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: consisted of course intervhntion in whidh a weak unit of an existing course
was, ideitified and wodified via several prescriptions.re?ulting from an

ISDP analysis. ‘Test performance, affect, confidence, and time were compared
for students using the revised materials and s;udents using the original
mater‘ials. o . .
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, When used to revise existing materials, the ISDP prescriptions produced
signifitant differences only 1h the 2nd' study! . Fallure tp find the predicted
results may have'been a resulg of conounding factors in the Jreal-world .
exper{mental situations ugsed. Otheﬂ-studies have demonstrhted that existing
materials revized according to ISDP prescriptions can be demonstrated to. ! .
produce.significant 1ncreases in student performance especially 1f the -
ingerdction with the materilals can be controiied and the tests can-be
révised to more adequately meaSure concept classification and rule-using
behavior. 1
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R "’ : FOREWORD

This, rosearch and development was ‘conducted in support of. Advanced
Develogqgnt.Subproject 20108.30A (Adaptive Experimental Approach to In-
structional Degi Thi® wotk is one aspect of .an area concerned with
evaluation of struction/training. Previous work reviewed the existing
tegearch 1 tetature that has .investigated the propositions underlying the.,
Profile . ‘review identified requirements for regearch and development
to which the studies described in the pregent repott, which. ;nvolved test
and evaluation of the ‘ISDP, vere d%Eected.:' o ,
e Drs..John Carter and-John Ellis served as contract monitofs. This
report was reviewed and edited by Dr. John Bllis:

H * !
L - ! M . . .

J. J. CLARKIN
Commastding Officer




Problem A
The Instructional Strategy Diagnostic.Profile (ISDP) was designed to - .
- enaple instructionalfdevelOpe;s and, evaluators to predict the effectiveness
of and prescribe improvsnents for existing instructional materialsu While
some gvidence exists as te dts effectiveness, it has’ not ‘yet received sufi= -
ficient empirical evaluation. . ) L . . .

"

OEjective- Do Lo '; . R
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* The purpose ‘of this research and development effort was" to urther the .
.« development and validation of the ISDP.and tha accompanying instructional. '
design prescriptions. . o0 e

-t v - ) -

e ;
- ? i, * . . M - - ..'
Three empirical gtudies were conducted using two different methodologies. c
‘Method one, which was’used for the first tws stydies, conéists of moddifyipg-
existisg instructional materials based an prescriptions resulting froém an .
ISDP analysis of tHose terials. Method twag whicH was used for, the. .third
study, 18 an iIntervent process, in which a.weak unit of an- existing cpurge
;18 selected gnd modified via'several prescyiptions resulting from an ISDP ..
. analyais.” Test- performance, affect"confﬁdance, dnd time were compared for'
students using the- revised materiala and for those using the origiﬁgl materials.'.
- -
Study 1, using\method one gn an introductory statistics’ course, compared
arframework presentation, with & regular prose presentation with either elaborated‘
or correct‘ﬁhaﬁer feedback. . v

1 - ) LA +

- ¢ ’ - ‘.,
Study 2 using fethod one'on the game statistics course as Study l cpm- .
.pared the performancé of groups‘using connected rulgs, discrete rules, and .
rules embedded in expository text. Ths connected rule involved an algorifhm
for sebecting which rule to use; the discrgte rule contained an algorithm'

and the embedded ruyle neither involved or, contained an algorithm "g.; . N
‘ *

Approach - | '. o .

Il

< Study 3, using method two, revised a unit of the syllapus for an-{ntroductory
physics course and then compared that unit with the original unit in-terms of
student-performance, time, and affect. Lectures, textbooks, and»discussions

« were” thie same for both groups. . A

» 1 »
+ - . v e
L]
re

Finddngs . .o N I ;
. ) s} M ., *r ., g™
In Study 1, no aignificant differences Were- observed in Eyudant.performance, .
affect, confidence, or time. 1In Study 2, posttest performanoé‘of bath discrete
and connected rulé groups was superior tao.that of the embgﬂded rulé group. On
+ affect, the discrete rule was most positive, faollowed by’ ;he connected and
embedded rule groups. There were no time or cnnffﬂ&nce differences. Finally,
in Study 3, there were no significant diﬁfercnces in gexfornance, time, or
affect between the two groups, although the.meang were ‘I the predicted direction.
Fallure to find the predicted results ‘may h&ve been B regult of r;onfoundj_ng
factora in the real=-world experimental.situatione,qped ‘

Fouoag¥




'Canclus ions . . -

' The research reviewed indicate that the propositions un@erlyfng the

Profile seem to be ‘valid. While the data reported in this document is
" somewhat inconclusive and not sufficient to make unqualified statements i

it 1is, ‘nevertheless, positive. When considered with other data on the ISHP,
it seems reasonable to assume that, when the ISDP ,Profile 18 used as a guide
to analyze and modify existing 1nstruction, “the resulting performance of *
students 1z likely to be more effective. This 1g espéciall$ 1ikely when the
tests a8 well as the main line instruction can be modified. It is less
likely when only the student syllabus 18 modified. The ISDP does seem to

have considerable potential as an 1nstrﬁ&t10nal evaluation and development
% tool. - 1

r o

Rer:.otmne ndat :I.o&_ . .

, 1. The ISDP, as presented in the 1807 training manual, 18 recommended
for use by Navy-instructional developers and evaluators. However it should
be considered as-an experimental tool and should be used only by experienced
instructional technologicts who cau“appropriately adapt its use to various
settings. and circumstahcea. . -

L - . [ -
e . -

2. It 13 recommended that ISDP validation and development efforts con-

. tinue so that this instrument can become an easy to use tool for all instruc-
tidnal development and evaluation personnel._ :
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INTRODUCTION - \m

Froblem ‘ - ", . ¢ ot :‘

.
"

Guidelines for predicting instructional-effectiveness, if they exist
at all, -are vague at best, It is almost imﬁassible to look af an instruc-
tionaL‘produot and predict its effeotiveness by the use of existing guides.
The Ipstructional ‘Strategy Diagnostio Profile (ISDP) was designed (Merrill
& Wood,: 1975) to énable ingtructdorial developers and evallators to predict
the effedtiveness of and ptescribe improvemerts Yor existing instructional
materials, While somp evidence exists as to its effectivenesa, it has ngt
yet received sufficient empirical validation.
Ts ’ . . L L . - *
Purpose - . - . o
The purpose of this research and develcopment effort was to‘fufther the
developmant and validation of the ISDP and the aooompanying instruotional
‘qssign pregorfptions. . .
Baokg;bund=and Scope =~ . . -7
" This projeot was conducted in three phased. Phase I consisted of an
extensive review of reported research studies as they relate to the pré-
pogitions underlying the Instructional Strategy Diagnostic Profile (Merrill,
» * Olson, & Coldeway, 1976). Results, of.this review indicate that there is .
constderable empirical _research support for most &f the propositions under~
lying ‘the Profile. It was further suggested that an instructional package .
. . that'is judged- to, have a high ISDP index should provide rather effective
“instruction. . . S . .

A
3

This document is the technical repott for the Phase II eﬁfort which.
consisted of thr'ee empirical studies using two different methodologies. €
" Phase III invoIVed the preparation-and validation of & manual for train L4
users in ISDP analysis. This manual ¥ill be published as a separate tethnicy
report (Merrill, Wood, & Richards, in'preparation). Preliminary validation}
indicates that experienced instructiénal developers, who have already had s
training in the Vooabulary of the. fﬁﬁ?, are ablg-to consistently rate exis§jft
instructionh and to prescribe modif cations by ng?hhe guidelines provid
by ‘the ISDP ¢raining msnual. - i




APPROACH

As indic&teﬁﬁprevtously, Phase 'I1 of this project consisted of conducting
" e three eppirical stﬁHIESAu two, different. .methodologies. (Method oge, hich
',; was used for ‘the- £irst’ tib.gghdies, consists of wodifying existing instrpctional
“materisls based onnprescriptions resulting from an ISDP anslysis of those
M materials. Methad twp, which wss used for the¢ third study, is sn intérvention .
. process, in'which-(1)-'a course is" snalyzed via the-ISDP, (2) a weak unit of .
-inSt:uctiDn 1s selected, (3) the test used for that unit is revised such that
* it yields 8 higher ISDP index; and (4) the unit of instruction sélected, is '
. modified so thst the strategy used yields s higher ISDP index. The original
and revised instructions sre then sdminis;ered to randomly-assigned ups,
snd performance on both is compsreds The three studiés are deagrigeg.yriefly
below and.in detail in the following-aecdibns. Wt -

T Y

o= 2 o
Study 1--Framework Rule R_presentation and Elsborated Feedback in Statistics

Inétruction, AT

P »

,'\\ ,Using method one ik an introductory statistics course, a framework .
rile representstion was compsred with a regulsr prose rule representation
snd correct answer feedback was compsred with elsborated feegback..--On ttie
gpsttest there ware no performancesdifferences. Students were &lso compared
on (15 the appeal of the instruction, as measured by a questionnaire, (2)
confidence in their responses, and (3) time required to complete the instruc=
tion. There were no significsnt differences on snycof these dependent measures.
_The ISDP rating of the instruction before the mqdification was very good. It
'was suggested that the relationship between perfotmancesand the ISDP index is
a decreasing function. That is, it réquires a large increment st the high -
end of the ISDP scale to regult.in a measurable performance difference, 88
compared to 8 small increment st the low end of the scale. = .

H

Study 2--Test and Generality Consistencz_in°a Classification Tssk

Also using method one. in the same introductory statistics course,
performance of groups usihg three ‘types of rule statements were compsred:
connected rules, discrete rules, and the regular expository test, which .
served as the control. The first tyo treatments consisted of an integrated
algorithmic flow chart representstion for. the connegted condition and separate

+ nonintegrated flow/chart representations for the discrete condition. The .
regular ‘condition did not pregent a how-to-use-the~rule algorithm of any kind.
..0n, posttest performance, the connected,and discrete rule groups scorad signif- '
.lcantly ‘higher than the regulsr instruction group. On affect all three-
_ Broups were: different with the discrete group most positive, the connected
next, and the reguldr inatruction lesst positive. Theré were no significant
differences be tween groupe on pogttest time or response confidence. It wis
‘concluded t } providing the student with-sn aLgorithﬁie rule resulted in s
performance crement. It should be noted that this study also used materials
which had s high initisl ISDP ratfng and that the sddition of sn algorithmic
reph“ientation of-the rule was still able to.cause a furthér increment in
performsnce. , . .

