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Edwin R. Anderson

A Abdgtract

This study measures the stability of pe;formance exhibited where different
, clagses learn the same material. By focusing standard measurement technigues on
1) the item difficulties, i.e. the proportion of students answering an item correctly,
of items common to several classrooms, it was determined that up to two-thirds of
BN  the reliable variance of a classroom test is héld in common with identical tests
given in similar clasees. The particular wording of the test item measuring a
(r\,concept was shown to 'be a critical factor in knowledge assessment. Classes were
~. glven identical terms measuring common concepts and changed items measuring a .
() different det of common concepts. The correlations between classes of item diffi-
culties for identical items is approximately .70 whereas the correlation for
l changed items is approximately .35. Suggestions are made for utilizing the high
V]

'correlation between identical items in instructional decision making.
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The Certainty of Information in Instructional

E Decision Making

Effective decisions are based on the ability to predict the outcomes of
future events with some degree of success. The decision maker is happiest when
ha can predict future events with total certainty, but, in the absence of such
good fortune, he will look for the best statistical advaatage allowed by his (
avallable information. For exdmple, the registrar's office of most universities
nakes use of the positive relationship ( r ==.5) between high school\grades and
college grades to accept a sample of applicénts who will have the best ,prognosis

"for college success. The purpose of this paper is to assess the certainty of
information available to the teacher within his own classroom for his instruc-
tional decision making. - , !

Rosenshine (l970)“reviewed'studies examining the consistency of teacher

* effects in classroom or classroom-Iike situations and found only nine studies
"which attempted to make such a consistenoy‘check. The results of these studies

were disappointing in that when student achievement was the dependent variable
very little consistency of effect was demonstrated. These studies tested many

*aases taught by many teachers (24 to 106) with a standardized test and correla-
ted moan student achievement for a given teacher 8 class with the same mean in

the same class taught at a later time. Thirteen correlations obtained in five

long term studies of this type ranged from-.08 to .53 with & mean of .28. -This

a2pproach to‘assessing\classroom data stabilitv has two major disadvantages: (a) 1t
requires large numbers of teachers and students and (b) it does not provide the

individual teacher with the detailed information needed for instruction improvement
dacigshkons. The remaining studies reviewed assessed consistency in teacher Sffects
for_ ahort (30 min.) lectures. Positive results were shovn but again the magnitude

-

»

of. consistency was not great. :
What may prove to be a better approach to assessing information certainty in

the classroom 1s suggested by research involving paired-associate (PA) learning.
Coleman (1970) reviewed performante data collected from children given reading
exercif?s 1n PA format. The'wgrds the children were learning to read were rank - ¢
ordered -on the dimension of item difficulty. . The rank orders from two or more
cxperiments using the same words were then correlated; 31 of the correlations
reported fell between .65 and .98 while the remaining two were .33 and .3\, More .
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Trecently researchers (Atkinson, 1972; Atkinson & Paulson, 1972; Léub;ch, 196??9'
havg successfdlly uged item difficultieq gathered from one group of subjects
to.}rovide the basis for decisions about which PA item to present next in sequence
of instruction experiments. The PA experiments suggest that consistency of ef-
fect in the classgoom might be better demonstrated through the ﬁse of item.
difficulties computed for tests common to sevetal classes. '

Item difficulty:ip a notion quite familié;.to edukational test and m%Féure-
ment specialists. However, the concern. of educational measurement has in general
been with the reliable agsessment of the indi;idual student'sg kndwledge. This
translates into estimation of how accurately the student's total score on a test °
reflects the state of his knowledge. Ahswers to singlé“items are not particular1§
reliable estimatesxéf a single examinee's knowledge(and 8o individual item

statistics are used in constructing the best pogsible overall test. Suppose
inste;d that this emphasis were changgg to‘reéard the item difficulty,'defined
as ﬁhg propofrtion of students cofrect1§ answering a test’ item,'és the statistic'
of major interest. If instruction 1s delivered under close to constaqg.conditions
and if the same test items are used with succegsive classes, the,pkodu&t momznt
correlation between two classes on ‘an itém by item pairing ghould pe quite high.
This correlation of item difficultiés canbe used as a means of assessing the
stability of instruction efforts in the classroom. .

