
K A9-~~Ol42 3314 COURSEWARE INC SAN DIESO CALIF F/S 5/9
VALIDATION OF THE INSTRUCTIONAL STRATEGY DIAGNOSTIC PROFILE (TS—— !TC un
APR 7? M 0 MERRILl.. N 0 WOOD N00123—76— C—01458

UNCLASSIFIED PWRDC—TR—77—25 NI.

_ U

____ _ PU
_

_ _  

- ~W~ D~~TEUflU 
PEF~1IID 

p 1



-
~~~~ . .. .- : ~~ 

:
~~

r
~~~? ..

‘~r~ ~ 1~’ .
~ 

e~
)

~~~~~~~~ 
. .

*PRI~~ 7lIMP T~ 17-25

TIONAL STRATEGY

-

. 

~~~~

. VALl~ tJON . * ~~E m 
STUOIES0 1MM. . .

w

-• 

~~~~ ~ 
. 

~~~~~~~~~~~ 

_ i~ - ,

-~ .- 

._ -
‘p, . 

~~. 
.
~~

~~~~

~ 

p
‘

~~ .~~~ ~~~ ~~~~~~~~~~~~~~~~

~: .: 

. 

~~~~ :~~~~
-
~~~~~- 

.~ ~~~:Jo ~~~~ - 

1

~~~~~~~~~~~~~~~~~~~~~ 

.
.

.

~~~ 

. 

-
.

_ _ _ _ _  

~~~~~~~~~~~~~~ :5’



NPRD C TR 77—25 April 1977

VALIDATION OF THE INSTRUCTIONAL STRATEGY DIAGNOSTI C
PROFILE (ISDP): EMPIRICAL STUDIES

M. David Mer r i ll
Norman D. Wood

Courseware , Inc.
San Diego, California 92131

Reviewed by
John D. Ford , Jr.

Approved by
James J. Regan

Technical Director

Prepared for
Navy Personnel Research and Development Center

San Diego, California 92152

_____________ ___-
~~~- -~



OF THIS PAGE (~~ w D.4a 4nt. ,.d~ __________________________________

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

~~~ L . RLf OR7 7WU~~SER 2. GOVT ACCESSION NO. 3. REC IP I ENT S  C A T A L O G  NUMBER

/:~2 NPRD C’uLrR-?7- 25 : 
_ _ _ _

_______ 

S. pp ~~t ren~ _______

(~~ VALIDATION OF THE ,~NSTRUCTIONAL STRATEGY / Final %ep~~~. I
~~~~~~~~ bIAGNOSTIC PROFILE’ (j~DP): E~~IRIGAL STUDIES \ ~~• I~~~e5ULM~~.~~5P. ~~~~~~~~~~~~M SER

~- —
,—-— 

_ _ _ _ _ _ _ _ _ _ _ _ _

7. AUTHOR(a l ,,.~ COMTRACT OR GRA NT NUM5ER(.)