}“;e .




i L A - - .
. Study 3--Validation of the Inatructional Strategy Dfagnostic Profile
- o in Physics.}00. - .. _ \ 3

L

The- aecond methodology was uaed in an introductory phyaica course
at Brighsm Young'Univeraity. An ISDP snalysis of the tests used in the.course
*indicated that less than 20 percent of the test.items met the ISDP require—
ments fot adequate rule-using. Performance on the rule-using items was _
significently lower than performance on the. memory-oriented items. One-of
the poorest (8s indicated by test performance) units of instruction wes
selected for ISDP. modification. A revised test was: prepared which included
more rule-using items, snd the instruction was revised to score-higher on
the Profile. Dur®ng the - sdmmer term,,atudents in the course were randomly
* gséigned to the existing or-the revised materiala. &ll students took‘both‘
the.oxiginal 'snd the pevised test." ’

¥

- -.' b

"+  Thére was a aignificant difference withiu groups, iﬁdicating thet -
perfo:mance on encountered test items was better thsn that on unencountered
test items., However, between-group differencea, on either type of test, -«
while In.the predicted direction, failed to reach significance.  The qtudy
attempted to demonstrate thet modificetion of the syllsbus in decordsnce with
*ISDP Principles would result in s performauce increment. Bessyse of consider-
sble within group vsriance probably, resulting from the uncontrolled influence
- of lectures, the textbook; snd student intersction, the results failed to
demonstrste the predicted difference.

o
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STUDY 1z rmuomc RULE REpREséNTATmN AND
. ELABORATED FEEDBACK IN STATISTICS”
-’ - INSTRUCTION
e 7. . , r
Design ChaIlenges . .. ‘. S S
' T
The development ‘of, instruction that efféctively pfepares 1earners to-
use complex rules under low prompt testing conditions presents two chalw
lenges to the instructidnal designer: " (1) finding an appropriate represen-f}
- tation of the rule(s) that facilitates recall, and (2): providing for *
appropriate practice and feedback that effectively prepares the 1earner to :
apply the rules on similar test ftems. i o Pt R

s ., . . .- " ’ - ‘ . "
S , . ) . s
Rule Representation ; S e o . P -y
a . v . - f-n e X
o™ ir .

- Sevaral seurces -provide eviaence for the necessicy of rep:esenting
" rulea in instruction with accompanying mathemagenid inforgatioh. ' Landa
* (1974) found that thé effectiveness and efficiency of student performance
increased when algorithmic representation was used in teachigg mathematics .
and language rules. Markle (1975) found that a vertical .1ist of attributes
was superior to,a-paragraph with embedded attributes int the acquisition’ of -
rules. Mayer (1975a).c ncluded that an assimilative set or framework
facilitated storage and retrieval of rules from memory‘ Minsky (1974) sug~
gests that a framework of information facilitates the manipulation of critical
pleme! when efcountéring a new situation or instance. Gldser (1976).
advocates finding ways to represent compleéx information to the novice learner
in such vays, that encoding is facilicated and time to criterion competency is
decreased.’ .. “ . .

-

T

.. “ o ~

- Appropriate Practice " . if

‘”"‘ﬁ : 1 =

. - Practice can be defined as an iInstructional display that (1) requires
the learner to respond overtly to an explicitly stated task and (2) provides,’
at- least; correct answer feedback to the learner. Practice is judged to be
appropriste if the task, content,.and feedback of the instructional display
are isomorphic to the task and content of the rule representation. JIt is -- .
assumed in this study that the most effective practice displays should inglude

—framework displays identical to the .rule representation, and that feedback .
should be the correct answer with elaboration rather than the correct answer

,; only. Merrill and Wood. (1975),2 Wood, Richards, and Merrill (1976); and . .
" Schmidt, Hood, and.Merrill (1976). provide =& rationalevand some evidence for
creating.example and practice displays that are isomorphic to of consistent
with rule displays.

13tudy conducted by Ni D..Wood, R. M. Gilbtrop,'and M. D. Merrill. , .
i >

%A more extengive deftnition of the. terms used in this section ia found .




’_ijﬁotﬁeses
STl s study. will 1nve$tigate the effecta of (1) representing complex,
xutbs-wﬁthin a mathemagenic, Pramework pf information and ¥2) providing
‘ elaborated feedback €0, practice displays. ‘The general hypothesis 1s as
follows' o

- -
4
‘ 4
o . * - *

The framework (mathemagenic) representat{pn of rules
an&*cdnsisteq; practice with elaborated feedback will
prgﬂuce significantly more positive student outcomes than )
.straight“1ist or ‘nonframework" representation of rules T
with dgrrect ansqer only feedback, ’

Hethoas * '{ﬁ: ) .Q w

Selection of Subject Matter /’

ot Glaser!ané Resnick (19?2) have. identified the need to do instruc-
, 'tional psycheio research withid realistic settingsé with existing curricula,
Based on this prceived'need to go beyond the artificial context and subject
matter of the- labqratory settfng, "an ongoing introductory statistics course™
at Brigham Young Uniwersity was selected for the_following-feasons: (1)
. typleal subject matter within .a typical instructional setting Was avallable,
"and (2) coiplew subject matter conduciye to framework rule representation
was an 1ntegrdl.paﬁ§ of the course, - _ :
i o el R
A segme ornﬁesson»of 1nstructicnlfrom a unit of hypethesis tesning
for one mean wa chosen as*the gspecific subject matter of the study. This
segment, included “the folloying six steps: )
SR ?érmula%elfhe‘gull (Hp) and'alternative (ﬂa) hypbtheées.
L] - - N r' . ‘Q‘ B : . - -
Choose sample size (n) and alpha. !
. ) b

a
- F
L

-

Choose test staﬁistic.

Make aec£51on rule,

'Calcuéate test ‘statistic.

. Makp decision.

oy 1

' ubjects ) -

., " A group df 93 stgdents (encouraged by the statistjcs department to
participate) waacgiven course credit for participation in thé experiment,

Most-of the studen{s.were spphomores -and juniors, with a few seniors and
graduafh-étudennp.a A wide diversity of majors was represented by the gfoup.

<




‘.

The fgur types-of treatment materialg were.:'

&\ . . - -' '
! 1. Frammwork rule representétion with elaborated feedbach; ,.-q,

. -9.“‘

2. FramQWbrk ruIe reptesentation with correct answer feedback

3.~ Nonframewurk'rule representation with-elaborated feedback ;g

- . B N -

—

4.. Nonframework ru1e repreaentagion with correct answer fee&backj

LN
L] . & = »"

o~ ALl £our tregtment @aterial types Were in-wcrkbook foim and wete 'q
randomly diatributéd to students in the lecture hall i;here I:,he experiment' ’
was condtlcted. : i . - - ', PO -
ot " Representative examplea of the rules, practice, and feedb Ek diaplays

used in the four treatmentid.afe found in- Figures 1 through &, Figures 1 apd
2 show the framework rule representation with elaborated and with correct’ <
ansvwer f'eedback respectiVely; and Figures 3 and 4, the nopframework Yule™s
representation with elaborated amd with" correct ansm‘ar feedback. . . i
. " The treatment conditiofl shown in Figure 4 represdnts the originql
‘“instructional -materials used in the course. These materials appeared in
the form 6f a self- instructionel text by Christensen (1974). Aan agreement
was'made with the insrructo;' thit’ any treatment that was.considered by meZns .
of ‘the. Inatructional«Strategy Diagnostic Profile (ISDP) (Merrill & Wood, 1975)
as less effective than the original would not be ugsed. Therefore, the freatw.
ments shown in Figures 2 and 3 were considered to Ye more effective, while .
the treatment in Figure 1 was considered to be the most efféctive.” )

"' Instrumentarion\ _ ’ 5 - o ‘ 4o /

7 The paat-treatment tea; adminiatered to allratudentﬁ in the experiment
compriaed 12 peper-and—pencil, nultiple~choice questions of wwecall, concept .
claasification, and,rule-uaing typé€s. An example of a rule-using test item

is found in Figure 5. The number of correct answers on the twelve items by

_each atudent was. uaed as the depen&ent variable gerformence. g

. . i
. } Eseh .questio‘n@vas foH.oWed by a aeven-point: differential scale, which
" probed .the student's confidence in his answer to the test question. An example
_of the confidence scale item is shown in Figuré 5. The aﬁerage cénfidence for
. cach student on all itema was used as, the dependent variable confidence. a
v § [ S

i . The a.ffect that. the instruction l{ad on the student was measured ‘five
times during the treatment period, using a seven-question semantic differential‘
scafe format\ﬂaee Fi;?re 5). The measires were taken after students’ (1) -read
the funstructional materials, (2) responded to.test items 1 and 2 (memo zy type),
(3) respondéd to teat iteis 3, 4, 5, and 6 (concept and rule ueing), ) R
;" responded to tc!t items 7, 8, 9, and 10 (concept and rule, uaipg), and (5) ¢+ .
- tesponded to teat items 1l and 12 (higher order rule using). The word %irs*
were lcrenbicd as to order and polqrity for the five measures in order
ayoid. an anticipation.effect. . The average score for each student on all fiVe
effect npasures wis used as the'dependent’ variable affect.,

»

L




S
Thc (303 stcpsfof thls proccdurc <an be remembered more easrly if they‘ <,

“are listed 1n a framcwork 51mllar to the one-below.

oy
- v}lﬂ iy . - 4
i L . ’ ' -

1

17 r-’éﬁnguwré Ho AND H,'

Z, cnooss rﬁcc
e

r, Lt e

=
K
LI,

o

“ "
=

3
o

Sy

"4.  MAKE DECISION RULE

Y

5. CALCULATE TEST STATISTIC

* Theséisix stcps w111 be discussed in more detail within thc above frainc-
rk. The gxamples for illustration and the practice cxamples will be pre-
using this framcwork.in order to assist in learnmg and remembering
the'6 bas1c components of hypothes1s testing. . .

-

. . . - -

-

. - L - ooiley - . “o
ire 1, Framework rulé representation ﬁriﬁh‘.elaborated feedback;

+
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In the following problems, use the six-step procedure discussed in this

section to test the hypothesis for means of normally‘distributed pppulations ‘.

when a is not known' SRR 1 S L

o
+
*

1. .The following are measurements of Brix degrees an.molasses' 82.0, 79.6;
78.%, 81.8, 82,2, 79.9, 83.2 79.9, 8%.3, 84.1, 1In order -to.be graded as high
'quality molasses, the Brix degrees must be equal to 80. At an & value of
" 0.05, could the molasses from which the sdmples were taken be graded as high
» quslity? For this data, = 81.34; s = 1.8, and /10 = 3, 16

_’ -~

3

10‘

-
L]

‘ [

i

e -

F:I.gure 10 (COﬂtinued) .