One goal of educationm, b;oadly defined;'is the deqelopment_of a gtate within
a person called tﬁb asarner which is similar to an in;nrnalhgtate within a person
called the knower. When the learner is in this state, he is said to "understand".
The state of understanding is inferred from behavior in telation to a context,
i.e. a person who emits situationally appfopriate behavior gngyg said Eo under-
stand the situation. May be 1g underlined in %he previous sentence becagge
understanding is not inferred from any "particular behavior" (Deese, 1969).

Deese writes, "The criteria for understdanding ‘are in the potential for an indef-
inite number of appropriate reactions, some linguistic a;d some not,"

In writing a test item to probe the student's ability to react appropriately,
the teacher is constructing one test question from an indefinite set~pf test
questions. Ideally, the student should give the correct response to any member of
the indefinite question set if he understands the concept bbing proBed or he should
give all incorrect responses if he does nbt. In practice, we'would expect the
;:rficular wording of a multiple choice test question to affect the estimate of

) .
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the student's competence for at least two reasons: (a) Concepts stored in memory

must be retrieved from .storage and changed wording of a question could concelvably '

4
change the ease of access to the concept weeded to answer the question.

(b) Changed wording of resppnse alternatives could affect the difficulty of the
discriminations- needed to identify the correct. alternative., One way to assess
the impact of specific wordings is by giving two classes learning the same sub-
ject matter identical iteits and items measuring the same concept with changed
. wording and then correlating the résulting data. If the understanding of the
students is ke}:, the correlations of both types ‘of item difficulties (identical o
items and changed items) will be the same. If item wording is a major factor,
the eprrelation for changed items wiil be lower than the corrglation for identical
items . .o ’ - ‘;f ,; T

" In addition correlations between identical test items and between changed
items, the data/éf:;ected from the classroomsdescribed in the‘methods section .

of intentional and natural experimental .comparisons. Some of the,

algow a numb
classes were taught using a workbook specially prepared for the class while

other were not (intentional). 1In one case, the textbook, which was common to all
the clagses, was changed. Many of the teapﬂErs involved in these classes lectured
durin class periods while otﬁers used the clagsroom primarily for testing and
assigting students with problems. In some of the'classes, students were given
mu iple choice test items written by the same professor who wrote the multip1e~
) choice items of a common final examination while in other classes the students

ere given essay and problem quizzes designed by a different instructor before
/receiving the common multiple-choice final. Data on these comparisons are in-

cluded with the corre1ation data in the results section

! R
Methods

.

Description %f classes and subjects. At the University of Washiﬁgton the
introductory FORTRAN IV computer programming classes aJe handled by the general
engineering department. Engineering 141, as the cou is—iabeled has 10 to 12

sections each quarter with between 15 and 30 students in each section The '
#ections usually have roughly equal percentages of upper and lower classmen. The
students are drawn from the general university. -pépulation, but there does tend

to be a larger number of engineering gtudents in each section than would be ex-
pected from a random sample of the*student body. °The course 1s a four-credit

I Y
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course th;; normally-meets 'for four, one-hour periods per week, but on -occasion
it meets for two, two-hour sessions. Students in all of the sections are given
access to the University CDC 6400 computer in order to test and.run their prac-
tice programs. )

Course reading materiaiE. All classes involved in the data collection from
Autumn Quarter, 1974, and Winter Quarter, 1975, used a common textbook,
Fortran IV Programming by Rule, Finkinaur, and‘Pa;rick (1973). Data was

~ the correct response to an item.

