
NPRDC TR 80-11 JANUARY 1980 

o 
a) 
o 
< 

-3; 

ALGORITHMS FOR DEVELOPING TEST QUESTIONS FROM 
SENTENCES IN INSTRUCTIONAL MATERIALS: 

AN EXTENSION OF AN EARLIER STUDY 

APPROVED FOR.PM8Lir RELEASE; 
DISTRIBUTION UNLIMITED 

f 

o 

LU 
I id 

LU 

I 

:.) 

S. f f\ ■■ 

ill 

.: 

o 
■«wipiaaapi 



DISCLAIMER NOTICE 

THIS DOCUMENT IS THE BEST 

QUALITY AVAILABLE. 

COPY FURNISHED CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLY. 



^~ 

NPRDC Technical Report 80-11 January 1980 

ALGORITHMS FOR DEVELOPING TEST QUESTIONS 
FROM SENTENCES IN INSTRUCTIONAL MATERIALS: 

AN EXTENSION OF AN EARLIER STUDY 

Gale Roid 
Tom Haladyna 

Oregon State System of Higher Education 
Monmouth, Oregon 97361 

Patrick Finn 
State University of New York at Buffalo 

Buffalo, New York U260 

This research was supported by the Advanced Research Projects Agency 
of the Department of Defense and was monitored by the Navy Person- 
nel Research and Development Center under Contract MDA-903-77-C- 
0189. 

The views and conclusions contained in this document are those of the 
authors and should not be interpreted as necessarily representing the 
official policies, either expressed or implied, of the Defense Advanced 
Research Projects Agency. 

Reviewed by 
John D. Ford, Jr. 

, ._> 

Approved by 
James J. Regan 

Technical Director 

SO 

Navy Personnel Research and Development Center 
San Diego, California 92152 



-LiNri.ASMFirn 
SgCUWLIJ>-CV^»»lflC»TION or TMII PAOC ,»»««i gart gnff <0 

(^ / y ) REPORT DOCUMENTATION PAGE 
I. OOVT ACCCISION NO 

4.   TITLE (md SubtllU) 

ALGORITHMS FORDEVELOPING TEST QUESTIONS 
PROM SENTENCES IN INSTRUCTIONAL MATERIALS: 
AN EXTENSION OF AN EARLIER STUDYT/-^ HT 

 :  -^-"*|     WWp—^p 

HTRoid^ 
Tom/Haladyna 

ick/Finn 
1     »»eRFOHMING ONGANIZATION NAME~«ND ÄÖORtU 

Oregcxi State System of Higher Education     ^ 
Monmouth, Oregon 97361 

11,    CONTKOLLINC OFFICE NAME AND ADDRESS 

Defense Advanced Research Projects Agency 
Arlington, Virginia 22209 

T*    MONITORING AGENCY NAME ■ AOORESSf" dllltrmti Iran Conlnlllnt Olllct) 

Navy Personnel Research and Development Center 
San Diego, California 92152 

I«    OtSTRiauTlON STATEMENT (»t IM« Ktparl) 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

I.    RECIPIENT'S CATALOG NUMBER 

1.   TYPE OF REPORT « PERIOD COVERED 

Sep 1977-Sep78 
«. PERFORMING ORC, REPQRT NUMBER 

». CONTRACT OR GRANT Nl.lMBÜRf., 

MDAt96)3-77-C-0189, 
^PJ i%py\ Ct?jr r~-jy 

1 10,   ")'»IUUUAM iLLMBTOiFRUjeZ-"^ 
AREA ft  WORK  UNIT NUMBERS 

62709N-RPA.3354 

*/ 

/S757 
15.   SECURITY CLASS, (el ih'ilipotl) 

UNCLASSIFIED 
15«.    DECL ASSIFIC A TION   DOWNGRADING 

SCHEDULE 

ITKx^tj ^r    Sop   1   /_  tct 
Approved for public release; distribution unlimited. 

'J 

17.   DISTRIBUTION STATEMENT (ol thm mi>§lrmcl mnimnd In Block 20, II dlllmtmn /ram Rmpon) 

16     SUPPLEMENTARY NOTES 

19    KEY WORDS (Conllnu* on rovof »Id» II nocofry and Idmntlly by block numbtr) 

Criterion-referenced tests 
Item-writing methods 
Automated algorithms for writing items 
Item-objective congruence 

Ä 
Testing pr^se material 
Multiple-choice test items 

20     ABS 

The 
(Conllnuo on rmrmtmo »Id» It noeooomr ""<* Idonllfy by block number) 

purpose of this effort was to extend or replicate an earlier study that 
examined the feasibility of generating multiple-choice test questions by transforming 
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words. Sentences containing selected words were then transformed into multiple- 
choice items by four writers who generated foils or question alternatives informally 
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V. 'and by an algorithmic method. These items were then organized into tests and 
administered to 2* college students before and after they had studied the instructional 
materials.^ 

In this replication, the tests were administered to 2^9 high school students, and 
results were combined with those obtained earlier. This provided stable estimates of 
item difficulty. Results supported those obtained earlier. Thus, it appears that this 
item-writing technique is feasible and that algorithmic methods of generating foils 
produce items of reasonably good quality. 
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FOREWORD 

This research and development was conducted under the sponsorship of the Defense 
Advanced Research Projects Agency and is related to studies of criterion-referenced 
testing being conducted at this Center. 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 Chief of Naval 
Education and Training Support (specifically, the Instructional Program Development 
Centers). 

A previous report, NPRDC TR 78-23 of 3une 1978, described the beginning phases of 
a contractual effort aimed at examining the qualities of test questions written from a 
variety of methods. This report describes a replication and extension of that work. 
Results will be considered in further development of algorithmic procedures for generat- 
ing test questions from prose materials. 

