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ABSTRACT

The main purpose of this investigation was to éompare perfor-
mances of grade six sfudent;, classified as réflective and impulsive,
on respoﬁse uncertainty pfoblem~solﬁinq tasks‘demanding-adoption of
(a) a guided-disqovery apptoéch.andb(b) an openéended approach for

completion.

Kagan's Matching Familiar’Figures Test was used to classify
students participating in the invés;igatiop as beihg reflective or
impulsivé in disposition, or of neither a marked reflective or

impulsive disposition.

. : »
Guided-discovery tasks required students to select observa-

tions and hypotheses pextaihing'to problem situations depicted on a
film;ioop; and to #ub§équ¢ntly evaluate the selections made in terms
:of their effect'ﬁpon the‘dgpigted éroblem sigﬁation;. Open-ended
gasks»géquiréd ;tu&énts.td.gegefate multiple observations and
h&pofhgséé'ﬁértaining to the ;amé depicted problem situations, and
 tn‘év;idate tﬁe_géneréﬁidnﬁlmadg in terms of their effect upon those
prﬁblem situations. o
- ' Reviews of Burosb (1965, 1972) indicated that pﬁbnshed guided-
discovery and open-ended tasks appropriate to the requiréments of the
: ;resent inv%stiggticn at the gxrade ®ix 1eve1; did-not e*ist. Accord-
ingly, all guided—discbvery and open-ended ﬁégks were desigﬂed by the
A'investigator; . Efforts were taken to ehsure ﬁh#t reliabilitigs and
" “validities 6f'thé’tasﬁs.wefe brought to as high a level as possible.
In #ddifion fo éuided-discovgry.and_oben-ended :asks, thrée

- other measures were employed in this ihves;igétion-to'assegs students'

iv



abilities in observing and in hypothesizing. Content areas and modes
of content presentation incorporated in these three tasks, difqued

from those incorporated in the guided-discovery angd open-ended ﬁasks.
These measures were used to provide information cohcerning theﬁextent

~to which observation and hypothesizing abilities can be considé;ed{

i
1

task-specific. . . .
Another purpose of the investigation was to compare the types

of question asked by Reflectives and Impulsives during involvement in
. \ ]

"those problem episodes used as foci for the guided-discovery and open-

ended tasks. Questions asked were subsequently assigned to specific

category types according to criteria and format prescribed by Suchman

(1962).
One hundred and eighty-four students participated in the study.
.Of these, sixty-eight were subseﬁuentlf classified as being reflective
in disposition and‘seven;y as being:impulsive‘}n disposition.
Analysis of daﬁé’resulting from édministration of.instruments
employed'in this investigation indicated the following:

:l} Reflectives pérfofm about as Qellbas’ImpUISives on tasks -
imeaSuring abilities in selecting and in generating observations.

2. RefleétiVQSgpefform about as'wéll a; Impulsives in
selecting and in generating hypothese§ onita5ks utilizing the particu-
laf content area and presentétion mode associatéd with the film-loop.

3. Reflectiﬁes; performaﬁce is saperior to that of Impulsives
in selectiﬁg and in generétihg>ﬁy§othésesJon tasks utilizing c&ntent
' areaé and presentation modes difféfeptxto those associated with the
fi;mfléop. In the caseiéf abilitybté generéte hypothesesj ReflectiyesL

performanée is significantly superior to that of Impulsives.



»
4. Reflectives perform about as well as Impulsives ~n all

tasks measuring.abilities in evaluating selected and generated
observations and hypotheses.

5. Reflectives ask similar types of Suchman questions and
similar quantities of quesﬁ;ons as Impulsives during involvement in
problem-solving sequences.

6. Gagné's (AAAS, 1965) claim that observing and hypothes~’

.izing abilities manifest high inter-task generality was only partially
suppoited in this investigation. In instances where tasks did not
differ qreatly.in terms of content afea,,preéentation'modality and
response requirement, moderately high correlationstwere obtained
between task scores. .ﬁhere these factors did differ greatly, essen-

tially zero correlations were obtained between associated task scores.
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"CHAPTER I
THE PROBLEM

INTRODUCTION TO THE PROBLEM

e R

Traditieﬂélly science in the schools has been viewed as a

body of 1ndlsputab1e knowledge or ‘rhetoric of conclusions' (Schwab,

'1966, P- 24). The major responSLbllltles of the science educator

have been to impart this knowledge.and periodically to assess the

extent to which students were retaining such information. Current

major elementary science curricula such as Science a Process

“Approach (SAPA), Elementary Science Study (ESS) and Science Curriculum

Improvement'study (SCIs), contend that teaching science merely through
impartation of‘knowledge.promotes an oversimplified and static con—- -
ception of the nature of science. ACcordihgly these programs maintain

that students can best deveiop awateness,of the complex and multi-

dimensional nature of science not only by learning about the products

of the 1nvestlgat10ns of ?thers, but addltlonally by part1c1patlng in

1nvestlgat10ns giving rise: to these- products.’ These programs

encourage"and provide substantial Qpportunlty for problem-solving

.

R <
.actxvxty on the part of students. Through'direct participation in

ﬂ,problem—solvxng sequences ‘it is commonly held that students are able

to ‘more closely 1dent1£y with the modus operandl of ‘the pract151ng

5

',sc1ent15t, and to achleve more mature 1n31ght 1nto the complexity of

sc1ence than would otherw1se be poss1b1e where no such actlve 1nvolve-

,ment was entailed. Primarily fbr‘spch_reasons;'problem-solvmng todey



occupies's central position within elementary.science programs.

~ While SAPA, ESS and SCIS brograms encourage active problem-
solving‘activity, each of these programs adopts a distinctive approach
towards such actiuity. This difference in approach is manifested in
terms of the extent .to which opportunities for teacher and student
decision—maklng are provided.' In general, SAPA advocateés a 'guided-
discovery' approach (Mosston, 1972) towards problem—soiving, whereas
ESS'advocates an 'open-endéd' approach (Keislar, 1569).towards
problem-solving. In basic terms, within the ouided—discovery approach
decision-making concernino proslem‘identification and soiution evalu—
ation, become the. total responsibility of the teacher/program. The
student is provided limited opportunity for‘decision—making only with
respect to proceduresAedopted in acnieving solution to the problem.
Contrasting the guided~discovery approacn, the open~ended approach
permits considerably more opportunity for student deéision~making.
Although problems are still predominantly teacher ldentifled, the
student is, provxded abundant. opportunity for making decisions con-
cernlng which’ procedures to utilize in solution attainment, and
Additionally providedhopportunity to evaluate ‘his own solution out-
couesr In general terms, other current curricula, such as SCIs,
adopt approaches toluroblemésolving wnich reflect’a mix of the
decision-uaking characteristics'associated with the SAPA and ESS
approaches.- In initial stages of a SCIS problem—solving eplsode for
example, students are ngen problems and prov1ded con91derable

license to make decisions concerning procedures to adopt in solutxon

nttainment (exp;oration). After completion of these initial stages,



however, few opportunities for further student'decisionlmakihg exist

(invention). In the final stages of a SCIS problem—sol;ing episode,
' problem identification, procedures for solution attainment and.

solution evaluation are predominantly under the control oflthe

i

teacher (discovery). : . ‘

THE PROBLEM

with‘extensive implementation éf newer elementary science
programs currently taking place, an urgent néed exists for assessing
program effectiveness in teaching science to students. The fact that
several progfams have recengly become widely and extensively adopted,
and in many instances have totally replaced traditional modes of
science teaching, undoubtedly indicates that thesé programs are
widely considered to be generally effectivé in teaching science.
However it has not been shogn that all students were able or willing
-to adapt tc the requiréments of cert?in'programs. This is hardly sur-
prising siﬁce not only dc large differences occur between program
- approaches as already in¢ ited, but-marked differences also undoubt-
édly e#ist in £erms of inte -1al and pe:sonolog@cal characteristics
of problém—spl#erg inQolved e 1970) .. Thus the common practice
of‘whoiésale iﬁplemeﬁtation of . ograms of distinctive character for
use by Ail studgnt#, may be delit« .:us t some participants. 'In |
accordance with differential theory. dunt (1%70) me: ~tains that the -
eflecti;ehess of any approach shouid no* be measured in terms of itsb
nghetal sﬁperiority’(or inferiority) over another:
" Rather than ask whéthef One‘éducational approach is generally

better than another, one asks, "given this kind of a person
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which of these approaches is more effective for a given
objectlve?" (Hunt, 1970, p. 68)

Assessment of the effectiveness of elementary science programs should
therefore entail determination of‘the outcomes of meshing particular
problem-solving approaches with specific indiviﬁual characteristics
known to influence problem—sclving abilities. By so doing,»any sub-
sequent attempt to maximize particular dtudents' science learning

" can be made through careful selection of approaches most approp;iate
to the indiyiduals concerned and/or by the modification not only of
those approaches, but also of those individual characterlstlcs
affecting problem~solv1ng behaviour.

Individual differences in prcblem—solving have generally been
‘attfibuted to differences in age, intellectual ability, concern f£6 s
performance and to differences in overall knowledge of associate& .
content (Kagan, 1965a). Recest research initiated by Jerome Ka%gn
and associates 1nd1cates that a further attrlbute, the Reflect'/e/

Impulsxve Dimension (R/I), has been shown to markedly affect problem-

solving ability (Kagan and Kogan, 1970). This dimension is spec‘fic-
ally concerned with the extent to which an 1ndiv1dua1 reflects on

the validlty of responses during the solving of problems that entail

-

response uncertaxn;y ({Kagan et al, 1964); In these situations an
individual who characteristically requires lenéthf periods of time
to assess the velidity of alternatises provided, is claSSified‘as
'Reflective.' In contrast to the behaviour of the Reflective, an
'Impuls;ve makes selection rapidly (Kagan et al, 1964). Studies
involving consideration of R/I set apd p;oblem-solving performance

in several non-science subject Preas demonsﬁrate that problem-solving



of the type noted is indeed markedly affected by R/g_set (Kagan,
1965b, 1966a, 1966b; Kagan and Kogan, 1970). However no study has
yet been cited investigating the impact of R/I upon problem-solving
within an elementary science context. The intimate association
between R/I and problem~soiving, according to thg Kagan definition
(Kagan et al, 1964), suggests that investigation of the influence of
R/1 within elementary science problem-solving environments might

profitably bé undertaken. Furthermore, with noted elementary science

. Programs adopting dlfferent approaches towards problem-: >lving the

determination of the influence, if any, of reflective and impulsive
sets upon each approach would .serve to 1nd1cate favourable and
unfavourable approach/set combinations with respect to Problem—-

solving performance in an elementary science context.
. .
‘THE PURPOSE

The Principal purpose of this study is to investigate perform-
ance of students élassified-as reflective and impulsive on certain
respbnsé un;ertéinty pfoblem—soiviné tasks demanding adoption of
(a) a guided- —-discovery approach and (b) an open-ended approach for
their completlon. Dec131on to utlllze gulded-discovery and open-ended
approaches‘in this investlgation is based on the fact that thege
‘particular approaches contrast markedly‘in teims‘of their ﬁeacher/
'..student decision-making chatacter. In addltlon (as earller noted,

P. 2) both_approaches or combihatiqns of these approaches are commonly

in SAPA, ESS and scIs).



In keeping with the character of a guided-discovery approach
towards prqblem—solving, guided-discévery ta;ks will require the
seagch for solutipn to those problem-situations that have been
previously depicted and identified by non-student sources. Oﬁly
limited opportunity will be provided for student decision-making
during task completion. To this end alternative solutions will be
brovided, and‘the student will be ;equired to make solution seiection
from those provided. In keeping with the character of an open—ended
approach o problem-solving, open-ended tasks will require thé search
for.solution to the same problem situations similarly depicted and
idgntified by non-student sourées; Howe&er, in éontrasg té the
guided—discovetf approach, subétantiél opportunity fb: student
decision—making.during task completion will be provided. Students
will be required to_generatevﬁﬁltiple :espoﬁses; rather than to m;ke
selections, from.prbvided fésponsés, With respéct to the nature of
the préblem-solving tasks involQéd, all tasks,aééommodating guided-
discovefy and open-ended approaches will be construeted i; a fashion
enabling assessment of‘abiiitylin utilizing the skilis-qf visuai
observation, hypothesizihg and evéluation. Deéision to-involve
thése particular-skilié was b.ug-. uéon the foilowing rationale:

‘1. These skills predominantly feature within_the'Matching
Familiar Figures Test (MFF)(va test designed by Kagan (1965a)
specifically for identifying and qlasSifying reflective and impulsive
behaviour (for‘detéils see p. 29Vand p. 70 ). Measurement of
 Reflectives' aﬁd Impulsives' abilities to utilize eaéh-of tﬁése'skills
could provide ihformation concerniﬁg the extent to which each

~



influences overall reflective and'impulsive behaviour. -
2. Gagné considers problem-solving skills, including observa—
tion and hypothesizing, to exhibit hlgh inter-task generallty (AAAS, .

1965) If this propos1tion is correct, then the performance outcomes

.of Reflectlves and Impulsxves in each of these skills within the

particular science .content settlng of. thls study, may serve to pre-'

dict their performance in tasks utlllzlng 51mllar skllls in dlfferent

content settlngs. Thus results of reflectlve and 1mpu131ve performance
in observation, hypothe51zlng "and eValuation from thls study could
have important lmpllcatlons for performance of Reflectlves and Impul-'

sives involved in sc1ence programs such as SADA _ESS and SCIS that o

' dellberately.encourage.the use, and even the teachlng, of.such_problemf

solving skills'in a wide‘variety.of content‘areas.

Ih summary, gulded discovery tasks w111 be used to determlne
ab111ty of reflectlve and’ 1mpu131Ve students to make select;on of
observatlons and hypotheses pertainlng to deplcted and 1dent1f1ed
problem situations. Open-ended tasks will be used to assess ablllty
of. reflectlve ‘and 1mpu151ve students to generate observations and
hypotheses pertalning_to the same problem situations. StudentS'wilr

subsequently be required to evaluate all'selectiOns'and generations

made.

5+ -

Another purpose of this study is to determlne the types of
questions asked by Reflectives and Impulslves durlng certaln problem-

solving activities. Studies by Ault (1973) and Denney (1973)

indlcate that Reflectives and Impu151ves ask dlfferent types of

o

questions during problem—solv;ng. uﬂowever, information eoncerning
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Reflectives' and Impulsives' questlon asking strategles from these
studies is llmlted 31nCe questlons askeq were assxgned to one of
merely two deflned categories. A more detalled questlon—type analysxs
would prov1de more 1nformat10n concernlng questlon-asklng strategles
of reflectlve and impulsive types._ The ana1y51s format prescrlbed by
Suchman (1962) appears to offer such a system. 'In thls model the o

: types of questlons asked by- problem—solvers ‘may be allocatedjto six
verlflcatlonf antho six ';mpl;catlon' categories (identification

" of these categories.and associated aefinitions are given onlp 9).
Verlflcatlon questions are those attemptlng to identlfy and clarify
‘objects, events and general oondltlons present in a problem sequence._
Impllcatlon questlons are.those searchlng for relatlonshlps between

assoc1ated varlables. Accordlng to Suchman (196?), the relatlve

frequency of: questlon types employed by problem—solvers reveal their

- >

strategles and goals. Thus Suchman's model will ‘be used to brovide
. 1nformatibn that may assist in.any'suﬁseQUent attempt to modify -
’ " ineffective question-asking strategies>adopted by reflective and/or

' - : -~ . 4
impulsive students during. problem-solvihyg episodes.

. » DEFINITION OF TERMS

For the‘purposes of this investigation the following.definiw
tions of terms will apply. '
Refleotive:-'Characterlzed by an- 1nd1v1dual who requires lengthy
periods of t1me to assess the valldlty of responses durlng the

solv1ng of problems that entall response uncertalnty (Kagan et

al, 1964).



