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’ ship between difficulty. and externel facdtors, such as item positiOn, L

o certpin psychologists and educators have approached the basic issues of

‘ A7 S e T

IIBMFIQmm EF "FE m RESP(!SE TO mwm TEST HB'SI N

| JamesJ mﬁmnd Soac end Devid V. Willieys - R

University of Pemsylvmiia ' o Itha.ca. CQ“.ﬂege N L7
Wj‘thfn the are’a. of: psychometrics, methods for estimating item + . -~ o

diﬁ’icu},ty’ are abupdant,- «The literature is replete with techniques for
using ste.tistica.l methods as-a. neans of correcting item indices for va.rious
soirces of error, such as guessing dnd par&ial information. Recently, “however,

item analysis {of which dirficulty estimation is a centra.'L pa.rb) from a

aifferert point of ¥iew.” [ . - ; S DT
o Smedslund (1961;) has argued tha.t the Anglo-American tradition 18 = P
"ot happy" and that ve have paid almost no attention to the "psychological p
DProcesses involved in the responses to single test items," Cronbach (1960) - Y,
‘pointed out the general lack of concern with the nature of item solution /

processes. Thus, while there are - -many technigues for deriving a numerical
, estimate of difficulty, there is a need for experimental investigation of
why certain items are more difficult then others, This sort of information ,° |
is essential both dn test-construction and for. a complete understanding of thé .
cognitive coxmonents of test-ta:king behavior.

- - « -, -

Campbell (1961) proposed two basie classes of difficulty determinants/
.vhich he labelled the "external" and "internal factors. The forme , * 0.
‘"influence the percent .of subJects passing an-item and yet are no{:elevant .
to the process(es) that-the “item is intended.to fmeasure (p. 901).". _Ehe latter . = -
-class includes those faétors which g__ pertain to the process ‘the item is , .
intended to measure. . . - , - o I

. o ' [

Almst exclusively, the emphasis in rese%.rch hds been upon the relation-

directions, exampleg, etcs ~ This is true even though the varip.nce in item :

difficulty indices is a fruction of 'both "mcternal" and "internel" ) , !
determinants. - . JE R . x g
" One. of the i’nterqal determin&ts proposed 'by 'Ca.rqp‘oell wa.s the effect on . L

difficilty of changes in item complexity. (This dinension refers to the

lexity of the coprfitive précess the iten measures rather ‘than the’ typo="
8;'% "complexity"” of the printed item e.g. the number of alternatives, .,
~length stem) - " e B

» L
« ‘ ‘“

While the area of item complexity has been studied for many years,

. (Scates, 1936), but’ it is still not well un‘derstood. More récently however, .
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Bloom, et al., (1956) formulated the' Taxonomy of"Educational O'b,jectives " . .
which has offered a method of elassimng the -objectives of edication and .
thus test items used to asseEs n}estery of . ‘thesg. obJ‘ectives,. . .t
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e Bloom bypothesizes thet the 'cognitive‘ demain" is divided into six broad :
- areas: -"knowledge, comprehension, applicatior,’ enalysis, Zynthesis and .t
" evaluestion.” The hierarchy is hypothesized to be one of cumulative complexity; .
that’ is, the: behéviors within any one category-include all those behaviors . . .
in the; theoretically, less ‘complex categories.. In addition, these behaviors ‘
are only expressed a8 those that 'a given ‘test item is intended to elicit. An
‘item is therefore classgified in category i if it is intended to elicit those’
" behaviors cormon to cafegory iand ‘to 8117 ¢ subcategories. These authors
Indicated that .any possible relationship between actual and intended behaviors
was within the province of evaluation. This approach to' the problem.is ‘not '
at- issue. However, in order to évaluate performance in this framework one
- Iust have some degree of assurance by way of empirical relationships that
" “the behavior students employed to solve various test problems were those .
" intended by the test writer. ?he authors- of the Taxonomy however appear to ,
have sirply equated mastery biectives with supplying the correct answer
 to items, intended to, test thdse objectives. This implies an identity of )
intended and actual student ehavzors which should instead be demonstrated s
if‘these approaches gre 'to Pe’ useful -in test. construction. The purpose of
.these’ studies is to identif?‘%hé ‘Bolution- strategies students employ when
ansverddg items that have been classified on the basis of intended strategies,,
If one tannot demonstrate a relationship'between actual and intended item .’