Appreciation is expressed to Dr. .lohn R. Bormuth of the University of Chicago, and 
Dr. Jason Millman of Cornell University, who were consultants for this project. 

Dr. Pat-Anthony Federico of this Center served as the Contracting Officer Technical 
Representative. j 

DONALD F. PARKER 
Commanding Officer 
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SUMMARY 

Problem and Rackground 

Methods fur writing test questions or items, particularly for criterion-referenced 
testing, are needed that are (1) based on a logically defined relationship between the 
instructional materials and the test items written to assess learning from those materials, 
and (2) capable of producing items that can be easily replicated by many test developers. 
Such methods should allow tests to become more scientific instruments and contribute to 
the advancement of instructional researrh, educational evaluation, and the use of test 
data in forming public policy. 

In an earlier study (NPRDC TR 78-23), an attempt 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 instructional material was 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; and 
keywords, those that occur more than once. Twenty sentences were then selected for 
transformation into items by four item writers. Five of these sentences included rare 
singleton nouns; five, rare singleton adjectives; five, keyword nouns; and five, keyword 
adjectives. 

The four item writers transformed the selected sentences by substituting the question 
words with wh-words (who, what, etc.), and generated item foils or response alternatives 
both informally and with an algorithmic method. This resulted in 160 items--20 selected 
sentences transformed by four item writers using two foil methods—that were organized 
into eight 20-item test forms. These test forms were administered to 2^ 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 pretest and posttest item difficulty, as determined by the 
percentage of subjects who answered the question correctly, were computed for items (I) 
produced 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 adjectives and keyword adjectives are 
promising candidates for use as question words in developing questions that test learning 
from prose. Keyword nouns, however, are not good candidates. It was concluded that the 
methods used to generate foils algorithmicaliy were feasible. Although foils produced by 
these methods were somewhat easier than those generated by item writers, they still 
appeared to produce a significant shift in difficulty from pretest to posttest when 
instruction was provided between testing sessions. 

Purpose 

The purpose of this study was to extend or replicate the earlier study. It is expected 
that the results will form the basis for additional development of algorithmic procedures 
for generating test questions from prose materials. 
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Approach 

The eight forms were administered to 2^9 high school students before and after they 
had studied the instructional material. For both pre- and posttest, about 30 students were 
randomly assigned to each of the test forms. Care was taken, however, to ensure that the 
forms administer ed to each subject on the two test occasions were different. 

To obtain stable estimates of item difficulty, test results from the earlier study were 
combined with those obtained in this study. Thus, the total number of subjects was 273 
(2^ college students and 2^9 high school students). A repeated measures analysis of 
variance was used to examine differences in item difficulties between (1) the four item 
writers, (2) the two parts of speech of question words, (3) the two types of text 
frequencies (keyword and rare singletons), (4) the two foil types, and (5) the two test 
occasions. 

Results 

1. 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. 

2. Items derived from keyword nouns produced low quality items, primarily because 
the sentences they occurred in were usually introductory sentences of a general nature. 

3. The two types of foils proved to be almost equally effective for learning, as 
evidenced by the similarity in posttest item difficulty. Those generated by item writerSv 
however, were considerably harder on the pretest and showed a higher change in item 
difficulty from pretest to posttest than did those generated aigorithmically. 

**. No significant differences between item writers were found, indicating that the 
sentence transformation methods employed apparently neutralized the effects of item 
writer bias that has been found in other studies of item writing. 

Conclusions 

The concept of using a computer-based algorithm to analyze prose instructional 
materials and to identify high information words appears to be workable. High 
information rare singleton nouns or adjectives, as well as keyword adjectives that occur 
no more than three times, appear to be good candidates for question words. Keyword 
nouns, however, apparently are not good candidates, particularly when they occur in 
general introductory sentences. 

Recommendations 

1. Rare singleton nouns and adjectives 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. Keyword nouns 
should not be u^ed, particularly when they occur in general introductory sentences. 

2. Methods of algorithmically generating foils for multiple-choice versions of 
sentence-derived questions should be further refined and applied in a variety of subject 
matter areas. 

viii 



CONTENTS 

Tage 

INTRODUCTION  I 

Problem          t 
Background        ......... 1 
Purpose  I 

'\PPROACH  U 

Subjects  t* 
Analysis   i» 

RESULTS AND DISCUSSION  '♦ 

ANOVA Results.  H 
Variance Between Writers  9 

CONCLUSIONS  ^J 

RECOMMENDATIONS  10 

REFERENCES   II 

APPENDIX-THE PROSE PASSAGE USED IN THE EXPERIMENT AND 
EXAMPLES OF ITEMS PRODUCED FROM TEXT  .  A-0 

DISTRIBUTION LIST 

IX 



LIST OF TABLES 

Page 

1. Repeated Measures Analysis of Variance on Item Difficulties of 
Items of Each Type   "> 

2. Means and Standard Deviations of Item Difficulties on Pretest 
and Posttest         f> 

).   Means and Standard Deviations of Item Difficulties for Various 
Interaction Effects  

^.  Question Words Selected from the Passage and Their Text 
Frequency         S 

5.   Variabilities .md Standard Deviations of Item Difficulties        10 

u>»> 
IM i iTiriTtiiiiliffiTii^ ^i^ • "IT^IITT--"-'-- 



INTRODUCTION 

Problem 

Methods («>r wtiung tost questions or items, particularly for criterion-referenced 
testing, are needed that are (I) based on a logic-ally defmed relationship between the 
instructional materials and tin' test items written to assess learning from those materials, 
(2^ defined bv a set of operations open to public inspection, and (3) capable of producing 
items that can be easily replicated by many test developers. Such methods should allow 
tests to become more scientific instruments and contribute to the advancement v f 
instructional research, educational evaluation, and the use of test data in forming public 
policy. 

background 

Roid and Finn (ll>7S) attempted to refine a method of objectively generating 
multiple-choice test questions by transforming sentences from prose instructional mate- 
rials and developing foils or question alternatives by an algorithmic method. -X prose 
passage on insect development (see appendix), which was written for approximately the 
high school level, was selected for use in the Roid and Finn study. Items (stems and foils) 
to test learning from this pa'.>age were developed using the following procedure; 

1. The selected mat -rial was computer-analyzed to identify high information 
words—those that an re! ,! Mv 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- ..' *re 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, 

2. Twenty sentences weie then selected for transformation into multiple-choice 
items by four item writers. Five of these sentences included rate singleton nouns; five, 
rare singleton adjectives; five, keyword nouns; and five, keyword adjectives. 