N £
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=
L

Answefs to
’Pract:ce Problem =

Wi

\ﬁ - .

ram‘pyj:%zg H mé" H»é

”a n*i‘ 80

-,9\-. 7 s.,'_ ;:5""
’-13" «, - 3 v:‘

o

™

' ',é CHOOSE TEST smnsnc

LI

Rem&nber“‘bhat‘a statement of
equality- (either <, >, or =Jwill

- Always appear in the H,." An =
sign in thé H, always gefmes as e
two-tailed test. The H; is always
te' cofiplement "of the H,. -

— o — — o s e

‘In Step 2, a is give: and n is
"obtained by counting the nuwnbert “of
observations. -

In Step 3, ug = 80 and n = 10 are
substi,_u,tcd into the test statlstlc
i i

v

2 ‘RBj&’C.thl'l
- . ch
P (t¢~2 262)
R 025"2 262, -

4 - o

Re3 et:tvmn
* ~F*Region ¢
C (t>2 26:2)

T

4
L]

4

—
-k

-
L

The [€} (2.262) was obtained as
follows: note: |{t| stands for
the .absolute valué of t.
a., For a two-tailéd-test divide:
.. aby2 (a/2 = .025)
b df (degrees of freedom) =
. n-l=9 .
c. Obt@int-value from-table
Lusing df = = 9 and-a = 025 .

5. CALQULATE TEST STA*}'ISTIC
¢ &
' 81..)4 80 00-, 2 3%

o p— e i

,: ].S/Jfb )

gfﬁ*

? b

i Loa‘kmg at the Tonmila from Stcp 3,
we see-that the values for X and -
= S are mi ssmg ‘Using the values
given in the problem, (%= 81.34
and s = 1.8) we calculate the

4 ez wake DECISION

Stiice t > Loz (2 2 354 > 2. 262)

Looking dt the diagram in Step 4,
we see_that since 2.354 > .2.262,

we are in the rejection région of
the right-hand tail. We c¢in con-

clude, therfore, that the molassecs

ﬁ we rejdct the H,. oo ,y»
L, .1 M
A X

= .
s

ot

cannot bg .graded as high quality.

+

. PFigure 1,

'
L4
L]

{Continued),




The six steps of this procedure cq;; bg remembered more easily if they
are listed in a framework similar to the one below.. ' . _ <.

¥

» . - - _,.\g“
1. FUH'!ULATEH ANDH

'9

2. CHOOSE n, «

4. MARE DECISION RULE

6. make pECISION .-

b

Theue six steps will Be discuébeg_in more det:ail w:l.t:h:ln the above frame-
work, The examples’ for ‘illustratibn and ‘the .practice examples will be pre-
sented using this framework 4nm order to agsist in ledrning and rmembering
t:he ] ‘buic cauponenl:a of ﬁypothesia t:est:ing. ,

IR

r«:;-.:,‘ i 'k%,
A “ . B

‘I‘\; 3" B ‘, * ) .‘: be *c, .'.. '\?,:
Figure 2., Frmwork rule»represem:ation with correct answer feedback
A : .

- 1
-ne




PRACTICE

A
b

B

"} ¥hep oy is .not known: -

quality moldsses, the’Brix degrees must -be equal to 80.
could the molasses from which the samples were taken be
4 For this data, X = 81.34,.s = 1.8, and /I8 = 3.16.

1w
v "

A *In the fo]fﬁmihé'ﬁr6Q1ems§ use the 6-st&p procedure discussed in this
. section to.test:ithé hypothesis“for_meags:of nomially distributed populations

L

”;) ‘The fblldw%ng are measuremerits of Brix degreés oﬁ_moIasses: 82.0, 79.6,
8.4, 81,8, 82.2, 79.9, 83.2, 79.9, 82.3, 84.1. In order to be

graded as high

At an « value of 6,08,
graded as high quality?

4

(Continued).

2 . .2




'Answers to Practice Problems

- ety

$I

R
Wanal
et

.g_.-_- ,

-'\a-_':, .-

wao o

)
Pyt

Leb'aon 2 Section 2 .

o

4
S
H u b 80 .-

05"‘;

x ~ 80
770

41. e H

\h

@) e 10"
(3)

,.v-'

-

-(4)

Re} ect: H}

if ltJ? > 26}, otherwise accept H

—

e __theAEsoiute—value of_tr)
(5) x -*81.36 t o 2 354

(6) Since 2,354 > 2. 262 reject“B .

Bt

! e
R A R T -

Figure 2.

(Continﬁed;j .
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. . - DEFINITION . ,
A Test for One Mean W-hen . Is'Mot Known. A test of hypothems for

*

one mean when o is not known is a stthm:al procedure used. to decide.whe~-
ther or not the mean of a normally distributed popul‘atlon takes on the value
of u_. This procedure differs*from.the one set forth in the pfevious section
_iﬁ‘ﬂieﬁr“ﬁti_pc uSed and in (he decision.rules employed. In this sections
is'used as an estiinator of 9 The 6 ste];;s_gf the procedure are as fo]lowg.,;.

1. Formulate H and H_. The 3 possﬂ:le hypotheses for the mean
0
of a normally distr iBlted p population when O.r is not known are:

H u)u
u<u

H
H’:uifu

2. Choose a samp!e Slze n, and a value for a.

M
u’
M

3. Let :he fest statistic be
Tl
s//n”

On the basis of the « value, choose the decision rule‘,a'ceording;':),
to the decision pule table, table 17, ; -

Tuke the sample, and compute the test staﬁetio.

Apply fﬁe‘ decision rule, and make the decision.

" Figure 3, Nonframework rule repreaentat:l.op ‘with elaborat:ed Eeedback.

-




. PRACTICE

In the following problems, uge the six-step procedure discussed in this
section to test the hypothesis for, means of nomally distributed pc-pular.mna
when g 1s not kiown: ( ’

H *oa

‘1. The following are measurements of Brix degrees on molasses. 82 0, 79.6,
78.4, 81.8, 82.2, 79.9, 83.2 79.9, 82.3, 84.1. 1In order to be graded-as high
quality molasses, the'Brix degrees must be equal to 80. At an.a value of
0.05, could r.he wolasses from whichthe samples were taken be graded as high

P

T




(4) Reject Ho if |tl

bt

(6) Since 2.354 > 2. 262
. reJcct Ho

% B
- !

/ L r .‘

_ a}ways ‘the canpfement of the Hj.

) pt is given and n is obtamed by cou.ntmg

2. 262", otherwise |, 5’;-_?
e Tt acéé’pt (hote: It .
) B ids for the ab- - 7
p u‘te value of t) -
A Y PR
. g:},; «éf_%—w g

*"in the Tcjection region of the Tight hand

Answers to -
Practzce Problem 1.

n

Rcmember that a statement of cquahty D

(‘e:ZL herw: _>y.0F, =) ¥ill always appcar -
injthe H,. “An = sign. in the, always >
- 'definies a ‘two-taifed test. The 5, .

axhe number of observatmr}s

zg = 80 and n = 10 are substgtuted ‘into
-test. statmtxé/ T

77=ﬂ—°3

[ | (2 262) vas obt ined. as follows:

a. For.a two talled test dw:de
. _aby2 (a/2= 025)
b df (degrees of freedoml) = n-l =9,

. ¢. Obtain t- value from table usmg .
,df =9 anda = .025

. A’J_
- Rejectién

Acccptance Rej'ectxt:;n

Regitn ) chml] Region

(t<-2.262) . (t>2.262)1
g=2.262 ° tnz_zﬁ,z _

To obtam ‘the cah.u'l"t‘éd t-value, it 1%
nec cssary to look at the formula from

Step 3 )—‘—]- qug the values of

X and s that were gwen in the problem,
we substitote and compute as folloyss

Av

4 t 81 34 - 80 + . -
‘1.8 /Y10 .- o
t 1.34 o . A
' 1569 R Pa— v
we=2.35 o T
Lookmg at the d')ag'ram, in Step 4, e

we see that since 2.354 > 2,262, we are

tail. We can conclude, therelore!, that the

molasses cannot be gadcd as high quality.

] Figure 3.

(Cdntinuéd) '

Al - L

. ' .
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A

. DEFINITION

A Test for One Meau.ﬂhen‘u o 1z Not K&Sﬁn ‘A test of hypothesis for"
‘one nean when cx is not knbwn 1e a etatistical procedure used to decide whe-
tH%r or not the'mean of a normally dietributed population takes on the value
‘ of u ﬂ This procedure differs from the one aet forth in the previoug eection

-0 —_—
in’ the :eét statia:ic uaed and in the decision rules employed -In thie section

r
“'s 13 -used as an- eatimatox of‘g“. The six steps of the procedure are ag follows:
D . * N

e . 1

1. Pormulate H and H.. The three~poeeib1e hyQtheses for the mean
of a nomally dfet%ibuted populatiOn X not known are:

Choose a sample size, n, and a value for g.. .

. Let‘the test etatieiic be
.‘X -upou- \ . .
t- ] - - - ’ ’ £
377n . .

, On.the basis of the/a value, choose the decision rule according
“£o the decision rule table, table 17 T

Fad
+

Take the saqple, and compdte the test etatisétc,

- Apply the decision rule, and ‘make'. thie decision.
il

.‘. - " ( ’, ’,.-"_.J',

?1gure 4, -Nonfremework rule repreaentation with correct answer feedbeck~

I

-




B A -

+ PRACTICE
L -

s In the,follow.iﬁg roblems, use the G*stép pracedure discusgeﬂ in this'
section to’test -the hypothesis for means of normally distributed populations
¥Nen o, is not knowh:- ... : ' S ' '

v o, . . R i

1. ‘The following are measurements of Brix,degrees on molasses: 82.0, 79.6,
.78.4, 81.8, 82.2, 79:9, 83.2, 79,9, 82.3, '84.1. In order to be graded a5 high

qualitymolasses, tHe Brix degrees must besequal to 80. At an a value of 0.05,’
could the molasses from which the s‘amgles were taken be graded as high quulity‘?
| For this, data, X = 81.34,'s = 1.8, and /I0 = 3,16. I . ,

P

.
.

-

'

Figure 4, (Continued),




(lf K u-= 80 -
(2) - .05, n‘ 10

(3)’ l: - TO

(4) h:lect B if |t| > 2,262, othervise accupt B, (tote. ||:| stands for
the abaofute value of t). .

(5) x= 81. 34 ;=2 354
(6) ﬁdnc& 2.354 > 2 262 reject K

- v"' —

"J ]

Figure 4. {Continued).