Impulsive: Characterized by an individual who requires short periods
of time to assess validity of responses (Kagan et al, 1964).

Problem—sol?ing: The activities involved in a search for the solution

or solutions to a depicted and ide ._ified problem situation.
This search can result in t&g selection of an acceptable response

from among several alternatives provided (guided-discovery

|

approach), or the generation of multiple acceptable\responses
. |

(open-ended approach). . : ‘ .

Observation ability: The ability to collect qualitative information

concerning the physical attributes of objects and of events using

the sense of sight.

Evaluation of observations ability: The ability to determine the
effect, if any, that selected and generated obsetvations (of
" objects and of eventsﬂ have upon the depicted problem situation.

HZEcheeis: A tentative explanation of the depict=d problem situation.

Hypothesizing ability: The -ability to recognize a possible cause or

causes of the depicted problem-situation.

‘A-type'Hypothesis- An hypothesis 1hd1cat1ng one of the. p0551b1e’
causes of the depicted problem.

B—txpe Hypothesxs‘ An hypothe81s indicating at least two of the

possible causes of the deplcted problem.

Evaluation of hypotheses ability: The ability to designate selected

‘and’ generated hypotheses to en A-type or B-type catégory.
ed : ’ . e

. Suchman question tYpes;'

a. Catggorical verification: nominal question. A question

identifying the class to Wthh the object observed belongs.
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Categorical verification: normative question. A gquestion

designating the objéﬁt observed according to the norm of the

particular class.

Analytical verification: condition-descriptive question. A

question specifying quantitative or qualitative conditions.

Analytical verification: condition-comparative question. A

question identifying a relationship between two conditions.

Analytical verification: structural-component question. A

question determining relationships between parts of a

structural whole.

Analytical verification: properties check question. A question

ascertaining the physical properties of an object.

Abstracﬁ~conceptua1: diffuse question.. . A question in which
thé nature of the ?elationship Between“vériables is not

‘" specified. |

Abstract-conceptual; directed question. A question in which

the nature of the rfelationship is specified.

1

Concrete~inferential: elimination question. A question

eliminaiing an object to determine the ef® -t upon the outcome

~ of the experiment.

Concrete-inferential: substitution question. A question

replacing an obje¢t by another in order to determine its

- B

effect upon the outcome.

Concfete-inferentiai: ‘addition question. A question adding

anewobje‘cti‘todetertnine its effect upon the outcome.

Concrete-conceptua; question. A question determining the




hyes

H

H
2

H,:

H7:

H8:

necessity of an object or condition for occurrence of the

phenomenon.
HYPOTHESES .

In this investiqat}on the following hypotheses will be tested:
Theré is no significant difference existing between Reflectives'
and Impulsives' ability-in selecting objecgs observed present in
d;picted problem episodes from objects notiobServed present.
There is no significant difference existing between Reflectives'
and;Impulsives"ability in selecting eventslobserved occurring
in depicted problém episodes from events not observed occurring.
There is no significant difference existing between Reflectives'
and impulsives' ability in selecting hypogheses that pe?ﬁgin to
depicted problem episodes from hypotheses that do not pértain.
There is no significant difference existing between Reflectives'
and Impulsives' ability in evaluating the objects they selected.
“here is no significant differencé exisfing between Reflectives’
anu Impulsives' ability in evaluating the eYents they selected.

There is no significant difference existing bétween Reflectives'

and Impulsives' ability in evaluating the Bypotheses they

M

‘L§el§gte§.

There‘is no sign;ficant difference existing between Reflectives'
a;d Impulsiyes' ability in generating 6bjects-observed present
in depicted probleﬁ episodés. |

There ‘is no significanf difference existing between‘Reflecéives‘
\and Impulsives' ability in generating eVents observed occ;rriﬁg

in depicted problem episodes.

11
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There is no significant difference existing between Reflectives'

and Impulsives' ability in generating hypotheses'that pertain

to the depicted problem episodes.

There is no significant difference existing between Reflectives'

and Impulsives'vability in evaluating the objects they generated.
There is no significant difference existing between Reflectives'
and Impulsives' ability in evaluating.the events they generated.
There is no significant difference existing between Reflectives'
and Impelsives"ability in eQaluating the hy;otheses they
gene;ated.
There is no sign}ficant difference in the,total number of
Suchman type questions asked between reflective and impulsive
gfoupsr
There is no signif%cant difference in the distribution of
uetions of specific Suchman types asked‘between réflec;iﬁe
and impuIéiQe groups.
Wiﬁh respeEt to sebjects asking one Suchman type guestion only;
there is no significant difference ip tee number of questions
of Verification and Implication type asked betweeq reflective
andeimpulsive,groups.
With respect to subjects asking two Sucbman type questions,
there is no significapt difference in the numbef of questions
of Verification.and‘Ieplication type pertaining to the~first

and second questions asked, between reflective and impq}sive_

' ‘groups.

Wifh iespeet to sﬁbjects asking three Suchman type questions, -



there is no significant difference in the number of questions of
Verification and Implication type pertainiﬁg to the first,
second‘and third qﬁestions asked, between reflective and
impulsive groups.
HlB: With respeq@:to\subjects asking four Suchman t:pc questions,
| tﬁere is no significant difference in the number of questions
of Verification and Impliqation type pertaining to the first,

second, third and fourth questions asked, between reflective

and impulsiQe groups.
ASSOCIATED QUESTIONS

‘_.In‘addition £6 the‘;esearch‘hyp§theses-stated,-the following
Associated duestions will be examined in‘this'investigation:
1. Are corrélations amopg,ali'Seléééiéq, Generation and Evaluation
of‘Selection and Generation Scores, of similar magnitude fof
‘refleétivé.and‘impﬁlsive‘groups?
2. what cémgon facﬁors'exist among the Selection, Generation and
Evaluation of Selection and Géneta;ion variables?
3. Do significanﬁ differences exist betveen.reflectiVe and impulsivé

groﬁps with respect to factor scores derived from common factors?
DELIMITATIONS OF THE STUDY

Although every effort will be taken to standardize procedures
in administration and evaluation of tésks:lexPerimenter bias may be
present. To minimize bias in task administration the three central

problems which provide the focal pointé for.allvguidedfdiscovéry and

13
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open—ended tasks will be depioted by means of a filn-loop presentation.
rather than by a demonstration on the part of'tne investigator. The
film-lo0p will pres;nt problem situations in identical form and
fashion to students participating from different classes. In.efforts
to minimize task evaluation bias. guided—discovery and open-ended
tisks vill be evaluated by the investigator, as well as by a trained
scienée education doctoral student. Inter-rater reliability will be
calculated to determine the degree of agreement among scoring proce-
dures. : : . . /
Short—term memoxry is'denanded in any task“reguiring‘cognitive
effort. To minimize influence of memory loss on performance during
testing, tasks Wlll be administered immedlately follow1ng film—loop f
v1ew1ngs. | o : - |
All guidedsdiscovery‘and openfended tasks used‘in this-study
are of a paper—and-oencil'format appropriate for'administration'on
a groupybasis. Tb avoid problems of readability, task 1nstructions
-and items will be read - -aloud by the investigator.
All open—ended tasks require written responses. ‘It is
~assumed that the - substance of these responses accurately ‘reflects

abilities in the various skills involved.
LIMITATIONS OF.THE.STUDY

Students from eight grade six classes will partic1pate in
:tﬁe'investigation. The eight claSses will bé randomly selected from
. schools located within middle~income areas as defined by the City of

Edmonton Census (1971). Accordingly.tneggeneralizability‘of this
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study is limited to grade six students within such areas. ‘

| Studies indicate that the performance of RefleetivesAis
signifieantly superior to that of Impulsives with respect to the
Thurstone Primary Mental Abilities Test (Michenbaum and Goodman,
1969), reading ability and science achievement tests (Gupta, 1970).
Accordingly covariate statistical techniques will be employed in the
study to remove any bies due te I.Q., reading ability and general -
science knowledge on the performance of participatinénstudents.
| since most'inst}uments eﬁployed in this study are investigator-
.designed the problem of reliability and validity of 1nstrumentation
is an extremely 1mportant one. Several pilot ‘studies will be con-
ducted to assess the reliability and validity of these instruments,
'jand to aid in their subsequent modification and refinement where
necessarfl By these procedures the reliabilities and validitles of
tasks used in the main study will be brought to as high a level as

. possible.
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CHAPTER II
THEORETICAL FRAMEWORK AND RELATED LITERATURE

PROBﬁEM*SOLVING APPROACHES IN
ELEMENTARY SCIENCE

According to Mosston (1972) differences in general teaching
style may be identified according to the amount-of decision-making
manifested on the‘part of_thé~tea¢her and/or student, and according
to the'location of impact of that behaviour- In more‘specific terms,
the influence of decision-making may be felt at the following distinct
pPlaces w;thin the teaching procese: |

"1, .At the 'pre-impact' stage entailing content preparation.'

2. At the 'impact' stage- whereln content is implemented
according to pre—impact dec1sions, and finally o ; .

3; At the post-impact' stage involvzng evaluatlon of ‘that
"]content. | | |
i Consideration of ‘the impact of teacher decisions at each of
these stages enabled Mosston to” 1dentify a spectrum of teachlng styles’
'ranging from the command style 1n which teacher decision domlnates
.all of the above 8tages, through approaches involv1ng ever—decrea31ng
hf‘ degreee of teacher decision—maklng, to flnally the 'indiv;dual program— o

;.students design‘rapproach in which decisions at each stage become the |
';ftotal responsibility of the student. Utilization of Mosston s model
:within an elementary science context could effectively serve to

1;d1fferentiete between traditional and current programs in terms of

16
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_the opportunities each program'provides‘for active decision-making on
- the part of the students. - More Specifically, this model would
indicate the extent and location of dec1s1on—making behaViour during
problem—solving activities. In the -ensuing discussion, comments
concerning provision of opportunities for dec1510n-making by different
‘elementary science programs are based upon analyses of claims made by
respective program desxgners and not upon - classroom obSerVations of
opportunities prov1ded It is possible that provisions made at the
classroom level for dec1sxon—making differ from those intended.
Accordingly the following statements must be interpreted with: this
possible limitation in mind.

Traditionally science in the schools has been taught by heavy
adoption of the command style, the teacher haVing had total authority
over content, the implementation of content, and the subsequent
evaluation of content and implementation. With decision-making in :
alm0st.every instance under the control of the science teacher, it is
. not surprising that science in the schools has traditionally been

| _viewed as merely a bodﬁ\gr indisputable knowledge or scientific fact.
Current elementary science programs prov1de cOns1derable opportunity
for active investigation on the part of students. Nevertheless
"opportunities providing for student de0131on—making vary from program
‘ to program. ‘Thus in Mosston s terms, each program may be said to
_adopt a characteristic style or approach towards problem—solv1ng. In
bcontrast to the command—style traditionally adopted in elementary
:_rscience, the SAPA program adopts a guided-discovery approach

‘:; (HOSston, 1972) towards problem-solving activity, In this proqram,
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decision-making on the part of the teacher/program is total at the
pfq- and post-impact staggs, in the sense that objectives are
succinctly specified and instruments are employed to assess the

degree to which thege specified behaviours are mastered. Student
coméetence is thus measured entirely in terms 6f ability to meet
these_riéid reqﬁirements. At the impact stage, scientific knowledge

is not imparted ditectly from teachef‘to student. Instead, students
éfe expected to discovef facts through active participation in series
.of séquéntially brganized activities. Each activity is deliberately
céntrived to elicit one ‘correct' discovery tegponse followinq each

of the many §ctiviﬁies. :Exhibition.of a response, whether cérrect

or not, reflecis the making of a decision on the parﬁ,of the student
with respect to the stimuli‘prdVided. Post-impact teacher evaluation
of any resp§nse'indida£es whetﬂér or not participation in further
activitiés,vproviding foilfUrther diécovefy-making, can be éntertained.
FIn ccntrast:to the SAPA approach, the'ESéiprogram adv@caﬁes a 'probiem—
§61ving? approach (Mosstoh, 1972); bf é; Keislar (1969)‘prefers an
'll'open-endedf épproach tqwafds;scientific investigation. Ihvthis .
p;ogram,.pre-impact'sﬁbject ﬁatféi'décisipns (includiﬁg identification .
of,prbblem—situatioh§) remgin the réspoﬁSibiiity of ‘the teécher. At

. the impact_stége however, libérél'odeftunity now exists for student
"decision—making.. The student is'given'license to make decisions con-
cerning subject matfez". In ad‘@ition he i$¥ ehcouraged to-produ;?é
B} multiéle s§lutioné..-D§ciéi6h§ c§n¢erning‘ﬁhésg‘geneiétidns»ére’
.’predohinantly hisrresponsib§1ity. IQ the pqst-impaét stage, both

teacher and student are involved iﬁ.decision;mgking. 1As’no;ed earlier



(see p. 2) other major science programs (e.g. SCIS) adopt dec1sion-
making approaches that reflect various combinations of characteristics

similar to the SAPA and ESS approaches.
PROBLEM-SOLVING SKILLS IN ELEMENTARY SCIENCE

In traditional science programs emphasis was commonly place
upon the acquisition of the contsnt or products of science to such a
degree that active problemfsolving was afforded at best scant atten-
tion. A call by the National Society for the Study of Education in
1947 -for more bonsidefation to be given in science education to
problem-solving had little, if any;bimpact at the classroom level.
8chool science continued to be taught largely as a body of indis-
putable and stable factv(Sohwab, 1966). 1In instanoes,where some
effort was made.to iovolve stodents in problem—solving activity, the
Deweyian concept of the Scientific Method was commonly adopted as
vguide providing generalidirection in conducting such activity.. This
goide contained the following sequentially oroer stages or skills
considered to be those which a problem—solver,must utilize in order
to attain solﬁtion to ths‘problen‘at'handi

1. Definition of the pi‘ob‘lem',v

2. ‘Locatioh andsévaluation of associated data,

3._ The formulation of an hypothesis,

4. ,The evaluation of the hypothesis, and

5. The conclusion. (Dewey, 1953) v

| In this.ssqoehcing of skills it is evident that a:ﬁiéhly

logical natu:e.of'science_énd_sciehcing wdS‘implied.‘ The limited and
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generally ineffective usage made of this model was due largely to the
demonstrated lack of existing'guideiines that offered ways and méaﬁs
by which each of the noted skills might be identified,‘and their
acquisition and application guaranteed‘some measure of success.
‘Kneller (1966) maintains that the model was‘of limited benefit to

students of elementary grades on account of its highly abstract

nature, and even for older students it was 1imited in scope since these

children would likely have advanced to a stage whefe more specific
skills were needed. Thus the absepce of ciearly defined guidelines
breaking down the skills into more specific ones capable of ménipula-
tion by students, ensured at best ineffective and infrequent applica-
tion of the method.

With the launching of Sputnik in 1957, a'largevscale attempt
was made to upgrade as quickly as possible the general quality of
science educdtion. In responsg to this demand several elementary
science programs were designed and implemented, yhich, in contrast
to ﬁradipional programs, provided substantial oppbrtunity for active
problem-solving participation by students. Furthermofe these programs
generaliy provided- specific guidelines by whiqh problem-solving
sequences could ensue. ‘Foremost among programs iq this regafd was
the SAPA program. This program maintains. that quided seqﬁences
‘inéorporated within its framéwork provide involvement in ;cfivitiés
'_approkimating those of the prActising scientist. SAPA regarés the
scientiét'é behaviours és éomplex sets of ihéel;ectﬁal skills'capable
of analysis into simpler.components. Advocates consider thétvthese

skills can in fact be learned, and that a sequence of instruction
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" may be devised to facilitate their acquisition. Acquisition of these

skills is based upon initial familiarity with each of the following
basic skills or processes: observing,_coﬁmunicating, predicting,
. u i M

classifying, inferring, using numbers, measuring and using space/time

relationships. Students are subsequently introduced to the foilowing

© more complex 'integrated' skills: formulating hypotheses, céntrollihg

21

variables, interpreting data, defining operationally_and experimenting.