\ The stems for these multiple-choice items were produced bv substituting the 
question words with wh-words (who, what. etc.). For example, the rare singleton 
"silverfish" appeared in tt^e following sentence: "The most primitive insects, such as the 
silverfish, do not go through metamorphosis." For this sentence, one writei produced the 
following item stem: "The most primitive insects, such as what, do not go through 
metamorphosis''"' Next, for each of the 20 stem items produced, each writer produced 
two sets of toils or alternatives. One set was produced informally by the writer; and the 
other, by an algorithmic method. For example, for the above item stem, the writer/au- 
thor produced the following foils; 

a. Informally-  Butterflies, Silverfish, Canine, and Cicadas. 
b. 'Mgorithinically--Sdverfish, Females, Individuals, and Wasps. 

This process resulted in 16.0 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 bv the writers, were comparable but not identical. 
The foils produced aigorithmically, however, wert the same across items/writers. 
Examples are provided in the appendix. 

;:^.._:^__.   ::- :  
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Figure I.  Fredericksen's semantic classification of IHHüIS. 

To generate foils for tin» adjective question Ä'ords, all rate singleton and keyword 
adjectives in the prasr passage (riot ]usx thoso sohvuvi as question words^ were classified 
using semantic differential techniques (Nunnally, l%7, pp. S16-^1S). In research using 
these techniques, adjectives are typicall> classified based on then (l) evalviatlon (e.g., 
good or bad), (2) potency (e.g., strong or weak). 0) activity (e.g., fast or slow), and [$) 
familiarity (e.g., simple or comples). In addition to these four categories, rate singleton 
and keyword adjectives In ti>e prose passage were classified according to whether ot not 
tlxn» could be considered as "technical" words. This lattei categors is p.\t t.ciiKu !\ useful 
in technically-oriented material, particularly for grouping adjectives that relate to a 
certain noun. 

Xfter tliese adjectives were classified according to these five categories, the\ were 
analyzed as to their familiarity, using the Hale-Chall (19^S) list ot WOf) familiar words. It 
thev were uxluded In that list, they were not used as foils because they vsere too familiar 
f» .1, thus, too easy. Approximately SO adjectives passed this screen and qualified lor use 
>is foils.    From this group, foils were developed bv  randomly selecting those haying tt>e 



same rlassifi'-ation as the adjective question words (i.e., as to elevation, potency, etc.). 
For example, ti1^:.,;«• selected for the rare singleton "pupal" were "nymphal," "parasitic," 
and "insect" (see appendix). 

From the lf>0 items, eight 20-itern 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 
organized so that each included five items from each of the four item writers, ten .terns 
with foils generated informally by the item writers, and ten items with foils generated 
algorithmicaliy. The internal consistency reliability estimates (Kuder-Richardson Reli- 
ability Formula Number 20) averaged .63 for these test fonm,. 

The eight forms were administered to 2^ students from the Oregon College of 
Education before (pretest) and after (posttest) they had studied the prose passage on 
insect development. For both pretest and posttest, three subjects were randomly assigned 
to each of the eight test forms; care was taken, however, 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 item 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 algorithmicaliy. Also, a nonparametric 
analysis of variance (ANOVA) (Wilson, 1956) was used to examine differences in item 
difficulties between (I) the four item writers, (2) the four question word types, (3) the two 
foil types, and (k) the two test occasions. 

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 from keyword nouns, however, produced low quality items, primarily 
because the sentences they occurred in were usually introductory sentences of a general 
nature. 

The two 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 used for generating foils were feasible. Although foils produced by 
these methods were somewhat easier than those generated by item writers, they still 
appeared to 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: (I) writers bv 
word type by pretest-posttest and (2) writer; by foil types by pretest-posttest. The firsv 
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 results will form the basis for additional development of algorithmic 
procedures for generating test questions from prose materials. 



APPROACH 

Subjects 

The eight forms developed in the Roid and Finn study were administered to 2^9 high 
school students before (pretest) and after (posttest) they had studied the passage on insect 
development. For both pretest and posttest, approximately 30 subjects were rant!omly 
assigned to each of the eight test forms. Care was taken, however, to ensure that the 
pretest and posttev forms administered to each subject were different. 

\nalysis 

For purposes .4 analysis, test 'vsuits from the earlier study were combined with those 
obtained in this study. Thus, the totd number of subjects was 273 (2^ college students 
and 2^9 high school students). Since the number of subiects reponding to each test form 
varied from 27 to 3g 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) (4x2x2x2x2 factorial design) was used to examine differences in 
item difficulties between (1) the four item writers, (2) the two parts of speech (adjectives 
and nouns) of question words, (3) the two types of text frequencies (keyword and rare 
singletons), (4) the two foil types (writer's choice and algorithmic), and (5) the two test 
occasions (pi etest and posttest). 

