, rare ‘singleton.
gd keyword adjectives in the prose passage were classified according to whether or not
they could be considered as "technical" words. This latter category is particularly useful
in technically-oriented material, particularly for grouping adjectives that relate ‘to a
certain noun, : }

ch using

.
A

e

After these adjectives were classified ¥
analyzed as to their familiarity, using the Dale-
they were included in that list, the
and, thus, too easy. Approximatel
as foils. From this group,

cordihg to these five categories, they were
Chall (1948) list of 3000 familiar words. /1f
y were not used as foils because they were too familiar .
y 50 adjectives passed this screen and qualified for use
foils -were developed by randomly selecting tHose having'the

™

©  (LENGTH, POUNDS, SIZE)

J
S

-+ fast or slow), and (4) _



\ ‘ . . . .. :

* . ' . ) ’o . . ' ' ' . " .. L '
same classification as the adjective questiom words (i.e,, as to elevation, potency, €tc.).
*For _cx%mple, tRose selected for the rare singleton "pupal" were "nymphal," "parasitic,"

and Yinséct" (see appendix). ;

From the |6Q.items, eight 20-item-test forms were ‘developed. Each test included.
five items' generated from rare singleton nouns; five,-from’ keyword nouns; five, from rare
singleton adjectives; and five, from keyword adjectives. 'In addition, test forms were .
orgahized sq that each included tive items from each of the four item writers, teg items
with foils generated informally by the item writers, and ten.items.with foi)s generated
. algorithroically. The internal consistency reliability estimates (Kuder-Richardson Reli-
abBity Formula Number 20) averaged .63 for these test forms. ‘

The . eight formhs were administered to 24 students from the Oregon College of
Education before (pretest). &nd after {posttest) they had studied the prose passage on
insect-development.  For both pretest and posttest, three'subjectt were, randomly assigned’
to each of the ¢ight test forms; care was taken, howewer, -to ensure that the pretest:and
posttest forms administered to each.student ‘were different.

Average pretest and posttest item-difficulties, as determined by the percentages of |,
students'who answered the itam correctly, were computed for items (1) produced by each
of the four writers; (2) derived from each of the four types of question words, and (3) with
foils either generated informally by the writers or algorithmically. Also, a nonparametric .
analysis of variance (ANOVA) (Wilson, 1956) was-used to examine differences in item i
- difficulties between (1) the four item writers,‘Z) the four question wogd types, (3) the two
foil types, and (4) the two test occasions. B N .

_ Results showed that items based on rare singleton nouns and adjectives.and keyword
adjectives showed a significant change in item. difficulty from pretest to posttest,
- indicating that such items are useful in learning from the type of prose used in the study.
Items derived froml keyword nouns, however, produced low quality, items, primarily
* becausé the sentences they occurred in were usually introductory senténces of a general
nature, :

The twp types of foils proved to be almost equally effective for learning, as
-evidenced by the similarity-in posttest item difficulty., Thus, Roid and Finn concluded
‘that the methods they usedyfor generating foils were feasible. Although foils produced by
these methods were somewhat easier than those generated by item writers, they still
appeared t6 produce a significant shift in difficulty from pretest to posttest when
instruction was provided between testing sessions. ' :

Finally, the results of the ANOVA showed a strong mean’ effect for test occasions,
which indicates that all types of items were effective for learning. There was also a main
effect for word type, which“was caused by the easier items derived from keyword nouns,
as noted above. 'Finally, there were two significant three-way interactions: (1) writers by
word type by pretest-posttest and (2) writers by foil types by pretest-posttest. The first
was caused, by variations in item difficulties in items produced by the different writers; .
and the second, by the fact that one writer generated better foils than the others.

' . = .

Purpose

\ The purpose of this study was to extend or replicate the Roid and Finn study, It is
expected that the resylts will form the basis for addlitional development of algorithmic
procedures for generating test questions from prose materials. ' ‘ -

-~
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' . .N\_. . - APPROACH / !
..Sub'iects - \* | ! '

N ) T . t . Lo . - o
The eight forms developéd in the Roid and Finn study Were administered to 249§ gh
+ school studengs before (pretest) and after (posttest) they had studied' the passage on ifsect
deve{:)pmen - For both pretest arid posttest, approximately 30 subjects were randomly
assighed, to €ach of the eight test forms. . Care was taken, however, to ensure that the -
pretest and posttest forms administered to each subject were different.
Analysis . . : - 'ﬁ.