This subsequent incorporation of the complex processes purportedly
takes place in accretionary form. By following this program it is
maintained that_éarticipants become_increasingiy adept in making

decisions and in problem—solving in general. (AAAS, 1965). It can be

seen that SAPA‘adoptSFa similar stand to that of the Deweyian.approach

in terms of the noted preference. for the 1ogical.and sequential
acquisition and employment of problem—soiving‘skills{‘ However, unlike
the Deweyian approach, which,fails to p;ovide'precise gﬁidelines by
which specific skills can be identified, used and evaluated, SAPA

adopts a heavy behavioristic position. In this regard SAPA defines

"each skill in operational. terms, and devises exercises to develop

abilities in the particular skill involved. Objectives of these

exercises are written in terms of observable and hence measurable

aspects of student behaviour. Following completioh of these exercises

emphasis is placed upon the objective evaluation of performance in the
particular skill highlighted.

- It is interesting to notq that designers of SAPA have recently

started to modify their original program. In the new SAPA II curricu-

lum,‘an increased emphaéis given to the acquisitioh of scientific



content has'meant that “the prOCess skills do not completely dominate
:the program, as had prev1ously been the case. in the original SAPA
program "While the sequentially oriented process hierarchy is still
l'evident, it appears to be less-rigidly defined and more flexible in
hoperation. Complex integrated skills, for example, are given 1ncreased
attention at earlier stages in the program The acquisition and
-employment of these skills 1s apparently con51dered 1ess dependent -
v upon mastery of other less complex skills.'
“A de;arture from the basic SAPA ratlonale is manifested in
._the elementawy science approach proposed by the Department of Education,
"Alberta (1969) While adopting a behav1orist1c stand the Alberta
Elementary Sc1ence Curriculum Guide (ESCG) contrastingly features each &
i B
of the SAPA skllls, both basac and integrated, at every elementary
: grade level Thus while adopting SAPA processes ‘wholesale, the ESCG
appears to dispute the fundamental SAPA proposition that the acquisi— -
vtion of- any problem—solvxng skill is dependent upon inltial familiarity
w1th the less complex skills. Nay (1971} prov1des further support for
this prop031tion that problem—solving skills need not always follow

one another 1n prescribed and logical sequence. . Indeed Nay- claims
|

- that certain skills fundamental to sc1entific investigathon may be of

'fa non-logical nature. Viewing each sc1entific investiga ion as a
.unique undertaking dependent for completion ‘upon unique combinations

of logical and non~logical processes, the author maintains that each

. .'skill is used only: '

when required and in a manner dictated by the problem being
researched in the discipline. (Nay, 1971, p. 200)

Thus some procesees may fail to function during a- particular

22
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i
investigation, being effectively'bypassed by others In summary,
‘teaching ior the acqu151tion of problem—solv1ng skills today enjoys
w1despread support, the behavioristic position generally finding ’
favour. By emphasizing the acquisition and application of ‘these
skiils it is believed that ' the general ability to solve problems will
increase. Furthermore these problem-solving skills are believed to |
have high transfer potential,'and claims have been made for their

effective transfer to non-science areas (AAAS, 1965)4

-

Visual Observation

Sc1ence curricula that deliberately accommodate and teacn for
the acqulsitlon of problem—solving skills place heavy emphasis upon’
the development of viSual'observation skills. Two major curricula
in this regard, SAPA and SCIS consider observation to be the most
fundamental of skills within the scientific endeavour. SAPA further-
more ‘claims that fac111ty in observation skills is a fundamental
brerequisite for the acquisition and demonstration of abiljities in
all other problem*solving skills. In accordance,with_this viewpoint,

 SAPA stresseS'deueiopnent;of observation skills in the first year of

the program. Contrastinoﬁthis.policy, the ESCG, while recognizing Q?'
the essential place occupied by obseruation invany pProblem-solving ’
—oriented program, places no emphasis upon the early acqu151tion of

the skill. Instead exercises featuring ~bservation SklllS are enter-—

tained at each of the 51x grade levels involved.

"{ Definition of the term observation (visual) An analysis .

‘of SAPA, SCIS -and ESCG programs 1ndicates common acceptance of the
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following definition appropriate for use at the elementary school
igvel. Observatidn (visu;i) entails the collection of qualitative
aata using the sense of sight. In more specific terms, this skill

involves the identification of objects and object propertiés and the

identification of changes in physical systems.

-

Hypothesis Formulation
According to the Deweyian model (Dewey, 1953) and to many
other similar problem-solving skill compilations (reported in Williams,

1960) the formulation of hypotheses represents one of the most major

‘skills basic to successful problem-solving. .Several major science

e

curriéula, including SAPA, SCIS, ESS and the ESCC, and researchers
such as Nay (1971), Quinn (1971), and Quinn and George (1975) consider
teaching for the acquisition of ability in formulating hypotheses an

essential part of the science program.

Definition of the term hypothesis. Although differences

abound in definition of the term, most philosophers and science educa-

tors including Atkin (1956), Moore (1967), Quinn (1971), and.Quinn

- and George (1975) consider:the élement 'explaﬁatibn' to be a crucial

constituent of an hypothesis. For the'purposeé.of'this study an
hypothesis will be defined as 'a tentative explanation‘qf>a depicted

- ) : -y,

_problem. . . ) ) , w ,'~ . P

' Quality and Quantity of Hypothesis Production

The writings of Moore (1967), Quinn (1971) and Woodbtrn and
Obourn (1965) indicate that the quality of an hypothesis depends

upon tpe-folloﬁihg factors: . )

24
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1. The extent to which the presently known facts are
accounted for,. .
2. The extent to which the hypothesis is capable of directing

further action,

3. The extent to which the hypothesis iends itself té testing,
and

4. The precision with which the hypothesis is stated.

The need for formulating hypotheses in copious supply has
been emphasized by several researcﬁers, including Cﬁamberlain (1890),
Moore (1967) and Osborn (1963). According to Chamberlain {1890),
such measures reduce the likelihood -of an hypothesizer developing a
'fondness' for one hypothesis, with the result that only supportive
evidence for that one hypéthesis tends to be sought. Osborn (1963)

maintains that the greater the quantity of hypotheses formulated, the .

greater is the likelihood. of good quality hypothesis formulation.

Y

Mechanisms involved .in hypothesis formulation. Opinions

7

concerning the nature of hypothesis formulation differ widely. The

%

following two opposing viewpoints are commonly held:
1. The claim that»formulating hypotheses is a purely logical
act, and

2. The claim that formulating hypotheses is dependent upon

" both logical and non-logical mechanisms.

Advocates of the SAPA strongly uphdld the first position
claiming that ability in formulating hypotheSes is solely dependent

upon demonstration of mastery of all specified -prerequisite skills.

-Thus sﬁﬁdents are rarely exposed té hypothesis formulation before
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the third or fourth yecar of pregram implementation. 1In contrast,
advocatcsﬂof the seccond position (e.g. Martin, 1972; Osborn, 1963;
Gordon, 1960; claim that non—logical as well as logical procedures

arc invelved in hypothesis formulation, and accordingly must be alléwed
some sway. Thus logical procedures are often carefully devised to
stimulate the assumed non-logical produétion of ideas. Common among
advocates of these procedures is belief in the efficacy of incubation
pé;iods——periods which according to Freudian theo y precipitate in

some unknown aﬁd_non-logical way the production of hypotheses. .The
deliberate setting up of such periods is enéouna@e& in séveral créative
techniques that include Brainstorming (Osborn, 1963) and Synetics
(Gordon, 1960). ‘It is inte%esting to note that “he ESS brogram con-—
siders the formulation of hypothescs to be a highly creative act,

and accordingly devises classroom environments considered to stimulate

and encourage such pr oductlons
THE REFLECTIVE/IMPULSIVE DIMENSION

In recent yeafs psychologists have identified several cogni-
tive processes or 'cognitive styles' that have been shown to influence
thé form and lity of general cognitive performance. These cogni-
tive styles are considered as infornation processing habits capable

of moé@fying learning. To Messick (1970) they:

AN

represent a person's typical rode oL perceiving, remcmberlng,
thinking and problem-solving . . . (p. 188)

and:

are usually conceived as spontancously appiied, without conscious
choice in a variety of situations. (p. 198)

84



Among other investigators, Kogan (1971), Messick (1970) and
Witkin (1969) consider the influence af cognitive styles upon learning
in gener%l, sufficiently marked to warrant their attention in educa-
tional context. According to Messick (1970):

. cognitive styles by embracing both perceptual and
intellectual domains and by their frequent implication in
personality and social functioning, promise to provide a more
complete and effective characterization of the student than
could be determined from intellectual tests alone. . . . these
stylistic characteristics should have relevance, although
direct research is admittedly scanty, not on., for the course
of individual learning in various subject areas, but also for
the nature of teacher/pupil interaction and of social behaviour
in the classroom, the family and the peer group. . . .
cognitive styles, by virtue of their widespread operation,
appear to be particularly important dimensions to assess in
the evaluation of instruction. (pp. 195-196)

.Of‘the several cognitive styles currently objects of theoreti-
cal and empirical exéminatgon, K;gan (1971) considers the Reflective/
Impulsive dimension (R/I) to have the most direct implications for

y
education since”this particular dimension is intimately involved with
a person's evaluation of his own cognitive products during, problem-

solving.

Definjitions of Reflective/Impulsive

1. Kagan's definition:r The Reflective/Impﬁlsivé dimension
to Kagan et al (1564) is»concerned with the extent to which an
indiviéual ;eflects on the validity of responses dﬁring'the solving
of problems thqt entail response uncertainty. 1In thgse'situations,
.an individual who_characteristically requires lengthy periods of
.time to assess the validity of al;ernatives provided, is claésified
as a 'Reflective' (Kagan et al; 1964) . In contrast to ﬁhenbehabiour

. of the Reflecﬁive, an 'Impulsive' makes selection rapidly (Kagan et
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al, 1964). In more specifi¢ terms, thé R/1 dimgnsion exerts an
influence at stages (b) and (d) of the following generalized problem-
solving sequence (Kagan, 1966b):

(a) Decoding or comprehénsion of the problem

(b) Selection of a likely hypothesis on which to act in
order to arrive at solution

(c) Implementation of this hyﬁothesis'

o .
(d) Evaluation of the validity of the solution arrived at -

in stage (¢), and

(e) Reporting of solution to others.

Kagan eﬁ al (1964) warn against glib assignment of positive
and negative‘values to reflective and impulsive behaviours (as defined
by these aqthors) suggesting that each behaviour in turn'may be
desirable in certain instancés:‘

It seems reasonable to assume that efféctive learning and
performance on varied intellectual tasks will sometimes be
facilitated by a reflective or analytic approach, and some-
times by a more impulsive or less analytic orientation. (p. 35)

é. Freudian or Neo-Freudian definitions: In contrast to
Kagan's conception of R/I which by definifion is limited to the domaih
of problem-solving, Freudian and Neo-Freudi;n theory considers R/I -
as an dll-pervasive chéractéristic affecting‘the‘total functidning
of the individual. In common with such theory, impulsive behaviour
»has been associated with both psychopathic and anti—social éétivity,
and has generally been assigned neéative value.by such theory. In
the present investigation, Kagan'sfaefinitioh of R/1 rather than
that of_Freudian4Neo-Freudian Theory will be édopted; Since as

o

_"earlier noted, attention will focus upon,#eflective and‘impulsivé .

¥



performance in problem-solving situations involving response uncer-
tainty, Kagah's definition, though restricted, is particularly

appropriate for this purpose.

Measures of Reflective and Impulsive Behaviour

Kagan's Matching Familiar;figureSRTest: fhis test is used
to cla531fy individuals as reflective or 1mpulsive in dlsposition,
as well as classifying those of neither marked disposition. The
student is shown a picture (the standard) and six eimilar stimuli,
one of which is identical to‘the standard. The subjeep is required
to select the stimulus_identical to the standard. This procedure is
repeated using“different groups of picture;. Two scores derived from
the test provide standard meesures of Reflectiye/ImpulsiQe behaviour.
‘A score of 'response latency' indicates the time elapsed before any
response'is made. The other score indicates t;e number of incorrect
responées‘made.prior to correct resbonse. Tﬁe inclusion of thisg
latter score was recommended by Kagan (1965c) as a result of sub-
Staﬁtia; evidence (see Kagan, 1965a, 1965b, 1965c) indicating negative
COrreletionseranging from ~.40 to -.65 between_respbnse latency and
number of errors. ‘These studies indicate that the Impulsive, though
| faster ehan the.Reflective in responding,»is typically less accurate
~ in seiection than the Refiective._ Proaédures adeptedlin ciassifying
Reflectives and Impulsives on the basis of the two scores obtained
are described in Chapter III - (see p. 70). |
Several other 1nstruments exist capable of asse551ng

:lrefiective/impulsive behaViour. These include the Barrett Impulsive-

" ness 5ca1e (Barrett, 1965), the Gullford—Zimmerman Temperament

8
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Survey 16 PF Scale {Cattell and Sheier, 1963) and the Thurstone

Temperament Schedule (Thurstone, 1953). A decision to assess

.reflective/impulsive behaviour according to the referents of Kagan's

instrument was based upon the following considerations.

1. Correlations in_the order of .56 to .66 exist between
thevBarrett, Guilford-Zimmerman and Thurstone,measures (éupta, 1970) .
A significant,relationship however, has been found lackins between
the Barrett and‘Kagan tests, Kagan s instrument apparently identifying

behaviours essentially dissimilar to those identified by the other

measures (Gupta, 1970). If Gupta (1970) is correct in maintaining

© that impulsivity, as measured by the Barrett Scale, is more related

to motor latency than to cognitive latency, then the employment of

_this Scale (and possibly those of Guilford-zimmerman_and Thurstone)

\

inbassessing performance in perceptuel/cognitive domains. involved in:
this study would appeer to be inappropriate.

"2. The adoption of an instrument measuring R/I specifically

in terms ofithe definition of R/I accepted in’this study, would

' appear. consistent and justified.

3. ThefMFF,teitanas been widely used in studies inVOlving_

e

- R/ measurement. The test is suitable for use at the elementary

school level, and its administration is economic in terms of effort

expended and time involved.

 Determinants of Reflective/Imoulsive Behaviour

. Kagan (1965a, 1966a) postulates that both constitutional and
psychologicel factors are responsible for differences in reflective/

impulsive behaviour. The extent to which these factors operate singly

30



or in combination to influence behaviour is thought to yary from

individual to individual.

Constitutional factors. Kagan (1966a) maintains that con-
stitutional factors are more powerful determinants of extreme impulsive
behaviour than are psychological factors. Defects in the central
nervous system (CNS) may be responsihle, at least in part, for this
form of behaviour. Kagan (1966a) believes that excessive motor
activity invyoung children'may be traced to deficits arising from

'
brain damage effected during pre— and post-natal periods. It is

pOSSlble that biological factors unrelated to CNS defic1ts predispose
some to impulsivity. Schaefer and Bayley (1963) found that extremely
active one year olds were minimally attentive to intellectual pursuits.
Kagan and Moss (1962) found that hyperkinesis among three year olds

' correlated. negatively w1th intellectual performance of these children

,at,adolescence.