~~~ 
~orman 

~~~~
. 

L_( N00123- 0 4 /  a””

9. PERF~~WMING ORGANIZATION NAM E~~ )ID ADDRESS 10. PROCRAM ELEMENT. PROJEC T . TASK
AREA & WORK UNIT NUMBERS

Courseware, Incorporated ..-/ ~~
“ 6372QN

San Diego, California 92131

It . CONTROLLING OFFICE NAME AND ADDRESS , ~t2 OVDflRT flLT~

Navy Personnel Research and Development Centef II’ Ap r.~~ ~~77
San Diego, California 92152 ‘~—7 a. ~~~~~~~~ s

64
14. MONITORING AG ENCY NAME S ADDRESS(SI dIfl.roml lion, CanlrotUnd OWe.) IS. SECURITY CLASS. (of hi. rspori)

/ (
~ 

1<1 UNCLASSIFIED
f 5.. OEC~~A~ $~~ ICAT ION/O OW NG RAOING

14. DISTRIBUTION STATEMENT (of tAll Rep ort)

Approved for public release; distribution unlimited .

17. DISTRIBUTION STATEMENT (of (A. M.lvoml n,u.omd s,, Rlock 20. II dltf.r.n ( from, Report)

IS, SUPPLEMENTARY NOTES

19. KEY WORDS (ContSnu. on viti. old. U n•c.”~~. atd ld nIllp 47 block ns ber)
Instructional Strategies Instructional Strategies Diagnostic
Statistics Profile (ISDP)
Feedback Instructional Diagnosis
Mva;Iced Organizers Instructional Prescription

40. ABSTRACT (Contlm.~ on v•, r •lds U nmrn.p .td td~~ ttfr 47 block ~~~ bor)

-~ - ~~ Three experimental s~udies were conducted in real—world settings in an
attempt to validate the Ittetructional Strategy Diagnostic Prof ile’and the
accompanying design prescriptions. ‘

Two different methodelogies were used . In ft lsethod oee-~~existing instruc—
tional materials were modified on the basis ~a selected prescription that
resulted from an ISDP analysis of those materials. Two or more versions ‘of
the .aterial• were compared in an experimental comparison. Method two

DO 1 JAN 73 1473 •DITION OF I NOv IS I$ oSSoI.ITE 
~~L i  UNCLASSIFIED 

- 
-,... - .

SECURITY CI.AS$ IPICAT ION OF TH IS PAGE (Shom 51. Sm*or .d)

—~~~
__-- _ __ _  _ 

/



UNCLASSIFIED
SEcURITY CLASSIFICAtION OF THIS PAGI(I~on D~~. ~~~~~~~

/ 
- -

consisted of course intervention in which a weak unit of an existing L3urse
was Ident ified and modified via several prescriptions resulting from ~en—
ISDP analysis. Test performance , affect , confidence , and t ime were compared
for students using the revised materials and students using the original
materials.

~~When used to revise existing materials , the ISDP prescriptions produced
significant differences only in the 2nd study. Failure to find the predicted
results may have been a result of confounding factors in the real—world
experimental situations used . Other studies have demonstrated that existing
materials revised according to ISDP prescriptions can be demonstrated to
produce significant increases in student performance especially if the
interaction with the materials can be controlled and the tests can be
revised to more adequately measure concept classification and rule—using
behavior.

UNCLASSIFIED
SECURITY CLAUIFICATIOW OP THIS PAOI(WI,n,, Dot. I.u...d)

~

- - - ~~~~~~~~~~~~~~~~~~~~~~~ -.- — :
—.—-.—-—



FOREWORD

This research and development was conducted in support of Advanced
Development Subproject Z0108.30A (Adaptive Experimental Approach to In-
structional Design). This work is one aspect of an area concerned with
evaluation of instruction/training. Previous work reviewed the existing
research literature that has investigated the propositions underlying the
Profile. The review i d e n t i f i e d  requirements for research and development
to which the studies described in the present report , which involved test
and evaluation of the ISDP, were directed .

Drs. John Carter and John Ellis served as contract monitors. This
report was reviewed and edited by Dr. John Ellis.

J. J. CLARKIN
Commanding Officer
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SUMMARY

Problem

The Instructional Strategy Diagnostic Profile (ISDP) was designed to
enable instructional developers and evaluators to predict the effectiveness
of and prescribe improvements for existing instructional materials. While
some evidence exists as to its effectiveness, it has not yet received suf-
ficient empirical evaluation.

Obj ective

The purpose of this research and development effort was to further the
development and validation of the ISDP and the accompanying instructional
design prescriptions.

Approach

Three empirical studies were conducted using two different methodologies .
Method one, which was used for the first two studies, consists of modifying
existing instructional materials based on prescriptions resulting from an
ISDP analysis of those materials. Method two, which was used for the third
study, is an intervention process, in which a weak unit of an existing course
is selected and modified via several prescriptions resulting from an ISDP
analysis. Test performance, affec t, confidence, and time were compared for
students using the revised materials and for those using the original materials.

Study 1, using method one on an introductory statistics course, compared
a framework presentation with a regular prose presentation with either elaborated
or correct answer feedback.

Study 2, using method one on the same statistics course as Study 1, com-
pared the performance of groups using connected rules, discrete rules, and
ruleB embedded in expository text. The connected rule involved an algorithm
for selecting which rule to use; the discrete rule contained an algorithm;
and the embedded rule neither involved or contained an algorithm.

Study 3, using method two, revised a unit of the syllabus for an introductory
physics course and then compared that unit with the original unit in terms of
student performance, time, and affect. Lectures, textbooks, and discussions
were the same for both groups.

Findings

In Study 1, no significant differences were observed in student performance,
affec t, confidence , or time. In Study 2, poattest performance of both discrete
and connected rule groups was superior to that of the embedded rule group. On
affect, the discrete rule was most positive, followed by the connected and
embedded rule groups. There were no time or confidence differences. Finally,
in Study 3, there were no significan t differenc es in performance , time, or
affect between the two groups, although the means were in the predicted direction.
Failure to find the predicted results may have been a result of confounding
factors in the real—~~rld experimental situations used.

vii ~~~~~~ ., 

t
~t P A B~~~~~~N



Conclusions

The research reviewed indicate that the propositions underlying the
Profile seem to be valid . While the data reported in this document is
somewhat inconclusive and not sufficient to make unqualified statements
it is, nevertheless, positive. When considered with other data on the ISDP,
it seems reasonable to assume that, when the ISDP Profile is used as a guide
to analyze and modify existing instruction, the resulting performance of
students is likely to be more effective. This is especially likely when the
tests as well as the main line instruction can be modified . It is less
likely when only the student syllabus is modified . The ISDP does seem to
have considerable potential as an instructional evaluation and development
tool.

Recomniendat ions

1. The ISDP, as presented in the ISDP training manual, is 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 technologists who can appropriately adapt its use to various
settings and circumstances.

2. It is recommended that ISDP validation and development efforts con-
tinue so that this instrument can become an easy to use tool for all instruc-
tional development and evaluation personnel.

a
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INTRODUCTION

Problem

Guidelines for predicting instructional effectiveness , if they exis t
at all , are vague at best. It is almost impossible to look at an instruc-
tional produc t and predict its effectiveness by the use of existing guides.
The Instructional Strategy Diagnostic Profile (ISDP) was designed (Merrill
& Wood , 1975) to enable instruc c -’o.~al developers and evalua tors to predic t
the effectiveness of and prescribe improvements for existing instructional
materials. While some evidence exists as to its effectiveness , it has not
ye t received su f f i c i en t emp irical validation.

Purpose

The purpose of this research and development effort was to further the
developmen t and validation of the ISDP and the accompanying instructional
design prescriptions.

Background and Scope

This projec t was conduc ted in three phases. Phase I consisted of an
extensive review of reported research studies as they relate to the pro-
positions underlying the Instructional Strategy Diagnostic Profile (Merrill ,
Olson , & Coldeway, 1976). Results of this review indicate that there is
considerable empirical research support for most of the propositions under-
ly ing the Profile. It was further suggested that an instructional package
that is judged to have a high ISDP index should provide ra ther e f f e ct ive
instruction.

This document is the technical report for the Phase II effort , wh ich
consisted of three empirical studies using two different methodologies.

Phase III involved the preparation and validation of a manual fo r  t r a in ing
users in ISDP analysis. This manual will be published as a separate technical
report (Merrill, Wood , & Richards, in preparation). Preliminary validation
indicates that experienced instructional developers, who have already had some
training in the vocabulary of the ISDP, are able to consistently rate existing
instruction and to prescribe modifications by using the guidelines provided
by the ISDP training manual.

1

- --- —— --—---- _



APPROACH

As indicated pre iously ,  Phase II of th is  p r o j e c t  consisted of conduc t ing
three empirical studies using two different methodologies. Method one, which
was used for  the f i r s t two studies , consis ts of modif ying existing instructiona l
m a t e r i a l s  based on prescrip t ions resul ting f ro m an ISDP anal ysis of those
materials. Method two , which was used fo r  the third study,  is an in terven t ion
pr ocess , in which (1) a course is analyzed via the ISDP, (2) a weak unit of
ins truc t ion is selec ted , (3) the test used fo r  that  uni t  is revised such that
it y ields a higher ISDP index , and (4) the unit- of inst~ ’iction selected is
m o d i f i e d  so tha t  the s t r a t egy  used yields a higher ISDP index. The ori ginal
and revised instructions are then administered to randomly assigned groups ,
and performance on both is compared. The three studies are described briefly
below and in detai l  in the fo l lowing sections .

Study 1——Framework Rule Representation and Elaborated Feedback in Statistics
In s t ruc t i on

Using method one in an in t roduc tory  s t a t i s t i c s  course , a framework
rule represen ta t ion  was compared with a regular prose rule rep ’ ~sen ta t ion
and cor rec t  answer feedback was compared with elaborated feedback.  On the
pos t t e s t , there were no per fo rmance  d i f f e r e n c e s .  Students  were also compared
on (1) the appeal of the ins t ruct ion, as measured by a quest ionnaire, (2)
confidence in their responses, and (3) time required to complete the instruc-
tion . There were no s ign i f i can t  d i f f e r ences  on any of these dependent  measures.
The ISDP rat ing of the ins t ruc t ion  before  the mod i f i ca t ion  was very good.  It
was suggested that  the relat ionship between performance and the ISDP index is
a decreasing f u n c t i o n .  That is , it requires a large increment at the ~~~end of the ISDP scale to result  in a measurable per fo rmance  d i f f e r e n c e , as
compared to a small  increment at the low end of the scale.

Study 2——Test  and General i ty  Consistency in a Class i f i ca t ion  Task

Also using method one in the same in t roduc to ry  s t a t i s t i cs  course ,
perform ance of groups using three types of rule statements were compared :
connected rules , d iscre te  rules , and the regular expository test , which
served as the control .  The f i r s t  two treatments consisted of an integrated
algor i thmic flow char t  representa t ion for  the connected condit ion and separate
nonin tegra ted  f low char t  representat ions fo r  the discrete  condi t ion .  The
regular  condit ion did not present a how—to—use—the—rule algorithm of any kind.
On posttest performance , the connected and discr€te rule groups scored signif—

-~~ icantly higher than the regular ins t ruc t ion  group. On a f f e c t , all three
groups were d i f f e r e n t  wi th  the d iscre te  group most positive , the connected
next , and the regular  ins t ruc t ion  least positive. There were no s ign i f i can t
differences between groups on posttest time or response confidence. It was
concluded tha t providing the student  with an algori thmic rule resulted in a
performance increment .  It should be noted that  this s tudy  also used materials
which had a high in i t i a l  ISDP ra t ing  and that the addition of an algorithmic
representation of the rule was still able to cause a further increment in
performance.
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St ud y ~— — V a l  idat ion of the Instructional Strategy I)iagnostlc Profile
in Physics 100.

l i r e  second m e t h o d o l o g y  was used in an i n t r o d u c t o r y  p hys i c s  c ou r s t
it Brigham Young t n l v e r si t y .  An ISDP a n a l y s i s  of the t e s t s  used in t h e  course
l n d i c , r t c ’d  that less than 20 percent of the test Items met the ISDP require—
merits for adequate rule—using. Performance on the rule—using items was
significantly lower than performance on the memory—oriented items . One of
tire ~()orest (as Indicated by test performance) units of instruction was
selected for ISDP modification. A revised test was prepared which included
more rule—rising items , and the instruction was revised to score higher on
th e Profile. I)uring the summer term , students in the course were randomly
assigned to the existing or the revised materials. All students took both
the original and the revised test.

Th ere was a signif ican t dif f e r e n c e  wi th in groups , indicating that
performance on encountered test items was better than that on unencountered
te st items. However , between—group differences , on either type of test ,
while in the predicted direction , failed to reach significance. The study
att empted to  demonstrate that modification of the syllabus in accordance with
ISI)P pr in i pl es would result in a performance increment. Because of consider-
able within group variance probably resulting from the uncontrolled influence
of lectures , the textbook , and student interaction , the results failed to
demonstrate the predicted difference.

4
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STUDY 1: FRAMEWORK RULE REPRESENTATION AND
ELABORATED FEEDBACK IN STAT iSTICS
INSTRUCT I ON 1

Desig n .ha l lenges

The dt ”r~i cr ment c t  instruction that effectively prepares learners to
use complex rules under low prompt testing conditions presents two chal-
lenges to the instructional desi gnerS (1) finding an appropriate represen—
tation cf the rule(s) tha t facilitates recall , and (2 )  providing for
a p p r op r i a t e  p r a c t i c e  and  feedback  that effectively prepares the learner to
app ly  the rules on similar test items.

Rule Represen ta tion

Several sources provide evidence for the necessity of representing
rules in i n s t r u c t i o n  with accompanying mathemagenic Information. Landa
(1974) found that the effectiveness and efficiency of student performance
increased when algori thmic represen tation was used in teaching ma thema tics
and language rules. Markie (1975) found that a vertical list of attributes
was superior to a paragraph with embedded a ttribu tes in the acq uisi t ion of
rules .  Mayer (l975a) concluded tha t  an assimilat ive se t or framework
f ac i l i t a t ed  storage and retr ieval  of rules from memory. Minsky (1974) sug-
gests that a framework of information facilitates the manipulation of critical
elements when encountering a new situation or instance. Glaser (1976)
advocates finding ways to represent comp lex informa tion to the novice learner
in such ways tha t encod ing is fac i l itated and t ime to cri terion compe tency is
decreased.

Appropria te Pra ctice

Practice can be defined as an instructional 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
appropriate if the task, con ten t , and feedback of the instructional display
are isomorp hic to the task and content of the rule representation. It is
assumed in this study that the most effective practice displays should include
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 (l975),2 Wood , Richards , and Merr ill (1976), and
Schmid t, Wood , and Merr ill (1976) provide a rationale and some evidence for
creating example and practice displays that are isomorphic to or consistent

- _ with rule displays.

1Study conducted by N. D. Wood , R. M. Gilstrop, and M. D. Merrill.

2A more extensive de f in i t ien  of the terms used in this section is found
in Merrill and Wood (1975). Space limitations do not allow for a full
elaboration here.

5
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T h u is  study w i l l  ln~ est igati tire et  f e c t s  of  ( 1)  r ep r e s e n t  ing  conr p l CX

rules w i t h i n  a n i athe m agen ic  I ramework of informa t ion and (2) providing
elai rited teedhack to practice displays. The general hypothesis is as
fcl low s:

The framework (mathemagenic ) representation of rules
and consistent practice with elaborated feedback will
produc e  significant ly more positive student outcomes than
straight list or nonframework representation of rules
with correct answer only feedback.

Met li ds

Selection of Subject Matter

t ;l a ser  in(l ResnI&k (1972) have identified the need to do instruc—
tion .il psychology research within realistic settings with existing curricula.
Based on t h i s  perceived need to go beyond the artificial context and subject
matter of t i r e  laboratory setting, an ongoing introductory statistics course
at Brigham Young University was selected for the following reasons: (1)
typ ical subject matter within a t;nical instructional setting was available ,
and (2) complex subject matter conducive to framework rule representation
was an integral part of the course.

A segment or lesson of instruction from a unit of hypothesis testing
fur one mean was chiosc-c as the specific subject matter of the study. This
segment  in c l uded t l i~ f o l l o w i n g  six s teps:

I . Formulate the nul l (H) and alternative (H
a) hypotheses.

2.  Choose sample size (n) and alpha.

3. Choose test statistic .

4. Make decision rule.

5. (;.~l~~~l~~t test statistic .

6. Make decision.

— -— -- p Sub j ec t  S

A group of ‘)3 students (encouraged by the statistics department to
part icipate) was given course credit for partic ipation in the experiment.
Most o f  the students were sophomores and juniors , wi th a few seniors and
gradua te students. A wide diversity of majors was represented by the group.

6
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Trea tment Ma terials

The four types of treatment materials were:

1. Framework rule representation with elaborated feedback.

2. Framework rule representation with correct answer feedback.

3. Nonframework rule representation with elaborated feedback.

4. Nonframework rule representation with correct answer feedback.

All four treatment material types were in workbook form and were
randomly distributed to students in the lecture hall where the experiment
was conducted.

Representative examples of the rules, practice , and feedback displays
used in the four treatments are found in Figures 1 through 4. Figures 1 and
2 show the framework rule representation with elaborated and with correct
answer feedback, respectively; and Figures 3 and 4, the nonframework rule
representation with elaborated and with correct answer feedback.

The treatment condition shown in Figure 4 represents the original
instructional materials used in the course. These materials appeared in
the form of a self—instructional text by Christensen (1974). An agreement
was made with the instructor that any treatment that was considered by means
of the Instructional Strategy Diagnostic Profile (ISDP) (Merrill & Wood , 1975)
as less effective than the original would not be used . Therefore, the treat-
ments shown in Figures 2 and 3 were considered to be more effective, while
the treatment in Figure 1 was considered to be the most effective.

Instrumentation

The post—treatment test administered to all students in the experiment
comprised 12 paper—and—pencil , multiple—choice questions of recall, concept
classification , and rule—using types. An example of a rule—using test item
is found in Figure 5. The number of correct answers on the twelve items by
each student was used as the dependent variable performance.

Each question was followed by a seven—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 Figure 5. The average confidence for
each student on all items was used as the dependent variable confidence.

The affect that the instruction had on the student was measured five
times during the treatment period , using a seven—question semantic differential
scale forma t (see Figure 5). The measures were taken after students (1) read
the instructional materials , (2) responded to test items 1 and 2 (memory type) ,
(3) responded to test items 3, 4, 5, and 6 (concept and rule using) ,  (4)
responded to test items 7, 8, 9, and 10 (concept and rule using), and (5)
responded to test items 11 and 12 (higher order rule using). The word pairs
were scrambled as to order and polarity for the five measures in order to
avoid an anticipation effect. The average score for each student on all five
affect weasures was used as the dependent variable affect.7



11w i x s hi -jis of I hr s pr~~ t sIri r e can  be ,errierri bered more easi ly i I t hey
are I st ed in  a frum ut -wo rk s ~mi lar to the one below.

• 1. IORMU LATE H
0 

AND Ha

2. CHOOSE n~~ 3. CHOOSE TEST STATISTIC

4. M A K E  DEC ISION RU LE

5. CALCULAf E TEST STATISTIC

6. MAKE DECISION

These six sI epS wi I he discussed in more detail with in  the aboVe frame-
work. The ex amphs for illustration and the pract ice examp les wi l l  be pre-
sented using this framework in  order to assist in lea rn i ng and remembering
the 6 basic components of hypothesis testing .

I’ I gu r e  1 . Framework r u l e  r e p re s e n tat  ion with elaborated feedback.
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PRACTICE

In the following problems , use the six—step procedure discussed in this
section to test the hypothesis for means of normally distributed populations
when o is not known:

1. The following are measurements of Erix 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 as high
quality molasses, the Brix degrees must be equal to 80. At an a value of
0.05, could the molasses from which the samples were taken be graded as high
quality? For this data, ± = 81.34, s = 1.8, and i’IO 3.16.

1.

2. 3.

4.

5.

6.

Figure 1. (Continued).
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Answers to
Practice Problem 1

Ru-member that a statement of
FORMULAtE H0 AND Ha equality (either < , > , or =)wi ll

a lways  appea r in t h e  H~., . An =

h o: ~ 
= 80 II ~~: ~ 

si gn in the % always  ~le f i n e s  a
t w o - t a i l e d  test . The Ha is a lway s
t i r e  cu~np l emcnt of the H0.

2. CHOOSE n ~ 3. CHOOSE TEST STATISTIC ~~ St ep 2, u i s  g iv L : and n is
ohta iiie d by count ing t h e  rnnnher of

- 10 obse i-vat ions.
t = ~ 8~~_ In Step 3 , r r~ 80 and n = 10 are

s/h O subst i t u t e ( I  i n t o  the test statistic

(t =
~~~~~

-
~~~~~~~

).

4. MAKE DECISION RULE ~sJ/j i 
rhe t (2.2 62) was obtained as

27J\ 

follows : note: It i s tands  for
the absolute v a lu ~ of t .
a. For a two-tailed test d i v i d e

u/Z= .025 u/2 .025 a by 2 [a/2 = .025)
b. df (degrees of freedom) =

~ _~~~~_ A - - 
~~~~~~~~~~~~~~~ 