‘soluxion behaviors, the use of the cononyy in test construetion must be
carefnlly reconsidered. _LL\\\\\\<:

\\ R . -
" METHOD™__ .
N . - ~ .0 -

ﬁ;Deseription of festing Materials‘ - R I

4 L4

The items and reading passage employed in this study were ad#pted from
"those used in a study by Kropp et al., (1966a). These authoys constructed

a series ofltaxonomwbtype tests and administergd them to students in a series
%of Florida gh schools. Although their tegts covered four content areas,

only ‘the matlerials on glaciers were uSed in the present study. )

From the itens used by Kropp, et al., 50 four-choice multiple choice
items were cHosen to form four subtests of approximately 12 items each, As
in Kropp, et tudy, only the first four levels of the Taxonomy were
" considered. In ad tion, Kropp et al. classified an item in category i on ]
_'the basis of the opinion of experts in item writing end the axonomy. (See ¢
PDe 76—79 for a fuli description of their procedure.) Thys, the items were . -
initially classified only on the basis of intended item~answering behaviors.

The reading passage was that used by Kropp, et al., with slight modI-

- fications. The passage contained appfoximately 700 words and was Judged to

be of high intefest value for secondary sclool students, The vocabulary .
_used in the test items\and reading passages was, epproximately ninth grade 1eve1

| R ‘

’_Subjeets . \

g
-

The 71 subjeéts inlﬁne study'were 11th grade high school students in ;
suburban tpstate New‘York., The students were generally "college-oriented"
and'above average in in;elligence‘
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Procedure -

o Approxméteiy one
tributed to the studenfs.

i .
> et

Jeek before testing, the reading meterials. were dis-
They were instructed to read the material over

-

and to study in‘pregyé:tioq for & -quiz the following week.
', ] 13 - ‘f Ny - -

. :,{ session, the students recéived test booklets of 25 pages
with approximatefy two items on each pege. A space was left under each item

3 cord ‘hig methoéd of solution immediately after answering
egch item, Thé students were ipstructed in doing.this task to try to write
down why they selected the particular answer they did. The instrictions were
written so'that they did not suggest reasons to the students. The data gener-

" ating procedure in this study was a modified "think aloud™ stiategy ~- one

- used to identify the "process response" for each student.

which has been employed as a vehicle for assessing problem solving styles i
(Bloom and Broder, ‘1950; Miller, Galenter, and Pribrem, 1960; -Johnson, 1964.

The subjects were informed that they were part o; a. study in which it
was hoped that their teachers could derive information which would help them
in the classroom, The students' cooperation was requested and in the opinion
of those who viewed the situation, it was generally obtained. ..
The recoding of the solution processes for each item was the-technique
This term.was

" borrowed from k;opp et al (1966 b). As they indicated:

"The choice 024N proper response measure is cricial if one wishes.

to obtdin the best evidenceé on which to validate any behavioral measure.

"In the case of the Taxonomy, two possible response measures come immediately
to mind. One.is whether the desired intellectual process is used by the
student, - The other is whether the student gives a correct response to
an item. The former will be referred to as the process response; the
latter% the product response {p. 0)."

Prepsratich bf Date and Analysis
- ‘ L] El

-An crdi#al scale was constructed to serve as a set of standards against

-

/

-
-+

which the re?orded solution processes of each student could be judged.