ésy¢h§16g1¢;1 factors. Except in the case of extreme impul-

/Sivity mentioned Kagan and Kooan (1971} maintain that standing on
‘the R/I continuum is due more to psychological than to constitutional
'ifactors. According to Kagan (1966a) competence criteria may determine

zin part the extent of reflective and impulsive behav1our On the one |
'hand the Impulsive equates speed of response with competency and
eaccordingly tends to respond quickly, performance accuracy being
{ seemingly of lesser importance. The Reflective on the other hand,
equates performance accuracy with competence and so takes time to

respond in order tp maximize performance accuracy. Developing these
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ideas further, Kagan and Kogan (1971) suggest that reflective/impulsive
ibehaviour may be sobstantially determined by anxiety over performance
outcome. Anxious to avoid‘errors, rhe Reflective requires time to

. respond accurately. 4ﬁioimal anxiety in making errors on the other
hand, propels the Impulsive to respond duickly. A seudy by Ward
‘(1969) involving‘kindergerten children‘supports this ootion.( whenever
errors werevmade by studentsfengaged in an MFF.test, they were;
_‘informed, and a call for'performance improvement made. Significant
increases (p< '0001) in. response latency were manifested by the .
ImpuISives follow1ng the call. Furthermore Impulsjves showed a sig-
nificant tendency (p<.0001) to ‘make fewer errors subsequent to-noeifi—
‘cation of errors. Essentially‘siﬂilar results were obtained in a

~ study by Messere(l970)'involving grade three children.

Reliabili of R/I

Temporal stebility. A tehdehcy:exiscs for‘both Impulsives and
\i

. Reflectives to become increasingly reflective with increase in age
(Kagan, l965a) Nevertheless each disposition is well established at
an early age, and manifests both short— and long-term stabiiity. A
study by Yando and Kagan (1968) involv1ng second grade children,

: yielded correlations of .70 between response latencies on MFF . tests.‘
administered prior to, and following, a period of ten weeks. A study'
by Kagan (1965&) involeing grade three ‘and four children yielded

' correlations of -62.petween resPonse latenc1es‘of MFF-tests given _
before;.and‘after, e'one year‘period; Finally a study by Messer
’(1970) indicated no significant change in response latency over a two

_and a half " year.span.
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Cross~task generality. A tendency to be reflective or impul-

sive appears to exist across diverse tasks. Correlations between
respénse latency on the MFthask‘and a haptic/visual task for groups
of grade oﬁe, two, and three chilaren, were within the .615.87 range
(Kagan et al, 1964). Further eQidence for thevgenerality‘of response
latency comeé from a study by Kagan (1965a) in which grade four aﬁd
five boys and girls answered questions entailing some degree of
response uhcertainty. Correlations obtained between average temporal
delay between termination of question gnd start of student's reply,
and MFF wresponse latency, were of the ofder of .30 (p<.05) for boys,

and .38 (p<.05) for girls.

Correlates of R/I

. R/I and intelligence score. A study by Michenbaum and Goodman

(1969) indicaﬁed that reflective kindergarten students scored signifi-
'cantly'higher thah did impulsive peers o&gall subtests of ﬁhe K~-1
Thurétone Primary Mental Abilities Test. .Contrasting ese findings,
a study by West (1973) revealed that no‘significant differences were
found in scores obtained on the Wechsler Intelligence.Scale for
»Chiidren (WISC)-betwgen fourth-gtade rgélectiﬁe and impulsive groups.
' Furthermore the sﬁudy,indiéated that moderate latency, rather than
'ektréme fast or slow latency, 'is optimal to pérforménce on the WISC.
_ éhildren classified as mbderatély reflective achieved‘superior scores
\bfo_ﬁhose classified as highly impul#ive. In addition, moderately -
. 'iréfiectiVe'girls_achieved scoies éupgrior to- those of highly reflectivé

‘girls.



R/I and school achievement. A study by Gupta (1970) indicated

that scores of gradé nine Reflectives on achievement tests in verbal
ability, language, reading, mathematics and science were significantly
supgrior to those of Impulsives. The superior performance\of Reflec-
tives on the verba; ability test calls into question Kagan's proposi-
tion (1965a, 1966az that R/I is relatively indépendent of verbal
ability. Superior, though not significant, performance of Reflectives
on a social studies achievement test noted\in Gupta's (1970) study,
also questions Kagan's proposition (1966a) that performance in social
studies may be hampered by a reflective set. Gupta'svfinding that

Reflectives perform significantly better than Impulsives on mathematics

tests is further supported in a study by Cathcart and Liedtke (1969).

R/I and memory for words. In a study by Kagan (1966b) grade

three children participated in a serial-learning task requiring
recall of familiar words read tp them. While Reflectives made fewer
errors than did Impulsives, the differences in performances were not

significént.

R/I and reading prose. Grade one students (Kagan, 1965a) were

';equired to identify the one word among five others that matched a

4

word previously spoken aloud by the investigator. The task was
repeated using different words. After partialling out verbal ability,

Reflectives made significantly fewer reading errors than did Impul-

-

sives (p<.05).

“R/L And reasoning. In a study by Kagan et al (1966) grade

one students were given tasks involving inductive reasoning. In most



task Impulsives exhibited significantly more errors than did Reflec-

tives, even when verbal ability was controlled.

R/I and sex difference. Where studies have identified sex

differences, these differences have generally been of low order and
nop—significant. Studies by Kagan (1966a) indicate that the relation-
ship between number o} errors and verbal ability is less pronounced
for boys than for girls. In terms of response latency, girls manifest
more stability than do boys_(Kagan, 1966a). Meichenbaum and Goodman
(1969) found that kindergarten girls are more impulsive than b?ys on
response latency.500res; Ward (1969) however, found no sex difference

with respect to response latency scores manifested by kindergarten

children.

R/I and economic status. A study by Hess and‘Shipman {1965)

showed that mothers of low economic status and their children are more
impulsive than their middle income couﬁterparts. Information ~or -
cerning the significance of these findings waé unavailable. A study
by Souch (1970) indicated that children of low income groups ﬁend fo
exhibit shorter response latencies than ‘do middle income peers. 1In
contrast, a study by Yando and Kagan (1968)'foupd that economic status

bore no relationship to response latency.

R/I and eye-tracking patterns. = Studies ascertéining ~ehavioral

operations have been conducted in efforts to comprehend the bases for
the typically rapid and frequently incorrect reéponses of the Impul-
sive, and the slow, often correct responses of the Réflective.

Siegelman (1969) used a scanning device to record visual fixations of
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fourth graders. performing on an MFF task. Behaviours in terms of
frequency and‘duration of looks focused on the standard, and on each
of the alternatives were recorded. Significantly higher scores
(p<.001l) on measures of frequency and duration oi looking behaviour
were obteined by Reflectives over Impulsives. 1In terms of relative
deployment of attention, Reflectives spent less time looking at the
standard, loocking at the most observed alternative stimulus, and

lookihg at the alternative subsequently chosen, than did Impulsives.

In addition, Reflectives made fewer numbers of looks at these particu-

lar stimuli than did the Impulsives. Imp. .sives 1gnored two‘and a
half times as many alternatives as did Reflectives, suggesting both
a biased and more peaked distribution of attention. Reflectives
appear to first compare alternatives for differences, consulting the
standard for confitmation or rejection. Impulsives on the other hand
| seem to compare the standard globelly with.one alternative. at a.time;
Failing to perceive any difference betweeﬁ‘én-alternetive and ‘the ,.

standard, the Impulsive tends to choosa that alternative, paying

little attention to the others.
¢

R/I and cognitive maturity._ In a study by Mosher and Hornsby

(1966) marked differences in the question«asking strategies employed
during problem—solv1ng episodes were noted between groups. of six

year old and ten year old children To Mosher and Hornsby (1966)
these results are indicative of differences in level of cognitive
maturity existing between the age groups. Showh'different pictures,
these groups of children were requ1red to ask questions ascertaining

the one picture that the investigator had in mind. Question types
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were assignea to one of two categories. 'Constraiht—seeking' ques- .
tions were those that indicatéd evidence of attempts to intefrelate
propérties of different picturesxduring‘solution of the problem.
'Hypqthesis—seéking' questions werevthose indicating consideration of
pictures as wholes, rather than as combinations of parts. Questions
of this type showed no evidence of attempts to interrelate properties
of differeﬁtvpictures. Six year olds asked primarily hypothesis-
seeking questions and rarely asked qonstraintjseéking ones. Ten year
olds in contrast, primarily asked constraint—seeking questions énd
rarely askea hypothesis—séeking'qﬁestions. Employing this format,
studies by Ault (1973) and by Denneyv(1973) found that elementary
grade Impulsives predominantly asked hypothesis-seeking questions,
whereas Refiectives predéminantly asked coﬁstraint—seéking forms.
These findings sugggsf‘ hat the cognitivevbehaviour of Impulsives

may resemble that of young rﬁildréht This idea had originally been
hypothesizéd by Siegelman (1969)., She maintained that the Impulsive's
acceptahce’of_the immediately perceivéd global stimulus resembled
‘the céntrationidés;ribed by.Piaget iﬂ yéungvchildren”(SiegelmAn.

1969).

Modification of Impulsive Behaviour

1 N

Tﬁe acéumﬁlatiOn of evidence indic#ting the generél'gesir~
:ability of'avtéflectiv;réet over an}impuISive»oné'has stimulated
éttemptS»foAmpdif§ impuisive behaQibur.; First at;ehpts in this
i'direction studied‘the effeéts.ofﬂinﬁreasihé fesponse iategéy. ,Kagah
et al:(1966)'re§pfted that impﬁléive»firSt_graders engaged inv

inductive reasoning tasks could be :trained to inhibit rapidix

ar .
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decision*ﬁak;ng. After three hours of direct tutoring, significantly
lower response latencies (pg.OS) were obtained; accuracy however,
remained uhaffecped. A study by Yando and Kagan (1968) showed that

.graderonelnmulsivés, at the end of an eight month period of instruc-
tion undex a refiective teacher, exhibited a significantly greater
increase in response latency (p< 01l) than dld ImpulSlVeS who had had
‘an impulsive teaqher. Aga;n error scores were unaffected A stu&y
by Rowe -(1973) invélving eiementary school children of different
ages manifested increases‘iﬁ accuracy of perforhance following

.manipulation:ofbresponSe latency.

."Limitéd succeSS'iﬁjmodifying,impulsive behaviour tbrough»manip«
ulation of résponsevlatenéy led other investigators to focus attention
upon the strategies empiqyed'during prqblem~solving. In a study by
Debﬁg (1970); iﬁpulsiye third graders obséerd one of the following 
typéS'éf éix£h éradef actively involved in solvin§ an MFF task:

‘(l) an Impulsive, }2) a Refiective, (3) a model who iniﬁially
exhibitéd‘an impulsive‘strétegy,‘and then shifﬁed to a reflective one,
(4) twn successxve models?'an Impu151ve followed by a Reflectlve. In

 each case the model gave a verbal deSCrlpthn of hlS strategy and the :
experimenter indlcated'the correctness of the model's choice. The

»reflecfive médél had been~pre§ioﬁsly:in$£ructed to succeed at the

ﬁtask, and the Impulsive to fail. Resﬁlts indicated that all models

served to- increase 51gn1f1cant1y (p<.0l1) response latenc1e9xon MFF.

;_tagks,adminlstered, but failed to better the accuracy of the 1mpulsmveb_

chiidren. It is difficult to 1dent1fy the factors respon51b1e for

_the outcomes of this study In_an effort to isolate these factors,

oo
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Ridbery, Parke and Hetherington (1971) utilized models who also
verbalized rcséénse strategies. In addition they demonstrated
scanning strategies by means of finger tracings. Impulsives were
exposed to a film, in which a refléctive model successfully solved

a MFF task. Results of pre- and post—MMf test administration indi-
cated that Impulsives showed signifiéant increases in responsé
latencies over control Impulsives (p<.0l) and furthérmore made signifi-
cantly fewer ercors (p<.0l). In a study conducted by Zelnicker et al
-(1972), eye mo&emeqts of a group of nine year old Imbulsives were
recorded while working first on an MFF ﬁask, requiring the normal
selection of one variant idenfical to the standard, second, on a
differentiation task requifing selection of a variant different from
the «:zandard, and fihally on an MFF tdsk similar to‘ﬁhe first. A ¢
control group of nine_year‘olds was tested unde: similar conditions

[

exceét that no participation.fook place on the differentiation task.
Results indicated that the experimental.Impulsives {i.e. those who
participaﬁed on .11 tasks) made fewer e:ror§ on the final MFF task
than on the first, wﬁereas the‘control Impulsiyeé made more errors
on the final task than on the first. Improvediperférmance of the
experimental Impulsives was not accommodafed by longer latehéies,
but ?ather by a change in scanning strategy effeéted by the différ-
entiation task. T§VZelnicker and Oppenheimer (1973) tﬁe performance
impfovemeﬁt resulted from a change in the type of procéssing of the
visual information, the perceptual process being modif;gg“aé¢ording

AN

to the task_requirements; in this case looking for differences father

than for similarities. In the matching task Impulsives made selections.
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by overlooking features distinguishing the alternative from the
standard. The difforentiation task, in contrast, did not allow
sclection tQ.be made without detect;on of the features distinguishing
the alternative from the standard. A study by Egeland (1974) indi-
cated that training Impulsives working on MFF tasks to attend to all

g\ o
alternag;ves provided, to break down altérnatives into component
parts, and to look for similarities and diffgrences across the alterna-

-
tives, 1is as efficient as training for response delay in the immediate

et
modification of impulsive behaviour. Both types of training manifested
significant increases in response latency, and decreases in number of

errors made, while the search strategy group maintained a low level

of error response.

COMMENTS PERTAINING TO THE LITERATURE

v

Accoraing to Kagan (1966b) the R/I dimensiop is influential
in both‘hypothcsis selection and evaluation. Although‘Kagan intimates
in‘his generalized problem-solving schema thatihypothesis evaluation
féllows hypothesis selection it is doubtful whether the two operate‘

separately, evaluation likely taking place before, during and after

hypot":i: action. The study by Siegelman (1969) cited page 35
in&i“' Reflectives make a more detailed_compafison of similar
élemch 53 VAri - - alternative hypotheses than do Impul-
Véivéé, who commonly fai . nsexrve and hénce‘compare certain variants.
TbeSe-findings éuq;es; tl .o tie Reflect’'ve places heavicr cmphasis

upon eValuatiog of alternatives than does the Impulsive, by subjecting

details to more efficient visual scrutiny. These differences may
. N |
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explain, at least in part, the lengthier responses and hore accurate
replies of the Reflective. In summary, when placed in problem-
solving situations that involve selection from a group of alterna-

tives, Reflectives, in contrast to Impulsives, utilize more efficient

visual search skills and more efficient evaluation  skills.

In spite of Kagan's insistence (see p. 27} that performance

in certain intellectual tasks will sometimes be best facilitated by

.a reflective set and sometimes by an impulsive one, findings of

studies reviewed above indicate a reflective disposition to be
generally more favourable to performance in problem-solving than an
impulsive one. Since the R/I dimension has also been shown to exhibit

generality across -task boUndaries (see p. 33) a reflective qispOSition

.