With 160 items giv^n on two occasions, the analysis had 320 data points, and five 
replications per cell. The ANOVA, which was conducted on the item difficulties for items 
in each call of the design, is useful for determining the "instructionai sensitivity" of 
item.'- A significant rain effect for the pretest-pcsttest factor would indicate that 
pretest difficulties were significantly different from posttest difficuKies for all items. A 
significant interac-ion effect involving the pretest-posttest factor would indicate tnat 
certain types of items differed in the pattern of their pretest and posttest difficulties. 

RESULTS AND DISCUSSION 

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 items, the percentage of subjects getting 
pretest items correct was lower than the percentage of subjects getting posttest items 
correct. In other words, most items showed instructional sensitivity. Table 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 lea'n by reading from the 
passage, even though nearly half were able to guess th^ correct answer to most questions 
on the pretest. With four-option multiple choice items such as those used in this study, 
excellent items should show pretest difficulties nearer to the level of random guessing 
(25%). 

Two important findings of this experiment were t e main effect of part of speech (P) 
and ihe interaction of P and the repeated measur- '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--65.6 vs. 56.3 percent. Also, the difference between pretest and posttest 
difficulties was greater for nouns than for adjectives (29.5 vs. 24.1%) (unfabled), which 



Table 1 

Urpo.itovl Measures Analysis of Variance on Item 
DlHiculties of Items o{ Each Type 

Source dt 

W (Writers) 
F (Foil Type) 
P (Noun vs. A< iiei tive) 
S (Keyword vs Rare Singleton) 
WF 
WP 
FP 
WS 
IS 
PS 
WFP 
wrs 
WPS 
FPS 
WFPS 

Residua! 128 

K (Pretest vs. Posttest) 
RW 
RF 
RP 
US 
RWF 
RWP 
RFP 
RWS 
RFS 
RPS 
RWFP 
RWFS 
RWPS 
R!PS 
RWFPS 

Residua! 128 

* p <• .00!. 
«p < .003. 

.2' 

.^ 

1.33 
U.2M 

.11 

L90 
1 .37 

'V .76*** 
1 z .0? 
1 .7«» 
1 

.  "HJ 

\ .0^ 
.^3 

9 .2S*« 
20 <f2« 

I 0% 
61 

i. «.< 
It 
V 

.03. 



Means .«ul Standard Deviations o) Itrm Difficulties 
vvi Pretesl ami Posttrst 

Pretest 

Type of Itrm 

Writer (W)j 

I 
2 
J 

<< 

Foil (Fl 

Writer's Choice 
Algorithmic 

Part of Speech (V): 

Noun 
Adjective 

Stem Type (S): 

Keyword 
Rare Singleton 

l>st Forms« 

! 

7 
S 

Mean 

lib. * 

50,8 

50. it 

^7.5 
«»8.6 
*<».,' 

51.2 

57.1 
51.1 

s.n. 

IS. < 
19.2 
20.9 
l«*.fc 

20. I 
18.7 

20.1 
15.2 

IS. <« 
20.0 

17. J 
21.0 
; i ; 
18.4 
18. ! 
15. J 
1^.8 
20. 5 

Posttest 

Mean s.n. 

n. (h 
72.7 
75.7 
77.5 

70. ft 
70.2 

80.0 
(.8.0 

7^.0 
71.0 

79. 1 
81.4 
77-0 
70.0 
'1.4 
V.4 
«>7.4 
70.4 

71.0 
17.0 
20.2 
17.2 

14.a 
18.4 

10. 1 
71."* 

16.0 
21.5 

70.0 
1 J.(. 
14.<* 

21.1 

n.o 
21.2 

Ml Items . i- 14.(J '0.0 14. I 



Fable 1 

Means and Standard Deviations of Item Difficulties 
foi Various Interaction Effects 

Repeated Measure (R) 

A Pretest Post test verage 

Variable Mean s.n. Mean s.n. Mean s.n. 

P and RP Interaction Effects 

Noun "iO.S 20.1 80.1 14.1 65.6 14.7 

Adjective W. 1 18.2 68.'4 21.5 56.3 18.1 

Average «tf.6 19.(4 74.4 19.1 61.0 17.1 

PS and RPS Interaction Effects 

Noun-based item: 

Keyword 61.3 15.7 83.5 12.8 72.4 12.1 
Rare Singleton WA 18.6 7'•.3 14. S "»8.8 13.8 

Adjective-based Item: 

Keyword WA 14.0 67.4 15.6 53.4 13.4 
Rare Singleton W.\ 20.6 69.4 26.3 59.3 21.6 

Average «»7.6 19.4 74.4 19,1 61.0 17.1 

RFS Interac tion Effects 

Writer's Choice Foil; 

Keyword 52.5 18.2 75.3 17.r> 68.9 16. A 
Rare Singleton '40.2 20.2 74.0 21.4 57.1 17.9 

Algorithmic Foil: 

Keyword '48.2 IS.6 75.6 15.4 61.9 15.8 
Rare Singleton '4lM 19.0 72.7 21.9 61.0 18.1 

Average '•47.6 19.4 74.4 19.1 61.0 17.1 

Note.   See Table ! (or definitions. 



indicates that noun-based items had greater instructional sensitivity than did adjective- 
based items. 