collected from a single course in the Spring of 1975 and that claES used a
different text, Funds:.antal of Fortran Programming by Nickerson (1975). In addi-

tion to the dertoooL, three Autumn glasses and the one Spring class used-a .
workbook prepared 1oca11y by Professor W. Dunn of the Civil Engineering department.
The workbook has 13 sections correspond&ng to topics in Fortran programming, e.g.
Do loops and subscripted variables Each gection hasjtwo types of problems, short.
answer essay queotions and multiple-choice questions, and in addition, many of ..
the sections have matching exervises Answers are included for all of the ques-
tions. '
Test'items. Three classes from Autumn Quarter and three classes from
Winter Mmarter were given weekly quizzes (13 to’'30 items) from the second through
the.ninth week of the quarter. The quizzes given to the three q}asses during
the same week tested the game concepts, sometimes with identical, multiple-choice
items and sometimes with changed, multiple~choice items. An tten was consideredh
identical if the wording of the question stem remained unch;nged between two
classeslpnd if the wording of the four response alternatives was unchanged; re-
ordering of the response alternatives was allowed under the identical condition.
Changed items Lad at least one word changed in the question stem; the response
alternatives, or in both stem and alternativesu Problems having the same words
but new numbers were considered changéd items.
' The itens from all of the weekly quizzes were written by Professor Dunn,
as were the test items used for the final examinations. Five sections of
Engineering 141 qere'given a common, 44~item final examination at the end of the
Autimn Quarter and eight gections were glven a common, 54-item final at the
end of the Winter Quarter. All tests were machine 8cored at the Univérsity of
Washjngton Educational stessnent Center. The computer printout of the scoring( -
- includes an item by item analysis which gives the proportion of students making

’
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fhe multiple-choice questipns of the workbook were a parallel form of the
weekly quizzes. The same concepts were tested on weekly quizzes as were covered
“7 by the workbook quiz with items which were in the majority of cases (55%) identical
. to those of the workbook. Except for a small pumber of items included in the
‘Spring Quarter final examination, none of the items from the final examinations
‘were identical to items givep during the quarter.
) : " Teaching methods, Autumn. Three classes during the Autumn Quarter used the
same textbook, the same workbook, and parallel forms of the weekly quizzes. All °

three of these.blasses were taught using a semi-mastery instruction method which
allowed each student scoring below ,90Z2 on the weekly quiz the first time it was
given to retake a parallel form of the quiz. The student was allowed to_study
his first test results to determine his errors before taking the second quiz;

" all students were scheduled for the first and second testing sessions during a

- week at the same time. ﬁastery instruction typically allows self-pacing, hence,
the usé of the term "semi-mastery” in describing the method. Class time was used
to handle details of course administration and to answer student questions on an ,
individual basis. Very-little lecturing was done in these classes. The two
additional classes given the common final in the Autumn Quarter were taught tiore
traditionally with lectures during class and single try test sessions. -

Teaching methods, Winter. During the Winter Quarter three instructors were 3

‘again compared on the weekly quizzes, two instructors used the semi-mastery

method and their instructor adopted a lecture approach. This third instructor

placed special emphasis on structured programming (Dijkstra, 1973) in the hope ,-
| of improving the programming skills of his students. Five additional instructors
- used the final test; their instructional methods are best described as tradi~

tional lecture. Some of these classes were given weekly quizzes composed, of

programming problems' designed by the instructor of the section.

Results
The primary data reported are the correlations of item difficulties among
classes for identical items and the correlations among classes for changed items.
The reader should bear in mind that the items contained in the identical set and
the changed set are not the same for each correlation reported, e.g. the identical
item get between class one and class two does not match the identical item set

between class one and class three. In some cases items were discarded from the

-
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tests by instructors in one or more of the sections because of dissatisfaction )
with the items; all item discards were made before the tests were scored. Each
corrqlation reported is followed by the nymber of items included.in the corre-
lation, e.g. .76 (33). Note that the number in parenthesis is the numbér of
items included in the comparison and is not the number of Subjects used in
computing the item difficulties. The number of subjects used to determine item
difficulty is always between 15 and 30.