‘'would appear in turn to be generally appropriata and conducive to

performance on sciencé—related tasks. Caution however should be
exércised.in the too reaay acceptance of this generalization. In
all studies reviewed, substantial exterhal structuring was imposed‘
upon the tasks, in the sense that in each case a problem was posed,

and from the several alternatives provided, the subject was required

to select the one response judged acceptable by external sources. In

terms of Mosston's (1972) decision-making model, here the impact

- stage alone may be considered to provide for limited decision-making

on the part of‘the student.  Both pfefiand bost;impqct decisionj
making remain the total responsibility éf external sources. Thus the
structure of these tasks'pro&idcs for ghe tdpping of essentially
éuided—discovery problemesplving actiQity. ﬁo opportunity for open-
ended student,iﬁquiry was proviéed. Thus it can be argued that while

- e
Ly
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a reflective disposition has indeed been shown more appropriate than
an impulsive one 1in response uncer;ainty activities demaﬁdipg a
preponderance of guided-discovery, its superiority over impulsive
behaviour in more open-ended problem—solviﬁg situations remains in
doubt. Involvement in tasks with less externally imposed structure

in which alternatives are n?t provided;vsuch as in tasks which require
generation of multiple alternatives, ﬁéuld enable the appropriateness -
of reflective and impulsive behaviours tp be.exp]ored in more open-—
ended situations. Only then shoula the modification of disposition

in elementary school science be contemplated.
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and sex,

CHAPTER III
DESIGN FOR THE STUDY
THE SAMPLE POPULATION

The sample utiiized inkthis study was drawn from the popula-
tion of grade six classrooms of schools within the Edmonton Public
School System located in middle-income areas Data from the most
recent City of Edmonton Census (1971) indicated a mean income of
household heads for each of the eighty census tracts identified, as
well as a mean City of Edmonton income. For the purposes of this
study a middle-income‘area is defined as one in which the mean‘inCOme
of hogfehold heads falls within a range plus or minus one thousand -
dollars of the mean City of Edmonton income. Decision to experi- “

§

mentally control for economic status as 1ndicated by income, rested
upon evidence marshalled by Hess and Shipman (1965} and Souch (1970)
indicating substantial correlation between this variable and R/I.
Thirty-three elementary schools were found to be located within

middle-income areas. Ten schools were‘randomly chosen, and from

-these eight agreed to have students participate in the study From
"each of the eight schools involved, students from one complete grade
‘six class participated in the inveetigation. Table l summarizes the

composition of the sample employed with respect to school affiliation _
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TABLE I

DISTRIBUTION OF STUDENTS WITH RESPECT TO SEX
' AND SCHOOL AFFILIATION

School o / Students per
Identificat;on Males Females School
1 12 13 25
2 10 15 | | 25
3 ' 10 13 - 23
4 11 s | 26
5 . 8 | 10 18
6 1 7 | 22
7 ' : 3. 17 | 30
8 6 9 15

TOTALS ' 8s. - 99 184




‘PROBLEM EPISODE PRESENTATION

Problem episodes forming foci for all guided-discovery and
open-ended tasks were presented.by means of a film-loop. This means
of presentation appeared preferable to one involving investigator
demonstrations for the following reasons. .(l) Employment of & film-
loop ensured.that the episodes were presented in identical form and
fashion to each of the eight classes involvedrin the study. (2) The
nature of‘the study demanded several showings of the problem situa-
tions, a requirement easily facilitated by means of the loop mode of
presentation, but considerably less easily by investiéator—
demonstration means. (3) Finally, by careful arrangeﬁent'beforehand
of film equipment and students" desks, the film-loop presentatio..
prouided participating students clear and unhampered viewing access.

For"tbe purposes of this study, the Suchman (1962) film-loop
'The Knife' was used. In'this film the following sequences are
depicted: A straicht bimetallic-strip (the knife) is - heated uhich
‘Subsequently bends downward. Tnen the strip is plaoed in a liduid
and straidbtens out. After being turned over the strip is again
'heated, this time gradually'bending upwards. Placed again in the
; 'liquid the bent strip once more straightens out. . Three distinct
problem situations can thus be identified in the loop, serving as

foci for subsequent student activity. First, the strip bent -down~

wards, second the. strip bent upwards and third, the strip straightened

out on two occasions. Decision to employ this particular film-loop
among the several others available was based upon the following

"jconsiderations; First, this loop has been effectively used by
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/
Suchman (1962) with grade six children. Secondly, according to

Piagetian theory, csnceptual develépment is best facilitated by
provision of environments that conffont the learner with partially
familiar occurrences promoting some degree of cognitive disequilibrium -
(Inhelder and Piaget, 1958); In efforts to assimilate the new
information, thérebg removing the disequilibrium, the individual is
forced.to modify and refine exXisting conceptual frameworks. In
accordance with this;position, problems depicted in 'The Knife' are
neipher coﬁpletely familiar nor completely foréign'to the experiences
of grade six children. ‘Yet the problem situations portrayed aré novel
- enough to cause some disequilibrium oh the pagt ofbstudents who cannot
account for all évents in terms of concepts normally acquired at -
this age. Acqordlng to Suchman»(1962) such a problem environment is
highly effectiVe in stimulating active investigatiqn oh:the part of
studentsf Thirdly, in the film-loop the number of signifiéant_vari-
ables involved in the productioﬁ of the ~roblem éituatiohs afe few. =

Use of a film-loop in which complex causal relationships are absent

appears appropriate at the grade six level.

INSTRUMENTATION

lIntroduction

A review of Buros’(1965, 1975) indicated that very fewnpub~
li;hed_instruments'exist capable of assessing visuéi observation.and‘
hypotﬂesiziné skills at the elementary levél. This lack of suitable
'instrumentation is explained in large part by the fact that problem-

solving skills in general have only recently been afforded considerable

. \
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attention by certain elementary science curricula (e.g. SAPA, SCIS,

ESS and ESCG). In the following two sections brief reviews of
instruments currently aQailable for.evaluating observation and hypothe-
sizing skills will be given. Although some of the instruments reviewed
were designed for use at the junior high school leQel only, their
‘inclusion here apéears justified in view of the fact that certain
‘investigator—designed tasks utilized in the present investigation were

based in part upon criteria associated with those instruments.

Evaluation of Observational Skills

Tanneﬁbaum (1971) develdped a multiple choice instrumenE
aésessing abilities of junior high school students in visual observa-
tion skills. The followiﬁg abilities were measured using this test:

, The demonstration of an operational knowledge of pﬁYsical properties

of 6bjec£s, the identification and description of objgcts and object
systems;~the diécrimination between spatial relationships of objects
within a system, and finally the noting of visually observed character-
istics of phenomeha. ﬁsin? grade seven, eight and niné students:

(N = 3673) KR reliabilities'of .41 and .42 were reported for this

20
test. Evidence establishing content and curricula validities was

also pro#ideq. Hﬁngefford and Milés (1969) devised an observatioh
skill test assessing abilitj of seventh grade students in the identi-
ficatio@“and communication of morphologicél characteristics pertaining
to decidﬁoué'twig specimens provided. Observatibn ability was
measured in terms of three derived scores:,_(l)'the propprtional

accuracies with which drawings of the twigs were made, (2) the

accuracy of communication of morphological features and %3) the
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accuracy of labelling of major features. Inter-judge scoring reli-
abilities of .90 and .94 were reported. Using parallel-form pro-
cedures, reliabilities of .25 and .49 were reported (Hungerford and

v

Miles, 1969).

Evaluation of Hypothesis Formulation

Works noted earlier (see pP. 24) indicate that both quality

and quantity factors should be accounted for in any effective and
objective evaluation of ability in formulating hypotheses. Clearly

the evaluation of quality of production is far more complex an under-

taking than that of the quantity of production. Unfortunately,

e e

little‘research as yet exists pertaining to this particular area.

! In one effor? to objectively evaluate the quality of hypothesis
formulation, Quinn (1971) and Quinn and George (1975) designed an
instrﬁment identifying a spec¢trum of qualities against.which hypotheses
can be evaluated., The following criteria upon which these qualities
are baéed, essentialiy reflect the commonly accepted hypothesis quality

factors earlier noted on page.25.

Quality .
Hierarchy Criteria
o No explanation, such as a nonsense statement, a.
' question, an observation, an inference.
1 Non-scientific explanation.
2 Partial scientific explanation . . . incomplete
reference to variables . . . an analogy.
‘3 Scientific explanation relating at least two
"~ variablés in general or non-specific terms.
4 ’ Precise scientific explanation, a qualification

and/or quantification of the variables. -

-



5 " Explicit statement of a test of an hypothesis.
(Quinn and George, 1975, p. 290)

An inter-judge scoring reliability of .94 was reported for

975) . The evaluation of hypothesis

this scale (Quinn and Geor-; 2l
. o z et %

4

formulation procggurés' By Quinn and George did not include
v . ,“]
}?SVQeneratedt A study by Pearson

S
assessment of quantity o
o .4

i {éssessipnt‘of both quality and
TR .

.,‘

i

7 s
quantity of hypothesis prodiucfion. Employing visual/mechanical and

(1975) involved the S
visual task modes, this -tudy assessed the quantity of 'high quality'
hypotheses 'generated by students in elementary ades. Hypotheses
qualities were defined in terms of functional capabilities within the
specific experimental situation entailed. Using parallel-form

procedures a reliability of .91 was obtained on the visual/mechanical

task and a reliability of .86 was obtained on the visual task.

Investigator-designed Instruments

The majority of tasks employed in this investigation were
designed by the investigator. Such construction was deemed necessary
since, as noted-above, reviews of Buros (1965, 1972) indicated that

published tasks apprOp:iateito the specific requirements of this )

particular investigation at the grade six level, were not in existence.

For this reason all guided-discovery tasks, guided-discovery evalua-

tion tasks, open-ended tasks. and open-ended evaluation tasks, were

-

constructed by the investigator. As noted earlier (see p. 7),
guided-discovery tasks require students to select observations and
A .

hypotheses pertaining to the probléms. depicted on the loop by

indicating choices made in response catégories prévided. The general

49



format of these tasks thus facilitates task-item analysisf Accord-
ingly, guided-discovery tasks were subjected to item-analysis at.
several junctures in their developmént in order to determine the
followinq;information:

2 .
1. The Kuder-Richardson 20 reliability coefficient of the
task. This value iqdicates the degree to which the task is internally
consistent.

2. Item diffiCulty index (p) values. A p value indicates
the proportion of the total group answering‘the test item correc-tly.

The acceptability range for p values of .2 to .8 proposed by S aniay

and Hopkins 41972)-will be adopted throughout this study.

3. Item discrimination index (D) values. A D value ihdicates‘

how well a particular item distinguishes between students who compre-
hend ghe test content, and those who do hot. The acceptability range
for D values of .2 and above, proposed by Ebel (1965), Qill be adhered
to¥in this inves;igation.

As nqted earlier (see‘p, 6) open-ended tasks require students
to generaté multiple cbservations and hypotheses pertaining to the
depicted problems. The opeh4ended nature of thesé tasks did not
facilitate'task-item analysis;- |

In the following section$ a generél task description, and the
érocedures‘adopted in refining and ;coring invgstigator-designed

tasks, will be given.

50



G“:ded—discovery Tasks

Object Selection Task. ‘Refining procedures: A task consisting

of sixteen items was constructed, of which eight items consisted of
objects present on the loop and eight consisted of objects not present
on the loop. Students were required to select objects present from

those not present. The task in initial form was piloted on one

complete grade six class (N = 26) that did not subsequently participateA

in the main study. Results obﬁained were scored and subjected to item
analysis. ‘Item-analysis reyealed a very low KRéo reliability of .28.
Only two”of the sixteen items manifested ecoeptable p and D values.
Unacceptable ﬁ and D values obtained on all other iiems indicated the
need for rejeotion of extensive modification of these ifems. Using the
item-analysis date a second edition of the tesk was‘constructed., The
previous task~conﬁent comprising merely a.list of indiyidual objectsf'

| was. abandoned and replaced by content in whioh the objects were des-
cribed in some detail. By these means assessment of ability to observe
objects solely as wholes now gave way to assessment of the, students’
ability to observe speCific attributes of objects (e.qg, shape, size,
colour, ete. }. Following administration to a second class of-grade

six children;(N =_28), whicn was not involyediin the major sﬁudy, an
item—analySis indicated that seven of the fifteen items recexved
acceptable p and D values SLSed‘on these acceptable items, a KR 20
reliability of .42 was obtained. This value compares favourably with
values of :41 and 42 obtained by Tannenbaum (1971) on Observation

sections of a Test of Science Processes. However since Jacknicke

(1974) obtained a higher KRyq reliability of .61 on a Process Skill

51
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Test, whlch contaxned -several 1teme assessxng ability in visual
observation, the noted KR20 rellabllity of .42 was not deemed accept*‘
‘able. A final edition of the task was then prepared, consisting of
elght items (see Appendix A for a copy of the 1nstrument) Item p
and D values are reported in Appendlx G.' The xtems were examined
for face and content valldlty by a panel of Judges consistlng of
three science educators, one mathematics educator and one sclence
education doctoral,student at the Univer51ty_of Alberta. Following
administration to the major sample employed in thls study (N = 138),
a KRzo %eliability of 54 was obtained since there are no publishe;
tests of ‘a similar nature other than Tannerbaum's (1971) reported in
Buros (1972) with which to compare Kde rellabllltles, th. reliability
.of .54 obtained was judged to be at an acceptable level for purposes
of this investigqtion. In order to determine if the task manifested
stability over t;me, a test*retest was oonducted on one clasg ¢f
students (N = 26) employed in the'main sample. Analyeis revealed a
test-retest teliability based«oyer a two.week period of time of .78
(winer, 1967, pp. 105-132). On the begis of this reliabilitf, the
test wée judged to nave-Stability over time. s '

. Scoring proceduree: An Object Selection score was derived by
- summing the total number of objects correc- ly*:efEcted on the task

One p01nt was ngen for each correct SELeCthH made. Independent

scoring by a txalned'soience educetion'doctoral student revealqd a
» ‘ K
100% investigator-doctoral student agreement., " %
o ' o - PR

D

Event Selection Task. Refining prooedures: A task coj;isting

of sixteen items was conetructed. Eight items of the task congisted



of events occurring on the film-loop end the remaining items consisted
of events noﬁ ob:.crved to occur on. the loop. Students were required
to select those events which occurred on the loop. Results from

first pilot administration of this task (N = 26) were subjected to

item-analysis and indicated a KR reliability of .30. Only four of

20"
the items had acceptable p and D values. The rejection or modification
of 511 other ieems appeared neces:ary. A second edition of the t .k
was sgpsequently censtructed, consisting of thi n items which were
described in more detail than were those o. che i st edition.

Results obtained from the administration o the s, ond edition indi-

J.

cated that seven items achieved acceptable p . D values. Based on
the- L.o:ms a KR2O reliability of .46 was obtained. This value
cor.. ~c rfavourable to those of 41 and .42 obtained by Tannenbaum

'(1971) on Observatlon sections of the Test of Science Processes. A
final edition of the task was prepared, consisting of eight items.

- {(see Appendix B for a copy of the instrument). TItem p and D values
are given in Appendix G.. Ali items were examined by the same panel

.

of judges (see p.f52) to determine face and content valldlty.: Uslng

" jﬂtheﬁﬁlnal ver51on w1th the maln sample (N = .138), a KRZO reliability

'77]of~:61 was*reallzed. In view of the lack of similar tasks with which

B ﬁfé compare KR20 reliabilities, this value of .61 was ]udged adequate

. mﬁfor purposes of this investigation. A test-retest rellablllty of

.80 (N = 26) was obtained over a two week period of time on the

final edition. Stability of the task over tlme was thus established.

-

Scorlng procedures: An Event Selection score was derlved from

the total number of events correctly selected. One point was given

e

e



for each correct solution. An investigator-doctoral « _uar - scoring

agreement of 100% was obtained.

gxpothesis Selection Task. Refining prﬁtedures Three dis-

tinct problem sxtuatlohs were ldentlfied within the fllm—loop 'The
Knife' (see p, Qg). Consistént with this fact, the Hypothesis Selec-

tion Task incorbbrates'three subtasks, each subtask being exclusively

associated ﬁith one of the three different problem situations depicted.