For purposes of analysis, test results from the earlier study were combined with those

. . obtained in this study. Thus, the total number of subjects was 273 (24 college gtudents
and 249 high schogl students). Since the number of subjects reponding to eath test form
varied from 27 to 38 on the pretest and from 23 to 33 on the posttest, it was possible to
obtain quite 'stable estimates of item difficulties. -A repeated-measures analysis of
variance (ANOVA) (4 x 2 x g x 2 x 2 factorial design) was used to examine differerices in

- item difficulties between-(1) the four-item.writdrs, (2) the two parts of speech (adjectives i
. and nouns) of quéstion words, (3) the two types of text frequencies (keyword and rare .

singletons), (W the two foil types (writer's choige and algorithmic), and (5) the two test '
‘occasions (pretést and posttest). L : -

}\Vith-_l60- items given on two occasions, the analysis had 320 data points, and"Yive
replications per cell. The ANOVA, which was conducted on the item difficulties for items
in each cell of the design, is useful for determining ¥he "instructional sensitivity" of
items. - A significant main effect for the pretest-posttest factor would indicate _that
pretest diffictities were significantly different from posttest difficulties for all items. A
significant interaction effect involving the pretest-posttest factor would indicate that

. certain types of items differed in the pattern of their pretest and posttest difficulties,

4 - . ' i - ¢

" ' RESULTS AND DISCUSSIQN

-

ANOVA Results . ) - '

Table 1, which presents the results of the analysis of ‘variance {ANOVA) of item
difficulties, shows that the strongest effect was the main effect for test occasions (R)
This finding'indicates that, across all types of jtems, the percentage of subjects gefting .
pretest items correct was lower than the ‘percentage of subjects getting posttest items _ ,
correct. In other words, most items shqwed-instrucflbq;fs,ensitivity. Tabke 2 shows that
* - pretest item difficulties averaged 47.6 percent across all items; and posttest item '
difficulties, 74.4 percent. This indicates that the subjects did learn by .reading from the .
passage, even though nearly half were able to guess the correct answer to most questions
- _onthe pretest. With four-option rhultiple-choice items such as those used in’ this study,
excel)lent items should show pretest difficulties nearer to the level of random guessing
25%). \ X ' -7 ~

4 : ' : . . : .

, Two important findings of this experiment were the main effect of-part of speech (P)
and the interaction of P dnd the repeated measure (RP), as shown in Table 1. An
inspection of Table 3--P and RP interaction effects--reveals that items based on noun
question words were significantly easier overall then were items based on adjec-

- tives--63.6 vs. 36.3 percent. Also, 'the difference between pretest and posttest
difficulties was greater for nouns than for adjectives (29,5 vs. 24.1%) (untabled), which

. v
. . - -~
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Repeated Measpres Analys'Is' of Variance ‘on Item .
Difficulties of tems of Each.Type . .