Y e

krandom s&mple of individual ‘workers' production cocals is caken-

Y
-
—; r -
o w, B .
. ’ i . H
. v

— -r
. -

. The eEfect of uorkers using new tools on the number of circuit

. ¥

boards agsembleq in an eleccronics planz is being tested. A .

t
€
E]

-

- I’ 3’ Zl 6 5 5 J"? 8 2’ 2 4’05 ? 3’ 6 Zl The 3verage

L3

" e

number- of circutt boards ﬁor this gample 1s 4.5 with a standard .

. <‘\

-

deviationrof_Z. The plant manager wants to know 1f the sample .

‘&\_=\r

N

average of 4.5 1s scatiscically different from the’ previous average

of 5.5. Leb-a = ,05

o .
(Use this ‘area for i . (Mark an X in the box that cﬁfresponds
‘work space. ), * 6 the.best' answer for _each test itém

bel ow 03 o

7. The'appropfiaCe formulation of
Haﬁand.ﬂa for thesvabove problem 1s: _

EFS . L
H: wsg5.5 vs.'lja: p > 5.5

HO': B = 5.5Vs, Ha: # ¥ 5.5

Hi:iweds vs. Hyt w # .5

HO: > 4.5 VS Ha M 4.5’

H,: ’-45vs. :u'?‘4.5;'

.HO:'u_SS\rs H.u<55

v
W < -

-3 "

LA T .

* - . ) ' -
™ How confident are you In your angwer to the above question?
“ 4 "‘ v N . . 1
" very, . A ° Not at all
“| - confident ; K T confidenc

LR

o

Figure 5, . Bependenc va iable mqgsures including an example of a
rule-using tést.item, g.confidence sgale, a semantic
different{al affecc scale, end a time record space, .,




intﬁreatiné - ' o boting

ﬁmféhleaa ) ' beneficial

g@le te, ’ incomplete 4

detestable . : . enjoyable

+

confuéing

{rrelevant

concige

‘A

clock:‘

o

N
R N

\hﬁh\kgigfff 5. (Continued).
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t

. Measu of the amount of t4me spent by individual students on
sections of t§j§§reatment materials were faken at the same five points
as thé.affect medsures. Each student wr&tE‘aown-the time from the wall
clock in the space provided fsee Figure 5) The total- elapsed time taken
during the tr%atment period by each student was used as the dependent
variable Eime.

-
. -
[

Design v . _ -, L

L. A 2'x 2 factorial design with'a multivariate analysis *of variance
(ANOVA) was used to assess the effects of treatments across all four -
. dependent variables.” A generalized ANOVA program whith adjusted for unequal -
cell sizes (Bryce,& Carter, 1974) was used to analyze the data’,
. ‘ \ . . S
_ Results {7 R . s
The following four hypofheses were tested:
N 1 ’ - - ‘ L)
1. Hypophesis 1
Y . R . ) ® . :
Performance scores’'will. be higher for the framewdrk rule/elaborated
- feedback treatment group than for the nonframework/torrect answer treatment
‘group. ‘ _ - - ‘
’ . oL . O - A ot
2, Hypoghesis 2 I .

-

LE

P

Confidence scores will be higher for the framework rule/elaborated
feedbick treatment group than for the nonﬁeedhack/correct answver treatment”
group; : N

. 3. Hypothesis 3 .

Affect scores will be higher for the framework rule/elasborated .
feedback treatment group than for the nonframework/correct answer treatment
group. T, ) ’

. - ~ »
4, prothesis 4 i . . ¢

d

. Total elapsed time will be léss for the framework rule/elaborated
+ feedback treatment group than for the nonframework/correct answer feedback
treatment group. , - .

-y

A multivariate analysis of vartance (MANOVA) was performed sigtnltaneously
on all four dependent variables (performance, -confidence,. affect time) as.a e
“control fbr an increase in Type I error through repeated univariate tests. T\\Q
" The- HANOVA F~test for the full 2 x 2 factorial model was not significant.
F (4,86) ‘= 0.697, P > .05. (The means and standard deviations are reported in
Iable 1, and the-respectivefF ratios, on Table 2

»




Table 1~

» ¥ " . " v .
'_{ Meana and Standard Deviations of Dependent Va&igblea for Four Treatment Groups

FRFIEEN
- . ., - -
- - e ! -
- 2

' . .. ’ : Dependent Variable
Treatment Group - _ _ - Performange Affect - Confiﬁénce Y
Mean Std. Dev. -Mean Std. DevV. Mean _Std. Dem. Mean

Std. Dev.

Framework Rule Representation:. . . . .
.6 Elaborated Feedback  7.25 . . 957 .16, TL.2L
e Correct Angwer Feedback &tfz .2] ‘ .05 ?2504"'

Nonframework Repreaentacion'
‘s Elaborated Feedback 7.397 ] .88 4.8L° W16 76,09

2. 89
2, 95

L}
»

# Correct Ansver Feedback 7.57 5,41 G 76.87




Table 2

SummafY of Univarihte.F-Ratios on Eour
Dependenc Variables

. . . Degendent‘Variable‘
. . _Source of . ’

. " Variation -.: ?erformenee- Confidence - Affect ' Time °

.26 1.86 * .25 -1.73 ~

. L}
L} 1

Feedback | - 1.44 ©.23 1.646. 003

Rule Represenratign

i

Rx F° -

F .
.69 203 ., 2.34

-
. - N T
. *

e Hote. All F-ratiés weré based on df = 1,89 and « = .05.

) -
N - . . H N - L]

(I

+!

4 [N

'3 - .
.

) Discussion

-

de
L]

-

The mean scores on performance, confidence, and affect, as well as the~ o
total elapsed time for treatment, were chosen as the level of measurement,’

«8ince more precise analysis (breaking each variable out ingg_smaller cate— .
. gories) yielded no additional information.

‘o . ’ .
e The consistent lack of significant differences across the design in the
.- study may be due to one or more of the following reasons:

£

1. The’original versidn‘ufhphe ingtruction (Figure 4) was cobsidered,
by means of an ISDP analysis, to.be Buzeridr to any other available pristed-
£~ format material on the suybject. It is assumed that a less effective treat-
ment -(e.g., embedded rul€s-in text, partial .or no procedur&i helps for using T
the rule) would have assisted in creating differences between groupss,
other words, by definition, the freatments were very gimilar.
.2, The 2 hours alloyed to the experimenters for the treatment period '
was Jjudged to be insufficient foq’%he compiexity of  the subject matter involved. ’
The amount ‘of information to bé processed was probably too much forgtudents, .Sl
regardless of the treatment ‘condition. It is assumed that the net effect of™

this fIme cofistraint drastically reduced the between-group variance that other-
wise might have existed.

k]
o

Additional research efforrs.might (1) create greater differences in treat-.
ments by embedding (or making less mithemagenic) critical attribuges, and (2)

allow for more time on task to determine if between-group variance can be A
increased. . ) )

+ ' * - 1f complex rules can be represented to the learner.in ways that will
d develop skills 6f competent recall and use (application) in realistic test
gituations, a valuable tool for.the instructional developer to increase -
the effedtiveness and reduce the cost of instruction could be made available. _ -

-



STUDY .2: "’rzs? AND GENERALITY CONSISTEHCY IN A
. smmsugs CLASSIFICATIQN TASK® / .
'Problem .;f' T ' " Jﬂwxa‘ ~ S

Analyses of tests often-fndieate efrequitéd test- performance that 18 -
.not" entirely consistent with the aesociated instiuction. The agsumption ’
of this study is that- instruction.should present the student with both the
content of and the behavior requireg for perﬁormenee on a subsequent test,

- L'

One of ‘the bomponents'of test-inﬂtruction consistency is a congruence
bétweert .the test and the generality (statement of trul'e, definition, or pro-
position’ upon which: ‘the"Anstruction is centered). Though some evidence '
exists tO‘indicate that a generality impacts positively upen performance
(Merrill, Olqen, & Coldeway, 1976),~the effect of test-generality-isomophism
has appsrently not beer specificdlly tested. .

‘A long time-ago, Yum (1931) found that a slight change in stimulus
properties from instruction to test resulted in a significant decremen;
guccesgful regponses on test performance. Researchers have been slow g
extending this sort of tightly controlled -paived-associate study- into the
mofe complex levels of inatructional application (Glaser & Reesnick, 1972).

At least part of the reason for this slow pace was summarized by Stake (1973),
who stated that neither scales nor grounds have been. developed for describing
test and ipstruction similarity, though he cites some progresé’being made
(e.g., Anderson, Goldburg, & Hidde, 1971). Anderson (1972) reccgnizes the
problem in a different way when 'he suggests that achievement tests are based
on "things" not clearly and consistently defined. Gropper (1970) has made
some inroads, indicating an influence of spatial organization 'of materfals
upon sgudent response. Mayer (1975b) hds noted a forward process%pg effect
that shows a relationahip between the kind of stimulue materials used in
instruction and the test response, .

-
-

Scandura's use of the algprithm and higher- and lower~order rules in
instruction (Rhrenpiteis & Scandura, 1974; Séandura, 1970, 1973, 1974) stresses
the importance of specifying the precise behaviors requested of thie learmer.
Shoemaker (1975) echoes this when he spedks for having identical elements in
both instruction and test items. Gropper (1976) takes the position that task
and content post-instructiondl test analysis ghould include the same taxonomic
categories as the."front~end" instruction to effectively diagnose learning
failures, : : o ) 4

Landa (1974) concludes that gtudents have difficuIties in’ solving unen~
countéred examples because the general rules necessary for identifying specific
solution rules are unidentified and not ‘taught., When this inconsistency is
resolved the integration of sgeparate rules is facilitated, and errors decrease
rapidly over a relatively short period of spbseqdent instruetion. . R

. L3
-
L
- 4 L]

) ‘ AR
35tudy conducted by R. V. Schmidé, N. D. Wood, and M. D. Merrill.
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+ All the forementiondd studies point to & felt need-and some evidence—-
that wHat 1s tested should have been presented previdusly . to the student -
(though thé specific instanceg should differ). Just how close this match
, Should be 1is opemw-td “question. A study by -Scandura and, Durpin (1968),
indicates that a minor shify away from test—generality isom rphism 1s per-
haps desirable. v . '

- ]
i 4 i \. .
Herrill and.Wood%(l974,,1975g in their Instructional Strategy Di§5;ostic
Profile (ISHP), have taken up Stake 8 challenge. They have provided scales .
and are con;inuing to ‘establish unds for describing and evaluating concept=
level instructional materials., Wobd, Richards, and Merrill (1976) have
developed and validated a measure ¢ of test-instruction similarity with selected
constructs from the ISDP..
®