_
~~~
—
,—‘ n -1 = 9

Reje t ion Rejcctiofl C .  Obt aint-value from table
1~~~ion Reg ion using df = 9 and a = .025

( t < - L 2 6 2)  (t>2.262)

t ()2r, 2.262 t 025 2.262

l ook i rig at t lie fo rimi I a I rota St ep 3
5 CA LCU L A T E  lES T STA TISTIC we see that the va lues for ~ and

s are miss i nt’,. - Using the values
81.34 80 0 0  

= 2. 3~ 4 g iven in the problem , (~ = 81 .34
8/ ~~~~ 

and s = 1 .8) we calculate the
t-value.

6. MAKE DECISION Looking at the ( l i agra m in Step 4,
-~~ ~~~-p we see tha t since 2.354 > 2.262,

Since t t - (=2 .354 > 2.262) we are in the rejection region of
.O~5 the ri ght-h and tail. We can con-

we rej u-ct t he H
0
. cI ude , t her fore, t hat the no las sos

cannot be graded as hi gh q u a l i t y.

Fi gure 1. (Continued).
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The six steps of this procedure can be remembered more easily if they
are listed in a framework similar to the one below.

1. FORMULATE H AND Ho a

2. CHOOSE n, ~ 3. CHOOSE TEST STATISTIC

4. MAKE DECISI ON RUL E

5. CALCULATE TEST STATISTIC

6. MAKE DECISION

These six steps will be discussed in more detail within the above frame-
work. The examples for illustration and the practice examples will be pre—
sented using this framework in order to assist in learning and remembering
the 6 basic components of hypothesis testing.

Figure 2. Framework rule representation with correct answer feedback.

11
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PRA(; F I (;E

In the foil °s I rig p rohi u-ms , Use the 6 - step  pro cedir re d - .~ ussed in th i s
ion to t e st  t h e  hypo t hesis  for means of nounally di st ribu t ed populations

when o
~ 

is not known :

1 The f o l l o w i n g  are  rn ( a sLl r em ent s  of B r i x  degrees on Inolas-;(s: 82 .0 , 79.6 ,
8.4 , 81.8 , 8 2 . 2 , 79.9 , 83 .2 , 79.9 , 82 .3 , 84 .1. Tn order to  be graded as h i gh

qiral i t)’ m o l a s s e s , the Brix deg rees must be equal to 80. At an a va lue  of 0.05 ,
could the molasses from which  the samples were taken he graded as hi gh qua l i ty?
For t h i s  data , ~ 81.34 , s = 1.8, and /10 3.16.

1.

2. 3.

4.

5.

U.

F i g u r e  2. (Continued).
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An swers to Practice Problems

Lesson 2 Section 2

1. (1) H :  ii = 80 H
a
: P i~ 80

(2) a .05, r~ 10

x — 8 0
‘_
,, ~ = / /10

(4) Reject H if t~ > 2.262, otherwise accept H (note t~ stands fo r
the absolute value of t).

(5) x 81.34 t — 2 . 3 5 4

(6) Since 2.354 > 2.262 reject H .

Figure 2. (Continued).

13
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1) l-FIN I1ION

A -r1~ t for One Mean When o Is ~ ot K n o w n .  A t est of h y p ot h e s i s  for
- - --x - -

u - t i n  wh.-n G 5 not k 1)0W !) is a statisti cal p incedii re used to den (IC w he

tl~ r or t II  d t }a~ mn ~~ r s n of a no tin all y d 1st ri b u t od population talc -S on t i r e  value
of p - This  ir nu - edu  re differs f rom the one ~~c t  fo r th  in t he  pr ey  i on s sect ion
in  t I ~ - t e s t  t a t i s t i c  u sed and  in the dec i s ion  i- t i le s  emp loyed . In t h i s  sect ion S

is r i - i d  a-i u n  e s t i m a t o r  of a .  The 6 s teps  of t he  p r o c e d u r e  are  as follows:

I . 1oiiii tii ~ tu - :rid II . Tire 3 possible hypotheses for the mean
a n o r m a l l y  di s t n - i ~~ut e d  p o p u l at i o n  w h e n  a is not k n o w n  are:

a.  ii p < p Vs. H : p > po o a - 0b . H :  p > p v s H :  p < po o a o
c .  H : p p v s .  H p p

o 0 a o

2. (~lioose a sa:n ple size , ri , and a v a lu e  for a.

3. r u - t  the t e s t  st n t i  st ic  be
i - p

s / / f l ~~

4. (lii t l i u -  basis of the  a value . choose the decision ru le  a u - c o r d i n g
to t i u -  deci s ion  rule  tab le  , table 17

5. I he t r i p le , a r i d  (Dm 111: te the test  s t a t i s t i c .

6 . App ly th e  de r i sion  ru le  • and in ake the decision -

1-Igure 3. Nonframt work r u l e  r e p r e s e n t a t i o n  wi th  e l a b o r a t e d  feedback .
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PRACTICE

In the f ollowing problems, use the six—step procedure discussed in this
section to test the hypothesis for means of normally distributed populations
when a is not known:

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 as high
quality molasses , the Brix degrees must be equal to 80. At an a value of
0.05, could the molasses from which the samples were taken be graded as high
quality ? For this da ta , ± = 81.34, 8 = 1.8, and /10 3.16.

(1)

(2) -

(3)

(4)

(5)

(6)

- ‘WI

Figure 3. (Continued).
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Answers to
Practice Probtem 1

( I )  Il~~: p 80 h a : p / 80 Rcinenihei- that a stat (Inemit of equality
(either < , > , or , =) wi ll always appear
in the hI s. An = si gn in  t he H0 always
def ines  a t wo - t ai l e d  t e s t .  Tu e  11a ~S
always the cunpiement of the H0.

(2) a = .05 n 10 a is giv en and n is obtained by counting
the ntniuber of observations.

~~~~~ 

- 80 u0 80 and n = 10 are substitutod into
s/lIT the test statistic 

~~ = 
-

(4) Rejec t Ho if I t i  > The 
~~~ 

( 2 .2 62 )  was obtained as follows :
?.262 , otherwise
accept 110 (no t e :  Iii a.  For a two - ta ii ed test d iv ide
st a n d s  for the ab- a by 2 (a/2 = .025)
solute va lue  of t )

h. df (degrees of freedom) = n- i = 9

C. Obtain t-value from table using
df = 9 and ci .025

Rejec t ion  Acceptance Rej ec t ion
Reg ion Reg ion Region

( t < - 2 . 262) ( t - - 2 . 262 )
-— t ()25= 2.262 t 025 _ 2 ?() 2

(5) ~ 81.34 t = 2 .354 To o b t a i n  the  ca l cu la t ed  t - v a l i i e , it Is
n e cu - s sary  to l ook at  the formula  fran
Step 3 - 8 0  -(t = 

~~~~~~~~~~~~~~~~ 
- t h s r n g  t h e  va lues  of

~ and s t hat were g i veii i n the p iob l  em ,
we subst i tute amid compute as foil OWS

— 81.34 - 80 .00t - L 8 [ V T ~~
— 1.34

569
t = 2.354

(6) Since  2 .3 54 > 2 . 2 6 2  Looking at the d ia gr aj u  i n  Step 4 ,
reject 110 we see that  since 2.354 > 2 .262 , we are

in the rej ect ion reg i on of the r i g ht md
t a i l  . We can conclude , t here lore 1 that the
molasses cannot be graded U S hi gh quali ty.

t~f gure  3 . (Con tinued)
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DEFINITION

A Test for One Mean When a. Is Not Known. A test  of hypothesis for

one mean when a is not known is a s ta t i s t ica l  procedure used to decide whe-

ther or not the mean of a normally distributed population takes on the value

of p .  This procedure differs from the one set forth in the previous section

in the test statistic used and in the decision rules employed . In this section

s is used as an estimator of a .  The six stens of the procedure are as follows :

1. Formulate H and H . The three possible hypotheses for  the mean
of a normal?y dist~ ibuted population when a is not known ar e:

a. H :  p p vs. H
a
: u > p .

b. H :  p > p vs. Ha : p < p .

c. H :  p = p vs. H
a
: ~ 

p .

2. Choose a sample size, a, and a value for a.

3. Let the test statistic be
y - u o

S / “~ri

4. On the basis of the a value , choose the decision rule according
to the decision rule table , table 17.

5. Take the sample, and compute the test statistic .

6. Apply the decision rule , and make the decision.

Figure 4. Nonframework rule representation with correct answer feedback.
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PRA ( I ICE

In ti m e fol lowi ii ~ 1)rohl ‘-~rts , use the ( i — s i  ep p m ()((~h (iI C (11 ~ us- ,ed in  t hi s
-~cs t ion to test t he hyputhc-s is for means of norma l ly di st r I 1ai t cd pojni1 at ioflS

%~1i( fl i s  not known :

1. lime f o l l o w i n g  ;ir c  J n e ;m s t i r m l m - n l t s  of B r i x  ( h ( ~~r l e5 on lIiu la - (-s: 82.0, 1 9 6 ,
/8 .4 , 8L8 , 82.2, 79. 9, 83.2, 79.9, 8 2 . 3 , 84.1. Tn o r d e r  t o  he graded ; m - ;  hi gh
~~t I a ) ily ~s ml.i- ~~es, t he JIn x d~~ rees oust br- equal t o  80. At an v a l m i ’~ of 0. 1)5 ,
( uu id the i~ol asses from which  the sru :pl os were t aken he gi ;Idfd a-; lii gh qua I i t y?
l o r  t h i s  d a t a , i 8 1.34 , s -

~ 1.8 , am i d  /io 3. 16.