7 f . . . ' ’ . )
Source ' ¢ df F
W (Writers) 3 .25
F (Foil Type) ~ _ _ 1 A5
P (Noun vs, Adjective) ' - 12:99*
S (Keyword vs. Rare Singleton) 1 v 2,22
, WF - ' 3 . 54
- WP : . 3 1.66
FP - . ' \ 1 .27
WS : 3 1-29
FS 1 1.33
- PS | 14,21+
Vo —- '-"'""WFP'»------—---'-'-‘--'---" e S b D LR PP -:-"'--':'-" B -.--- e ey me _.___.3__.. . .ll. I
WFS . - - 3 .34
WPS y - 3 .25 .,
FPS | .13
WFPS_ . 3 .94
Residual h ' 128 '
, R (Pretest vs.JPosttest) 1 ' - 472.03+
RW . . 3 1.90
-RF . e I 1.37
. RP . - 1 N 4,76%%+
Y RS o ool 1 2.05
RWF* o 3 .74
RWP 3 2.54
RFP | 3.04
- RWS 3 . .43
RFS 1 " 9.25%%
RPS | 20,42+
RWFP ' 3 1.05
RWFS 3 ~- .61
RWPS ) 3 2.63 .
RFPS \ 1 11
RWFPS . . 3 .57
o / ' Residual 128
- *p < ,001.
*#b < ,003.
*#ep < .03,
v Y
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. * - Table 2 s‘ . Y ’ )
" Means and Standard\ Deviations of Item anficulties . | -
on P,retest and Posttest ' .
) . .
- Prétest Posttest
, o % . \ *
Type of Item »  Mean \ S.D. Mean's §.D.
Writet (W) . v e
1 +46.8 . 18.3 71.6 21.4 (
2 49.5 19.2 72.7 .
3 46.7 20.9 75.7 20.2
4o 47.2 19.6 77.5 17.2
Foil (Fk '
aner’s Choncc 74.6 19.4
Algorithmic ' 74.2 . 18.9
Part of Speech (P): '
Noun 80.4 TW|
Adjective 68.4 21.5 -
Stem Type (5) -
Keyword 75.4 16.4
~ Rare Singleton 73.4 " 21.5 "
Test Forms: / 2
1 .5 79.3 20.4
2 .6 81.9 7.6 , - °°
3 W2 77.0 19.4
“ ) 09."' 7“00 2].] '
5 o 2 71.9 16.2 -~
6 .9 72.4 13.4
7 37.] 1908 '670"9 2].2‘ ’ .
8 3 ‘53.1 2005 7009 2].2 ' (
All ltems B A & “7 ?\ % : l9ol‘ 7“0“ / 1901 )
+ ‘,,3 \ '_\ ¥
”
J
v . /
. 3
1% ‘
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% \ . Table3d. . . " Lo 3.
.. 7 . Means and Standard Devlations*of Item Difflcultjes L
R . © for Various lnteraqtion Bffects .
- . ’
I - L . Repeated Measure (R v
[ - g ’ - : - . - - . - & ‘
' -~ Pretest Pdsttest o Average :
Variable . .~Mear}\ S.D. Mean S.D. Mean, ‘S.D.
T : ~ ——— - - . S
| ’ P and RP Interaction Effects
Noun C - 50.8 201 80.% 14.1 65.6 14.7 .
Adjective  * . | .3 18.2 68.4°  21.5 56.3 18.1
Average ' 47.6 194 744" 19.1 61.0  : 17.1
. . N : — N . . p
! PS and RPS Interaction Effects )
Noun-based Item: - ) ' ) \ ' e N
Keyword . 61.3 5.8 /83,5, 12.8 72,8 N32.3
Rare Singleton R 18.6 .7 77.3 14.8 58.8 " 13.8
Adijective-based Item: , ' ) . o y
Keyword ' 39.4 14.0 -, 67.4 15.6 53.4 3.4
"\ Rare Singleton 49.1 20.6 - 69.4 £ 26.3 59.3 21.6
" Average 47.%6 19.6 " ° 4.4 19.1 61.0 17.t K
. . % N ¢ v
RFS Interacfié\Effects . .
Writer's Choice Foil: *.‘.' Ner - o , ) .
Keyword . s2.5- 182 75.3 17.5. 68.9 J6:3 -
. Rare Snpglet n * p 40.2 20.2 74.0 21.4 571 - 17.9 .
Algorithmic F%‘:\\\/ . " / ’
Keyword : 48.2 18.6 75.6 ¢ 15.4 61.9 15.8 .
Rare Singleton /- 49.3 . 19.0 72.7¢) 21,9 61.0 18.1 - \
‘Average ‘ .- 47.6 19.4 74y 19,1 61:0 17.1 '
Note. See Table | forkdefinitions. h - NG
. ' v’ ! .
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{ {
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. “indjcates that noun—basedliten;s had greater instructipnal sensitivity. than gid adj‘e_cvtlve:

basq" “ém&- ’_ PO ) ) ot N )

' \ ; 'An examination of the PS and RPS interaction - effects

60 percent‘for the other types of items. This is because keyword nouns typically occur in
introductory sentences that are very general and that address the main tdpics of the

. entire passage. For example, in, the passage on insect development, the keyword noun
"ingects" appears in the very first senterice, which happens to-be, a very general
ement--"The life of most insects.is’ short but active." Students can usually answer

uestions derived -from this type of senténce without havihg to read ‘the prose passage.