Each subtask’ required students to select between hypotheses offerlng

explanatlons of the particular problem 1dent1fied and hypotheses

offering explanations of a problem other than the one idencified. In’“

their initial forms, subtask 1 consisted of-eight items, subtask 2
eight items and subtask 3 six items. Results obtained from firs¢
pilot administration o: task (N = 26) indicated that six sub-

task 1" items, five subtask 2 items ‘and two subtask 3 items hae accept-
able p and D values. Subsequent rejection or modification of other
items appeared neceesary. Results of a ‘second pilot admlnlstration

of a revised editlon of the tagk (N = 28), 1nd1cated that two items
associated with subtask 1, two items with subtask 2 and one assoc1ated
with subtask 3 falled to reach acceptable p and D values. Based on -
acceptable subtask items, KR20 retjabilities of .32, f52 and .34
respectively,were obtained on each‘subtask.t There are no published

z

' tasks of a similar nature revxewed in Buros (1972) with which to
compare rellablllties However since Jacknicke (1974)° obtained

‘a K& renabienty of .61 on his Test of Process Skills, atest con-
taining several items égisuring ability in hypothe51zlng, the noted -

KRio reliabilities were’deemed*unacceptable; Following subsequent .

,

TR
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mir nodification to certain ‘em- .eliabilities associated with ‘ ¥%@
. At

each subtask of-.40, .38 and .39 ..opectively were optained (N = 28)‘&&%§QA

(See Appendix C for a copy of the instruments. Item p and D values .

are given in Appendix G.) All items were examined by a pahelvof

judges (see p. 52) to assess face and content validity. Employing

a final version with the mhjor sample (N = 138), KR, reliabilities

of .48, .45 and .44 were obtained on each of the subtasks repectively.

Based on the complete sixteen item Hypothesis Selection Task, an

20

lack of similar tasks with which to compare reliabilities, relia-

overasl KR reliabii}ty of .52 was obtained. In view of the noted
& ' .

4

bilities obtained were judged adequate for purposes of this investiga—'
tion. Based on a two week interval of time, test-retest rLLiabilitles

of ;78, .82 and .75 were obtained on each of therflnal edition sub-
. R - Ig

tasks . :spectively. Stabilities of the subtasﬁgrover time were thus

o

established. ; A . y

%

Scoring procedures: Hypothesis Selestion suﬁEEores pertaining
fo each of the three subtasks were derived from the number of hypoeh-
eses offering explanatiens of the particular;problem depictedehieh
were ce:rectly selected. One point ;as awefded each correct solution.

A total;Hypothesis:Selectioﬁfscore was obtained by adding the three
subscores. »Investigetor-doctoral student scoring agreements of 100¥

2

were obtained on each subtagk.

Guidedediseovery Evaluation Tasks
e E .
o ] . -
‘EValuatiod of Selected Objects Task. Refining procedureé:'
" ]

.b This task is clonﬂy associated with the Object Selecdﬁ‘rask (see*

P

e
1

i



56

p. 51). Students were required to evaluate the estent‘to which
objects, which were breviously selected as present in the Object
Selection Task, had an effect upon occurrence of the depicted problem.
In the first administration of the task (N = 28), 50% of the studerfts .
were provided»dichotomous response keys in which objects previously
selected by students were ®valuated in terms of having 'no effect' .
or 'some effect' on the depicted problem. Other students were pfoly
vided tricbotomous response keys in which objects were evaluated inir
terms of having 'no-effect,' some effect' or 'large effect'(upon éhe
problem. These tactics were employed to ‘ascertain whether or not
students in general were‘able to differentiate between th{ee response
categories.' Very low agreements between students and investigator in
termsbof evaluating responses'accordiné to trichotomous categories
reSulted; indicating widespread difficulties‘in making often fine
distinctions between the three category system;' Considerably higher
investigator-student agreements were obtained on tasks utilizing the
dichotomous keys. Thus for the specific purposes involved, dichotomous
-evalﬂation'response categories abpeared more appropriate than tri—
‘chotomous ones. 'Followins the second refinement of the associated .
Object Selection Taskq igem analysis indicated that all items on. the
Evaluation of Selected Objects Task manifested acceptable P and D
-values. Based on these items, a KEZO reliability of- 45 wastobtained.
All items were examined at this point by the panel of judges (see

p. 52) to assess face and content validity._ A'final version:of.the )
. Task utilized with the main sample (N = 138) yielded a szo reliabilir

¢

of 50. With thc absence of any similar tasks published in Buros 3*




(1972), this reliability was deamed acceptable for the purposes of

this investigation. (See Appendix A for a copy of the instrument.
Item p and D values are given in Appendix G. ) A test-retest relia-
bility of .81 (N = 26) was obéained over a two week period on the

,&:\-76\ Xy

final edition. The stability of the thgi over time was thus estab-.

-

lished.
Scoring procedure: An Evaluation of Selected Objects score -

was derived fromvthe total number of objects’previously correctly

selected as present, and subseQuently.correctlv classified as having

no effect or some effect upon the depicted problem. One point was

' _awarded each correct evaluation. An investigator-dootoral student

.

prgw

1A
scoring agreement of‘lOOt was obtained.

A major weakness exists in the scoring format ASsociated with
this Evaluation of Selected Objects Task (and with scoring formats
of all other Evaluation Tasks) . Scores obtained are in part deter-
mined (limited) by scores previously obtained on the associated |
Object Selection Taek.. For example a student who previously failed
to seksct any objects correctly on the Object Selection Task ‘would be

unablu«fé score higher than zero on the Evaluation of Selected
CoR

Objects Tssk eince gﬁIY'objects correctly selected are required to be

/'-
evaluateﬂ ‘on ihis Task. q:ly in the case where maximum scores are’

obtained on the Object Selection Tank, can scores ‘on the Evaluation
. :
‘of Selectd a ijects Task be-cdh?[dered independent of Object Selection

-fu

scores. Due to this weakness spuriously high corgelations are likely

to be manifested between Evaluation of Selected Objects scores ‘and

| associated Object‘Selection,scores. (§puriously high correlations

Tt
% i

(P
e b
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are also likely to exist between all other Evaluation Tasks and'

respective Selecthmmorceneration Tasks.)

' .

Evaluation of Selected Events Task. Refining procedures:

This task-is closely connected‘uith the Event Selection Task (see,

p. 52). Students were required‘to evaluate the extent to which
events previously selected in the Event Selegtion Task had an effect
upon occurrence of the depicted problem. Results obtained from
employing dichotomous and triohotomous keys identical to those_

\ utilized in the Evaluation of’ Selected Objects Task, indicated the
superiority of the dichotomous system over the trichotomous one.
Using trichotomous keys a very low. investigaggf—student agreement
‘was obtained whereas a substantially higher4Q;1eement in evaluating :
: responses was.obtainec using dichotomous keys. Acceptable p and D,

' values:On‘all items.veteboétained folloving the second refinement of
- L : T - . .

'_the associated:Event Selection Task.’ Based on these items, a KR20
.teliability of .42 ;as obtained‘ ‘At this point all items were

scrutinized by judges (see p. 52) ‘to assesa face and. content validity.

The final version of the task used with the main sample (N = 138)

‘manifested a KR -reliability of .48, With no published task available

, .20
' with which to compare reliabilities, this reliability was deemed

:]adequate for the purposes of thié investigation. (See Appendix B
.for a copy ot the inetrument ”&tem p and D values are given in
“Appendix‘G-) A test-retest reliability of 85 was obtained over a
.ftﬁo week interval (N - 26) The stability of the task over time was "
‘,thus estahliahed. . '

Scoring procedure: An Evaluation of_Selected Eventsﬁscofe_
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war 'erived from the number of events previously selected as present
and subsequently correctly classified as having no effect or some
effect upon the problem depicted.' One point was given each correct
evaluation. An investigator—doctorallstudent scoring agreement of

" 100% was achieved.

N Evaluation of Selected Hypotheses Task. vRefining procedures:
As noted earlier (see p. 48) few attempts have been made to evaluate
objectively the quality of formulated hypotheses Howsver.the‘Qualityh
Scale devised by Quinn and George (1975) is the outcome of one such
‘attempt.. This instrument provides a six-point scale against which the -
.quality of hypotheses may be assessed (for details see p. 48). Since ‘j
it whs considered unlikely that students in the present investigation “
would be able to differentiate between these sig qualities, a
A deciSion to modify the Quality Scale to a- thrée-point one was taken.~
Accordingly students using the first edition of the Evaluationﬁof
_Selected Hypotheses Task were required to evaluate hypotheses pre—
viously selected, in terms of poor ! 'fair and good' gualities.
A poor hypothesis wasg considered ‘one equivaledt to Quinn s 0 and 1
hypotheSis qualities (see P. 48) ‘A fair hypothesis was considered - .
vto be one equivalent to a2 quality. and finally a good hypothesis
<was sa.n as one. equivalent to.3 and 4 qualities. [Quinn 85 quality
.(see p..48) was not included in the response key since this particu—'
"lar quality indicates evidence of ability to test a hypothesis,»a o
requirement not demanded in the present investigation ) Definitions

of poor, fair and good qualities, in terms of the specific problem

situations depicted, were provided students.‘ Results of the
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administration of this trichotomous system to a complete grade six
class@N = 26) indicated that the system was too difficult for general

usage at this level. A very low investigator-student agreement was

obtained, indicating difficulty in discriminating between the three

- categories. 1In view of these findings it appeared likely that a

dichotomous response system would be preferable to a trichotomous
one. In this regard selected hypotheses werefnow evalueted in terms
of A4type and B-type qualities. An A-type hypothesis was defined
as one which indicated one possible cause of the depicted problem.

A. B—type hypothesis was defined as one indicating at least two possible

‘ causes of the depicted problem. Use of this dichotomous evaluation

system manifested a con81derably higher investigator-student agreement
than that manifested by the trichotomous system. Thus the. supe,i‘iority'

of theudichotomous evaluation system over the trichotomous one was

‘established Use of the dichotomous key with the second. edition of

the Hypothesis Selection Task yielded a KRZO reliability of .47,

lwith one item failing to manifest acceptable pand D values. All
items were scrutinized by judges (see P. 52) to assess face and
-h.content Validity, Employing the final version of the Evaluation off
) Selected Hypotheses Task with the major sample (N = 138) ell items
v.manifested acceptable P and D values,.and a KRZO reliability of 53i‘_
‘;was ohtained. In view of the leck of similar tasks w1th which to -
'ifcompare reliabilities, .this x&lue was judged adequate for purposes of :
i-.vthis investigation. (See Appendix c for a copy of the instrument.‘ |
viItem p and D values are given in Appendix G ) Based on the total of :

;'the three scores associated with the subtaskt, a test-retest



reliability of .é? (N = 26) was obtained over a two week intervel of
time. The stability of the task was thus considered established.
Scoring procedures: Consistent with the noted need for con-
sideration'being given to both quantity and quality, in any hypothesis
evaluation program (see p. 48), an Evaluation of Selected Hypotﬁeses
- score was derived from the total number of hypotheses previously
correctly selected as offering explanation of the depicted problem,
and subsequently correctly evaluated as being of A-type or B-type
qeality. One point was awarded for each correct evaluation. An

A .
investigator-doctoral student scoring agreement of 100% was obtained.

" Open-ended Tasks

a

Object Generation Task. Refining procedures: Students were

required to generate a list of ell of the objectsloﬁserved on the
film-loop. In an initial adﬁinistration of this task (N = 26), a
test-retest reliability of .83 was achiebed over a one. week lapse of
time.‘ The task was then submitted to scrutinizatien on the ?art of
the. judges (see p- 52) in order to assess face and content validity.
Following minorxr revxsions, a further administration (N = 28) yielded
a test~retest reliability of .82 based over a two week period of .
‘time.' Since there were no similar tasks reported in Buros (1972),
thiehreliability was judged‘accepteble for,the purposes of this |
study. (S:e Appendi# ﬁ foiia'copy of the task.)

| Scoring prbcedures: All respbeses that were not objects

(i. e. events, inferences, questions, etc ) were eliminated. An

: Object Generation score ‘was derived from the total number of objects

61



L

correctly listed as present on the loop. One point was given ecach
correct generation. An investigator-doctoral student scoring agree-

ment of 96% was achieved.

Event Generation Task. Refining procedures: Students were

required to generate a list of all the events obser&ed on the loop.

In an initial administration of the task (N = 26), test-retest
reliability of .70 was achieved based on a one‘heék intervél of time.
The task was then examined by the panel of juéges (see p. 52) to
assess face and content validity. Following miﬁor revision, the task
was administered to another group of students (N = 28). A test-retest
reliability of .77 was obt;ined over a two week interval. With thé
absence of any similar published task reported in Buros (1972), this
reliability was deemed accéptable fof purposes of this.investigation.
(See Appendix E for a copy of tha task.)

Scoring procedures: Ail.responses that were not events (i.e.
objeéts, inferences, questions, e weré‘eliminated. An Event
Generation score was derived from the total number of events correctly
listed as present on the loop. One point was given each correct

»

generation. An investigator-doctoral.student scoring agreement of

100% was»ébtained.

Hypothesis Generation Task. Refiningnprocedufes: To be

’

consistent with t}mﬂsed need for qﬁality and quantity hypothesic

B prodﬁction'(see_p{ 48), this task comprised of ;hréi hygpthegié

Co : . _ )
generation subtasks, requiring students to generate quﬁﬁ&ities of

hypothéses offering possible explanation of each of the three

Rl
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identified problem areas depicted on the loop. In an initial
administration of the task (N = 26), reliabilities :; .80, .80 and
.70 were obpained over a one week. interval on the threc subtasks
respectively. Subtasks weré scrgtinized by judges (ser p. 52) to
assess face and content valiéity. Following minor revision, a

further administration (N = 28) yielded test-retest reliabilities

of .82, .75 and .80 on each of the subtasks respectively. No similar
» 2 )

tasks were reported in Buros (1972) with which c~ape “isons of relia?;*Hm\\

bilities could be mg?e. Accordingly these reliabiixtigs were deemé';
aeceptable. . (See Appendix F for a copy of the task.)

Scoring procedures: All responses éhag were not hypotheses
[i.e. statemenﬁg that did not meet criteria assoéiated with A-type
and B-type hypotheses (gee pP. 60)]>were’rqjectgd.~ In addition all
responses that were hypotheses but offe;ed explanqﬁion of a problem
other than the_oneIAQpicted‘were also'rejecteé. rHypéthegis'Generatién
subscores pertéining tp,each of the th;ee subtasks were derived from
the number of’A—type and B-type hypotheses generated, gne point being
awarded each A—typeihypothesis and two points being;awa?ded each |
B-type hypothesis. By summing the three separate sﬁbscorés‘a total
Hypothesisiceneration score wés obtained.‘ Investigator;doctoral
student scoring agfeements of 100%, 100% and 92% were'obtained,on_thé"

three subtasks respectively.

Open-ended Evaluation Tasks

Evaluation of Generated Objects Task. Refining procedur@s;_

This taaﬁ_is cloSely‘aésoeia;qd'with-thé Object Generation Tagk (see

Lo
P . s L)
4 0 (TN !
2 ' ! L

s



i

p. 61). Students were required to evaluate the extent to which
objects previously generated had an effect upoh occurrenee of the
depicted‘problem. Consistent with the format of the Evaluation of
.Selected Objects Task (see p. 55) a dichotomous response key rather
than a trichotomous one was;employed. As in the case of"the Evalua-
tion of Selected Objects Task, students were reeuired tao evaluhru
the role played by each object in terms of no effect or e effect .
Following its first administration (N = 26), a test-ret: ~eliabk’ 0
of .80 was obtained based over a one week time span. Following minof
‘vrevisions advised »y judges (see p. 52), a second adn . nistration
(N = 28) resulted in a test-retest reliability ot .78 over a two
week time period. Since no similar tasks were cited in Buros (1972)
thie reliability was judged acceptable. (See Appendix D for a ebpyi
~of the task.) |

5cor1ng procedure' An Evaluatien of Generated Objects score
was aerived from the total number of objects previouSIy cotrectly
generated and subsequently cerrectly clasgified. as havihg no effect
or some effect upon the depicted Qroblem. One point was awarded
éacha;orfect/evaluation. An inveetigator—doctoral student ecoring

v

agreement of 100% was obtained. .