An examination of the PS and RPS interaction effects in Table 3 further reveals the 
source of the difference between nouns and adjectives in this study. As shown, the 
average difficulty of items based on keyword nouns is 72A percent compared to less than 
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 topics o. the 
entire passage. For example, in the passage on insect development, the keyword noun 
"insects" appears in the very first sentence, which happens to be a very general 
statement--"The lile of most insects is short but active." Students can usually answer 
questions derived from this type of sentence without having to read the prose passage. 
Also, keyword noun items were relatively easy for subjects to recall on the posttest 
(average item difficulty of 83.5%), possibly because they were mentioned several times in 
the passage (see Table 4). This assumption supports Finn's (1977) hypothesis that the 
information content of ran words is reduced by their high text frequency. Although the 
fact that keyword adjectives produced the most difficult items (53.^%) appears to be 
inconsistent with that hypothesis. Table k 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 items constructed from keywords. With text 
frequencies of 2 or 3, the keyword adjectives were very close to being rare singletons 

Table k 

Question Words Selected from the Passage 
and Their Text Frequency 

Nouns Adjectives 

Rare Singleton Keyword Rare Singleton Keyword 

Instars Insect (8) Plant-feeding Immature (3) 
Cicadas Insects ,20) Pupal Incomplete (2) 
Silverfish Metamorphosis (9) Spine-like Nymphal (2) 
Wasps Egg (8) Self-made Aquatic (2) 
Appetites Adult (8) Worm-like Distinctive (2) 

Note.  The number appearing in parentheses behind keywords represents text frequency. 

The rare singleton nouns showed a good pattern of pretest and posttest difficulties. 
They had the highest average instructional sensitivity — ^O.'* to 77.3 percent—a difference 
of 36.9 percent. The rare singleton adjectives were somewhat easier on the pretest and 
more difficult on the posttest than were the rare singleton nouns. 

As shown in Table 1, there was no main effect for writers (W) or foil type (F), nor was 
there a significant interaction between writers and foil (WF). This result is somewhat 
surprising in that different writers would be expected to write easier or harder items 
when they were allowed to choose their own foils. 

■i 



Table 1 does show one interartion (RFS) involving fo ' pe. The means and standard 
deviations of item difficulties for that interaction are als( iuded in Table 3, As shown, 
all of the post test means ate very similar. A Newman-Kne Is a posteriori test of the 
differences between pretest item difficulties in this interact on, Tiowever, revealed that, 
among the items with "writer's choice" foils, the rare-singletc n items were more difficult 
on the pretest than were the keyword items (^0.2 vs. 52.^%). 

Variance Ret wee n Writers 

The variability of item difficulties across item writers was examined to determine 
whether the difficulties of items constructed with "writer's choice" foils varied more 
across writers than did the difficulties of items constructed with algorithmic foils. It was 
expected that some writers would choose very difficult foils for a given transformed 
sentence; and others, easy foils. The algorithmic foils, which were chosen at random from 
matched groups of similar words from the passage, should be free of any item-writer bias, 
and, hence, less variable in their effects on item difficulty. 

In examining the v inability across writers, the focus was on each sentence 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 sentences selected for 
transformation. It was, therefore, possible to identify four item difficulties for a given 
combination of sentence and foil technique. 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, '»2, and V percent respectively, and 
posttest difficulties of 67, 63, 74, and W percent. The pretest and posttest variabilities 
were then calculated across these item difficulties, as shown in Table 5. 

After all variances of item difficulties across writers were calculated, they were 
subjected to a repeated measures ANOVA in which the dependent variables were the 
natural logarithms of the variances (.Scheff^*, 1959, p. S3). The design for this analysis 
was 2x2x2x2 with the following factors: (I) 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 no significant main effects or interactions. For example, even though the 
average variability of the writer's-choice foil method was I n.31 percent compared to 
73.97 percent for the algorithmic foil method, the differences was not statistically 
significant. 

One important limitation of the present study that should be mentioned is that only 
four item writers were employed. Calculation of variabilities across only four writers is 
clearly susceptible to the influence oi any one of the four item difficulties. With a larger 
sample of writers, the effects may have been more clearly detectable. 

CONCLUSIONS 

The concept of using a computer-based algorithm to analyze prose instructional 
materials and to identify high information words (i.e., those that are rare in American 
English) appears to be woi kable. 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 apparently are not good 
candidates, particularly when they occur in general introductory sentences. 



Table 5 

Variabilities and Standard Deviations 
of Item Difficulties 

Item Types Pretest Post test Average 

Foil Type: 

Writer's Choice Var. m.39 101.21 in.31 
s.n. 11. «»6 10.06 10.7(* 

Algorithmic Var. 69.9«» 78.2^ 73.57 
s.n. S.16 S.S") 8.60 

Part of Speech: 

Noun Var. ')/;.(* S 85.63 89. ^ < 
s.n. 9.72 9.2'> 9.^8 

Adjective Var. 97.30 92.^7 9'*.8,) 
s.n. 9.86 9.62 9.7«» 

Item Type: 

Keyword Var. 102.19 87.06 9^.32 
s.n. 10.11 9.33 9.71 

Rare Singleton Var. 89.91 90.95 90. H 
s.n. 9.^8 9.SU 9.51 

RECOMMENDATIONS 

1. Rare singleton nouns and adjectives and keyword adjectives that occur infre- 
quently iii instructional material should be used to select sentences from prose passages 
for transformation into questions that measure reading comprehension. Keyword nouns 
should not be used, particularly when they occur in general introductory sentences. 