Also, keyword noun .items were relatively easy for subjects to recall on the posttest
(average item ditficulty of 83a8%), possibly because they were mentioned several times in

¥ the passage (see¢ Tahle §).
information content of rare

g

ds is reduced by their high text frequency. Although the
fact that keyword adjecti produced the most difficult items (53.4%) appears to be
incongistent with that shy sis, Table 4 shows that the keyword adjectives occurred
fewer times than keyword nouns. Thus, Finn's hypothesis does apply, in that higher text
frequency was related to the easiness of ftems constructed from keywords. With text
frequencies of 2 or-3, }he keyword adjectives were very close  to being rare singletons.

A1

1 - . ‘ “ v ' ' ' ” < *
[ P Table 4 . R
' ' Question Words Selected from the Passagy . _ 4»,63
o and Their Text Frequency ' : '

" i
N

N "’ Nouns : . : | Adjectives

Rare Singleton + Keyword Rare Singleton ' Keyword
i Instars - ~ Insect (8) : Plant-feeqi;ng ‘l\rﬁmatﬂre 3’
‘- * Cicadas ‘Insects (20) - . Pupal . “Incomplete (2)

Silvertish Metamorphosis (9) . Spine~like Nymphal (2)

Wasps . . Egg (38) Self-made ] ¢ Aquatic (2)

Appetites Adult (8) Worm-like Distinctive (2)

Note. The number appearing.in parentrheses' behind keywords represents text frequency. |
Note. 8 : . ;

!
b |

g The rare s%ton nouns showed a good pattern of pretest and posttest difficultigs.

! They had the highlast average instructional sensitivity--40.4 to 77.3 percent--a difference

' ‘of 36.9 percent. The rare singleton adjectives were somewhat easier on the pretest,
more difficult-on the posttest than were the rare singleton nouns.

. I
N

= As sﬁdﬁn' in Tabie 1, thére, was no main effect for writers (W) or toil type (F), nor was .
there a significant interaction between writers and foil (WF). This redult is soméwhat
. - surprising in that different writers would be expected to write easier. or harder item
‘when they were allowed to choose their own foils. - , RO
ERIC IR -' g g \‘

) : cts in Table.3 further reveals the
source of .the difference, Between noups and adjectives in this study. As shows'),-" the-
- average difficulty of items based on keyword nouns is 72.4 pergent cqmpared to less 'than

is assumption supports Finn's (1977) hypothesis that_the

"..

———— L
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Table |.does.show one intergction (RFS) involling foil type, The means and standacd

deviatiops of item difficulties for that interaction are also included in Table 3. As shown,

wll of the pobsttest theans are very similar. A Newman-Kuels a postegiori test of the

ifferences betweéen pretest item difficulties in this intetaction, however,; revealed that, -

among the Itéms with "writer's cho?" foils, the rare-sifigleton items were more difticult?
" on the pretest than weré the keywor

items (40.2 vs. 52.5%). |

. »

Yariance Between Writers

1Y ‘ 1

whether the difficulties of ifems constructed with, "writer's echoice" foils varied more

The varjability of item ‘?Hiculties across item writers was exahmined to determine
across writers than did the difficulties of items constructed with algorithmic foils. It was

expected. that some writets would, choose very difficult foils for a given ‘transformed

sentence; and others, easy foNs. The algorithmi¢ foils, which were chosen at random'from
matched groups of similar words from the passage, should be free of any item-writer bias,
and, hehce, less variable in their effects on item difgculty.

In exami#ing the variability across writers, the fogus was on each seritence that was
transformed by‘ each writer."_As indicated previously, each of the four item-writers
produced multiple-choice items (stem and foil) for each of the 20 sentehces selected for
transformation. It was, therefore, possible to identify four item difficulties for a given
combination’of sentence and foil téchnique. For example, for the sentence containing the
keyword adjective "immature," the four items generated using the,"writer's choice" foil
method resulted in pretest difficulties of 38, 65, 52, and 3746e%nt respectively, and

posttest difficult'kes-of 67, 63, 74, and 52 percent. The pretest ang/posttest variabilfties

were then calculated across these item difficulties, as shown in Table 5.