‘_ Evaluation of Generated Events Task. Refining procedures:
mhis task is closely associated with the Event Generation Task (see
62) . -Students were required to.evaluate the‘extent to which events
':previously generated had an effect upon occurrence of the problem
:depicted First administration of this task yielded a test-retest

;reliability of .70 based on a one week period of time. Following

-



minor revision; a second administration (N = 28) yielded a +-

retest reliability of .72 based on a two week time spaﬁl TR :lia-
bility was iggged acceptable gor the purposes of the . iy in view
of the absence’of any similar task published in Buros (1972).  (See
Appendix\ETfor a copy of the ins;rument.)

Séoring progedﬁreé; An Evaluation of Generated Events score
was.de:ived from the total .-number of evenﬁs previ&usly correctly
generated and ggbsequently cdrrectly classified as having no effect
or ‘'some effectlupon thé depic;ed problem.' One pqint was given each
%ct évaluation: An investigator-doctoral student scoring agree-

ment of 100% was realized,

pEvaluation of Generateg Hypotheses Task. ‘RefiningAprocedures:
Students were required to evaluate hypbtﬁeseé previously generated ih.
terms of A-typé and B-~type qualities. In the first adminlstration of
the task (N = 26), a testwretest rellability of .79 based on a total
of the three sco;es aSSOC1a§edeith the subtasks was ach#eyed over a
v one week period of time; Seéond administrag;on of the task (N = 28)
aftér revision yielded a tést~reﬁest reliability of .80 based over
a two Qeek»time span. 'ﬁith the absencé'of similar tasks reported in
Buras (1972) this reliability was judged acéepfable for' the purposes
of the investigation, (See Appendix F for 5'co§y of t;e‘insttument )

Scoring procedures- aAn Evaluation ‘of Generated Hypotheaes
scére was derived from the total number of hypotheses generated on.
‘the three subtasks offering explanation of the depicted problem and
»subsequently correctly evaluated as being of A-type or B-typq

‘p‘a
quali:y. One‘point was awgrded‘each correct.evaluatipn. Ab: .

65
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binvestigator~doctoral student scoring agrecement’ of 92% was obtained.

Other Investigator-designed Instruments ‘ o

The two hypothesiziné tasks designed by the investigator

{i.e. the Hypothesis Selection Task (see p. 54) and the Hypothesis

Generation Task (see p. 62)] depend for their effective operation-
upon.presentation of the film~100p 'The Knife.' Because of the nature
of the loop and the particular episodes depicted the content area

assoc1ated is highly specific and restricted in scope. The assessment

_ of" ability in hypothesizing in other content areas'and the employment

of other modes of problem deplction would help to determine the extent
to which hypothesxzing abilities manifest inter~task generality
Assessment of hypotheSiz1ng abilities in other domains could also

aid in the validation of the two above—mentioned hypothe81zing tasks.

Since a survey of Buros (1965 1972) failed to indica’ (isténce of

any reliable and valid instrument asse551ng hypothesizipg abilkty at

K appropriate grade levels, a need for construction of suitable instru~

mentation was apparent.' Aceordingly the following ;wo Tests were

constructed by the investigator.

Pearson'Hypothesis Formulation Test. ‘This test is a modifica*‘

tion of the Hypothesia Machine Test (Pearson, 1975) claimed to

assess ability in generating hypotheses. In this modified version

students were shown a diagram of a. series. of channels on the clasgs~

. room chalkboard. Each channel permitted a 'ball" to pass freely from

' top'to‘bOttom. At various gaps located in the channels. certain

I

T -

triangles haying specific characteristics could‘be rteq to deflect
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‘mitted in order to fagllltate this. ObjeCthG. (See Appendix H

the ball either one or thrée channels to the right, or one or three
channels to the'lcft. Once the capabilities of the triangles had
been domonstfated, students wete provided the test in which a series
of eigh&een identicdl representations of the diagram shown on the
board had been drawn. On each represéntatinn a ball had been

positioned at the top of one particular.channel and another ball had

becn ﬁiaced at the bottom of a different channel. Students were

_required to draw in all the possible alternative rout: . "ich the

ball could successfully pass from the iden;ified top i to the

identified'bottom position. Any combinatioa‘of triangles was pef-

&

copy of the 1nstrument ) A Hypothe51s Formulation scorc was dériVédf

e
\

from tho ‘number of routes drawn 1n that were fungtlonally possible

. “’\‘:,\f
ol

WLthn the defined limitg of the expaglmental qltUdthn.‘ One point

was awardedweach functlonal rouye. Res 1ts obtained‘from the adminis-

tration of this test to a complete gradeé six class (N < 2v) mot sub-

sequently utilized in the mair study, yielded a test-retest relia-
.

bility of .77 based over a one week interval of time. With the noted

»

Y

absence of tests of a similar nature with which comparisons could be

made, this reliability was deemed acceptable for the purposos of this

'inVestigétion.

. ) N \

i

Pearson Hygpthesis-SeledtibniTest. In an effort to enable

7

measurement of students' ability in selecting hypothesgs in a ‘content

area similar to "that of the above’ Pearson Hypothesis Formulation

Test, students were presented eighteeh identical represéntations of

[

the above-mentioned board drawing.. This time howevef, routes have :been

n’.
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‘drawn in for th Ments prior %o test administration. Some routes
. %%!E . ‘

wgre functionall$ possible while other routes were not Students
Nt “

were required to distinguish between those that were functional and

¥

those th&tiﬁ;ig not.. (See Appendix J for a copy of the 1nstrument )

A Hypothesis Selection score was dnrived from the number.of correct

identifications mada,;one 901nt being awarde&&Eagh correct identifica—
‘l v«

'tion Using a\iest retest procedure a reliahilitggoffges“was obtained
over a‘one week period (N = ﬁB), indicating the stabﬁaity of“the test

over time. Results of an, item~analysis gﬁhducted on the mein sample

s Lo

employed in this investigation (N = 138), 1ndiCated a KR20 reliability

-

X © .75. With the lack of any 31m11ar stest with which to compare this

o reliability, the value obtained was Judged adequate for purposes of

&
the 1nvestlgation

b
[

-

.' ’

P . o
:

Published Instruments ‘ o
‘ Test of Science Processes (Observation) “The four observation

tasks deszgned by the 1nvestigator {i.e. Object Selection Task (see
p.'Sl), Event Selection‘Task (see P. 52),‘Objeot'Generation Taskﬁ(see

p. .61), and the Event Generation .Task (see p, 62)) depend ‘for thefr |

effective operation upon the content of the film—loop 'The Knife
The assessment dT«thlity in visual observation in other content areas
‘:and the employment of other modes of’ problem presentation wqulr help

., determine the extent to which Visual observation abilities menifest
RS .
“‘inter—task generality ' Asses nt of these abilities in other areas

could also aia in the,galidation of the fbur observation’tasks noted

<

above. Of the few available tests that claim to measure visual

/

Coa o h,_,.,_»»— e - ’ ,,,- N Teo-
. - . : MR ST L.
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observation abllity (see P. 47) Tanpenbaum's (1971) Obscrvation Test

appears most suitable for use, since this particular test involves %?

several different content aregs ‘and has established reliability and
validity. However since this tes?‘was IGOOmmended for grade seven,

eight and nine usage only, the test was first administered to.a group

v
))

,v‘

of grade six students (N = 26) to dete

‘ment was possible at th¥s grade level. bebaﬂobtalned from this

Af
administration indicated a~48% correct student’ responsey. with scores

A’-
ranoinq trom r‘to 8 (out of a possxble 9¥ist. Devn = l:B) TheAe

- K

Yy

results inggcated that the test was appropriater!br genéral use at;the

grade six level. Administration of .the test to the ma&ﬂﬂsample

o]

, . ¥
4
employedﬂin the 1nveséigaflon (N = 138) yielded a KRZO reliabilitY'of"

’
-39 which compares favourably with the .41 and .42 reliabilities

Obtalned by Tannenbaum (1971) with grcde_w;seight and nine -

»

studen’ s, o F : o :
P e " | :

o~

- EN

Suchman Queetion—Askiné'Test;. This test was used to classify
: E

the functional types of question asked by Reﬂlectives and Impulsives/

in efforts to gathér 1nformation pértaining to the problem‘depicted

on the lilm-loop. Following theuiormat prescribed by Suchman {1962), "
questions were deliberately written in a mqpner promoting Yes or No

responses. Practice se5510ns had béen conducted prior to administra-
s ‘ﬁ .

tion of the main inVestigation in -order to train students in con-.

structing questions of this type For purposes of the practice

seasion, the: Suchman film-loop '801ling cOffee was utilized (See

'Appendix X for a copy of the practice instrument ) Thefmajor’ >

‘Queetion-Aeking Test - utilized the film—loop 'The Knife. v'(8ee

-~

e

'<?effective employ- ,
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Appendix L f-- copy of this instruEEntvfﬁ& stions esked'wereggub—
sequently cl .ified according to ‘the Suchman question types identi-
Iied on pege 9\ (See Appendix M for specific examples of question
types ,as they pertain to the film-loop.) To establish the reliability

. of the Question—Asking Testﬁ‘one complete class (N = 26) was employed

not subsequently involved in the main study. This class was shown

u both the: 'Boiling Coffee' loop and 'The Knife' loop and invited to

yval

ask questions related to,each-film. Using afpara‘iel-form procedure,

¢ comparisons of .the total number of geestions esk; with respect to :%}

~ both film—loopsfyielded a reliability of ith no published date

LI i A

g?k g
; ) aveilable with‘which comparisons could be made, this reliability was

P

deemed acceptable foréburposes of the present investigation.

n?
écoring procedure._ A Question asking score was derived from .
RAEK ’
the total number of questions asked, one goint being allotted each

PANPRPLI

e

- -_question. Specific question—type scores (e.g. Concrete-conceptual

Question,scores, etc. ) ,ere derived from the total number of such

e

qyestions asked, one point being awarded per question. As e check on

~ the invesfigator&!yclassification of question types, gn independent ~

. cetegotization was made by a trained science education doctoral

% . Ly @

EIRPSTAGE & Toue oty

e

. .

s b

- student. An investigator—doctoral student scoring agreement of 89.6%: 2 T
. . . : o - *
was achieved '

i
‘
>

Matching Familier figures Test, This test was used to classify

students as reflective or impulsive in disposition, as well as :. LY nA
S S

classifying those of neither marked disposition. A general descrip- P : fﬁ

tion of the tsst and the rationale for its inclusion in this stuc

has been given on page 29.’ Two scores derived from the test provided_l




v

measures of R/T Lehaviour. A score of 're;ﬁonse latency' indicated
the time elapsed before any response is made. The other’score indi-

cated the number of errors made prior to correct response. Students
”

scoring assye the median on response latency and below the median on

number of errors were classified a"reflectives Students scoring

- i
s

beldw the median on response latency and above on number of errors
were classified as impulsives Of the 184 students utilized in the

\

study, 68 were subsequently classifiﬂg as being reflective in dig~-
Lo wg

4“Al.e;gpil‘tion, 70 as being of an impulsive disposition and the rest as
being of neither a pronbun‘id reflqg'ive-br impulsive disposition.

Table 1T provides a distribution of studeﬁxsiaccbrding to disposition,

, ” v
S

sex and school affiliation.
Science Achievement Test. Findings from Gupta s (1970) ‘study

indicated that grade nine Reflectives mdnifest significantly superior
performances over Impulsive peers on.science achievement tests (see

p.-34)' Since tasks in this investigation assessed performance in -
l ‘ )‘
problem-solving skills associatei specifically witﬂ science-oriented

i
situations, performance on these tasks may be affected by differences

in knowledge of science content.f‘ﬂgnc:~in subsequent data analysip/

. &
science knowledge may be statistically controlled The Stanford
B T UL e '

’ Achievement Testr Scienoe, intermediate I1 grades 5 5-6 9 (Form w,,

1964 edition) was used to- assess general science knowledge. This

test places heavy emphasis upon knowledge of scientific facts.- The

‘ areas of physical and earth sciences, and the biological sciences are

given equal smphasis.- Bryan (in Buros, 1965) and Mallinlbn (in “

o~

Buros, 1972) maintain thst thie particular etandardized test is the.

* a3 T o bl - ' " . - . v ) ' . N - )
R : . . ) - el Cs
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TABLE IT
MFF CLASSIFICATION {_O?F AST{JDENTS
X - B, Not Reflective +
) Reflactive Impulsive  Not Impulsive
School _ . - School
Identification M+ | M F M F Total,
& £t — ; :
| 3o 4 - 4., 5 6 .25
2 2 .9 3 ;?ﬂ «'s s 25
3 3 4 6 6 1 3 23
4 5 3 5 7 1. 5. 26
5. 2 5 a. 3 2 2 18
6 6 4 4 2 5 1 22
7 1 6 9 11 3 0 30 &
8 4 8 r 0 1 1 -15
Subtotals . 26 . 42 - 36 34 28 23
Totals- 68 - . .. 70, 184
K -’-. . ’
o .
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best available for assessment of science content at the grade five and
six levels. Authors claim ‘content validity was insured by examination

of appropriate courses of study'and textbooka as a.basis for deter-

N
mining‘the types of knowledges to be measured. The authors also

ot

1 {report split-half (oddreven) reliabilities of .90 (N ='appror}mately

1, 000) and KR 20 reliabilities of .89 ' (N'= approximately 1 000) for the

3.

»

test at the grade six level,\

. “.,-'z : . X .
\./ 0

Intelliggnce test.; I, Qt may be statistically controlled in

Pl

e analysis of data since findings by‘Michenbaum and Goodman (1969L

(see p. 33) indicate significant correlations between this variable

.

and the R/I dimension. School Cumujative Records supplied I.Q.

scores obtained from the. Canadian Lorge Thorndike I. Q Test, recently
administe;ed (February 1976).' This test yields a verbal and non—vefbal
v : <

T.Q. score. Test authors report split-half (odd—even) reliabilities

of .92 on both verbal and non-verbal hatteries (N = approximately

Y

. : 5 e ) ‘ \'
3,000)» and éRZO reliabilities of .93 and .92 on the verbal and non-

‘verbal batteries respeotively‘(N 5,259) at the grade five level,

P

J

Reading abﬁ}jty test Reading~ability may be statistically_

cbntrolled in the analyéf? of daﬁa since findings by Gupta (1970)

~(see pP. 34) indicate significantl& superior performance of Reflectives

.over Impulsives on Reading ability tests.» School records supplied

. Reading ability scores obtained from the Stanford Achievement Test:

Reading Tests, intermediate II, grades 5 5-6.9 (Form W, 1964 edition)
\\\“~—4"iﬂministered June, l975._ These Reading'tests provide a Wd‘d Meaning

- scere and a Paragraph Meaning score. Test‘authors claim that‘validity»

0"
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was ensured by examination of courses of study an@ztextbooks as a
basis for determining the types of skiils, knowledges and under-
standings to be assessed. Traxler (in»Buroe, 1972) however considers
thet little solia evidence existsgconcerning the validities of these

tests since the exact sources of test words employed in the Word

. Meaning Test and sources giving'rise to paragraph classification

.used in the Paragraph Meaning Test were not specified. In spite of

these shortcomings, Traxler (in Buros, 1972) claims these tests are

al assessment of reading achievement

Mug
uthors report sp11t~half (odd even)

-

among the best avallable fo§.&g{

at the elementary school leve.

tf’!

reliabilitles-of .89 and .92 for the Word Meaning and Paragraph

_Meaning Tests respeétively (N = approximately 1,000), and KRZO relia- .

bilities of .89 and .92 for the two tests (N = approximately 1,000),
TESTING PROCEDURES .