(1)

( 2 )

(3)

(4)

(5)

(6)

Figure 4. (Continued).
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Answers to Prac tice Problems

Lesson 2 Sec tion 2

1. (1) H :  p — 80 Ha : p ~ 80

(2) a = .05 , a = 10

x - 80(3) ~~~= s i v ’i.o

(4) Reject H if i t t  > 2.262, otherwise accep t H (note t~ stands for
the absolute value of t).

(5) x = 81.34 t — 2.354

(6) Since 2.354 > 2.262 reject H0.

Figure 4. (Continued).
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The c - f t c c t  of workers using new tools on tim e number of circuit

l ards assembled in an electronics p lant is being tested . A

random sample oi m d  Ividual worker.s’ prod uc ~ ion totals is taken :

1 , 3, 4, 6, 5, 5, 7, 8, 2, 2, 4, 5, 7, 3, 6, 4. The average

number ol circuit boards for this samp le is 4.5 with a standard

d e v l ; r L  to r i  of 2. The p lant manager wants to know if the samp le

average of 4.5 is statisticall y different from the previous average

0 5.5. Let ci = .05

(Use this area for (Mark an X in the box that corresponds
work space.) to the best answer for each test item

below.)

7. The appropriate formulation of
H and H for the above problem is :

0 a

a. h i :  p < 5.5 vs . 11a ~ >

b. II : p = 5.5 vs. ft ~~: p ~ 5.5

c. I I :  p < 4 . 5  vs. h1~ : p 4.5

d. i i :  ~ > 4.5 vs. p < 4.5

e. 11~ : p = 4.5 vs. fl
a
: p ~ 4 .5

f. H :  p > 5.5 vs. h a : p < 5.5

How conf iden t ar e yo u in your answer to the above question?

Very Not at all
confident : : : : : : confident

F i g u r e  5. I)ependent variable measures including an e x a m p l e  of a
r u l e — r i s i n g  t e s t  i tem , a c o n f i d e n ce scale , a semantic
differen t ia l affect scale , an I  a time record space.

20
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i n t e r e a t i n g : : : : : : b o r i n g

worthless : : : : : : beneficial

complete : : : : : : incomplete

detestable~~~~~~~~~: : : : _ : enjoyable

clear : : : : : : confusing

relevant : : : :  : : irrelevant

redundan t : : : : : : concise

Please record the time on the clock: [

Figure 5. (Continued).
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~‘l e ,m s u r c s ‘I  time a m o u n t  of  t line spen t  b y Individu a l students on
sec E l  o is of t lie t r e m  tm e r i  t m a te r  i a I s  were t aken  a t the  same five points
as t l i e  a t  t t~~~ t measures. Lich  s tu d ent  wrote  clown t he  t ime  fr o m  t h e  wa l l
c l o c k  i i i  t i i ~ ~~~~~ )r ov 1( 10( 1 (see F igure  5) . The t o t a l  e l a p s e d  Lime  t a k en
d u r i i i ~~ t I r e  t r e a t m e n t  p e r i o d  b y each s t u d e n t  was used as the  dependent

• v a r i a b l e  t line .

Des i gn

A 2 x 2 f a c t o r i a l  des i gn w i t h  a m u l t i v a r ia t e  a n a l y s i s  of  v a r i a nc e
( \ N O V A )  was used to assess the effects of treatments across a l l  f o u r
d e p e n d e n t  variables . A generalized ANOVA program which adjusted for unequa l
ce l l  s iz e s  (Br y c e  & Carter , 1974) was used to analyze the data.

kesri 1 t s

I h i t  I o i l  owing  f o u r  h ypo these s  were t e s ted :

I .  Hyp o t h e s i s  1

Performance scores will be higher  for the framework rule/elaborated
f e e d b a c k  t r e a t m e n t  g roup  than for the nonframework/correc t answer treatment
g r o u p .

2. Hypothesis 2

C o n f i d e n c e  scores will be higher for the framework rule/elaborated
t e e d h o m e k  t r e a t m e n t  group than for the nonfeedback/correct answer treatment
group

I . yj~~thesis 3

Affect scores will be higher  fo r  the framework rule/elaborated
feedback treatment group than for the nonframework/correc t answer treatment
group .

4. Hypothesis 4

T o t a l  e l a p s e d  t i m e  w i l l  he less for the framework rtrie /elahorateil
f - e dh a ck  treatment group than fo r  the  nonframework/correc t answer feedback
t r e a t m e n t  g roup .

A mu lti v a r j ite anal y sis of va r i ance  (MANOVA) was performed simult aneous ly
on a ll four dependent variables (performance , confidence , a f f e c t , t ime) as a
contro l for in Increase i n  Type I error through repeated iini var iate tests.
‘ll n- MANOVA I — t e s t  t o t  t h e  f a l l  2 x 2 f a c t o r i a l  model was not s i g n i f i c a n t :
F (4,86) = 0 .69 7 , j~ -‘ .05. The means and standard deviations are reported In
Table I , and the respective F ratios , on Table 2.
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‘I .h Ic

o f  L ’ n i v a r i a t e  1 — R a t [05 on Four

• D ependen t  )~r l rjahI es

1)ependent Vari able

oUr -

- r I a inn I’ m.- r f o rm an c  e Con I I denc  e A f f e c t T ime

I’ cl ~ I~ep r • s i - n t  at  t or i  .2 6  1 .06 • 25 1 . 7 1

1. ~4 4  . 2 3 1 .64 .003

R x F .69 .03 2.34 .122

:~~ t e .  A l l  F — r a t i o s  w er e  based on d f  1 ,89 and a = .05.

Discus s  Ion

‘l i m e  mci eon scores on p e r f o r m a n c e , c o n f i d e n c e , and a f f e c t , as w e l l  as the
t o t a l  ci  , i 1csc d t inme f o r  t r e a t m e n t , were chosen as the  leve l  of measurement ,
s i n c e  more precise analysis (breaking each variabl e out into smaller cate—
I ;or i e s )  y i e l d e d  no a d d i t i o n a l i n f o r m a t i o n .

l im e c o n s i s t e n t  l a c k  of s i g n i f i c a n t  d i f f e r e n c e s  across the  des ign  in t he
s t u dy  ma y he due to one or more of the following reasons :

I . The original version of t h e  instruc t ion (Figure 4) was considered ,
by means of  an ISI)P analysis , to be superior to any other available printed—
f o rm a t  m a t e r i a l  on the sub j ec t .  it is assumed tha t a less effective treat—
meri t (e.g., embedded rules in text , partial or no procedural helps for using
t i m e  r u l e )  w o u l d  have ass is ted  in creating differences between groups; in
o t h e r  words , by d e f i n i t i o n , t i m e  t r e a t m e n t s  were very  s i m i l a r .

2 , Ih e  2 h o u r s  a l l o w e d  to t ime  e x p e r i m e n t e r s  f o r  the treatment period
was jiid ~ ed to he insufficient for t i m e  comp lexity of the  s u b j e c t  m a t t e r  i n v o l v e d .
TI me a m o u n t  of informa t ion t o  be processed was probably too much fo r  s t u d e n t s ,
rm r m. r m.hlm.-ss of the treatment condition . It is assumed that the net effect of

p thi s t Inc constraint drast I c a l ly  reduced the  b e t w e e n — g r o u p  v a r i a n c e  t h a t  o t h e r —
- • wise  m i g h t have existed .

Addition a l research e f f o r t s  m i g h t  (I) create greater differences in t r eat -
ment  s by embc (i (l i ng  (or m a k i n g  I 1~ss mathemagenic ) c r lt  ical a t  t r i h i tt e s , and (2)
allow for more t ime on task  to d e t e rm i n e  i f  be tween—group  var iance  can be
Inc r e.msed

I f  r o n r p l e x  r u l e s  can be represen ted  to t h e  l ea rner  in way s t h a t  w i l l
develop skills of c o m p e t e n t  recall and use (application) in realistic test
sltu ,m t ions , 1 v a l u a b l e  too l fo r  the ins t ruct iona l  developer to increase
the effect [vc~npss anm.1 reduc e time cost of Instruction could be made :mv ailable .
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STUDY 2:  TEST AND GENERALITY CONSISTENCY IN A
STATISTICS CLASSIFICATION TASK 3

Proble m

Analyses of tests often indicate a required test performance that is
not entirely consistent with the associated instruction . The assumption
of this study is that i n s t r u c t i o n  should present the student with both the
content  of and the behavior required for  performance on a subsequent test.

One of the components of t e s t — i n s t r u c t i o n  consistency is a congruence
between the test and the generality (statement of rule , def in i t ion , or pro-
position upon which the instruc tion is centered). Though some evidence
exists to indicate that a generality impacts positively upon performance
(Merrill , Olsen , & Coldeway, 1976),  the effect of test—generality isomophism
has appa rent ly  not been spec i f i ca l ly  tested .

A long t ime ago , Yum ( 1931) found t h a t  a slight change in stimulus
proper ties from instruc tion to test resulted in a sign if ican t decremen t of
successful  responses on test  performance. Researchers have been slow in
extending this sort of tightly controlled paired—associate study into the
more complex levels of instructional application (Glaser & Resnick , 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 descr ib ing
test and instruction similarity, though he cites some progress being made
(e.g., Anderson , Goldburg,  & Ilidde , 1971). Anderson (1972) recognizes the
problem in a different way when he suggests that achievement tests are based
on “things” no t clearly and consistent ly defined . Gropper (1970) has made
some inroads , indica ting an influence of spa tial organiza tion of ma terials
upo n student response . Mayer (1975b) has noted a forward processing effect
that shows a relationahip between the kind of stimulus materials used in
instruction and the test response.

Scandura ’s use of the algorithm and higher— and lower—order rules in
inst ruc t ion (Ehrenpreis & Scandura , 1974; Scandura , 1970 , 1973 , 1974) stresses
the impor tance of specif yi ng the precise behaviors requested of the learner.
Shoemaker (1975) echoes this when he speaks for having identical elements in
both instruction and test items . Gropper (1976) takes the posit ion that  task
and content post—instructional test analysis should include the same taxonomic
categories as the “front—end ” instruction to effectively diagnose lear ning
failures.

Landa (1974) concludes that students have difficulties in solving unen—
countered examples because the general rules necessary for identifying specific
solution rules are unidentified and not taught. When this inconsistency is
reso lved , the integrat ion of separate rules is fac i l i ta ted , and errors decrease
rapidly over a relatively short period of subsequent instruction .