.Afte’rr.all_ variances of'item\hifﬁculties across writers were calculated, they were
subjected to’a repeated_measures ANOVA in- which' the dependent variables were the -
.Ratural logarithms of the variances (Scheff€, 1959, p. 83). The.design for this analysis .

was 2 x 2 x 2.x 2 with the following factorss (1) foil type (writer's choice vs. algorithmic),

'(2) part of speech (noun’ vs. adjective), (3) stem type (keyword vs. rare singleton question

word), and (4) the repeated measure (pretest vs. posttest). Surprisingly, results showed

-that there were ho significant, main effects or interactions. For ‘example, even though the

average variability of ‘the writer's-choice foil method was 113.31 percent compared to
73.97> percent for the algorithmic foil method, the differences was not statistically
significant. v , . -

One_important limitation of the present study tha;/slz)uld be mentionéd is that only
four item writers were employed. Calculation of variabilities across only four writers is
Clearly susceptible to the influence of any one of the-four item- difficulties. With a larger
sample of writers, the effects may have been more clearly detecgqplg. T

A

Lo . S ) FONCLUSIONS

*  The concept of “using a computer-based 'alg'orithm to analyze prose instruétional

- materials and to identify high information words (i.e., those that are rare in American

English) appears to be workable. High information nouns or adjectives identified as rare
singletons (those occurring only ‘once in a passage) ‘are apparently good candidates for
question words. High information adjectives identified as keywords (those occurring more
than once in a passage) also.appear to be good candidates for question words, providing
they occur only two or three times. In contrast, keyword nouns gpparently are not good

- cawdidates, particyjarly when they occur in general introductdry sentences;
. ¢ - ' ) - .:*" ‘ . ’

\
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\ - Tableﬁ‘_’ Vo : ot
T * Variabillties‘and St‘ndard Deviations _ |. ' ' '

‘ . ‘of Item Difficulties o

_

e Item Types ! _Pretest ‘Posttest / Average
, Foil Jype: < \ i
Writer's Choice |, Var. 131.39 10f.21 115.31
. ‘ S.D. 11,46 10.06 10.7%
Algorithmic Var. 69.9 S78.24 73.97
L S.D. 8.36 8.85 8.60
Part of Speech: \
Noun Var. 9445 ' 85.63 89.93 °
. sD. .9.72 9.25 9.48, ™
, ,
Adjective Var. 97.30 ~ 92.47 9%.85
g S.D. 9.86 9.62 9.74
{t}m Type: & . -
Keyword Var. 1oz.§ C 87.06 ° 94 .32
- S.D. / 10.1 ' 9.33 9.71 /)
Rare Singleton . Var, 39.93 90.95 . " 90.44
- - S.D. 9.4 S - 9.51 ..
‘ /L ' f 8 975 .
(. >
' RECOMMENDATIONS ) '

|, Rare smgleton nouns and ad)ectlves and keyword adjectives that occur infre-
‘quently in instructional material should be used to select sentences from prose passages

for transformation into questions that measure reading comprehension.
should pot be used, particularly when they occdr in general introductory segtences.

eyword nouns

2. Methods of a]gorithmncally generatmg foils for multiple-choice versions of l

sentence-derived questlons should be furthqr refmed and applied in a V,anety of sub)ect _

matter ar eas

-~
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APPENDIX

THE PROSE PASSAGE USED IN THE EXPERIMENT
AND EXAMPLES OF ITEMS PRODUCED FROM TEXT
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- PROSE PASSAGE

USED IN, THE

EXPER IMENT y
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4. INSECT DEVELOPMENT

The hie of inost msects is short but active. Very
few msects have o life span of more than a year.
By hife span ‘'we mean the time from when the
vt s Lud to when the tully developed wdult dies.
Lets ook at what happens dung thas period.