2. Methods of algorithmically generating toils for multiple-choice versions of 
sentence-derived questions should be further refined and applied in a variety of subject 
matter areas. 
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PKosi; r.\ssAi;i; usi.D IN THI  IIXIT.KIMKNT 

4. INSFXT I)FA'F.L()PMENT 
1 In- lilc ,i| uiiivl insivts iv limit !>iil lUtivc \ <'n 

toxv iMMvtN liavo -i It'* span i't !iu>ir IIKUI .t \?MI 

|V\  ,i liii   vpatt \\ *   nu .tu (1M   hnu' hi»!n ^ hrt» Im 
1 CV is  l.llll lO «111 U  lhi> IlllU   «llM '.>p>,      „lllll dll'S 
111 s  ItNlk ,ll  »h.ll   ll.ip|H 11V illll llu:  ll  is   ,'. Ilisl 

\li ins». Is iliMiop (loin . o'.s hi ini>st i ists 
ill. si- ri^.s li.ili li «Milsuif llu- 1HH1\ M ihr KMM.II»' 

111 lilt K \v i .iscs in wliu-ll llu iXO li-iU li lllsiiir 
thv ftlni.ilr llio Ninnii; air K'ln ah\o I'irst- \i\ 
six Is. siu h as Ihr aphi.U aii sanl lii U- \ ivt|idnms 
,\ \ s l|i  all uis^ 

Ins, its ihal halt ll ti.-m ■ a» allil lht\ lia\< 
hi i n lanl in saul (,. 'H ,n ipaiiiis .iih Mji ah insV 
Musi nisi i Is an' impaiiMis In innst i asi's cai li 
. I'a: pi,'i In. i s a sm,*,]. iniin ttntr nisi, t H.*\v ('NtM 
ni .iilani sp, i u s i)| paiasifi. wasps von \iliiis,L 

liHs**m*!U.^ ptii.l,.., l\\,'.'t inoic x.nmi; 
Mosl ins,, 1 t'^.ss air si'n ilistiiuli\r llir si.T. 

shapi .'i .t'l.M ol tin' rcc is tlillt'uait in nu>sl 
i asi's t.-i t\ii ti spr. i, s ol nisr, t Mils iaia^Uvs a 
pis,in wli,, lias ma,!, a shulv ol 'iu'sr rjyjs to 
i.hnliK ill., instvj ihal laul llirm alniiist as IMSIU 

as ,1 It,   ha,I -„t'li the  iilull 

\t,'s! in-.,, | i-^o -ii*' l.'^l m -i platv tli.it «ill 
pi,n i,l,' . illii'i pi,.tr.-|i,>n m l,),ui (oi tin- Mnini; 
Tinli a linn is i spu aalK iiii|H'ilant tu lluwi' insists 
Hull ,'v i-i M mtri ni llu' I'V;!.'. slai'a' 0\ri «mlrnili; 
nit'ans Oi.it llio ailull nisr, t la\ s iis i-vu'.s in llu' 
l.il-. siiinnu i .'i raiK tall UM rci;s iht'ii air ,l,u 
Mum llliltl ihr in'\l spun..: « hi n llu-s hat, h Mosl 
,'l lli,- ailnlls ,>| llu-, sp.-, ii-s aio killnl l>\ llu' 
li ,' host lloui-si i llu- hali hnu'. ot lins!- oiigs III 
ihr spnih', pi,,ilon's ni'W iiiiio iilnais to oaiis on 
tile spia u's 

Mosl plant |ri .hui; MIS, i Is nisiiiKtni-K la\ tlun 
i'Htfs mi plains ihal ihr \ouiu; IIIH! on This m 
-. it asi's tho ininialnii' insi'i Is . iialu'i's o* sills l\al 
11 this In li| ,,| nui siii;ation nitcit-sts son llu' sliuiv 
anil pliohu'.iaphA ol msivt o^cs niic.hl makr a 
ijoo-.l pioii it 

\tlri i,MI Inn i; llu pinpii stai'a- ot ih-i, lopmonl, 
iho i'i;i' «ill h.ilih llu' young ins«vl oan use a 
UUIIIIHI ot «as s to not out it tho pgg, Somo instH'ts 

II 

i ho« llion «.i\ out (>ttiois have s|>»S'ial spiui'ttln' 
stiintuios, oalli'il oo'. 1'Uisli'is, «huh out thioiu;h 
tho shi'll   Ihi n  .no some oti.s « huh hasi- >|HVU>I 

«Oak    sjsots    (11    llu'lll      Ml.'   Sl'illUl    llis|\ I    OSi ajH's 
lu.m llioso i-illioi !« «iii^ln«; m i« lakmi; m an 
aiui I'uistmu tho sholl «ith iiitoiiial piossuii' 

Attn «he f 6K 
Altoi halohnii;, all m«vls OMO|I| tho most 

piimitno i;o tlnoin'.h a vonos ol st<^» m ilosolop 
unlit Uns, stops aio oallisl mrfamnrphturiii. Iho 
«oul lliitaiuol ph.osi s ion,-s luun I«,, iiiis'k 
«olils mota. nioannii', to i hattv^i aiul niotpho 
luoanuu' loitu Ihiioloio niotaiuoi phosis IU.MUS 

a oliaiiiio m lonn This ohaujjt' ni lonn IKVUIS IO. 

l«o ihlloionl «avs Ihosi l«o «a\s aio O.IIUH! 

ii'iiiploto aiiil nil oniplolo molanioiphiiMs The 
iiuisl piimitiM- ii'siils sii, h is iho siln'ilUh ilo 
not >;o thioui;h niotatnoiphosis W hm lho\ liati h 
tho\ look hko thon patoitts m o\oi\ «a\ o\*a'pt 
that thoi .no siualloi I'liou ilcsolopmoiit oousisls 
ol j<n>«iug lan;oi anil iHSMninik; ahlo to lopio 
iln.v 

Imompli'tF Mftamornhosis 

Insr. Is « hi. h sho« ilus i\\H' ot motauioiphosis 
haso \oiuii; «huh I.Kik i oi\ nnu li liko tin- ailults 
ol tho spos los llu-so inuualino iiisi\t-, aio i altosl 
luniphs \\ ith tho i'\i option ot MMtlo a.piati, .JH- 

OIOS. tlu" pun, ipal .htloioiu i-s hot« oon tho ii\ mphs 
ami ailnlls ato in si.a- ami llu- piosmio ol \\IIII>\ 