3Stud y conducted by R. V. Schmidt , N. D. Wood , and H. D. Merrill.
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A l  I t Im e f o r em e n t  j oned st u ( l i e s  p o i n t  to  a f e l t  n e e d — — a n d  some e v i d e n c e — —
tha t w h at  I c ;  t e s t  e l  s h o u l d  have been p r e s e n t e d  p r e v i o u s l y  to  t h e  s t u d e n t
( t h o u g h  tim- spec if ic i n s t a n c e s  s h o u l d  differ) . Just how c lose  t h i s  r n a t ( h
s h o u l d  he Is open to  ques t  ion .  A s tudy  by Scandura  and D u r n  In  ( 196R)
in d i c a t e s  t h a t  a minor  s h i f t  away f r o m  t e s t — g e n e r a l i t y  i s o m o r p hl s m  is p e r —
im.i ps d e s i r a b l e .

M e r r i l l  and Wood (1974 ;  1 9 7 5 ) ,  in t h e i r  I n s t r u c t i o n a l S t r a t e g y  l ) i a gn o s t i c
P r o f i l e  ( I S D P ) ,  have taken up S t a k e ’s c h a l l e n g e .  They have provided sc-ml vs
and are continuing to establ ish grounds for describing and evaluating concept—
l e v e l  i n s t r u c t i o n a l  m a t e r i a l s .  Wood , R i c h a r d s , and M e r r i l l  (1976)  have
developed and validated a measure of test—instruction similarity with se i ’c t el
con struct s from the  ISDP .

This stud y deals specifically with an assumpt ion made in the ISDP that
the test anti generality should be consistent . It compares performance of
s t u d e n t s  given ~enera1ities that differ in three ways in the degree to which
t hey  are c o n s i s t e n t  w i th  t he  con ten t  and behaviors requested by the test
i tems . F i r s t , a g e n e r a l i t y  can present the student with content without
p r e s e n t i n g  the  precise  task behaviors he will be asked to perform. (This
does not mean that no required behavior is taught or imp lied , hut that the
specific behavior required is not taught.) This is a low level of consistency.
Second , a ~‘enerality can present the task conditions under which the student
w i l l  be asked to p e r f o r m , introducing separate generalities for each task
making up a larger task. We call this “discrete rule” consistency,  wh ich
requires that the mode of behavior be consistent (recall tested with recall ,
rule—using tested with rule—using tasks). Thus, a student is working with
consistent discrete rules when an item of informa tion he is asked to learn is
t a u c - h t  and tested in recall mode or when a concept he is asked to learn is
t a u g h t  ar id tes ted  w i t h  r u l e — u s i n g  behaviors.  If the item is taught with a
rul e— ri sing behavior and tested in a recal l mode , the test and instruction are
inconsistent. The third way in which we looked at g e n e r a l i t y — t e s t  cons i s tency
involves task sequencing. This is “conne c ted general it y” cons is tency .  Gagnè
(1970) and Mechner (1967) discuss this level when they describe “behavior
c h a i n s .” A test that asks the student to per form seque nt ia l d iscr ete tasks
in a way which is not presented in rule or pra ct ice form la cks wha t may be
an impor tan t  cons is tency cha rac te r i s t i c .

Hy p o t h e s i s

Under t I m e  a s sumpt ion  tha t  a genera l i ty  is best tha t  is consis tent  w i t h
t Ime required terminal pe r f orman ce, we pr oposed the f o l l owing hypothes is:

Performance on test items , affect toward instruction , con-
fidence in test Item answers, and total elapsed time will be
higher for students experiencing connnected generality consistency
t r e a t m e n t  than  fo r  students experiencing discrete rule consistency;
and t h e s e  measures fo r  both the connected and discrete rule con—
sistency treatments will be higher than for the content—only con—
.sistency group.

Four separate hypotheses corresponding to four dependent variables result
from the above genera l statement. Each will be treated separatel y in the
repor t ing  of results.
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Metho d

Subject Ma t t e r  Content

An in t roductory s ta t i s t ics  course at  Bri gham Young University (BYU)
was selected as the experimental situation for this study. The specific
matter of hypothesis testing was chosen because generally low scores from
past achievement tests indicated a high level of difficulty with the topic.
The subjec t matter met the experimental specifications of having multiple
rules that could be taught as separate , discrete rules or as connected
rules. The following hypothesis tests were covered in the selected unit of
instruction (Christensen, 197/.):

1. Test for  one mean when o is known .

2. Test for  one mean when a is not known .

3. Test for  two means when the samples are independent.

4. Test for  two means when observations are paired .

5. Test for  one proportion .

6. Test for two proportions.

7. Chi—square test.

8. Multinomial test of hypothesis.

Subjects

The subjects were 95 regular enrollees in a college statistics
unde rgraduate course . The course serves as one of the choices for f u l f i l l i n g
a general education requirement at BYU . Students received credit in the form
of additional points toward the final course grade for participating in the
2—hour session and were informed that failure to participate would, in effect ,
penalize them , although the additional points were not dependent upon their
performance.

Treatments

p The study consisted of three treatments. Students in the first
t reatment group received a connected generality in the form of an algorithm
which p r esent ed both the content operation and the task necessary to take a
student from the reading of the verbally stated problem to the correct test
of hypothesis and test statistics (see Figure 6). Subsequent practice pro-
vided two examples of each type of hypothesis test and test statistic .
Correc t answer feedback was provided on the reverse side of the practice
pages. (See Figure 7 for a eample practice question.)
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13. A new social studies p rogram is supposed to produce significantly
better results than a program it is to replace . Students in the
cou rse are matched on the basis of sex , IQ and C.P.A. and then the
pairs are divided Into “new method” and “old method” groups. Their
scores on a final achievement test are taken as evidence of
performance .

Lia. Select the number for the appropriate test type from list A.

~~ b. Select the n umber for the correct test statistic from list B.

A—Type of Test B—Test Statistic
X - ~~~i 

-

0 X 01. teat for one mean , 1.
t distribution

— ii — V
2. test f or two means, 2. X — 0 

= 
X — 0

0— o / v ’iidependent x X

(o~ — 
E
i )

2

3. test for one proportion 3. 1E
ii

d - D  d - D
4. te st for two proportions 4.

5. none of the above 5. none of the above

Figure 7. A samp le practice question.

______________________ ___________ - 
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S t u d e n t s  i n  the second t r e a t m e n t  o r m h i t ion wet pr*’sente (l the  dis-
c r e t e  (u n c o n n e c t e d )  mul  t i p l e  general It li-s ~m~ od i n  h : rr-~i n i n ~’. t h i -  c o r r e c t
es o i v p  thesis and  test stat 1st Ic. These c on s i s ’  t -d o f a m l  k — t  i m r o u g h
f sep a r a t e , very s i m p l e  a l g o r i t h m s  w h i c h  t o o k  t h e  s t r i d e n t  t o  t h e  a p p r o p r i a t e

t e s t  a l t e r  t i m e  s t u d e n t ’ s i n i t i a l  dec i s ion  -is to  t ime s p t - c i f  ic t y p e  of  d a t a  lie
was w o r k i n g  w i t h  (see F igu re  8 ) .  S t u d e n t s  in this ~~r o r i p  wor e no t  g iven -m ci v
d l  r e~~t c c l s t  ratec,y f o r  c o n n e c t i n g  these  b e h a v i o r s  or I o r  u s i n g  t h o m as p a r t
of an o v e r . m l  I p rocess  to hel p t hem make t h e i r  m i t  ia l  d e c i s i o n s  as to  the
m at  c I r e  o f  t h e  s t a t  1st l c d  p rob lem . Suhseqr i en t  p r a c t  ice p r o v i d e d  t h e  s t u d e n t
with two samp les of each type of decision. Correct answer feedback was
provided or : t i m e  r everse  s ide of t he  p r a c t i c e  pages.

The i n s t r u c t i o n a l  m a t e r i a l s  f o r  the t h i r d  treatment condition con-
sisted of t h e  regular text used in the course and directions for providing
a p p r o p r i a t e  p r a c t i c e .  The p r a c t i c e  d i r e c t i o n s  cons i s t ed  of a samp l e  i t em of
t i m e  t y p e  used in the  post test w i t h  i n s t r u ( - t ions to practice the selected
I tens f o u n d  it  t h e  end of t ext hook sect ions. ~4o general i t  y was pr o v i d e d  f o r
;m n a I vz I r ig t i m e  t y p e  of test that a v e r b a l  prac - t ice i t e m  may pose.  The t e x t

m l  so d i d  n o t  h e l p  here , f o r  c -ad: tes t  of  h y p o t h e s i s  was presented  in a
sep arm te lesson , gave practice only in a stated kind of hypo thes i s , and d i~
not r e q ue s t  s t ud en ts  to differentiate on the basis of kinds of test. As all
s t u d en ts  hail previousl y been exposed to this m a t e r i a l , t h i s  g roup  became
e s s e n t i a l l y  a c o n t r o l  g r o u p .

Iii t ime p rev ious  s tud y (S tudy  1 of t h i s  r e p o r t) , i t  was hypothesized
tha t time w o u l d  decrease as a result of our treatments . In this s i t u a t i o n ,
- ml t h ) , l ’,b I t is des irable to r educe  the amount  of t ime s t u d e n t s  take on i n —
stru~ t Ion , I: is expected that time will increase , based on Bloom ’s ( 1 9 7 4 )
rib serv itior i that quality Instruction m i :  tally takes longer , especiall y if
t i m e  e f f e c t  t o w a r d  the  Ins t  r u c t i o n  has on a s tud ent  and c o n f i d e n c e  in mastery
of  t i m e  subject matter increases.~

Instrumentat ion

A brief three—question pretest was ad ministered to  get  some measure
of student e n t r y  b e h a v i o r .  The pretest was Identical in form to the quest loris
use d Iii p r i c t  Ice (where given)  and to the post test. Students were a l so  asked
t o  l r i ( l i c a t ( -  l e - t r i r e s  a t t e n d ed , m a t e r i a l s  read , and workbook practice complet ed
In regard to the unit on hypo thes i s  t e s t i n g .

Measures f o r  the four d ependent variables of interest In the study were
provided for in the treatment materials and posttest and are discussed below .

Performance. The basic performance task required the student to
select (1) t h e  appropriate hypothesis test for a problem statement , anti (2)
the .mppr opri ate statistical test associated with the hyp othesis tes t (see
Figu re ‘I). Ihe 22 multiple—choice questions provided for 44 responses. How-
ever , o n l y  t h e  hypothes is  tes t  responses were used in the da ta  ana lys i s .

“ Bloom does not clearly define quality instrtu-tion except for characteri ’ing
it as ma st e ry l e a r n i n g .
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CHART 0

FIND THE DECISION
TO BE MADE AND THE
MEASURE TAKEN

COMPARING NO TO GO
0 SAMPLE MEANS ANOTHER TEST

I

YES

PAIRED
(DEPENDENT) NO
CONDITIONS

7

YES

TEST FOR TWO MEANS
(PAIRED)

d . D  d - D

FIGURE 8. An Example of a discrete rule algorithm for selection of
hypothesis test
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3. ~cria tor Incong feel~; tha t the hi l l s  intro .Iuced by incinbers of h i s  pa r ty
in Congte~ s will he g iven  d positive or negative vote on the basis of party
a f t  i l i a t i o n . To tes t  t h i s  he assesses the b i l l s  over a month ’ s t ime , keep-
ing t r ack  of the  p a r ty  a f f i l i a t i o n  of those who took p a r t  in the vo t ing
(Democratic or Republ ican) and what  the vo te  was (“For ” or “Ag a i n st ” or
“Abstain”).