A ety develop from eggs In most cases
these exgts hatch outade the bixly of the female.
[ the fow canes i which the eggs hatel inside
the female the voung are born “alive.” These in-
sects suchias the aphuds, e sind to be viviparons.
vy vip” ah rus) ]

Invects that hateh from cugs after they have
bren L are sard to be oviparous (oh-vap”-ah-rus).
Maost amsects are oviparous  In“most cases each
vee produces W angke immature insect. However,
ab et speaies of parasitie, wasps (encyrtids),
the cug may prmhu-(- two or more young.

Most et enus are very distinetive. ‘The size,

shape. o color of the egg is_different, in most
cases Yor cach species of mseet, This enables a
prrson whu has made a study of these eggs to
ulentity the msect that laid them .\lmml as casily
as of b had seen the adpght.

Mot invect eggs are hid in o place that ‘will
provide aithier protection or foud for the young.
Protectin s especially important to those insects,
that nverster m the egi stuge. ()vvrwintcring
sect layvs its eggs jn the
late summer or earlyfafk The cgps then are dor-
mant antil the next spring whon they hatch. Most
of the adults of these species are killed by the

sprn )rmluu's new fidividuddeto carry on,
the \p« CHes

S ma phant ,-ivu ‘ng msc;{nuhmhvely lay their
c!gs on plants that the young feed on. This in-

treases the immature insects” chances of survival.

1E this ficld of investigation interests you, the study
and photography ¢f insest eggs might make a
pomd project

\ /*' frost However, théhatching of these eggs in

CAfter reéchimgg the proper 1tn;!o of development, .

ﬂu‘ cgy avill; hateh. Theyoung insect can use a
number of ways to get out of the egg. Some insetts

" : .

3

-

chew their way out. Others have special spinelike
structures, called egg- burstcrs which cut through
the shell. There are some eggs which have special

weak spots in thein. The young insoct escapes
fromn these either by wriggling or by taking in air
and bursting the shell with internal pressure.

After the Egg

After hatehing, all insects, except “w most
primitive, go through a series of steps in develop-
ment. These steps are called metamorphosis. The
word metamorphosis comes from two Greek
words: meta, meaning to change,
mennmp, form: Therefore, metamorphosis ineans
a change in form. This change in form oceurs i
two different wayy, These two ways are called
complete and incomplete motamorphosis. The
alost primitive insects, such as the silverfish, do
not gothrough mefamorphdsis. When they hatch
they look like the® parents in every way Except
that they are smallér. Their development consists
of gmwmg |urg¢'r ‘angd becolmng able to rcpro-
duce. .

Incomplete Metamorohom

Insects which ghow this type of lhet,morphb«is
have young which lad very much like the sglults
of the species. These jmmature insects are called
nymphs With the exception of some aquuhc spe-
cies, the prinupahhﬂcrancu between the nymphs
and adults are in size and the ptesence of wings
(see illustration at the right).
~ Now think Back to the description of the phy-
lum to which insects belong, Arthropoda. Remem.-

_ber, one of the chagacteristics of these animals is

2 hard outer covering called an egoskeleton. The
exoskeleton is made of a nonliving substance

called chitin (ki' tin). Chitin is hard and stiff and
Inside the exoskeleton

has very\ little “stretch.”
therg is vary little room for growth,

In ordep to grow, the nymph nust. escape this
self-made prison. It does this by secroting a new
exoskeleton under the old one, When this new

~ _skin is complete the old skeleton _splits ' down the
: ?

0y

Note. Speéial pe‘rmission granted by What: Ingect: Is That'? published by
‘ Xerox Educatipn Publications, (c) 1965 Xerox Corp. '

2

- ' /*"\

and morpho,



t ’ . . . ' -
\ . .
. . N .
¢ ! ’
" back and the insect walks away and leaves it be- - Let's Get Together

hind. You have probably spen spme of these dis-

Most ansects reproduce sexually. This means
carded skins, called casts, on trge trunks, ’

that to have eggs that witt-hatch, 1 male antd »