_The measuremént theorist usually begins from a two-dimensional data matrix
in which one dimension is a listing of the individual subjects and the Qecond
dimension is a listing of the test items. Each subject-item cell in thé matrix
is filleq with a one if that subject responded to that item correctly and with a
zero if an incorrect response occurred. The formulas derived from test theory
for the manipulation of this data matrix are designed to estimate the reliability
of the test in measuring the student's knowledge. Throughout the results section

there is a shift from this perspective. In the standard approach the test items
are seen as measuring the student; in the 4nalysis performed here the students

as a class are seen as measuring the difficulty of the test items. The same data
matrix is used in the shifted éerspeétive, but the fo;mulqp used in computation
with the data are analogs of the standard formulas. For example, coefflc;ent
alpha, in the case of dichotomous items, takes the following form (Nunnglly, 1967).

M=

S. - -
Where p is the proportion of students gettihg an item correct,,q is the proportion
getting the same item incorrect, k is the number of items, and 6 2 is the var-
iance of the subjects' total scores. Coefficient alpha is computed as follows
under the changed perspective. )
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Where n is the number of subjects, ¢ is the proportion of the items a subject
correctly answers, & is the proportion of the ftems the same subject answers
incorrectly (e =1 - c), and 6 is the variance of the total scores of the
items. The second form of coefficient alpha 16 .a measure of the reliability of
the item difficulty estimates within a single clgss. '

The item difficulty correlations obtained du ing the Autumn Quarter among
the three semi-mastery instruction sessions are shown in TaBe 1. The mean
correlations from Table ! are .65 for identical items and .33 for changed
items. The mean difficulty of the items, the standard deviations of the i€258,
'iand the dependent t test values between the classes compared are shown in
Table 2. Three t tests are reported instead of one analysis of variance Because

the item sets vary from comparison to comparison. Note that the mean~item
difficulty from the test items tends to be high (approximately 85%). ?’zhe range
of item difficulties is restricted and the correlations reported in TaBle 1 may
undefestimate the magnitude of relationship that actually exists between classes
(Minium, 1970, p. 190). Data from the final examination given to five sections
of the programming class in the Autumn Quarter is shown in Table 3. The mean
correlation from Table 3 is .73. See Table 4 for the mean item difficulties

and standard deviations of the five classes. An items X classes repeated
measures analysis of variance done for the 39 items. of the final examination that
a11 classes answered shows significant variability among the classes ,

( 4,152 = 11.4, p < ,001). Orthogonal dntrasts stc\~the mean itent difficulty
of class three to be significantly greater than the mean item difficulty of

class two (F1 152 = 54275 p < .05). Class five and class four also show a sig-
nificant @ifference (F1’152 = 9.95, p <7.0l1). Any interpretation of tne
significant orthogonal contrasts in terms of instruction received is confounded
py the facts that class three contained 80 percent dpperclassmen whereas the
normal class contains approximately 50 percent upperclassmen and that classnfive
was told in advance th4t scores on the final examination would not be included ’
in calculagions of their course grade. ) S

' Dnring the winter quarter, comparisons were made among two semi~-mastery
courses and g third course which emphasizedy the structured approach to program s
olwriting (See tables 5 and 6 for the data from these comparisons). The average
correlation among the three classes is .70 for identical items and +39 for
changed items. The correlations from the winter quarter .replicate the autumn
quarter results. Table 7 ghows the'intercorrelations of -eight classes takiné

.
*
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Table 1 ' ) N

' Item difficulty correlations of three semi-mastery courses

for identical and changed items

)

' Class ggi;et

Class

Number 1 : 2 3
, ldentical Items
»
1 - .68(78)2 .70(47)
2 - ’ - .57(47)
3 ) -
-~ > \
Changed items
e
o
1 -, J44(45) <34(28) -
2 - .21(28)
) ¢