11 a. Select the number for the appropriate test type from list A.

0 b. Select the number for the correct test stat ist ic from l i s t  B.

How confident are you in your answers to the above question?

Very Not at all
Conf ,d~unt _~~ : _ : : : 

_____ Co nf ident

A.Type of Test B-Test Statistic

~ 
a

1. test for homogeneity 1. ~~~~~ 

- 

li’_

2. test for two mean s, dependen t E1~

3. te st for two mean s , independent 
~~~~ 

- x~) - D

4.  test for two proport ions -

5. none of the above 3. L-_ !. - d - o
S

d

4. ~!L ~~ 
- 

~ 0
S

PI ~
pZ

5. none of the above— —S

Do not r e tu rn  to thi s page once you have completed your answers .

-I
Fi gure 9. A samp le of the basic performance

t a s k  and c o n f i d e n c e  r a t i n g .
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The test was designed to have more Items than most students could
complete in the allotted t ime so that differences in t ime and number of
items completed for the  separate treatment groups could be ascertained .

Affec t. Questions at the end of the treatment materials and at
the end of the posttest allowed students to respond to a five—category
con tinuum of general affec t in terms of how well the instruction provided
prepara tion for performance on a test.

Confid ence. A seven—point , semantic differential scale was included
after each of the 22 test items in order to ~issess the amount of self—per-
ceived confidence students had in their answers to the multiple—choice
questions (see Figure 9).

Time. All students were to mark the time from the wall clock in a
space provided at (1) the point where they finished the first 11 items on
the posttest and (2) at the end of the posttest session .

Procedure

Students were randomly assigned to one of the three treatment
conditions . After the pretest , students were told there would be three
t imed 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 collec ted before the test. Finally, they were informed that they would
be provided -with more items in each section than they would most likely have
time to finish and that they should work steadily but carefully.

The students were given 1/2 hour for the study session. They were
then requested to move on to the 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 sense of preparedness and attitude toward
the mater ia l s  used. All materials were collected . The tests were then passed
out , and the students were given 30 minutes to work the 22 problems . Time was
recorded on each test after the eleventh question and again at the end of the
test .  Stude nts responded to a second affective measure , and the ma ter ials
were collected.

Design

The three trea tment groups provided three levels of the main effect ,
level of generality consistency. A one—way analysis of variance design pro-
vided the statistical model for both a univariate (Al~0VA) and a multivariate
(MANOVA) analysis of variance with two orthogonal contrasts for comparing means
(control vs. the other two groups for 1 df and connected rule vs. discrete
rule group for I df). Each of th e five dependent variables was considered
simultaneously in a MANOVA to correct for Type I error .  ANOVA results
on single dependent ‘variables were then interpreted if the exact F—ratios
f r om the MANOVA contrasts warranted further consideration . A generalized
analysis of variance computer program which adjusted for  an unbalanced design

• was used (Bryce & Carter , 1974).
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I~csii I t s

Hypothesis 1

P er f o r m a n c e  on test items for the connec t ed  r u l e  c o n s i s t e n c y
group w I 1 1 he hi g her  t h a n  t h a t  3 or the discrete nile consistency
gr( Ip , and performance for both groups wih 1 be higher  than  the

- ‘ u t ent oii l y ( low c o n s i s t e n c y )  group .

Me~iiis and s t a n d a r d  d e v i a t i o n s  on p e r f o r m a n c e  scores f o r  the  t h r ee  t rea t -
ment  groups are found in Table 3. A Linivar iate analysis of var;ance and an
orthogona l comparison of means (Control vs. Connected and Discr-’te , 1 df;
Connect&-iI vs . Disi -re t& - group, I df) indicated a significan t difference
between bo t h  t he connected rule and discrete rule consistency groups as
compared  to t h e  control group: F (2,92) = -~.2l , ~ .05. There was no
s i g n i f i c a n t  d i f f e r e n c e  hetwee~ the connected rule and discrete rule con—
Si s t e f lc \ ’  gr o u p s .

Table 3

Means and S~ ‘dard Deviations for
Dependent Variables by Treatment Group

1 reatment Group
Connected Discrete

h ) e p e n ( I e T l t  Rule (N~ 33) Rule (N=32) Control ( 30)
Va r iab le Mean S.D. Mean S.D. Mean S.D.

i’o r fo r m i ,- c t -  1 0 . 4 2  .54 10.56 .54 9.10 .56

A f f e - t  t oward
Inst ru (- t i O f l  3.06 .06 3.38 .07 2.92 .07

~~rifldenc &~ in
Answers to
Test Items 3 .79 . 23  4 . 19  .23  3 .60 .24

Time on
Pos t t e s t  24 .39  .31 23.84 .32 23.9 .33

Hypothesis 2

Affect toward instruction will be higher for the connected
rule consistency group than for the discrete rule consistency
group, and af fect for both groups will be higher than f or the
content only (low consistency) group .
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Means and standard deviations on affect toward instruction after the
treatment condition are found in Table 3. A univariate analysis of
variance and an orthogonal comparison of means indicated that all three
groups were significantly different from each other with the discrete rule
consistency group highest , the connected rule consistency group next highest ,
and content only group lowest in affect: F (2,92) = 11.21, £ < .05.

Hypothesis 3

Confidence in answers to test Items will be higher for the
connected rule consistency group than for the discrete rule
ccnslstency group, and bo th groups will be higher in confidence
than the content only (low consistency) group.

Means and st anda rd deviat ions for confidence in answers to test items
are found in Table 3. A univariate analysis of variance and an orthogonal
comparison of means Indicated no significant difference between any of the
three treatment groups : F (2,92) = 1.60, p > .05.

~~pothesIs 4

TIme to complete rule using posttest Items 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 .

Means and standard deviations for time to complete the posttest are found
in Table 3. A univarlate analysis of variance and an orthogonal comparison
of means indicated no signif icant  difference between any of the three treat-
ment groups; F (7,92) .91, £ > .05.

Discussion

The study investigated the extent of the need for test Items to be con-
sistent with their 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 significantl y lower score’- and affect than did students
whose instruction also was consistent with the test item on the task behavior
level. Neit her confidence nor time was si gnificantly different across treat-
ments.

~
The specific constraints of the study may have obscured greater differences ,

especially the hyp thesized differences between the discrete rule and connected
rule consistency groups. The time we could arrange demanded that we run the
entire study (from intro duction to instructl’ n to practice to test) In one
2—hour 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 exp licitly taught
them the three or four swujor steps involved in the algorithm before presenting
them with all the detail and , thus , allow for easier chunking (Miller , 1956) of
the materials. As it was , t~te discrete and connected rule consistency groups

have responded more in a forward processing manner (Mayer , 1975b) in which
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l u -v d i i  .~s w i  I .c- tie— v did h;i s.- I upe ii t he X~ &~ t i t  ion s ;iruiised , not  o n l y
h~- th e m t  i~~~ i s t  t enienr ‘? t 1w t• rn h in .i I lwlia v he r hut al so by the on—going
pr-h t I.- .- . I - irni I i i r  i t V  i l s o  possi b ly impacted upon  the results. ihe students
L i t  ~ . v k e d  w i th im it.-i h i l s  similar to th a t provided to the discrete rule con—
slst cn.-v - v ’ p’, whi h.- tie- alg or itl imi- •ippr o a~~h was not a tool famil iar to
he u i — i -  . A s t civ t hat - ii lows adeq u at e t inc fur encoding of the materials ,
‘ret e r iI ~1 v r vu w i t 11 s i - v e r v 1  - v t - i t iu1g ~; i t  the groups , should  he made.

) . - s ~~~1 v  t in- ‘ u i - ~t r v i n t s  ‘ the St tidy, the presence of test—gener -ilitv
‘u t s i  - - t  . w v !.- \ w d a s i m p l e  coot & - i u t — i n l y  l evel clearly resul ted in better

t i - s t o r  t ‘ n o v  .-  and il c t  . T o t  Iv.- rs and developers would do well to give
t i  . in t i e  s~ ’*s i t  i i  beloiviors re iuvi red by a termin al t ask.

-~~ - -- -,

I
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STUDY 3: VALIDATION OF THE INSTRUCTIONAL STRATEGY

DIAGNOSTIC PROFILE IN PHYSICS 100~

Overview and h ypotheses

The present study assumed that already designed and individualized
materials on concept level tasks could be further upgraded by an example—
practice—feedback sequence for each generality, in acc ordance with the
hypo theses  s tat e d  In M e r r i l l  and Wood ( 1 9 7 5 ) .  The ISOP also supports the
generality accepted princi pl e that test items for classification or rule—
usIng taskq should consist of unencountered instances. Much instruction
ignores this dictum. Thus , this study analyzed the test question type for
the materials used in order to compare student performance on both encountered
and unencountered i n s t ance  i tems and a sce r t a in  d i f fe r e n c e s  in student per-
formance when the study materials are upgraded.

The hypotheses were based on the assumption that an increase in the degree
to which tests and instruction follows the princ iples prescribed in the ISDP
results ii~ higher scores on tests with unencountered instance items and com-
parable scores on te~.ts with previously encountered instance items .

Me t hods

Subjec t Matter Content

The subject matter conbist”d of six units (comprising the second
quarter of the course) for an introductory physics course at Brigham You ng
University. There 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 desired.

2. The course , and especia l ly  the studen t study guide , was already
caref ul ly desi gned and yet showed d e f i ciency in one or more of the areas
measured by the ~SDP . Too of ten researchers and theoreticians have been
accu sed of shoo ting down straw men as they compare material s they had developed
in an hypothesioed better way against haphazardly presented “undes igned ” lessons.

3. The materials :overed a fairly broad range of topics. It is often
simp ler to create differences in a brief one—shot segment of material. Under
8uch a condi tion , the novel ty of the approach——and its brevity——go hand—in—hand
to generate unusuall y strong attention to the task. To get at real differences ,
it seems necessary to have materials used over time.

4. There iii vi ieai and substantial challenge to show d i f f e r e n c e s  in
the less neat and v— .ried world of the on—going class rather than in the isolated
laboratory setting (Claser & Resnick , 1972). Our job is to show that the
efforts which go into materials designed according to stated hypotheses result
in r e a l— l i f e  d i f f e r ences .

5St udy conducted by M . D . Merr i l l , R. V. Schmidt , and R . F. Norton.
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‘ . The course was an in t roduc to ry  course t ha t  serves as one of
s i -v &-ra l  o p t i o n s  to f u l f i l l  a general  educa t i on  r e q u i r e m e n t .  Thus , the
s t u ( J e n t s  r i - p r e s e n t e d  a broad spec t rum o f col lege undergradua tes with a
d i v e r s i t y  i t  i n t e r e s t s  and s k i l l s .

ti~ i ) a t . v  on s t u den t s  e n r o l l e d  in the course  i n d i c a t e  t h a t , d u r i n g
t h e  i l  1 S t-n es t e r  of 197 ~ , t w o — t b  Ird s  of the  s t uden t s  ci titer withdrew
u nofficiall y from the course or received a grade of incomp le te. Student—
pac i n g problems obviously contributed to these results , but pr oblems no do ub t
existed with the tests and Instruction as well.

~riue material selected covered the following topics:

I .  M o t i o n  and Forces.

7 .  Forces In  F l u i d s  a t  R e s t .

1. Pressure in Moving Fl uids.

‘fl (:onservation of Energy .

5. Vinet ic Theory of t~tatter.

. law of Increasing Entropy .

Subjects

The subjects were 43 students from two sections of a suimner session
of the above—mentioned course , which fulfilled part of the general education
requirement In the physical sciences at the university. Other subjec ts,
representing repeating students and students who were not present during the
in i t ia l phase of the study, wer e too few in number wi th in thei r  groups to
analyze meaningfull y.

Treatments

The two treatments were: (1) the regularly cons ti tuted class stud y
g u i d e  and ( 7 )  a s tudy  gu ide  whose generalities were reinforced with example—
practice—feedback segments according to ISDP princip les. Moreover , eight
unencountered instance item questions were added to the regular seven—item
test , which consisted entirel y of encountered instance or generality items.
Fach question had several parts to it , and there were fo ur versions of the
t e s t .

Proc edit r e

A pr el iminary stud y of the nature of the test question and the cor-
responding student performance (see the appendix) was run in order to ascertain
which tests could be upgraded through eliminating previously encountered In-
stance Items and adding unencountered instance items.6 This evaluation also
allowed selection of a unit on which students showed problems in test per-
formance. Following this , both the tests and material were upgraded according
to the principles of the ISDP .

6A descr Iption of this study, which was conducted by M. D. Merrill ,
R . F. Norton , and R. V. Schmidt , Is provided in the appendix.
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Students attending class the first week were randoml y 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 immediately apparent. In this on—going situa-
tion , study ing together had to be allo-.~ed. The random ization should have
take n care of any students who mi gh t have collabora ted using d i f f e r e n t
materials. This was checked later through a questionnaire : two students
indica ted that they had looked briefly at or studied 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 re turned
them the next day to the testing center for distribution , keeping copies of
each exam for further reference.

Students not in attendance the first week (N = 6) and students retaking
the course (N ~ 7) also took the test , bu t their numbers were insuf f i c i ent to
allow an analysis of their performances.

The amount of time required for taking the test was also recorded , and
an affec tive questionnaire was administered after the completion of this phase
of the course to see if there were any general differences between the two
groups.

Design

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 unencountered 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 variance 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 tests carried
this information .

Resul ts

Hypothesis 1