. For a time after the insect dfscards its okd skin, female of the species must aate. The question is:
* the. new axoskeleton is soft. This allows the exo- How do they findaael other?
g skeleton to expand and make room for further - _ It has Been known for years that some of the
growth. _ sonnds prade by erickets and cicadas were a type
Fach of the periv "etween molts is called an of mating call Ttis casy to see how these insects
instar. Some nymphs go through as many- as eight get together But what aboat the insects that do
or more instars hefore emerging as adults. not make none; bitterflies, for instance?,

‘ Aquatic species that undergo incomplete meta- -~ At has been'discovered that the temales of these
morphosis must go through one more step in de- species give off o distinctive™ndor. This odor s
velopment. As ny‘mph.! they breathe by means of detectable by male inseets over great distances.
gills. These gills must be teplaced by air-breath- +* The male follows this seent trail hack to the fe-

. ing organs in the adult stage. This is done in the " male
last nymphal instar. When it is time for the adult | This btings to nnml an interesting eyperfwent
to* emerge, the nymph rises to the surface and vor might try. A friend of mine once canght a re-
molts. The fully developed adult steps out of the cently emerged female Promethea moth. He put
‘ . .- Bnal nymphal skin with fully developed organs 7 the female in asereen cage and set it outside his
for breathing air. o window. In less than two hours there were more
N ' than tw enty males hanging on the outside of the
. Complete Metamorphos:s - cage. Why don’t vou try this with other kinds of
" *  This s the type of metamorphosis thnt most insects? It would make a great seicnce projeet,
prople are familiar with. Butterflies and moths Seience has nsed the discovery of these adors to
have complete metamorphosis. There are four help eliminate undesirable inseets. It was found
— distinet stages: egg, larva, pupa, and adult. Since that female cockroaches gave off an attractive (to
the adult's main activity is producing eggs. and male cackroaches) ndor. Scientists have heen able
I'm sure you know what these are, we will spend to reproduce this seent and have fised it to attract*
« our time studying the larva and pupa. . . mulu to trups. v N
The larvae’s main job in lfe i$ to eat and grow.
Thev have huge appetites. Larvae are eyy differ- .. .
’ ent from the,z;ults They do not have compound Exercises
~eves, wings, and usually have chewing mouth How Well Did You Read?
. : part. cven in those orders where the adults have 1. Name and describe the three types of development
b suching mouth parts. insects can go through
A larya may continue to eat and grow all sum- 2..What advanum"e in insect eggs being laid on
mer. As coll weather approaches, it may ‘build a certan plafts?
cocoon and pass into the pupal stage. 3. What i1s metamorphosis? What are the dmeronces_
. Most of these insects pass the winter inside the betwsen complete and incomplete metamorphosis?
cocoon. Because no activity is vnihl t this time,* - 4. What processes take place during the erW!h ot in
the pupa has been falsely called a * tinyg stage.” sects? ! _
Actually a great deal of activity is going on. The ’ S. Can you think of any advnntngel to some insects in
' : wormlike larva is changing into a fully developed being born “ative™?
adult. When the weather is warm again, this adult : Read A More ) '
emerges from the cocoon, mates, lays eggs, 'md 1. Lemmon.\R S., All About Moths and Bufterfties.
o starts the whole procesc nver again: _ . " New York: Rangom House, 1956,
\j;t',l(‘ ' 4 [ ' 8 * - - \
. L ]

: Note. Special permission granted‘by What Insect Is That? publiphed
by Xerox Education Publications; (c) 1965 Xerox Cérp.
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) " EXAMPLES OF ITEMS PRODUCED I'ROM TE#T
/ . . > T t N o
- I. Kdyword Noun--Metamorphosis. Y . C
/ , - : - . '

a. Text Sentence(s): Aftgr hatching, all insects, éxcépt the most primitive,
d go through a serjes of steps in development. These
.steps are called metamorphosis.

b, Items (S}em and Foils) Produced by Item Writers:
(1) What are the series of steps in insect development called?

- (a) Maturation (c) Symbiosis
(b) "Metamorphosis (d) Meitosis

!