3 g - -

\

S——

Srhe number in parenthesis is the number of test items used

in calculating the correlation.
N

tr.';-d




Table 2 w

P

Mean item difficu}tieqL standard deviations, and t test values .

for comparisons, among three gsemi-mastery classes

* Statistics
Classes '
Compared First Second
Mean . Mein Sd1 Sd2 t
T 8
) ) Identical Items ) o
< . g .
r 4
168 2 . " 86.09 85.55 12.16 11.65 .50
163 84.19 86.83 12.99 14.71 - -1.66
L ]
263 ‘ 85.70 - 86.83 12.32 14.71 -.61
Changed Items
' ¢
- —
162 77.11 - 80.07 16.53 14.43 -1.20
‘ o~ *
163 79.46 90.14 * 15.73 7.78 . -3.77
253 " 83.04 90.14 13.62 7.78  -2.64"

*
p < .01 .
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Table 3
Item difficulty correlations from the commoﬁ, autumn quarter

final examination

Class Number s

Class ‘ :
\ @
Number 1 2 3 4 5

76G4)°" .86(41) - .79(42)  .68(44)

1 -
) - - JT3(A1)  L71(42)  .64(44)
3. . ' | - 7139) .65(41) “ i
6 ‘ e - ".77(42)

—
.

Note. Classes one, two, and three in this table are the same

as classes one, two, and three of table I. .
L 4

%The number in parenthesis is the number of test 1tems used in
calculating the‘correlation. . . - ‘




Table 4 ‘“;

Final examination mean item difficultigs and standard deviations,

t

or five autudn classes

\
- 7
-~
Staticztics
Class ! .
Numbex Mean Standard Deviation
./’j? :
1 67.86 23786
’ L _J
2 , '70.09 , . 19.79
& | 1561 -/ 1939
4 68,29 . T 24402
5 .. 59.89 T 24.68
’ “ , . o 13
’ . i
& i d

as classes one, two, an

»

7
.

“ - -

! »
Note. Classges oje,ftwo, andlthree in qygg‘table are the same

three of table 1. . . i
s .

-
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an identical, S54-item final examination in the winter quarter. The mean correla-

tion from table 7 18 .71; this value is very cloge to the value (.73) obtained

for the fall classes. An 1tems X classes repeated measures analysis of variance

done with deven of the classes showed significant variability among the class

means (F6,307 = 3.35, p < .01). Item difficulties werg not present for 11

of the cells in the data hatrix; their values were determined using a missing

data estimation procedure fecommended by Myers (1956, p. 171). Class eight,

the structured programming section, had 13 missing item difiiculties Since

the mean of this section was near the grand mean of all sections, the decision

to exclude this section from the analysis because of the misbing data probably

produces a slight inflation of the F statistic (the between meéans variance.

estimate is high). An orthogonal contrast of the semi-mastery instruction

sections one (mean item difficulty = 70.13) and three (mean item difficulty =

63.58) shows significant difference (Fl 307 ?.75,'p < .01) as does a contrast

of the high and low'traditionally taught sections (F1’307 = 6,76, p < .01). An

orthogonal qomparison of semi-mastery classes and traditional classes shows no

significant difference associated with the type of class (F1’307’- 1.93, p < .10).

Table 8 shows the means and standard deviations of the eight classes taking the
winter final examinations. ’

The correlations between differentogections of engineering 141 should be
compared with the values:of coefficient alpha for the sections (See equation 1).
These coefficients indicate the relfabilicy of item difficulty within each
section and represent the maximum correlation that could be expecte& between )
sections. Table’9 presents coefficient alpha for‘the eight winter quarteﬁ tlasses.
The averafe correlation (.71) from the intercorrelation matrix should be compared
with the avecage value of coefficient alpha (;;n = ,86) instead of with the >
maximum possible product moment correlation, i.e. 1. The square of r when the
square is multiplied by 100 is an estimate of the percent of the total variance
within the cla that is reliably measured by the test instruments. The
reliably measured variance accounts for 74% of the total variance whereas the

variance common to the classes i8 approximately 50% of the total‘var;ance. A
combination of these two figures suggests that up to two-thir&% of the reliable
variance from the[measuring instruments 18 common to the eight classes. '