This study deaIs specificallg with an assumption made 1in the ISDP that
the fest and generality should be consistent. It compares performduce of
students given generalities that differ in three ways in the degree to which
they are consistent with the content 'and behaviors requested by the test
items, : First, a generality can present ‘the student with contént without’
presenting the precise task behaviors he will be asked to perform. (This
does mot mean that no required behavior is taught or implied, but that the.
specific behavior required is not taught.) This 1s a low level of consistencye‘
Second, a generality can present the task conditions under which the student
will be asked to perform, introducing separate generalities for each task
making up a larger task. We call this "discrete rule” consistency, which
requires that thé mode of behavior be consiatent (recall tested with recall,
rule-using tested with rule—using?tasks) Thus, & student 1s working With-
consistent discrete rules when an item of inférmation he is asked to learn igs
taught and tested in retall.mode orT when a coricept he 1is dsked to learn 1is
taught and tested with rule-using behaviors. If the itemis taught with a .
rule-using behavior and tested in a recall mode, the test and Instruction are )
inconsistent.'r The third way in which we looked at generality-test consistency
involves task sequencing. "Thig is "connected generality consistency, Gagné
(1970) and, Mechner_ (1967) discuss this level when they describe "behavior
chains.' A test that asks the student to perform sequential: discrete tasks
"In a way which is-not presented in rule-or practice form lacks. what may,be -
an important consistency characteristic. '

o

-

" Hypothesis ) o

Under the assumption that a generality is best that is.consistent with
the required terminal performance, we proposed the following hypothesis:

Performahce on test items, afflect toward instruction, cor-
fidence in test item answers, and total elapsed time will be
higher for students experiencing connnected generality consistency -
treatment than for students experiencing discrete rule consiatency,

.. and these measures for both the connected and discrete rule con-
sistency treatments will be higher than for the content-only son—
sistency group. . .

Four separate hypotheses correspording tg_ four dependent variables result
from Lthe above general statement. Each will be treated separately In the
reporting of results, ) \
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| Method

N Sub]ectfuhtter-Content_ -

An introductory statistics course’ at Brigham Young University (3YU)

-

. Mas gelepted as the experimental situation for this study.  The specific

F}

W

.

mat:t:ér of hypothesis testing was cho h‘ien because generglly low scores from
past achievement: .tests indicated.a high level of difficulty with the topic.
The edbject: matter met the experimental specifications of having nm],;iple

rulse t:hat: could be taught as separate,. disctrete rules.or as connected

rules. %ollowing hypothesis tegts were emrered in the selected unit of
:;aiegruction Chr:let:ensen, 1974) . .

- Ll
N .

I Test for one mean when o is known. * ' -

A

2, :.Test for one mean when d ie’ not known. 3

‘.3‘ Tesi'. for two means when the samples are indﬁpendent:.‘

©~ 4, Test for twoemeans when gbservat:ione are paired.

54 - Test f‘oi;ﬁgne proportion.
" 6. Test for two prbpor_t::l.ons.

77+ Chi-square test.

8. :Multinomial test of hypothesis.

S

.. Subjects - B 7 -

. The subjects were 95 regular enrollees in a college stat:ist:ics )
undergraduate coufse. The course serves as éne of the choices for Eulfilling
& genefal education requirement at BYU. Students received credit in the form
of additional points toward the “final course. grade for part:icipat:ing in. the
2=hour sessfon -and were Informed that failure ‘to participate would,. in effect,
penaliZze them, although the additional points were not dependent upon their -

_ performance. " .o

. Treat:ment:s

The study ‘consisted of. three treatments. Students in the first
treatment group recpived a connected generality in the form of an algorithm
which preeenhed both the content operation_and_ the tagk necessary to take’a
student from the reading' of the verbaily stated problem—to the correct fest:
of hypothesis and test statistics (see Figure.6). Subsequent practice pro-
vided two e.xemples of each type of hypotheeis test and test statistic.
Correct anewer feedback was provided on theé reverse side ot‘ t:he pract:ice,

. plgaa. (See Figure 7 for & sample practice quest:l.orr.)

=
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Figure 6. Connected-rule algorithm for seleition of hypothesis tast.
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A new social gtudles’program is supposed to produce signif_ipa.m;’ly
better results than a program it 1s to replgce. Students in the
coursé are matched on the basis of sex, IQ and G.P.A. and then the
pairs are ’divided into "new method" and "old method" groups. Their
scores on a final achi.evement: teat are taken as ev:ldence of*
performance. : . e - -~

Lo

E]'a. Select the fumber for the appropriate test type from list A.°

[Jb. “select the er for the correct tést statistic from list B.

-

*

A-Type of Test - B-Test St:at:istic
. o ra N x - u -
1. test for one mean, . 1. — ° -
t distribution . 9x ,sx

-

Ho
n

-

test for two means,
dependent '

»

-
Twd

of the above ’ ’none of the abcwe

.A_-.

ry a:.

o

.

i .

Figure 7. A sample practice question.
i

4 »
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Students in the second treatment condition were presented the: dis- "
crete (unconnected) mulgiple generalities used in determining the conrect
test of hypothesis and test statistic. These consisted of a. walk-through
of separate, very simple algorithms which took the student to the appropriate

* test after the student's initial deeision 28 to the spgcific type :"of data he
was working, with /{see Figure 8). Students in this group were not given any
directed strategy for comnecting these behaviors or for using them as part
of dn overall process to help them make their initial -decisions as to the
nature of the statistical problem. Subsequent practice provided the student
with two samples of .each type of’'decision. Correct answer feedback wag
provided on the reverse side of the practice-pages. P -

The instructional materials for the third treatment condition con-
sisted of the regular text used in the course apd directions for. providing
appropriate practice. The practice directions congisted bf a sawple item .of
the type used in the posttest with Instructivos tp practice the selected
items\found at the end of tfextbook secthions.. No generality was provided for

g2 the type of test that a verbal .practice item ‘may pose. The text -

1so did not.help here, for each test of hypothesis was presented In a .
te lesson, gave practice only din a stated kind of hypothesis, and did
fiot request students- tq differentiate on the basis of kinds bf test. As all ° .
students had’ previously been exposed to this material, this 8roup becane *

[ i

essentially a control group. o .

In the previdﬁs ﬁtudy (Study 1 off this report), it was hypothesized , .
.that time would decrease as a'resuI% of our treatments. In this situation,
although it is degirable to reduce the afount- of time students take .on in-

, struction, it is expected that time will _increase, based on Bloom's (1974)
gbservation that quality instruction initially takes longer, especially if .

" the effect toward the instruction has op-a student and confidence in mastery
of the subject matter increases.” } . "

-

. Instrumentation

. . -
r - P

A brief three-question pretest was administered to get some measure
of student entry behavior. The pretest was'identical in form to the questions
used in practice (Where ‘giver) :and to the posttest. Students were alsp ask®
to indicate lectures attended, materials read, and jorkbook practice coimpleted
in .regax‘(to the unit on hy’pothesis testing. &‘ . .
) Measures for the four .dependent variables of .interest in the study were
provided for In the treatment materials and poettést -and. are discdssed below.

Fi ]

$
s Performance, The bagic perfonmance tp required the student to
-gelect (1) the dppropriate hypdfhesis ‘test Tor a3)problem-statement;~&nd (2).
the appropriate statistical test assoclated witlf the hypothesfs test (see
"Figure 9). The 22 multiple-choiceuquestions p vided for 44 respgnses. How-
ever, on1y ‘the hypothesis test responses were ugsed in the data analysis.

o .

- N - »
T 7 - T ’
I . 4 e,

t']31.:;.3:“ does not glearly define quality instruction except fo;-characterizing
it as mastery 1earning. o : . _




FIND THE DECISION
TO BE MADE AND THE _
MEASURE TAKEN .
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DEPENDENT
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FIGURE 8, * An Example of a diérete rule algorithm for selection of ~,
_ ¢ hypothesis test . , i . '
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Sepator Incong feels that “the-bills infroduced by ricmbers of his party
in Congress will be given a positive or negative Vore pn the basis of party’.
*affiliation. To test this he assegses.the bills over & month's time, keep-
-ing track of .the party affiliation of those who took part in the voting
(Democratic'or Republican) and what the véte was ("For" or "Against’’ or’
YAbstain™). . coe . - -

. L]
- .~

. " e

* Fl H

[Ja. Select.the mmber for the appropriate test type ffom list A.

1
’,

Db. ‘Select the number For the correct test statistic from list B.

oy

How confident are'you in your answers tb.the above que¥¥on?

- Y

- o, * . X ‘

Very - . e Notat a'!l_ '
Confidant . : : Confident.
. " - : » o}

[

-’ - -
.. ;
- - -— - .. _

]

ATjpeoiTest . ' ~ BiTestSialsilc,
(oij - Eij) S )

test for homogeneity . " R

test for two means, dependent SR
‘test- for two means, independent

' test for two propextions C .

d-D _d-D

the above = 2 . - -
LA . S 1, sg/h

* E .
ye ¢ =
'{'x] - 2, ™ D ’<

S".“— o -

* none of
(P' - pz)z- ™
SP]‘PZ' ;

o Y ™
none of the above ~+

Do ‘not returndto this page once you have completed your answers .
. . “‘\‘ T " - ¢ * )

o

T
Figure, 9, - A sample of the basic-.performance
' tasi¥and confidénce rating. - ° °




The test was designed to have more items than most students could
complete 7in the allotted time 80 that differences in time and number of . .~
items completed for the separate treatment groups could be ascertained,.

-Affeét. .Questions at the end of the treatment materials and .at
_. the end of the posttest allowed students to respond to a five-cetegory
continuum of general affect in _terms of how well the instruction provided
preparation - for perfornance on e_tesf.‘~ . ?:‘
LR
Confidence. A seven~point, semaptic differential gcale was included
after each of the 22-'test items in order to assess_the amount?of self-per-
" celved confidence .students had in their answers to? the multiple-choice
' questions (see Figure 9.

-

. . ‘ Kl -
Time. All students were to’ mark the time from the wall clock in a
space provided at {1) the point whéte they finished the first 11 items on ~
the posttest and (2) at -the end cf the posttest-session..
: ‘ -

) P50cedurea . L_ .

W »

. Students were randomly assigned‘to one of the three treatment
conditions. After the pretest, students were told there would be three
timed sessions, and they were requested not to begin any one of-them until
asked to do so. They were also informed-that the materials provided would
be collected before the test. .Finally, they were informed that they would
be provided with more items in each section than they would most 1likely have
time to finish and that they should work steadily but carefully. 1

The students were given l/Z’hour for the study session. They were
then réquested to move on to practice but were allowed to return to the
study materials if they wished. The practice session lasted 40 minutes, after *
which the students recorded their gense of preparedness and attitude toward
the matq;ials used. All mateiials were collected. The .tests were then passed
out, and the ‘students were given 30 minutés to work the 22 ptoblems. e was
recorded on each test after the eleventh question and again at the “end of the
test. Students respon to a pecond affective medsure, and the materials
'were Collected.. ) T N '

LY
-
.