^oo illnstiatioi; at tho iii;h0 
No« think h.n k to tho tiosi ii|itloii ot llu- pin 

linn to \i hi.'h nisoi-ts l-olinu; \if?o,'ri',/.,' lioinoni 
hoi one ot tho i h.u .u lot istu s ol this, inimaK is 
a hai'l oiiloi loioinu'. . allitl an , i.-iAi ', ."- I ho 
r sos k oh t on is ma,!,' ,,1 a noniu niv', s-ahstama' 
o.iluxl .hilni ,ki   Im    ihilin is h.n,I aiul sliH aiul 
ll.ls Mil llltlo stiel, h lllslili llu ososkololoii 
thoio is ion  hlllo tooni h'l CHHltll 

In oi,loi to o.io«. llu- n\ inph iinul os, apo this 
soil iii.ulo pnson It ,1,1, s this hi siviotiiu', a no« 
ososkololoii  iniiloi   llu- ohl ono    \\ hou  this ut'ss 
skin is nuuplolo tho olll ski'ltiOll spills ilo«U till' 
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Kuk ami the insix-* \v«lk« awav «nil li'tncs it In' 
hind Ymi havr |w>habh «e«i »onw of tl»1»«- ilis 
lanltHt skins, i iMi-vl i-avt«, tin IT«"«" trunks. 

For a time «fti-r (ho m\<vt iliM'.irds its nUI skin, 
th«>  lU'W   t'MVskl'lltMIl   IS   Mlft     I Ills  alllisvs   ihf  (Ml 
skeleton t.< «"\puiul ami makf HHIIII livr tmtlici 
^mwtli 

KiU'li of the (MMIIHIS brlsvrrn molls is 4alli'sl an 
i«M«iir Sonn- nymphs ^o llm<U){h .is m.nn as ci^lil 
or iimif nistais IM-IIMI- enu'tKllig  is .ulnlls 

Aumilu sjuvirs dial imil<iv;i' insiim 'li'. ini'ta 
morpluisis mi"! no lhriHlj{h on«1 nioro st(>|i m »Ir 
M"lopiin-nl V' inniphs llu'S hir.illif liv inraiss ol 
Hills Uicsc i;ills imisl In» loplactil In an hioalh 
mu oinaiis in I!H- adult siai;«' Vlns is ilone m thr 
last nvniph il inslat U Inn it is Innr (01 tin- adult 
lo cnu'inr. tho twnipli uses to llu- smlai«' ami 
molts llio lulls vU-M'lopol adult stops out ol llio 
Hnal iiMnplial skin with fully «lovolopssl 01 nans 
lor brt-alinni; air 

Complete Wet muvphosis 

This is tho l\po of motamoiphosis that mosl 
pj-oplo aio taimliat ssith Hnttodlios ami moths 
huso oomplolo nn lamorphoMs There no lonv 
ihsiiiii! slaves oi?);. larsa. I'lipa, and adnll Sim« 
tho uhilt s main aotisits is proiliioinn I'RgS. am! 
I'm sine son know what those are, wt will spend 
our tnni' studying the larsa and pupa 

The 1 irsao's mam iol« in lite is In «at ami vj'o« 
rinn have hujje .sppoliles  I arsrteaio wi« liillei 
out tmni the adults  Tlios «lo not have iiiinpomnl 
os-s   wines, and usually  has«1 ehi'svutg month 
part- t\en 111 those  udeis where die adults have 
suekun; ineulli pails 

A lun,. mas eonlinne to eat and mow all sum 
met As eold ssoilher appioaehos. 11 mav huilii a 
otHimn and pass into the pupa! stage 

Most ol these nisoits pass the winter inside the 
«isovon Hee.inso no aelmh is sisilvle at this time. 
tho pupa has IH'OH falsely i ailed a "resting stage" 
XetiialU a great deal o| ,u toils is going 011 The 
s'oimhko larva is ohanging into a fulU developed 
aduU \\ lien ihi' wi< ilhei is wann again, this adult 

emerges frtwn the nKiHni. males, lass «'ggs, and 
starts tho svhole prvH't's-   iser agatir 
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let's Get Togethei 

Nlevi illso« ts lepo'iluee vesu.itlv 1 In^ nu'ailv 
llial lo h-tv, eggs thai will hateh. .1 male nul a 
loinali ot tho SJM'XIOS must inato llu tpu-sfion is 
II,-w ,lo llu v liud . ,1, li olhoi 

It has l«eeii known iol v«Mts thai soim ol llio 
vonniU 1 n.t.li !'\ 1 in kols ami i u.ulas weio a Is|io 
ol matim' 1 ill It is 1 ivv to see IM'VV llu v, insii lv 
e.el louelllil Kill vvliil altolll llu llls(\t> ill,I do 
not make itois«'   Imtteillios, tm  install««-' 

11 li, v luin disiovoieil that tin lomalos ol llu v, 
vp, , 1, ,, .nve oil ,, distoulive IHIOI I luv odol IS 

del,« I.il'l, In male nisoits ovel v,i, ' dis|aiu«s 
llu mil, lollow, this s.eni Had IM, k lo ll,, lo 
mal. 

Uns hum's to niind an nitou'sting , vpei inn nl 
v on nnejit h v \ li 1, n,! ol nan, en,, , .in,-Iit .1 le 

irntlv em, 1.'.,,1 lern.il,  I'loim'lhoa molh   II,  put 
tin    I, in,lie ill  .1 s, 1, ,11 , ,mo ,111,1  vet   ll outside luv 
window In lesv than (wo litiuls tlieie weie nuiie 
til.Ill twentv ill.lies li.nnMiU', on ill, outside t'l the 
eaiie U h\ dent von In tins ssith ollni knisls ol 

1 live. Is    it wonUl make a ,;,i    it v, n n, ■   pio),, t 
S, lerne lias nved tin- do, ,,v, 1 v nl tln'so odois to 

help elimm.1I1 nn,', MI,iMi nise, tv It wasloiuu! 
lll.lt tern,11, ,0, k 10,1, I uv !',.o , oil alt .lltl.l, toe ito 
mali' nu kioai liev mUn V lontists luve luen ahl, 
to le pi 1 «In,, llio v,, nl nul h.o e UM d it to attiaet 
m.ilev t,, tiapv 

I «en iscs 

Ho» Well  Dni  You  R»»«!' 