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 difference between previously encountered instance items and
unencountered instance items in the hypothesized direction: F (1,41) 5.5 ,
p < .05.
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lab I v

M iii I i - ~ i t -  i t ige (ii rr ic t and St ;ind.u rd
t v  1: 1 1  ions by T r e a t m e n t  Gro u p

T r e a t m en t  ; r i i u p

l’ pgraded r~ep  I a r
. ) t p n d i u i t  (~ 2 i t  (.

~ = 2 0)
V. r I :u b i t- Mean S. I). Mean S.D.

P e r f o r m a n c e  on E u i c o u n t o r i - i l
I tust ;ince I tens 76. I (12 . 5 76 .5 (12.

Per f o r n i a t u i c on Fni -uu ount e rcd
Instance Items 69.7 02.5 68.6 02.9

Hypothesis 2

U n e n c o u i n t e r e d  in s t a n c e  i tems r e q u i r i n g  c la s s  if i c a t  io n  on
rul e—usluig behavior result in higher scores when t lie degree
to which rite instru ct ion fol l ows ISI)P p r i n c i p l e s  is incre ased
o v er  instruct ion w h i c h  (iol- s not ~eneratl y fol low 1SOP p r i n c i p l e s .

M - a n s  and  st a n ( l ; i r d  d e v i a t  ions on p e r f o r m a n c e  sc-ores  f o r  t h e  two t r e a t —
mer i t r oup s  are  f o u n d  in Tab le  4 .  A u n i v a r i a t e  a n a ly s i s  of  v a r i a n c e  in—
(lic ,ite d no significant difference between the two groups: F (1,41) = .29 ,

- .1)5.

Il ypot liesis 3

l ime to compl et i-  a r u l e - — u s i n g  or c l a s s i f i c a t i o n  t e s t  is
‘re t t t- r when  t ie dc-~’ree to which i n s t r u c t  ion I ol lows the ISDP
Is in( ’r e ased  over  i n s t  rue t ion w h i c h  does not  g e n e r a l l y  fol low
151)1’ pr in i - 1 1)1 0 5.

As l i i i -  t i -s t  ing p1 art - and irne was out of our hands , t flue data was made
i v u i  l a h I  I o r  o n l y  17  o f  t u e suul ’ je ts. A t — t e s t  run on t h e  a v a i l a b l e  d a t a
( M e : i i i  o t  17 , S. I). of 36 for the Upgraded group and Mean of 71 , S.D. of 24
h r  the- Regular group) Indicated no significance: t(17) = 1. 1 1 6 , ~ .05.

Di sceiss Ion

Ilie st tid y it tempt cii to a sc e r t i  in i t one ~ out I 1 improve student per formance
a pliys h-s t-st  by u p gr a d i n g  his  s y l l a b u s — — m e n t i o n e d  ear] icr as the m aj o r

te ti ltirug device——by uti l ie r i rig to I SOt ’ p r i n c i p l e s .  Because we in te rvened  in an
on— g o t r i g  c l a s s , th is had to he at t e m p t e d  w i t h o u t  c o n t r o l s  on t h e  t eache r ’s
ic-i t IIr ~es, v i de o t a p e d  h e l p s , or t h e  t e x t .  l ’h oui ghi t he  d i f f e r e n c e s  noted were
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in the hypothesized direction (see Table 5), they were not significant. The
large standard deviations indicate that we had not captured a substantial
source of variability, probably due to course materials and information
beyond the syllabus. Contrary to indications on previous course participa-
tion , gleaned from several former physics studen ts and an ins truc tor of the
course , a survey we ran indicated that all the students who answered the
questionnaire (N 28) attended virtually all the class lectures and used
the text for each unit of material .

Table 5

Mean Percentage of Items Answered Correctly for
Students with Upgraded and Regular Materials

Upgraded Materials Regular Materials
1s t Try 2nd Try 1st Try 2nd Try

Encountered Items 76 79 76 77

Unencountered Items 69 74 66 65

Moreover , the “regular” materials were, as mentioned , already rather
carefully developed . Although they did no t suppor t each stated generality
directly and consistently 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 syllabus (as a promise
not to change the course for one group of students), we probably were too
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 a study comparing the results of
students taught by ISDP and “regular” methods in nutrition classes (Richards,
Richards , & Merr ill , in press).

Our dependent measure also had constraints placed upon it which rendered
ft less sensitive than it could be. The instructor f e l t  that , 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
al lowed only to double the len gth of t he test , so we could not go beyond
eight additional items. This was not sufficient to test all generalities at
least twice, especially since we were bound to the essay form. Since greatest
majori ty  of student test items consisted of encountered instance items, and
our questions consisted of urrencountered instance items, this distinction was
easy to break out.

Though time was not a significant effect , it would be, perhaps, given a
sampling of all the students.
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liii- ; ciui ph i- in t h e  at lee t lye q u e s t  i onna i re  was too sina i I to use f o r
drawin g iiu v v i i  Id c on c l u s i o n s .  There  was g e n e r a l l y  mixed  response f r o m
i)i i t Ii - i i iI ~~S, Wi tli i -omnuents , wh en made , indica t ing some d issa t isfact ion
wi L it t i l t  I i- i t  ~t ii o f  the upgraded materials over what they were used to hut
a ~- r c - ;cte- r si’eur itv in the subsequent test answers and a desire to go to

lie sv I lahui s I or answers rathe r t i t an  moving  f r o m  the  syl  l ab u s  to t h e  t e x t
is ~;,iii ie- p rey inus students ind icated they (lid

Ii is rest -arch h e l p e d  i - s t a h l  ish severa l  g u i d e l i n e s  fo r  f u r t h e r  i n t e r —
vent i o n  studies of tlt is type. First , the experimenters should have contro l
over ill t h e  instruction , including lecture material. They cannot assume
that ~en- r al nonpartici pa t ion a t  lectures in the past will he the case in
t h uc- present . Se -ondl y , th e experimenters must have full control of the test
and  testin g situation. This will allow a satisfactory and sensitive measure
of student performance on the  c’,e n e r al it ie s  taught as w e l l  as make possible
complet e data on t ime and a f f e c t .  Fol lowing these g u i d e l i n e s , we can then
perhaps test the power of the ISDI’ against materials developed at a leve l
similar to that of the physics materials and to test ISDP developed materials
over time within the f ramework of an on—going class. The rationale for
s e l ec t i n g  t h i s  t ype  and amoun t  of sub j ec t  m a t t e r  con ten t , as discussed in
t h e  Methods section , is i m p o r t a n t  to consider in conduc t ing studies on the
effect of instructional materials on stjdent performance.
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CONCL U SIONS

The research reviewed indicate that the propositions underlying the ISDP
Profile seem to be valid . While the data reported in this document is some-
what inconclusive and not sufficient to make unqualified statements it is,
never theless , positive . When considered with other data on the ISDP (e.g.,
Wood , R ichards , & Merrill , 1976) ,  it seems reasonable to assume that , when
the ISDP Profile is used as a guide to analyze and modif y existing instruction ,
the resulting performance of students is likely to be more effective . This
is especial ly l ikely when the tests as well as the main line instruc tion can
be mod ified . It is less likely when only the student syllabus is modified .
The ISDP does seem to have considerable potential as an instructional evalua-
tion and development tool.

I
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RECO~ 1ENDAT IONS

I. The ISDP , as presented in the ISDP training manual , is recoimnended
for use by Navy instructiona l developers and evaluators. However , it should
be considered an experimental tool and should be used only by exp er ienced
instructional technolog ists who can appropriately adapt its use to various
settings and circumstances.

2. The pr esent effort has increased our understanding of the ISDP and
has considerably increased our ability to diagnose and prescribe modifica-
tions in existing instructional materials which result in improved student
performance. However , our unders tanding of the ins truc tional diagnosis and
prescription process has merely scratched the surface. Because of its
appar en t usef ulness , it is recomm ended that ISDP validation and development
effor ts continue so that this instrument can become an easy to use tool for
all ins t ruct ional  development and evaluation personnel.
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EVALUATION OF TEST ITEM TYPE AND
STUDENT PERFORMANCE IN PHYSICS 100
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In troduction

The Physics Department at Brigham Young University requested that the
Division of Instructional Research , I)evelopment and Eva l uation make recom-
mendations for improving t h e basic physics course at the In iv ensitv. During
the Fal l  Semester of 1975 , two—th i rd s of the students either withdrew un-
of f ic ia l l y  from the course or received a grade of ine mi lete. Student pacing
problems obviously contributed to these results , but problems no doubt existed
with the tests and instruction as well.

Previous evalua tion of the Physics 100 t -ourst- 1 RYI hi .-is demonstr ate- i
that the course , intended to teach conceptua l matter ~,nrent , contained
material  that  was often deficient in the ru le—examp1 t-—pr i tice proposition
of the Instructional Strategy Diagnostic Profile.

This st ud y examined the conceptual correspondence of the test items to
the test prescrip tions of the ISDP . Student performance was compared n the
various types of items that were included on the tests.

Metho d

The Physics Department provided the pool of test items from which all of
the tes ts  adminis te red  to the students were constructed. Each of the test
items was c lassif ied into one of f i ve  ca tegor ies  accord ing  to the type of
content they measured :

1. Unencountered inquisitory instances (Ieg)——for questions in which
the student was asked to apply a rule (given or not given) to a particular
instance not previously encountered .

2. Partially encountered inquisitory instance——for the same type of
quest ions as on number one above , but where the par t ic u lar ins tance had be en
only partially encountered before.

3. Encountered inquisitory instance——for the same type of quest ions as
in numbers one and two above , but where the particular instance had been
previously encountered in the instructional materials.

4. Inquisitory generality (IG)——for questions in which the student was
asked to remember or recognize a rule statement or concept definition.

5. Miscellaneous category (M)——for questions where the student was asked:
(a) to cite evidence (data or logic) for a given proposition , (h )  to give or
recognize superordinate , coordinate , or subordinate relationships among or
between propositions or concepts , or (c) to remember a given constant or some
specific piece of data , a fact , etc., which is an identity.

Most of the test items contained more than one category of quest ion within
the item. If any leg questions occurred within an item , the whole item ~as
classified leg. If an IG question was combined with a M question , the whole
item was classified M. Interrater reliability was strengthened by having
both raters rate the same items separately and then compare the results. The
few disagreements were discussed until consensus was reached on all items .
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An item was classlfie (I as e n c o u n t e r e d  i f  the  answers  to t w o — t h i r d s  or
more ot t h e  quest  ions const  i t u t  in g  the  i t e m  were found anywhere in the text ,
th e syllabus , or the television lectures. An item was classified as unen—
cou nter ed if one—third or fewer of the quest ions constitut ing the i tern were
encountered in the above mentioned sourc-es. Items f a l l i n g  in between these
two cutoff points or items where a similar hut not identi cal instance was
encountered in the lesson materials were classified as partiall y encountered.

Independent Va r jab 1 en

An a n a l y s i s  of variance was run , using three inchependent variables:
(I) the three examina t ions over three different areas of subject matter , (2)
the seven Lest items used on each test , and (3) the f ive categories indicating
t i n -  c o n t en t  type  of each item.

The first examination covered the first six chapters of the text and
aimed at a conceptua l understanding of Newton ’s first two l aws of motion. The
second examination covered chapters seven through ten of the text and aimed at
a conceptua l understanding of the l aws of force and mo t ion , conservation of
energy, the kinetic theory of matter , and the law of entropy. The third
examination covered chapters 11 through 14 and aimed at a concep tua l  under-
standing of the pr oper t ies of waves , elec tricity, and magnetism.

The test item number was included as an independent variable because
i t  served as an index of the d i f f i c u l t y  l evel of the various items. The sixth
and seventh items on each test (A level items) were designed by the developers
of t h e  t e s t  to be more difficult than the fourth and fifth items (B level
I t e m s ) ,  and these in t u r n  were desi gned to be more difficult than items one ,
two , and three (C level items). An inclusion of th is  variable in the analysis
of variance enabled an emp i r i c a l  e v a l u a t i o n  of the  preassessed d i f f i c u l t y
it-v u -Is of the items.

The f i v e  c o n t e n t  type  categories were inc luded  to  assess which types
of questions were being answered most effectively by the students.

D ependent  Variables

‘l’he Physi cs Depar tmen t had al read y gathered data on the number of
stude nts tha t had missed each item in the pooi of test items . The number of
time s each item was used on a test was calculable from knowing the total number
of tests given -and the procedure used to generate the various tests that were
used. From the above Information , the percentage of students answering each
test Item correctly could be determined . This percentage was used ~s the
dependent variable in the analysis of variance reported in the results section
of this paper.

The f i n a l da ta an a l y sis design was a 3 x 7 x 5 matrix tha t can most
cl early be understood by looking at the design diagram in Figure A—i .
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Results

Table A— I shows the mean percentages of students answering items cor—
reu-tl y on each of the three examinations , the mean percentages of students
answering questions correctly under each test Item number , and the means
f o r m e d  by t h e  examina t ion  and item n umber in te rac t ions .  An ana lys i s  o f
vari ance showed that the differences among examinations means were signi—
fic-ant (F = 16.366 , ~ ~~~. 01) as were d i f f e r ences  among i tem number means
(F = :~3 . 74 7 , ~ 

-~ .01) .

Table A—i

Examinat ion vs. I tem Number Matrix Mean Percentage
of $t u d e n t s  Answering I tems C o r r e c t l y

It em Examination Means
;~umber 1 2 3

87 .94 5 83.141 82.998 84 . 816
2 86.447 80.196 75.807 81.250

3 72.444 82.376 72.177 75.418

4 79.284 71.663 61.232 71.590

5 73.763 63.785 67.017 68.745

6 72.300 60. 378 46.421 58.172

7 58.6 79 60 .142 56.509 58 . 182

M ean s  76 .0 2 1 7 1.291 65.811

t u N e  A—2 shows the mean percentages of students answering each type of