One instructor was followed throuéh the autumn, ;dnter, and s8pring quarters.,

»
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., Table 5 v

Correlations of item difficulties among two.semi-mastery(SM)

/

and one structured programming(SP) classes -

Class N

!

sM2

.{yentical Ytens

7062 4(65)
- " .59(64)
¢

Changed itgag

.47(29) 34(32)
I e T]

e

L3

P
>4 .
®The numbe# in parenthesis ;;\:hh,number of test items used

in calculating the correlation.

4

b 4
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Tab1e46

2y
Mean item difficulties, standard deviations, and dependent.

t test values for comparisons among tﬁs'semi-mastery(sn)

’

and one structured programming{izf classes

\

Clagses

Compared ' First Second

Statistics

I

*

" Mean Mean Sdl Sd2 t

Identical items

i
»

P72

SMl & sMZ
SM1 & SP

SM2 & SP

81.97 72,78 © 15.72 19.30 6.36""
. 82.18 77.60  15.94 21.09 2.61"
*
74.69. 79.63 18.83 18.64 | -2.34

}

81.57 73.97 . 6.66 21.91 2.02

80.13 77.25 17.59 19.57 - K:'.76

74.88 - 73.69 19.%9 20.78 »27,

’
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Table 7 -
Correlations of item difficulties’ from a Winter Quarter final
examinatioﬁ given to eight classes
? —-\
N
! ’ ° ' ;(\\4 N
’ Class Number
P .
Class ) M .
Number 1 2 3 . 4 5 6 .7 8
o ‘ . )
1 - .72(54)a .68(48) .70(52) .81(54) ..78(51) - ,76(54) -.73(41)
4 Y e , T ) “
2 T T - T e9(48) .71(52) .78(54) T.77(51) .79(54) .68(s1) 7
3 .- .66(47) .73(48) .77(47) .73(48) .60(39)
4 : : ' - .66(52) .64(49) .57(52) .70(40)
5 - .86(51) .83(54) .61(41)
' ‘b
6 * , - BL(51) .61(41)
’ SN
7 . ( . - .55(41)
8 -
':‘ - . . ny®
Note: Classes one, three, and eig%pfare identical to classes SMIL
, e
SM2, and SP in Table 5. .
3 he number in parenthesis is the\numbef ézﬁlqu items used in cal-
culating the correlation.
= A ’ U‘




Table 8

Final examination mean item difficulties and standard »

deviations for eight winteé'classes

Statiséics

L
T

Standard Deviation

Y

70.13
) €833
63.58
66.25
66,48
61.96
/62,28 ~
64.80

Note: Classes one, three, and eight are identical to classes

SMl, SM2, and SP in Table 5.

’
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3 . Table 9 -
. . i C
Coefficient alpha for eight Winter Quarter classes * .
. /
, < ‘ ) -
Class Coefficient Number, of
Number Alpha L S}udents
\ ' . .
1 .78 ‘ 19 : :
. , ! -4 ‘
2 ' .83 21 -
q .86 > 25
4 .86 20
4 S' ’ 088 \ ‘ 24
6 .86 25 ' ,
7 ' ’ .92 . 22 x
8 - .89 23
v \ o
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He used the semi-mastery.methods of instruction each quarter, but varied the