Design . . ' . '. ’

' The three treatment groups provided three levels of the main effect,

. level of generality consistency. A gne-way analysis of variance fesign pro-
vided the statistical model for'botha univariate (ANOVA) and a multivariats.
(MANOVA) analysis of variance with two ortliogonal contrasts for comparing means
Ycontrol vs. .the other two groups for 1 df and connected rule vs. discrete
rule group for 1°df). Each of ‘the five dependent variables was considered .,
simul taneously in'a MANOVA to correct for Type I error. ANOVA résults -
on single dependent variables were then interpteted if the exact F-ratios ~-.
from the MANOVA contrasts warrahted further consideration. A generalized
analysis of variance computer program which adjusted for an unbalanped design
was used (Bryce & Carter 1974) . .
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'4‘Rés:u1»‘ts M
.:gzgothesis I
_— »Performance on test items Eor.the connected rule consistency -
-+ group’ wili be‘higher than that for the'discrete rule consistency
s gfoup, and, performance for both groups will be higher than the
cgntent only (low ccnsiatency) group.. : F)
L e — et - s
Means and standard devigtions on performance scores for the three treat-
ment groups are found in Table 3. A univariate: analysis of ‘variance and an
orthogonal compat‘ison of medns (Control vs. Connectgd and Discrete, 1 df;
" Connected vs. Discrete™g ug, 1 df) indicated 4 slgnificant difference
between both the connectd8 z:hle and discrete-rule consistency groups as
“compared to_the control gq‘pp. F (2,92) = 4.21, p < .05. There was no

significaﬁt difference bel:ween the connected rule and discrete rule-con-
. sisterlcy groups. e

N -

-

I + . v
! . Table 3 .
. ‘ A %ﬁ - 1 )
*»> Means and Standard Deviations for

o .
g Q.” Depeqdep !ariables by Treatment _Group

-

~
q
-

v
"F-

., * ‘Irea_l:ment Group
¢« ., . . Conhected ., Discrete ) )
Depend’ént “" 45 " %', . .Rule ~ (N=33) Rule = (N=32) Control (N=30) .
variable “'. s :'. N ) t‘feal'r\ 5.b.., . - Hean_ . S_OD. Mean’ $.D.)
.. B - 1y
N

Per'formancg*-}..,_j‘q“' 10..:,;\ 10.56 - .54 9.10 .56
?. g .

e
" Affect Towar )
Instruq.tfon ‘ . 3 06 . .0 3.38 . : .67

Cohfidence in ‘if Dl

- Angwers to f;q

Tdst Items ihf .. 3.9 23
-~ - i 2‘0" N -
Time . = =+ +'0 ¢

Pasttest

.

4]
.

.L!igothesis U
! \& Affect toward inst'ruction will be highér for the cqnnected
' rile consisteney group than for the discrete rule consistency
.'group, and’ affect for—botﬁ,groups will be higher than for the
content only (low cbns,iste‘ncy) group.




. Means and standard deviations on affect toward instruction after the
treatment condition are found in"Table 3. 4 univariate analysls of
variahce and an orthogonal compar ison of means indicated.that all three
groups were Bignificantly different from each other with the discréte rule
consistepcy group highest, the connected rule consistency group next highest,
and content only group lowest in affect: F (2 92) = 11, 21, P < +05.

Hypothea:l.s 3 ,

“Confidence in anawers to test items will be higher for the
- contiected rule consistency group than for the discrete rule
consistency group, and both groups will be higher in confidence
... than the content ouly (low” consistency) group.

Heana d atand°ard deviations for confidence in answers to test items
are foun Table 3. A univariate analysis .of varlancé and an orthogonal
comparison of means indicated, no/significant difference between any of the .
three trer:;ment groups: F (2,92) = 1.60, p > ,05. y

Hypotheaia 4 '

Time to complete rule using pogtteat ftems will be longer\ '
for the connected rule consistency group than for the discrete
- rule consistency group, and both groups will take longer than
the content only group.

“/"!-v .-_‘ - . .
Means and standard deviations for time to complete the posttest _are found

in Table 3, A univarilate analysis of variance and an orthogonal comparison
. of means indicated no significant difference- bet:ween any of the three treat- -
ment groups; F (2 »92).= .91, 2 > .05, .

-

- .

‘;M‘
e fr————

. The study "investigated the extent of the need for test items:to be"com~
glatent with thelr generalities in content representation and in' task behaviors
on both a discrete and connected rule level. The results indicated that
students who learned from materials that were consistent only on' the content
representation level had significantly. lower scores and affect than did students
whose instruction also was consistent with the teat.item on the task behavior
level, Neither confidence nor time was significantly diffesent across trbat-

menta. . ; s -

-

The specific constraints of ti‘tstudy may have obscured greater differences,
especlally the hypotheslzed differences between the discrete ruje and connected
‘rule conslatency groups. The time we could arrange demanded that we run the
entire-study (from introduction to instruction to practice to teat) 1n one
2-héur sitting. Thus, the students in the connected rule consistency group,
who had the most new materials to learn, had very little(time to encode the
rather lengthy algorithm. * Given more time; .we could have explicitly taught.
them the three or four mejor ateps involved in -the algorithm before presenting
thém with all the detail and, thus, allow for easler chunking (Miller, 1956) of
the mtaruls. As it was, the discrete and connected rule vonsistehcy groups
__xwhave Fesponded more in a forward processing manner (Mayer, 1975b) in which .




they did_as well as tﬁgy did based upon the expectations.aroused, not only
by the initial statement of the terminal behavior but elso by the on-going
practice. - ‘Familiaricy also possibly dmpacted upon the’results. The students
had worked with materials similar to that provided to the discrete rule con-
sistency group, while the algorithmic approach was not a tool familiar to |
the course. 4 study that allows.adequate time for encoding of the materials,
preferably run with several meetings of the groups, should be made. S

- Despite the constraiats of the study, the pres ce of test-generality
consistency beyond a simple coutent-~only level cledrly resulted in better
test performance and affect. Teachers and developers would do well to glve

-ptactice in the specific behaviors required by a terminal task.

‘
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STUDY 3: VABIDATION OF THE INSTRUCTIONAL STRATEGY
" DIAGNOSTIC PROFILE IN PHYSICS 100°

- -

‘ ercie and H oEﬁeses . ' . . “
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The presént study agsumed that already designed and individualized
materials on concept level tasks could be further upgraded by an example~
. practice-feedback sequence for each generality, in accordance with the-
hypotheses-stated in Merrill and Wood (1975). -Thé ISDP also supports the
generality accepted principle that test items for classification or rule-
using tasks should consist of unencountered instances., Much instruction
ignores this dictum. Thus, this study analyzed the test question type for
the materiz¥a used in order to compare student performance on both encountered
and unencountered instance items and .ascertain’ differences in student per-
formance’ when the study materials are upgraded. -
&ﬁ”;ypptheses were based on the assumption that an increase in the degree
to which tests and instruction follows the prihciples prescribed in the ISDP
results in higher scores on tests with unencountered instance items and com-
Parable scores on tests wyith previously encountered instance items. *

Subject Matter Content .
- s

fhe subject mat conasisted of six units (comg;ising the second . .
quarter of the course) for an introductory thsics course at Brighath Young
University. Thete were several reasons for selecting this subject matter:

1. The-course met the criteria that it be conceptually based, a‘
quality-the designers and instructors of the course‘ded&red. -

2. The course, and especially the student study gulde, was already
carefully designed and yet showed deficiency-in one or more of the areas ]
measured by the ISDP. Too often researchers and theoreticians have been -
accused of shooting down straw men as they compare materials they had developed
in an hypothesized better way agaimst haphazardly presented "undesigned"” lessons.

) 3. The materials covered a fairly broad range of topics. It is often
simFIet to create differences in a~brief one-shot segment of material. Under
such a’condition, the novelty of the appmoach--and its brevi;y-go hand~in-hand
£6 genérate unusually stfong attention to the task. - To get’ at rea]l differences,
it seems necessary: to have materials used over time. <,

* 4. There 18 a real and substantial challenge to show differences im
the Iess-neat and varied wonld of the on-going cliass rather than in the isolated
laboratory setting (Glaser & Resiick, l972) Our job is to show that the
efforts which 20 into materials designed accdfding to stated hypotheses result
in real-life- differences.

s

5Study conducted by M. D, Merrili, R. V. Schmidt, and R. F)\Norton. '




5. The coukse was an introductory course that serves as ome of
several options tqégflfill a general education requirement. ‘Thus, the
students represented~a broad spectrum of college undetgtaﬁﬁates with &,
divetsity of interests and skills. - .

6. Data on students - enrolled in tite coutse indichte that, duting

-sthe Fall Semester of 1975, two-thirds of .the students either withdrew.

. unofficially from the course or received a grade of incomplete. Student—
paciﬂE’ptoblems obviously contributed to these results, but problems no doubt
exlsted with the tests and instruction as, Well.

-

The material selected covered the following toplcs:

Motion and Forces.
Forces In Fluids at Rest.

Pressure In Moving Fluids.

Conservation: of EnEtgy; A
™

Kinetic Theory of Matter.

Law of Increasing Entropy.

Subjeets'

The subjects were 43 students from two sections of a summer session
of the above~mentioned course, which fulfilled part of the general education
requirement in the physical sciences at the university. Other subjects,
representing’ repeating students and students who were not present during the
initial phase of the study, were too few in number within their gtoups to

analyze meaningfully.
L

»

Treatments “
' N |
The two treatments were! (1) the regularly constituted class study
guide and (2) a study guide whose generalities were reinforced with example-
practice-feedback segments according to ISDP principles. -Moreover, eight .
- unencountered gnstance item queations were added to the regular seven-item
test, whic nsisted entirely of encountered instance or generality items.
Fach quest oncﬁhd sevetal parts to it, and there were four versions of the

test. . '
4

k]

Procedure

A preliminary study of the nature of the test queétién and the cor- ,
responding student performance (see the appendix) was zun in.prder. to ascertain
which~tests could be upgraded throﬁéh eliminating prévicusly encountered in-
stance items and adding unencountered instance items.® This ‘evaluation also
allowed selection of 2 unit on whicafstudents showed problems in test, per-
formance. Following this, both the'tests &nd materisl were upgtaded accotding

to the principles of the ISDP. -

’

5a deScription.of this study, which was conducted by M. D, Mettill,)
%igF Nor ton,. end R. V. ‘Schmidt, is ptovided in the appendix.

g7
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38 -




Students attending class the first week were randomly assigned to
the treatments. They were requested not to study with or share their
materials with anyone whose materials did not-match theirs. The visual
difference in materials was lmmediately apparent. In this on-going situa-
tion, studying together had to be allowed. The randomization should have
takken care of any students who might have collaborated using different
materials. This was checked later through a questionniaire: two students
indicated that they had looked briefly at or studied t with the treatment
materials they were not assigned.