~~~~~ q u - ~~t Ion c o r r e c t l y ,  the mean percentages  of students answering questions
o r r c - t l y  under each test item number , and the means formed by the  c o n t e n t

t y p i -  - m d  i t em  number i n t e r a c t i o n s .

1ahie- A—I shows the mean percentages of students answering items correct ly
Ofl u - o h  ot t hu three examinations, the mean percen tages o f studen ts answering
e n  it type’ of test question correctly,  and the means formed by examina tion and
c-ontent type interactions. An analysis of variance showed that the differences
among the con~~ nt— type means (66.077, 72.505, 73.388, 71.024, and 74.159) were
ai so significant (F 2.649, ~ .05).

-J

- 
- The nature of these differences was analyzed using prediction coefficients

and Is reported in the discussion section which follows. Table A—Lu gives the
perc entages of items used from each content type on each examination.
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Table A—2

• Content Type vs. Item Number Matrix Mean Percentage
of Students Answering Items Correc t ly

Question Type

Par tially
Item h i rencoun— Encoun— Encou n—

Number tered leg tered leg tered leg IC M Means

1 82.04 5 86.137 87.556 80.146 87 .2 7 3  84.816

2 77 .138 83.243 78 .2 17 87.611 79.333 81.250
3 59.209 79.713 74.180 78.796 81.220 75 .4 18
4 61.622 70 .549 77 .684 72 .476  72.666 71.590

5 64.186 92.000 70.486 63.813 0 68.745

6 58.785 45.253 66.425 41.333 76.250 58.372

7 64.148 53.574 59.166 65.864 48.6 10 58.182

Means 66.077 72.505 73.388 73.024 74.159

Table A—3

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

Examination

Question Type 1 2 3 Means

Unencountered leg 71.876 64.144 61.568 66.077

Partially Encountered leg 78.058 73.504 59.735 72.505

Encountered leg 78.084 75.238 66.842 73.388

IC 78.200 73.470 68.204 73.024

M 73.544 78.495 70.743 74.159

Means 76,021 73.291 65.811
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Table  A—4

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

Examinat ion

Question Type 1 2 3

Unencountered leg 31% 20% 11%

Partial ly Encountered leg 19% 7% 5?

E n c o u n t e r e d  leg 25% 351 46 1

IC 10% 34% 29?

N 15% 4 % 9%

100% 100% 100%

I) is cuss i o n

The difference among examinations indicates that significantly fewer
students responded correctly to the items on the third exam (see Table A— I).
It is possible that the items were more difficult or tha t , because of the
end of the semester , fewer students retook the third exam than retook the
f irst and second exams. Each time a student retook an examination , even
t h o ugh  the items were different than on the previous exam , he was l ike l y to
do better than he did the t ime before because of more study in the area where
ii~ was d e f i c i e n t .  This  wou ld  mean that the average percentage of students
answering items correctly was artificially elevated for both the first and
se -on d  ex ams— — more  so for the f i r st  than for  the second . Regardless of the
quest tor i type , items on the t h i r d  exam were missed more o f t e n  than the cor-
responding type of Items on the other two exams (see Table A—3) .

The sixth and seventh test questions on each exam were consistently more
d i f F i c u l t  than a l l  of the  o the r  ques t ions  (see Table A — i ) .  However , question
six ()fl exam one was not significantly more difficult than questions three and
f i v e .  The o v e r a l l  means for the seven question numbers indicate that questions
four and f i v e  fe l l in the  m i d d l e  range of d i f f i c u l t y  as In t e n d e d , but  t h i s  was
not c o n s i s t e n t  when t ime  t h r e e  exams were cons idered  s e p a r a t e l y .

Although questions six and seven were more difficult than the others , they
were not  measuring a h igher  l eve l of  conceptua l  unde r s t and ing ,  as migh t  he
hoped , hut , ra ther more obscure deta i l s  encoun tered in the test , sy l l ab us, or
v i d e o t a p e s .  It might be more meaningful to use previously unencountered
questions as A and B level Items . This would tend to award Bs and As on the
basis of a better  conceptua l understanding of the material rather than on the
basis of ability to remember more obscure detail.
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Regardless of the type of question involved, items six and seven were
consistently missed more frequently than the other item (see Table A—2).
This Is likely a reflection of the tendency for A—level items to deal with
obscure details. It is also interesting that on the unencountered inquisitory
instance questions (unencountered leg) for the B and C levels, each of the
mean 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
ciuestions, the unencountered leg questions have mean percentages equal to or
higher than the grand means for their respective question numbers. This may
mean that the students have acquired a set response to unencountered unobacure
Items versus unencountered obscure items. For example, they may be skipping
the unencountered unobscure items wi thou t spending much time on them because
they realize that they have never seen them before. At the same time, be-
cause the A level items involve more obscure material, they are spending more
time to think and are coming up with more right answers on their own.

The unencountered instance questions are significantly more difficult
< .05) than all other test question types as we might expect if they were

measuring understanding at conceptual level rather than at just a memory level
(see Table A—3). The partially encountered instance questions, the encountered
instance questions, the inquisitory generality questions, and the miscellaneous
questions all seem to be at the same level of difficulty for the students. How-
ever , the partially encountered instance items on test three are slightly
(though not significantly) more difficult than the unencountered instance items.
The partially encountered items in tests one and two, bu t more similar to the
unencountered items in test three.

The percentages of unencountered instance questions on the various exams
are also very interesting . Because they are the most difficult items , one
might have expected a positive correlation between the percentages of such
items and the performance by the students on the tests. However, there was a
negative correlation (see Table A—4). Although test three was the most
difficult for the students, it had only 11 percent of the most difficul t
question type . This migh t mean that the subject matter tested in test
three was inherently more difficult or that the instruction in this area
was weaker .

The present study will be expanded to see if student performance on unen—
countered Instance questions could be improved by following the princples of
effective instruction recommended in the Instructional Strategy Diagnostic
Profile.

-~~
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