A levelgl response indicated agreement between the actual and intetnded
solution processes such that the student described his solution method using
behavior specified by the Taxonomy or behavior synonymoué with those in the
Zaxonomy, : .

| ‘
For‘examplgi‘the items assessing Knowledge obJectiYeL involve the ‘process
of remembering. This includes the recall of information and also the reorgafii-

/< zation of the stimuli the item presents in order to provide cues for recall.

As the Knowledge category is outlimed in the Taxonomy, the material in the
test ltems relates specifically to information which has begen made available
to the student either in lecture, textbook, or some other communication format.
Exemples of a Level 1 response for a Knowledge item would Be similar to the

following: "It was in the
the handout."

R U

paragraph you gave us" or "I r

W

embered it from
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Preparation of Data and Analysis ~

An ordinal scale was constructed to gerve as & set of standards against

 which the recorded solution prdocesses of each student could be Judged.

A level 1 response indicated'agreement between the actual and intended
solution processes such that the student described his solution method using .
behavior spécified by the Taxonomy or behavior synonymous with those in the
Taxonomy . - ®= .. .

For exemple, the items assessing Knowledge objectives involve the process
of remembering. . This inciudes phe recall of information and also the reorgani-
zation of the stimuli the itepm presents in order to provide cues for recall.

As the Knvwledge category is outlined in the T axonomy, the material in_the .
test items relates specifically to information which has been made available
to the student either in lecture, textbook, or some other communication format.
Examples of a Level 1 response for a Knowledge item would be similar to the
following: "It was in the paragraph you gave us" or %i remembered it from

_the handout." -

The second order responses involve what is sometimes called 'poverty of
content,”™ That is, a general response which indicates something close to
Level t but which lacks-a particularly crucial element. -For example; relative
to a Knowledge item, a response such as "I thought about it" would be & =~
Level 2 response. It is close to Level 1 but it 1acks a specific reference

/ .

-

Finally, a third-order response was characterized b; vague generalities.
This rank also included all other responses vhich indicated that the students
solved the problem by using a process other than ‘the intended one. For example,
_this category included responses 1nd1cating that an answer to a particular
item was simply recalled, when that item was classified in a category other
than Knowledge. In addition, all responses which.indicated that the students
guessed were classified as Level 3.

It should be noted that it is possible for a student to give a Level 1
response and stillhave answered the item incorrectly. That is, a student can
employ behaviors appropriate to a given Taxonpmic level incorrectly. This
indicates the distinction between an item which elicits a particular set of
behaviors -relative to an obJective and the student's attainment of that
obJective as indicated by a correct response. &- ey

There are in fact four possibilitieS"to be considered. The first has been
indicated. That is, the item elicits the required behaviors but the student
resﬁbnds incorrectly. Secondly, it is possible for an-item to‘elicit the
required behaviors and to be angwered correctly. In .both of these instances,
information is obtained relative to a student's attainment of a particular
educationd® objective. Y N

, The remaining two possibilities are whe item does nat elicit the .
behaviors relevant to a glven objective and dke student responds either
correctly or incorrectly. Within the presert fremework, these latter two o
instances would indicated by a Level 3 response. Therefore, as part of the
analysis of ectual vs. intended solution processes, all responses must be

considered, whether the student responded correctly or incorrectly

» L 4
-' ) ,
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" For each iten 8 distribution was made indicating the number of Level 1,
Level 2, and Level 3 responses. This distribution was the result.of the
classification of the students' written responses by two independent raters.
These raters were both given a set of standards indicating examples of Level 1,
Level ‘2 and Level 3 respoﬁ%es for each of the four Taxonomic categories con~
sidered. These standards vere written on the basis of the behavioral
descriptions for each level incldded in the T onggx .

For any of the responses for %hich the Judges disagreed, the -higher of R
the two ranks was assigned. Otherwise, the ranks remained as reported by
the Judges.