/ written materials given to the students. Written material im the fall included

§he Rnle, et. al.,'i?zai text and the workbook, in the Winter Quarter qge work~
book was removed, and in the Spring Quarter the workbook was reintroduced along
with a change in tegtbook (Nickerson, 1975). The fall—winter‘cof;elation for
identical items is .61(96) and for changed items is .71(49). The comparison
for winter-spring are .24(54) and .09(59). The low correlations for winter-
gpring are due primarily to the extremely eigh'spring test scores and their
consequent lack of variability. A dependent t test comparing autumn and winter
results ghowed no significant difference between the identical item means
(autumn mean = 82.58 and winter mean 81.40; 294 = ,82) and a similar test showed
no significant difference between the changed {tem means (autumn mean = 76.96
and winter mean = 75.92; L .47). These same comparisons were significant
between the winter and spring quarters (winter identical = 85.40 and spring
identical - 96.95; t52 = —6.56,}: < .01; winter changed = 75.71 and spring
changed = 85.06; E57 = «2.99, p <..01). Comparison of items common to the
fall and winter final examinations shows a correlation of .89(18) and the same
comparison for winter-spring shows a correlation of .45(37). For final examina-
tions no significant difference was found between the fall mean (72.05) and, the
winter mean (68.00) (t = 1.45, p < .10) or between the winter mean (68.64)
and spring mean (69. 89) (t = «0.34)., 1In short, eveﬂ;though the‘performance

| of spring quarter students differed from the performande of winter quarter

' students during the quarter, the changes made within the instrictor's classes

_did nqt affect the mean performance of students in different quarters on common

final examination items.
Ld

Discussion

The high alpha values found ina *this study can be interpreted as indicating
that within a class item difficulty is a very reliable measure. To put it in
a more important way, if an item is relatively difficult for one student, it
is likely to be difficult for other students. The high correlations resulting
from' pairing item difficulties from identical item sets clearli'indicate a
high degree of stability among the classes surveyed. The‘average cotrelatiéns
of .73 and .71 from the classes taking the autumn and winter final examinations

mean that £bpr9ximate1y 507 of the performance variance of one classes scores
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can be prepicted 1f ‘an item_difficulty analysis is available from another classes
performance on those same items. Note that this statement holds true when many
variables normally thought to influence instroction are ignored. &he semi-
mastery clasgses, in addition to a common teaching method, used common learning
materials, i.e. same text, same tests during the quarter, same workbook (autumn only)
(autumn only), yet the correlations between the semi-pastery classes are not
different from the correlations among classes having thg textbook as the only
Common reading source. The correlations of the semi-mastery classes with tra-
ditional classes is not different from the correlations among semi-mastery
Courses themselves. The students in all of. thesz classes were faced with the
problem of extracting information about computer programming from written or ~
verbal statements, and they seem to have gsolved this problem in the same way or,
at least with the same degree of success ith each of the c1asses Teacher
personality, method of instruction, classroom environmént and any other varia-
bles present but ummeasured and unrecognized did not substantially effect the
learning of the students. The classges were either congtant with respect to .

such variables and hence equally affectéd or the variables do not have a major

"

effect on gtudent performance. &; ; . !
Data gathered from item di\fficultiesrég Jected during the fall and winter
quarters support the conclusion of high stability between classes when correla-
tions of identical items are used to assess, -stability (r = .65 for autumn quarter
and T = .70 for winter quarter). However, hltering the wording of the test
questions used to probe the same students' knowledge of programming concepts :

substantially lowers the correlation foung between classes (r = .33 for autumn

and T = .39 for winter). The assessment of the gtudeéntg’ knowledge is related
to the particular wording of the test ques ion we use to probe that knowledge.
On the other hand the positive correlatio% that temains after wording changes
suggests that iteh difficulty measures of a common concept will show consistency
when compared to the variability of estimates made for different concepts.

The data support the conclusion that treaﬁments aimed at the entire set of
concepts the student was to acquire were not effective The ~semi-mastery-tra-
‘di&3onal instruction comparfson, the workbooksno %orkbook comparigon, and the
strictured programming-tra tiona1 programming co?parison'all failed to produce
significant di@Serences betyween classes on the f nal examinations. This finding '

is in agreement'yith a genera % tendency to fina*gd results in such comparisons
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(e.g. Dubin & Taveggia, 1968; Getzels & Jackson, .1963; Stevens, 1967;‘Wa11en &

Travers,[1963). The treatien;s used in classrooms geherallx do not alter the.
learning of the students in ways that are detectable in their performance.