I N.itur .01,1 «ieviihc the Ihrpe type* ,'t iievftopment 
IUMV !v , in ,„ Ihieni'li 

.'   What .i,iv i,,l,u:r ,v th, ,1 msevt eKüs IT,11^ I,«,,! on 
,rit,iu,  el.inls' 

i   Wh.it ,s nietAiiioiplmsiH1 What .in- I1 ■ ,i,tt«-ii"in «'s 
ivotttiv,,   , enie1»'!*,   ,in,1   ,,,, ,.,eel,'te   ill«"lailuslpho«nS* 
4   Wliat oi,,, rssox lake |iijh» IIIHIIIU Hie guvwtti ol 111 
siMs' 

h    I'an veu tliuiK ,,l .mv ,,,lv.«fil.ih;fs t,' snnie illltKt» in 
lu'iiu; born    .iiive   ' 

«.'.1,1   A  little  More 

1     I i«,omen    K    S      4i!   AtHltlt   Moths   a>i,i   Bllttetliis 
New VtnK   Mamioili Mouse   ls)btv 

IS 

Not_e. Special permission granted by What Insect Is That? published 
by Xerox Education PubllcatiouT] (ol 1965 Xerox Corp. 
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EXAMPLES OF ITEMS PRODUCED FROM TEXT 

1. Keyword Noun—Metamorphosts. 

a. Text Sentence(s):  After hatching, all insects, except the most primitive, 
go through a series of steps in development.  These 
steps are called metamorphosis. 

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

(1) What are the sarles of steps in Insect development called? 

(a) Maturation (c) Symbiosis 
(b) Metamorphosis        (^) Meitosis 

(2) What are the steps Insects go through in development called? 

(a) Metamorphosis        (c) Larva 
(b) Arthropoda (d) Pupa 

(3) What are a series of steps In development called? 

(a) Reproduction        (c) Metamorphosis 
(b) Larvae (d) Changes 

(4) What are the series of steps in insect development called? 

(a) Encrytid (c) Arthorpoda 
(b) Instar (d) Metamorphosis 

c. Foils Produced Algorithmically: 

Growths 
Metamorphosis 
Types 
Activities 

2. Rare Singleton Noun—Silverfish. 

a. Text Sentence:  The most primitive insects, such as the silverfish, do 
not go through metamorphosis. 

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

(1) What does not go through metamorphosis?  The 

(a) Moth (c) Nymphs 
(b) Silverfish (d) Butterfly 

(2) What do not go through metamorphosis?  The most primitive insects, 
such as 

(a) Silverfish (c) Spiders 
(b) Termites (d) Moths 

(3) What insects do not go through metamorphosis? The primitive, such as 

(a) Eggs (c) Chitin 
(b) Silverfish (d) Butterflies 
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(4)   The iiK>st   primitive   insects,   siu-li ass what,   d^ not   go  through metamorphosis? 

(a) But terf1les 
(b) Sllverflsh 

(c) Caniru'S 
(d) Cicadas 

c.  Foils Produced Algorl ..nii-allv: 

Sllverflsh 
Fenvilea 
ItuliviJu.i Is 
Wanps 

?.  Kevword Adjective—Immature. 

a. Texl Sentence;  In most cases, each egg produces a single immature Insect. 

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

(1) What does each egg produce in most cases?  A single 

{a)   Imnuture insect 
(h)   Adult insect 

(c) Adolescent insect 
(d) Mature insect 

(2)   What does each egg produce in most cases''  A single 

(a) Oviparous Insect 
(b) Nvmphal insect 

(c) Mature insect 
(i.\)   Immature Insect 

(3) In most cases, what does each egg produce?  A single 

(a) Dormant insect 
(b) Adult insect 

(c) Adult insect 
(d) Immatute insect 

(A) What does each egg produce?  A single 

(a) laanature insect 
(h)  Mature ubsect 

(c) Round insect 
(d) Adult insect 

c.  Foils Produced Algortthmical1v: 

Complete insect 
Distinct Insect 
Immature insect 
Incomplete inseci 

4.  Rare Singleton Adjective—Pupal. 

a. Text Sentence^):  A larva may continue to eat and grow all summer.  As 
cold weather approadies, it may build a cocoon and 
pass into the pupal stage. 

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

(1) What mav a larva do as the cold weather approaches?  Build a cocoon 
and pass Into the 

(a) Nymphal stage 
(b) Parasitic stage 

(c'* Pupal Etage 
(d) Molt stage 
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(2) As cold weather approaches, a larva may build a cocoon and pass 

Into what? 

(a) Infant   stage 
(b) Aiiult  stage 

(c) Butterfly  sta^e 
(d) Pupal   stage 

(3) Into what stage may the larva pass as cold weather approaches and 

it builds a cocoon? The 

(a) Larval stage 
(c) Pupal stage 

(c) Skeletal stage 
(d) Nvmphal stage 

(.+ '( As cold weather approaches, what may a larva do?  Build a cocoon 

and pass Into the 

(a) i'ij£a^L stage (c) Dormant stage 
(b) Hibernation stage     (A)   Resting stage 

Foils Produced Al gor i tlitni ca 1 1 v : 

Pupal stage 
Nvmphal stage 
Parasitic stage 

Insect stage 
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