Students.could take the 15-item short answer essay test at a testing
center at their own convenience. The experimenters picked up the test from
the regular graders on a daily basis, regarded them blindly, and returned
them the next day to the testing center for distribucion, keeping coples of
each exam for furtheér reference.

. 8tudents not iIn attendance the first week (N = 6) and students retaking
the course (N = 7) also took the test, but their numbers were insufficient to
allow an analysis of their performances. .

The amount of time required for taking the test was also recorded, and
an affective questionnalre was administered after the completion of this Phase
of the course to see 1f there were any general differences betweep the two
groups., )

-

Design

-
Fl

The design was a post-test-only design with subjects nested in materials
but crossed with item type. Two levels of the main effect (“regular" and
"upgraded" materials} and four dependent variables (scores on encountered
instance items, scores on unencoyntered instance items, time on test, and
affect) were considered. A two-way analysis of variance design provided the
statistical model for a univariable analysis of variamce to test subject per-
formance. Rummage, a generalized analysis of variance computer program to
handle an unbalanced design‘and adjust for other effects was used in the
analysis. A t-test was used to analyze time data, as not all fests carried

"~ this inf tion. ’
s information =

-

_ Results

Hypothesis 1 ' . e "

» b N -
Tests requiring classification or rule-using behaviors for
unencountered instance items result in lower scores than when ] +
.the items consist of previously encountered instances.

Means_and standard deviations on performance scores for the two treatment
groups -are found in Table 4. A univariate analysis of variance indicated a.
significant differenge between previously encountered inetsnce items and
°unencountered instance items in the hypothesize& directiont P (1, 41) =
p < oOSo . N .
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. Table 4

‘e
’

Mean Percentape Correct and S_:an&ard
Deviations by Treatment Group

[ o]

0

: . Treatment Group...

Upgraded . Regular
Dependent . T, H-=23) -+, N = 20)
Variable . ¥ean 5.D. Mean - S.D.

7
Performiance on Encounteregd. . - ' o - ’
Instance Items : 7651, 02.5 . 74.5 02.9
. - ) J . .. e ' /
Per formance on Unengountered « - .
Instance Items : '69.7 02.5 68:6 02.9

*

Hypothesis 2 5 ' T
L R l . N .
Unencountered instance ‘items requiring classification on
rule-uging behavior- result in higher scores whef the «degree
to which the instruction follows ISDP principles is increased
.aver instruction which does not gEnerally follow ISDP principles’
[

Means and standard deviationa on performance scores for the two treat-
ment gproups are found in Table 4. A univariate analysis of variance in-—
dicated no significant difference between the two groups. P (1,41) = .29
£ > .05,

"% Hypathesis 3
LA

Time to complete a rule-using.or claasification test is
greater when the degree to which instruction follows the ISDP.
1s increased over instructibn which does not generally follow
- ISDP principlea. _ . . ot

As the teating place and time was out of our hands, time data WAS made
available for only 17 of the subjects. A.t-test run on the available data
(Mean of 87,°S.D. of "36-for the Upgraded group and Mean of -71,.8.D. of 24 .
for the gular group) indicated no aignificance. tan =1. 116 p > .05,

~ . -

— -~

The study attempted éojaqcertain if one could'improve student performance
on a physics test by upgradide his syllabus——mentioned earlier as the major
teaching device--by adhering l;o;ISDP principles. Because we intervened in an

© on-going class, this had to be attempted without controls on the teacher's

lectures, ‘videotaped helps, or the text. Though the differfncea noted were

- ' -
- -~




The

beyond the ayllabus. Contrary to indications on previgus course participa-
tion, gleaned from several former physica students and T instructor of the
"course, a survey we ran indicated that all the students who answered the
questionnaire (N = 28) attended virtually all the class "légtures and used
the text for each unit of material. * , ’

N .
S

4

™ Table ‘5

Hean Percentage of Items Answered Correctty for \}{

Students with Upgraded and Regular Materia% \

L4

Upgraded Materials Regular Maéirials
1st Try 2nd Try lst Try 2nq Try

Fncountered Items . . 76 - 79 76 75&
R . \

Unencountered Jtems 69 ' 74 . 66 65 %

§ +

+ . % ; -. l .
Moreover, the "regular" materials were;, as mentioned, already rathdff\\\

carefully developed. Although they did not support each stated generality
directly and conslstently with examples and practice, both examples and
practice were available to the student who hunted for them. Thus, since we
only upgraded the generalities present in the original sylldbus (as a promige !
not to change the course for one group of students), we probably were too i
optimistic In the results we thought it would create. That upgrading from
regular-class, "non-developed” materials does create highly significant dif-
ferences has recently been demonstrated in & study comparing the results of
students taught by ISDP and "regular” methods in nutritiorn classes (Richards,
Richards, & Merrill, in press).

H
* ]

_. Our dependent measure also had constraints placed upon it which rendered
ttulqu.sensitive than 1t could be: The instructor felt £hdt, to keep the
initial contract with his students, we had to keep the original seven questions

.on which the students would be graded. In order to obscure which questions
these were, we had to write ours in the same essay format, Also, we were
allowed only to double the length of the test, so we could not go beyond .

~eight additional items., This was t sufficient to test all generalities at
least twice, especihlly since we were bound to the essay form. Since greatest
majority of student test items consisted of encountered instance items, and
our, questions coneisted of unencountered instance items, this. disfinction was
easy to break out, g

*  Though time was not & aignificant effect, +it would be, perhapa, given a -
Egmpling of all the students,

i .
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. .

The sample in the affedtive questidnnaire'was too small to use for
drawing ‘any valid conclusions. There was generally mixed response from
Jboth groups, with comments, when made, ihdicating sonie dissatisfaction
with the length of the upgrgded materials over what they Were used to but-
a greater security in the- subsequent test .answers and a desire to go to
the syllabus.for answers rather than mqying from the syllabus to the text
‘as some previous students indicated they did.

This research helped establish several guidelines for further inter-
vention studies of this type. First, the)experimenters should have control
over all the instruction, 1nclud1ng lecture materiaiiirThe; cannot assume
_that peneral nonpar ticipation at lecturesjin the past will be the case in

e present. Secondly, the experimen brs must have full control of the test
and testing situation. This will allow a satisfactory ‘and gensitive measure
of student performance on the generalities taught as well as make possible
complete data on time and affect. Following these guidelines, we can then
perhaps test the power of the ISDP against materials .developed at a level .
similar to that of the physics matérials and to test. "ISDP developed ‘materials

‘over time within the framework of an on~going class. The rationale for
selecting this type and amount of subject matter content, as discusseg in 5
the Methods section, . is important sto consider in conducting studles on the
effect of instructional iaterials on student performance.

L -t
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f,_pﬂ~f-1T';::§h<:“- -, CONCLUSIONS : ’ .

N T . - .

The reséarch reviewed indfcate that the propositions underlying the_ISDP
Profile seem to be valid. While the data reported in'this document is some+
what inconclusive and not sufﬁ}cient to make hnqualifie& statements. 1t 1s,
neveytheless, -positive. When considered with other data on the ISDP (eeg., -

Wood, Richards, & Merrill; 1976),.1t seems reasonable to assume that, when

the ISDP Profile 1s used as a guilde to analyze and modify existing inst:uction, -

_ the resulting performance of students is likely to be more effective. This
18 especilally likely when the tests as well as the main line instruction can ,
be modified. It is less likely when only the student gyllabus is modified.

-‘The ISDP does seem to have.considerable potential as an instructional evalua-
tion and d'belopment tool, Lo

-




- .+ . KECOMMENDATIONS

-

1. The ISDP, as preaented in the ISDP training manual ig tecommended -
fog,gge byxﬂavy ifstructionsgl gevelopers and evaluators. Howewer, it should
‘be ‘considered an experimental too} and should be usged only by experienced
iﬂstrucéfahal techriologists who-can appropriately ‘adapt its use to’various

. eettinga and’ circumstances. . v :

2. The present effort has increased cur understanding of the, ISDP and
has considerably increased our abil to diaguose and prescribg modifica~
tions in existing instructional mater™sls which result in impioved student
performance. However, our understanding of the instructionsl diagriosis and
preaeription process haa merely scratched the surface. Because of its
_apparent usefulness, 1t™is récoumended that ISDP validation and development
efforts continue so that this instrument can become gn easy to use tool for
811 instructional development and evaluation peraonneb

. .
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. EVALUATION OF TEST ITEM TYPE AND
© . STUDENT PERFORMANCE IN PHYSICS 100




'Ihtroduotion .
——— P, ; ..
The Physics Department at Brigham Young Uhiversity requested that the

,.Division«of Instructiondl Research, Development and Evaluation maKe recom-
- mendations for improving the basic physics course at the University.- During .
'tﬁe Fall Semester of 1975, two~thirds of the students either withdrew un+

offioially‘from the coirse or received a grade of. incompletd. "Student pacing
Jﬁroblems obviously contributed to these results, but problems no’doubt existed

with the' tests and instruction as well. . :

»
, Previous evaluation of the Physics#(0 course at BYU has demonstrated

" othat .the coirse, intended to teach conceptual mstter content, contained
material that -was often deficient in the rule-exsqple-practice proposition .
of the Imstructional.Strategy Diagnostic Profile.

~

This studY examined.the conceptual correspondence of the test items to
the test presoriptions of the ISDP. Student,performance was compared on”the
various types, of items that were included on the tests. P
Method =~ . . ° .
raa— T » N ' . s

Y

. ) . “4 ]

" ThesPhysics Department provided the prol ‘of test- items from which all of
the tests administered to the studenfs were constructed. Each of the test
‘1€ems " was ol&ssiiied into one of five categories according to the type of
ooqunt they measured‘

red irquisitory instances (Ieg)-for questions in which
d to apply a rule (given or not given) to a particular

q3 Encountered induisitory instanoe-for the same type of questioné-as
An numbers one and .two above, but where.the~partieular instance had been _
' previoualy encountered in ‘the instructional materials. k "
4. Inqpisitory generality (IG)—-for questions in ‘which the student was
asked to renember or reoognize a rule’ atatement oy concept defdnition. .