The high correlations found between classes present an alternative to ghe
approach of attempting to affect the learning of the entire get of concepts.
Since we know a large number of test questions will be readily answered, why not
focus the treatment where we know thé studedtsfwill have trouble answering ‘ -
questions? ‘he might, for example, provide the. tudent with a workbook which
contains brief explanations and practice'prdblems for coﬁcépts we know (frém
prior data coliee{ion) the student. ig likély to have trouble master;ng. Problems
related to readily learned concepts would be left out of the workbook entiégly.
Such a tactic may not change the student's learning strategy, but the seléctive
application may influence the student's allocation of "effort. What is being
recommended here is the systematic selection of treatment focal points from
objective data co}lecs}on. - Ny

If we accept@Deegg's notion that understanding leads to appropriate behavior
. in response to an indefinite sget of related situation, accept the high correla-
tions of item difficulties from identical items given in different clagses as
an indication of the stability of the item &ifficulgy measures, and accept the
premise that low item difficulties indicate a misunderstanding on the pért of
éeveral class members, we are led to some direct conclusions about instructional
improvement. Ideal understanding of a concept would lead to an appropriate re-
sponse on the part of all students to all items from the indef;qite set for
the concept. A low itém difficulty on any item from the set indicates less than
perfect understanﬁing even ghough the remaining items from the get might be
answered correctly. We are thus justified in modifying instruction on the basis
of informatipn collected from a single, specific test item. If an improveﬁent
is registered in a subsequent quarter on an item receiving focussed attehation,
we would then reword that item for the next teaching of the class to insure that
other members of the indefinite set are also favorably affected. In other words
an attempt is made through changes in the course materials to selectively shape
student test performance but the possibility of shaping being confined to exact
test item wording is avoided by changing item wording and reassegsing the under-
standings drawn by the students in a subsequent version of the course.

‘The study r;ported here has several limitations which deserve attentidﬁ.

(a) The data was gathered from caurses teaching Fortran programming; there is no
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guarantee that the data‘'will be duplicated in courses of a different type, e.g.,
social sclence courses. (b) The item difficulties were gathered with a single
type of tesf question, i.e., multiple choice; there is no check made to determine
1f other testing modes will produce similar results. (c) There is a need to
follow more instructors from quarter to quarter, particularly in view of the
failure of within course data to replicate between course data (identical item
. r = .61 and changed item r = .71). (d) No satisfactory explanation is offered
~ o for the significant variability found nithin instructional methods. (e) And
finally, the use of repeated measures item X classes analysis of variance
assumes a random sampling from a normally distributed pool of item difficulties
which in fact did not occur. This same criticism is however, also true of many
subjects X tpeatments analysis, _particularly when students from a class are
treated as randomly assigned to the class. 1

3 . . . | uﬁéh&

The stability of itemﬂdifficulties from quarter to quarter and c1ass to

class opens new possibilities for educational regearch. Since test items ,can

be transferred from class to class, class comparisons can be mstched on an item

by item basis to provide more sensitive comparisons via dependent t tests and
repeated measures designs. . Since difficult items can be feliably identified
selective strategies which specifically focus on difficu1t items can be attempted
Given the difficulty of establishing adequate control in cldssroom research\ the
potential of stable item difficulties for the production of more sensitive ‘

measurement is welcome. ’ ' %v:
: . ¥




Footnote

1The author wishes to thank Dr. Gerald Gillmore for his critique of an

earlier draft of this papeé. Special thanks also go to the engineering pro-

feggors who had their classes participate in this study. Professor W. Dunn

was largely responsi&lb for gaining the cooperation of the engineering

faculty as well as being responsible for the prebaration of the written
Everyone who has occasion to do classroom

,materials used in this study.
evaluation research should be blessed with such a willing ally.
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