After the distribution of rating levels was obtaired for each item, the .
median of the ratings of the students' responses was determined, If the ) S
medien was less than or equal to two, this was.taken-as a definition-of agree=-
‘ment between the taxonomic process intended by the item writer and, the
‘actual process employed by the students as indicated by their written E
"solutions, If the median was greater than two, then this item was defined
as misclagsified since a sufficient correspondence between actual and intended

4 behaviors was not demonstrated. :

'

) RESULTS . \

Interjudge agreement averaged T6% over all subtests. That is, for all}

. items, the judges agreed on the level of the written solution responses 76
per cent of the time. ;cross the four subtests_ from Knowledge to Analysis

the figures on agreement, vere 9%, 87%, 86%, and 58% respectively. * . \

It was anticipated that agreement between intended and actual student )
behaviors would be obtained more often for the Knowledge items than_ for \ K
any of the others, fhe reasons for this were t the Knowledge level is— \ :
discussed in‘greatest detail in the Taxonomy, it .is -easiest to spe”i?y and
rate .("I remefbered it from the reading passage."), end item writers have \
had the most practice writing recall items. ' \

_The antici atedlresultsAnere_ohtained,,although they were confined tg//”’
only six of t(e 50 items. For these items, there was the correspondence \
which would be expected on the basis of the use of the Texonomy. That is, \

- for only thesd items was the median of the distribution of retings of the " °. Vs
“written solution responses less than or equal to two. .Four of these were :
Knowledge items. - In addition, process agreement was obtained for, only one \
Application item and.qpe Analysis iten. i ) . ‘\

When this study was originally developed, it was intended that the simplex "\
-model be applied to the data. More. spécifically, the method of scaling a \
simplex, dévised by Kaiser (1962) would be applied - giving that order of Vo
subtests most closely forming a scale ‘of complexity.’ Then on the basis of , |-
"the ratings of the written solution responses, the items would be reclassi- VT
fied and the Keiser scaling recalculated. Since the reclassified subtests \
would be theoretically more homogéneous with respect to the process elicited, . \ ¢
the intercorrelation matrix of subtest scores Lhould then more closely form
a perfect simplex. . —— \r




The first.simplex scaling was carried out and the "best order" of

subiiests Jes, Knowledge, Application, Analysis, Comprehension - an order :
som¢what different from that posited in the Taxonony. .. However, the ratings
of iihe sqlution strategles did not provide data. sufricient for reclassi-
_ fication, For those Ll items #here agreement between actual and intended .
strategies was not fbund, there was. no consensus as to any other taxonamy
‘strategy. : Rather s variety of response styles was evident. Students -

- reported guessing,” use of previous knewledge, partial information, and a

Plethora of other strategies, ‘none of which fit the Taxonomy's frame of
reference.

-

Therefore; by way of summery, the overall result of this stud& was a °
lack of correspondence between thé actual and intended solution prscesses as
evidenced by the students written solution strategies.

>

€ DISCUSSION_
. To put the findings into some. perspective, it is 1mportant to note that
. the items and passage selected were carefully written, edited, and judged by ™4
experts to be appropriate -~ a procedure far in excess of that available
to a classroom teacher. Nevertheless, it is presumably desirable for the
item writer to be able to predict the process an item will elicit. 'In fact
~~for criterion-referenced ‘tests, it is essential.,

As indicated, agreement between actual and-intended processes was not
demonstrated for a mafority of the.itéms, The results of this study call
into serious guestion the usefulness of the Taxon in its present form
as a guide for item writing, If experts, in psycﬁometrics cannot employ these
sugdestions as en aid in test construction, then its value to the teacher
in classroom testing is certainly questionable. Further research is needed
to determine those conditions under which the actual-intended discrepency -
can be reduced so that taxonomies can be made useful in test construgtion.

If teachers and admiristrators believe it .is paramount that one assess
‘cognitive processes other than simple recall, thén the tusk for those con~-
— structing tests is great indeed. Further studies which would meke it easier
“~for students to "think aloud;" involve more extended verbal reports of
solution strategies, and a variety of content areas, are anticipated so that
those working with tests can obtain greater insights into students probelm
solving strategies. °
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