(2) What are the éteps insects go. through 1n developnient calledf

Pt

. (a) Metamorpﬁosis . (c¢) Larya
(b) Arthropoda (d) Pupa ' ’
— / i
' » (3) What are a series of iteps in development called?
(a) Reproduction (c) ﬁetamorphosis
(b) Larvae : (d)'Changes_

’ 2 o A OO
(4) What are the series of steps in insect deaelopment called?
3

- (a) Enceyytid -, (c) Arthorpoda
(b) Instar - (d) Metamorphosis

¢. Foils Produced Algorithmically:

Growths

Metamorphosis

Types co .
\ - Activities \ :

2. Rare Singleton Noun--Silverfish.

a. Text Sentence: The most primitive insectg, such as the sllverfish, do
not go through metamorphodis,

b.. Tevems {(Stem and Foils) Produced by Item Writers:

" (1). What does not go through metamorphosis? -The

~ . "(a) Moth (c) Nymphs - :
. ' (b) Silverfis:\\\ N (d) Butterfly .
(2) What do not go through metamorphosis? The most primitive insects,
. ' such as . s . . i
. (a) Silverfish . ~(c)‘Spide}s
(b) Termites (d) Moths

2

(3) wgpt ingsects do not go through metamorphoéls? The primitive, such as

. (a) Eggs "~ (¢) Chitin !
: " (b) Silverfish (d) Butterflies
A-3 |
®K '
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¢

(4) The most primit‘ive inaq.ta, such as what, do not go thrOugh met:amorphosia?

, "(a) Butterflies’ " (¢) Canines T C . ' ’4 )
(b) S$ilverfish . ;“ (D) Cicadas’, o - o
I . -
/‘.. Folls Preduced Algorithmi(’:ally. o . ' - oo
' Silverfish . - - ' |
. Females , . ) -
- .Individunals ' ) . . _ .
o : wa_gps' ' T _ - ) N L.
1. Keyword deectiverhlpmaturg. v A
a. Text-Senrence: In mOBt cases, eacﬁ’égg produces a single immature insect. C
b, Items (Stem and Foils) Produced by Item Writeréz
. Tl. - » X . . . i . .
) (1) What does each egg produae in most cases? A single
. (a) Immature insect (c) Adolescent insect
. & (b) Adult :insect (d) Mature insect -
_ , e
. . . »
(2) What-does each egg produce in fost cases? A single . )
o " (a) Oviparous insect  (c) Mature insect 4 .
(b) Nymphal insect (d) Immature insect®
(3) .In most cases, what.doesléaéh-egg produce? A single
(a) Dormant insect (c) Adult insect , A
(b) 'Adult insect (d) Immature insect . . o
. (4) What does each egg pfo@ce?' single . )
(a) Immature insect (¢) Round insect ;
tb) Mature ubsect : . (d) Adult insect '
cs Foils Produced Algorithmicall§:
Complete insect e ‘
Distinct insect .
Immature insect |
Incomplete insect @
4. Rare Singleton Adjective-—Pugal. .
| a. Text Sentence(s): A 1arva may continue to eat and grow all summer. As A
cold weather. approaches, it may build a cocoon and
pass into the Rupagd stage.
b. ,ltems (Stem and Foils) Produced by Item Writers: .- T
(1) What may a larva do as the cold weather approaches? Build a cocoon
and pass intq the _ ¢ - _
$ (a) Nymphal stage - (c) Pugal stagef;.l ' . ' N T
(b) Parasitic stage (d) Molt stade .. .
- . s . A'l4 ) . ) g "' . )
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(2)_AQ cold weather approaches, a ‘larva may build a.cocoon and pass
fnto what? .

(a) Infant stage
(b) Adult stage

(¢) Butterfly stage
(d) Pupal stage

4

-
(1) Intd what stage m;? the larva puAp ag.cold weather aﬁproaches and
it buitdds a cocoon? tThe o : ae '
, e ) . 1.
' (a)’ karval stage (¢) Skeletal stage
L~ (¢) Pupal stage (d) Nymphal stage .

(4) As Cold weather approach

, what may a larva do? Bulld a cogoon
and pass into the . ' '

(a) Pupal stage (c) Dormant'scage' L .
(b) Hibernation stage (d) Resting stage
) . -, - , . .
Foils Produced Algorithmically:
Pupal stage * g
Nymphal stage P . T
. _ .

Parasitjic stage
lnsect stage

-t .
[
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