+

" (a) to -citg #vidence {data or logic) ‘for a given proposition; (b) to give or
recognize Superordinate, coordinate, or aubordinate'relationshipa among or

between propositions or_concgpta, or {c) to remember a given conatant or sbme
specifio plece of data, a faot, etc., whioh ia an identity.-

5. vﬁlgoellanepqs cdtegory (H)-for qqestions where the student was asked:

. I
- . Most of the tean '1tems. contained more than'one category. of question within
" the item;>fif any Idg queétions occurred within an item, the whole item wils.

’ 'claslified Ieg. 1£ an 'IG question waa. combined with a M queatign, the whole
‘ttem.was classified ¥..!Interrater reliability was -atrengthened by having
both raters Tite the same deems separatel and then compare the, reaults. The
“faw dinagregmants were ﬁiacussed until cons aus was reaehed on all items. ¢




An item was classified as encountered if the anawers to two-thirds or -
more of the questions constituting the item were found anywhere in the text,
the syllabus, or the television lecturgs. An item was classified as unen-
countered if one-third or fewer of the questions comstityting the item were
encountered in the above mentioned sources. Items falling in between thes
two -cutoff points or items where a similar but not identical instance was
encountered in the lesson materials were glassified as partially encountered

- e - e -

independent Variables . . ' .

Tl . . L

h‘r:-_;

_ An analysis of variance was run, using three independent variables:

* () the three examinations over three different areas of subject watter, (2}
the seven test items used on each test, and (3} the five categories indicating—
the content type of each item.

The first examination coqgred theaiirst s8ix chapters of the text and - *~
aimed at a conceptual understanding of Newton's first two laws of motion. .The
second examigation covered chapters seven through teh of the text and aimed at
a conceptual understanding of thé laws of force and motion, conservation of
energy, the kinetic theory of matter, and the law of entropy. The third
Jpxamination covered chapters 11 through 14 “and aimed at a concepiual under-
standing .of the properties of waves, electricity, and magnetism.
The' test ifem fiumber was included as an independent variable because

it served as an ‘index of the difficulty level of the varjous items. TFhe sixth’
and .2eventh items Jon each test (A level items) were designed by the developers
of the test to bemore difficult than the fourth and fifth items (B level
items), and these in turn weré designed fo be more difficult than items one,
.two, and three (€ level items) An inclusion of this variable in the analysis_
"of variance enabled an empirical evaluation of the preassessed difficulty
levels of the items. - . -

r . ) . L % .

- v = -—
R . L]

The five content type categories were included to asBess which types
of questions were being answered most effectively by the students.
Dependent Variables ., L .
. . N - - - L
The Fhysics Depgrtment had already gathered., data ‘on the number of .
students that had missed gach item in the pool of test items. The number z{’&'
times each item was used on ‘a test was calculable from knowing the total. nultber
.of tests given and the procedure ysed to geherate ‘the various tests that were
used. From'the above information, - the ‘percentage of students answering each
.test item corfectly could be determined. This percentage was used as the
dependent wariable in the andlysis of wvariance reported ‘In the results section

of this paper. ) . e

-

& ' .
‘ The final data analyeis design was .3 x 7 x°5 matrix-that can most
r/clearly be understood by looking at the’ design diagram in Figure A-l.

o
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'~ Figure A-1, Design for evaluation of test item
‘ . type and student performance.
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Results - -
~ »
- Table A-1 ghows the mean perpentagds of Btudentgganswering items cor-

- rectly on each of the three exeminttions, the mean percentages of -8tudents

‘answering questions correctly under each tkst. item number, and the means -

formed, by the examination and item number interactions. An analysis of -

variance showed that the differences among examinations means were signi-

ficant (F. = 16.366, p < .01) aa were differences among iten number mgaus

(F = 23, 747, p_< .01) -

.

. Table A-I

Examination vs. Icém Number Matrix Mean Percentage.
of Students Answering.Items Correctly . -

Examination Heans
1 = 2 :

' 87.945 83.141 .  82.998 ' 84.816<
86.447  80.1%  ..75.807 81.250
72.444 82.376 72.177. 75.418
79.284 71.663 - 61.232 . 71.590
73.763 - 63.785 67017 - 68.745
72,300 60.378 | 46.421 . 58.372
58.679 60.142 56.509 58.182

- - 76,021 73.281 65.811 -

Table A-2 shows the mean percentages of stu&édts angwering each type of
test question correctly, the mean percentages of students answering questions
correctly under each test item number, and the means formed by ch; content
type and item number interactions. . *l

.

. 3

¢ ¢

Table A-3 shows the mean percentages of students answerinE items correctly,

on each of the three examinations, the mean percentages of students anawering
* each type of test question correctly, and the means formed byiexamination ang:
content type interactions, A4n analysis of variance showed thab, the differences ,
among the conteént—-type means (66.0777 72.505, 73.388, 73. 024, ?nd 74,159) were
~ also significant (F = 2. 549 B .05) . T
. L
The natﬁre of "these differences wahaanalyzed using prediction coefficients -
and 1s réported in the discussion section which follows. Table A-4 gives the
percentages of items used from each content type on each examination.

L




e
. ' Table A-2 '

Content-Type vs. Item Number Matrix Mean f'e_:'ientage
‘of Studépts Aunswering Items Correctly.

Quest ion'_'l‘yi:b
- Partially L e
Unencpun- Encoun~' un> . s
‘teved Teg- tered Ieg d'Ieg . IG > M | MWeéans

82“d55. 86,137 87,556 80,146 587.2?5' 84.816
17138 83,243, /8.217 B7.611 79,333 [:81.250
59,209 [ 79.713 74,180 . 7879  81.220 | 75.418
61,622+ 70.549 . 77.684 73,476 72,666 | 7E.590
64,186 92.009 70,486 . 63,813 ° 0 |68.745
| s8.785v - . 45,253 66.425 41,333 76,250 | 58,372
64,148 53.574 59.166 65,864  48.610 | 58,182

66.077 © . 72,505 +73.388  73.024 74,159’

n
) ., .
Al

S Table A=3 -

i

Examination vs, Content Type Mean Percentage of Students
#  Answering Correctly Items of Each Question Type

\ ' .- . Examinatiop .

-]

- Question Type ) . | ' . 2. o3 : (Heans'

Unencountered Ieg . . 71.876 64,144 61,568 ‘ 86.077
Partially Encountered Ieg 78,058 73.504 59,735 - 72,505
Encountered Ieg T 78.084 ° 75.238 . 66.842 73.388
78,200 73.470 68,204 .. . 73.024
73,504 - 78,495 1, 70743 - 74,189

76,621 73,201 65.811




JrTeble A-&

The Percentages of Items Used from Each Question
Type on Each Examination

"Question Type -

. {lnencoufritered Teg - °

Par tiall y Encountered Ieg

r*“—Encountered Ieg™
IG -

Discussion
. The difference among examinations indicates that significantly fewer

students responded correctly to the items on the third exam (see Table A-l).
It is possible that the items were more difficult or that, because of°the

. end of the semester, fewer students retook the third exam than.retook the
first and second exams. ' Each tifie a studenf retook an examinatiow, even
tbough the items were_different than on the preéevious exam, he was likely to
do better than he did the time before because of more study in_the at¥ea where
he was deficient. This would mean that the average pgrcentage of students
dnswering items correctly was artificially elevated -for both the first and
second exams—-more so for the first than for the second. Regardless ‘of the
., question type, items on the third exam were .missed more often than the cor-

responding type of items on the other two exams (Bee Table—ﬁ—3). .

The sixth and seventh test questionq on-eaeh‘exam were consistentl? more
difficult than all of the other quéstions (see Tgple A~1). -However; gquéstion
six on exam one was not significantly more difficult than gquestions three and
five, The dverall means for the seven question numbers’ indicate that qnestions .
four and five fell ‘in “the middle range of difficulty as intended, but -this‘was )
not consistent when t&% three exams were considered separately. i
- Although questions six and seven Were more difficult than the othérs; they
were not measuring a higher level of conceptual underﬁtanding, as might ‘be.. °,

hoped, but, rather more obscure details encountered An. the test, 8 llabua, or
videotapes. it might be more meaningful to use préviouily unencounteted
questions as A and B level items. This would tend to awazd Bs' and "As-on the
basis of a better conceptual understanding of the material rather thar on the
bagls of abdlity to remember more gbscure detéil. g

Sy
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‘Regardless of the type of question involved, items six and geven were
consistently missed more frequently than the other item (see Table A-2).
* "This is likély a réflection of the tendency for A-~level items to deal with
obscure details. It ie also interesting that-on the unencountered inquisitory
instance questions (unencountered Ieg) for the B and C levels, each of the
tean percentages falls below the grand mean for its respective question number.
This is as we would expect for more difficult questions. Yet for the A level |
questions, the unencountered Ieg questions have mean percentages equal to or
higher than the grand means for their respective question numbers. Thie may
mean that the students have acquired & get response to unencountered unobscure
items versus unencountered obscure items., For example, ‘they may be skipping
the unencountered unobscure items without spending much time on them because
they realize that they hdve never seen them before. At the same .time, be-
cause the A level items involve more obsgure material, they are spending more

time to think and are comIng up With more right answers oft théll owi.
o, . \

The unencountered instance questions are significantly more difficult
(p < .05) than all other test question typeg as we might expect if they were
measuring understanding at conceptual level rather tlan at just a memory level
(see Table A~3). The partially encdountered instance questionsg, the encountered
ingtance questions, the inguisitory generality questions, andithe miscellaneocug
questions all seem to be at.the same level.of difficulty for the students. How-
ever, the partially emcountered instance items on test three a slightly
‘(though not gignificantly) more difficult than th unencounterei instance items:
The partially encountered items in tests one and t but more Rimilar to the
unencountered items in test three, - . ., .

The percentages of unencountered instance questions om the various exams
are also very interesting. Becsuse the§ are the most difficult items, one
might have expected a pasitive correlation between the. percentages of such.
'items and the performance by the atﬁﬁ%uts ‘on fhe‘te&ts. However, there wds a
negative correlation (see Table A-4), Although test three was.the. most
difficult for the students; it had only 11 percenf of the most ¢ifficult
question type, This might mean that the subject matter’tested in test -
three was inherently more- difficult or that the instrucbion in this afea
was weaker. .

P ,f 2
-

" The present study will be expanded tp see if student performance.on unen-
countered instance questions could be improved by following the princples of
‘effective instruction recommended in the Instructiou&i.Strategy Diagnostic
Profile, e
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