All subjects involved in tne{inveséiééeian (N = 184) partiei-
_ i . »
pated in ell.taeks. To aiérefficiency“ih tasﬁ’administration and to -
minimize fatige‘ﬁ%?fﬁdents participated in the.following three testing
seesions: ‘ -.." f | ‘ R j_ L T

I\ ) .
Session 1l: _hur}ng this session the MFF test was administered:

“on an individual basis. Time required for completion was approximetely

‘ten minutes per pupil.

N rq . ) . o~
‘Session 2: During this session all’guidedfdieéovery and open-

.‘enéed7t§eks'were administered on a group baeis.l In addition'praetice

"and Question-Asking Tests were given on.a group basis. -Time
AN v ,

'required for completion ‘of this seséi!: ‘was approximately sixty

' \_‘. P ’4’ ‘,
. - e ;{;. . ‘,..‘, »

T ; _’ ’ . v



minutes. The following list indicates the §;<1Lxcncc of administration

- 4 .
of tasks. This sequence was rigidly adherdd tc in the eight classes

N

investigated in the‘study.

1.

l0.

11,

13.

Object Generation Task administration.

Group direction given in constructing questions of a ’ *@ﬁ;
form prohoting Yes and No responses.
Film~-loop 'Balling Coffee' éhown. Students given
6pportunity to write questions on.the form described,

1
concerning any data présented on the loop that would
help explain the depicted problem.
Students iﬁformed thaé a different loop ('The Knife')

-

would be shown, and asked to watch film for dbjects and .

events, and to expect~qgcstions on what has béen scen

“immediac ly following vicwing.v

Film-loop 'The Knife'! shown.

L4

Event Generation Task administration.

Students informed will watch film again, after which

[

- they will be given opportunity to write questions about

-data présenpcd on the loop that would help Oxplain'tﬁcv'

pe .lf)lem debi@téd: o l o N R ' : .
'Lln4loop'reshown.- *
Question—Askiug'Tést'administration.
Filﬁ réébogﬁ;
aifothésés Gbne;ation Sub?aéks éQminisﬁrétion..
: o ~ ¢ :
Film~-loop teshoﬁni’ o . y o o ;
1.EVAlﬁ?tiOﬁl§f Géhéraféd Ob}céts TﬁSk administration. ,»»" L

\
R
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14. Evaluation of Generated Events Task administration.

15. Evaluation of Generated Hypotheses Task administratién.
16. Film-loop reshown.

17. Object Selection Task administration.

18. Event Selection Task administration.

19; Hypothesis Selection Task administration.

20. Evaluation of Selected Objects Task administ:ation.

21. EQaluation of Selecﬁéd Events Task administration.

A%

22. Evaluation of Selectgd Hypothesleﬁask administration.
As indicated above, the g%%ﬁgﬁ?ks're

M-ing generation were
WA A :

-

administered before the six tasks%g;hﬁiring selection. Deéisipn to
-
utilize this particular order was based updn the following rationa;e.{

" Since sele;tion tasks provide lists of data (i.e. of objects, events;
hYpotheses), memory of these daté from participation in suéh-gasks.
would likely influence perfbrmance on subsequent generation tasks
requiring &pplication of similar data. 1In coff®rast o'the selection
tasks, géneration tdsks p;ovide no such d;ta; thus petformance on
these tasks»would'likely,less influence subsequent performanpe on
seleétion. tasks. | ,

" Since #iiréeledgiﬁh and Generation ;aské have certain common
eléments (e.é; involve glmilar objécts, étc.} cohsidefat;on,of the
Cdntgnt*of one task may.sbenefit perf§;mancé on a subseqﬁént'taqk.~‘To
minimi;é this possible inter~task~inflpen¢e(feach task wheﬁ'qompiéted
was placed out of reach of studént ﬁccess'béfore‘gdministrétign of

.suﬁsegueﬁﬁ‘tasks.took place. ’ L o v«:‘ :

Session 3: During';his Bession theuPeﬁrson Hypothesis’

¢ 5\_

-
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£

Formulation Test, Pearson Hypothesis Selection Test, Test of Science
. ‘ o
P¢bcesses (Observation), and the Stanford Achievement Test (Science)

werc group administered in the indicated order. Time required for
completion of this session was approximately sixty minutes.
To prevent problems of readability of taeks employed, efforts

were made to keep written lnstructlons simple and concise. In addition

e

all task instructions were read aloud by the invegkigator.
o ®
: . THE MAIN TESTING PROGRAM N ®
P Lo :
. 5 '{’, - X 4,
<! - e‘;gj . . .. & i*

The main testing program was conducted in. Jann&up'ahd Feﬁnuary,

1976. Admznlstration of the tasks tejstudents ‘involved in each of the

eight schools uqed was conducted by the investigator.

- TYPES OF DATA ANALYSIS USED :
‘ 5!
To test Hypotheses One to Thirteen, task scores were subjected
'y
in turn to Stepwise Regression Analysis &o dete gwhlch, if any,

of the varlables I.9., Reading Ability, Science: Knowledge anil Age,

-~

contributed significantly to the g@riance of the measure under investi-

gation. 1In 1nstances where one or more of thé variables made a signif-

icant contributlon, subsequent covariate analysxs was  performed on

reflective and 1mpulsive group means using the variable(s) that

‘contfﬁbuted significantly as covarlate(s) In instances where no

C

variable made significant contribution ‘to the variance, t-Tests were
subsequently performed between reflective and impulsive groﬁp meane.
To test Hybothesis Fourteen,.task.scores were .subjected to

the Kolmogorov-Smirnov Two Sample Test (for details of the Test see

/'
o - wol s

77



p. 128, \
To test Hypotneses Fifteen to Eighteen, task scores were
subjecteo to a xz-Tcst of Independence. In instances where cell
frequencies were very small (i.e. <5) velues for‘x2 were calculated
using Yate's Correction for Continuity (Fergusdn, 1971, p.'188).

To answer the first Associated Question, inter-task corre-

lations between reflective and impulsive groups were compared and

Fisher's 2 transformations executed to determinebwhether differences

13

between correlations were significant. e .

3

To answer the second Associated Question,‘task scores<were

K] \‘.\k

subjected to Factor ﬁhalysis and the resultant correlation matri‘\

.rotated orthogonally according to Varimax criteria. - I ﬁ‘y

To answer the third Associated Question, Factor Scores were
subjected to statistical procedyres’ similar. to ‘those adopted in

testing Hypotheses One to Thirteen.
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CHAPTER IV -

RESULTS AND DISCUSSION

[

X 4
_ ~ INTRODNCION
) e Y »
T e . : 4 :
‘ ‘In this chapter the results obtained from the statistical &

ena&ﬁ%is of data are presenteq and.&iscussed. The chapter {s 6rgan-
A " ' ’ N

2 . .
ized into three sections. In Sectlon A attention focuses 6§on those .

hypotheses that are related to performances of Reflectlves and Impuld"

.

 sives on j

2

evaiuation:ﬁ oY
( - . . '_.‘é . N ’

perforpafice of ReilectiVes and Impulsives.-on the.Suchman Question-

asking Test. Section ¢ deald with associated questigns relating to

» several of the research hypophesescinvestigaEEd.

N

. A % . . .‘
Statistical calculations,wer? executed on the University of

erta IBM 360/67 computer enployinq documented programs of the ‘
Division of Educational Reseerch Throughout the investigation
differencas between reflective and impulsive group means. are con-

"~

_sidered statistically,significantAat the 0.05 level or less.

SECTION A’

R

"1, Intercorrelations : B 3

\ .
\ - Based on the totAI sample employed in this study (N = 184)

a aubstantial correlation of - 54 was obtained between the two R/I

. variables, Number of Errors and Reeponse Latency._»ThiS‘negative o — W’

L7
[N

correlation accords with values commonly reported by other- researchers, ’ o ' 3@

E R ‘ = - 79 . P IRt




- @

were significant at the 0.01 level. The e§istence of substantia;/

the negative correlations obtained. - } —

‘80

,ranging from -.4 to ~.65 (see Kagan, 1965a, 1965b and 1965c)..

As noted in Chapters II and.III, Age, Intellectual ability,
Reading ability and Science Knowledge Have been shown by some
researchers to correlate sighnificantly with the R/I variables.

v

Correlations obtained in this investigation between Age, Non-Verbal

I Q., Verbal I.Q., wOrd Meaning abllity, Paragraph Meaning ability,

v
Science Knowledge, an@ N%ﬁber of Errors and Response Latency are

shown’ in Table‘ﬁII. (%t can be seen that one or' both of the R/I
variablec correlated significantly at thev.OS level with all

variables 3-8 except Age. The lack of a significant correlation

between the 'R/I variables and Age is not surprising in this instance,

/ A’ v

since grade 'six students alone were employed in the study and most of-
the students were‘of similar:age. High pOSltlve correlations in the
range .42 to .80 were manifested between Non—Verbal,I Q., Verbal IwQ f

Word Meaning, Paragraph Meaning, and Science Knowledge. All value#

negative correlations obtained between Age and“these variables a

firse appears surprising. However although most students were df

"similar age, some students were twelve months Or ‘more older th; ‘ /

group peers,,having been held back from grade advancement<at/one or-

_mor junctures during school careers. Low scores manifested by these‘

o . |
students on tests measuring above—mentioned abilities help to explain

vo i
T,

In.viewjof the noted significant correlations between the two
{ . f

' R/I variables and Age, Non-Verbal and Verbal Intellectual abilities,

‘Word and Patagraph Meaning abilities and Science Krowledge, it would

% , . . .

if
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appear expedient at this juncture to control for sampling bias due to
these variables in subsequent data analysis pertaining to performanc~
of reflebtive and impulsivc‘groups on tasks involved in this in c1ga
tion: Employing the variables as covariates in suhsequent dat;
analysis would serve to équate reflective and impulsive groups by
removing bias due to these factors. The appropriateness of employing
such covariates in subsequent analysis was further examined followinq
the calculation of correlations existing between these yariableé and
all other variables invéstigated in this study. Correlatison matrices
are presrnted in Table IV and Table V. The tabies indicate that each

]
14
of the control variables 3-8 manifested significant, though generally

low, correlations with several of - - criterion variables 9-24. 1In
some instances all of the variahles 3-: Sorr:iated significantly witt
criterion variables (as for c.iample in the casézwith criterion 23—
Evaluation of Generated Events) . In other instances some of~the‘
variables correlated sighificantly with criterion variébles (as in
the case with criterion 19—O0Object Generation). In still other
instances none of the variables correlated significantly with criterion
variables a: in the Ease with criterion 18). Further examination of
" the éorrelation matrices indicates tﬁa£ no one variable from among
variables 3-8 manifésted a‘greater number of significant correlations
or higher correlation magnitudes with criﬁerion Qariables, than did
any other. Thesé findings indicate that no one varigble or combina-
tion of variables from among control variables 3—8 could sc- e
‘effactively as a general‘cévariate, o7 as geheral covariates during

subsequent criterion analysis. Expressed in different terms, no
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CORRELATIONS

TABLE V

BETWEEN VARIABLES 16-24
(REFLECTIVE AND IMPULSIVE GROUPS COMBINED)

¥

21

22

Hypos.

Variable 16 17 18 19 20 23 24
1. Response Latency -.04 ~-.08 .05 -.05 .10 .16 .05 .14 1A
2. Numbgr of Errors -.06 .00 -.03 .02 =.15 ~-.12 ~-.07 -.17* -.10
3. Age ~.23%% . 224 .02 -.12 ~-.15 .05 -.18* -.24"’ -.05
4. Non—VerPal I.Q. .06 .29* -~-.01 .17 L33 .08 Jd4me .38t .16
5. Verbal X.Q. .26%* .28" .06 L22* L34 .08 L2604 ;36" .13
6: Word Meaning .23 .18* .08 .19* 37 .12 .20* L3 .13
/7. Pardgraph Meaning -19* .22* .09 .17 L334 .18* .17 .26%* .20*
8. Science Xnowledge .14 L2580 i07 .23* S43%* .11 J25% L6 .i4
9. Question-Asking .07 .07 .07 250 L35%% . 34> 27 .25 ;32"
10. Tanaenbaum .00 A1 -.04 .11 are 17 1S e 14

Observation ‘ : :
11. Pearson Myp. Sel. .03 S8t -1 L1l .24 14 .15 .30% 16
12. pearson Hyp. Form. .06 .15 -.07 .02 .14 .02 .07 ;17 .07
‘13. Object Sclection .46 .01 12 .08 .04 .15 .03 .00 .11
14. Event Seléction .15 L60%* .11 .13 .Q9 .21* .12 .07 .18*
15. Hyp. Selecfion .02 174 .48%% .05 .07 J11 .09 .10 17
16. g;gi2;5°f sel. 1.00 23 100 AT a2 .07 der 12 .p6
17. Evaln. of Sel. 1.00 .13 .12 e .09 210 L2101l
Events - ) W
18. Evaln. of Sel. “1.00 .08 .06 16 -.02 .01 .11
Hyps. . . . .
19. Object Generation 1.00 L47%* 14 Bl a2 14
20. Event Generation 1.00 .16 .a8rc La2er lge
21. Hyp. Generation 1.00 .21* .09 Bo**
T22. Ev;ln. of Gen. 1.00 :59., L2
Objects
23. EQaln. of Gen. 1.00 .14
Events -
24. Evaln. of Gen.‘ 1.00

* Denotes significance at 0.05 level.
** Denotes significance at 0.0l level.



45

variable or group of variables wogld contribute significantly to the
variance of all criterion variables under investigation. 1Instead it
appears that different combinations of variables 3-8 would be needed
to sef&e as covariates as different criterion vafiables are subjected
in turn to analysis. 1In order to identify which variable, if any, or
which group 6f variables made a significant contribution to variances
of critérion measures, Stepwise Regression Analysis was performed, -
employing céntrol variables 3-8, on each ot the criterion measures in
turn. In cases where Stepwise Regression Analysis identified one or
more variables as contributing signiffbantlyAto the variance of a
particular measure, anélysis of covariance using the identified
'Qariable(s) aé covariate(s’ wés used whenever reflective and impul-
sive group means pertaining to~that measureiwere.palculated.

As noted earlier, Tables IV and V (p. 83 ahd 84) show the
correlations obtained between c;iterion measures 10-24 assessing
abilities in selecting, generating and evaluating observations and
hypo}heses. Examination of these‘tables'reQeals that correlations
obtained between Seleétion Tésks (6bjec£ Sélection, Event éelection.
and Hyéothesis-Selection) and respective.Generation Tasks were low
and non-significant. Thus the abilities to select‘and to generate |
objects, events and hypotheses (as measured on tasks‘employed in this
investigation) appear essentially unrelated. Knowledge of performance
on Selgction Tasks, for example, provides no inférmation'meaningful
‘ih prediéting performance on respectiﬁg Gene?étion Tasks. In contrast
to these fihdings a moderaﬁely high correlation (r % .55, significant

=

at the 0.01 level) existed between the Pearson Hypothesis Selection



86

Test and the Pearson Hypothesis Formulation (Generétion) Test. Since
the content 3reas and modes of selection and genexation usecd with the
two Pearson measures, and with the six Selection and Generation Tasks
differ greatly, these results would appear to indicate‘that the degree
of relatic:ship existing'betweén ability to select, and ability to
generate hypotheses is determined, at least in part, by the particular
content aica and mode of investigation adopted.

Tableé IV_aﬁd V reveal that the cofrelations between tﬁe two
Sélectiop of Hypotheées tasks, the Hypothesis Seiection (variable 15) »
and Pearson Hypothesié Selection measures (variable 1l1), and bet;een
the two Generation of Hypotheses tasks, the.Hypothesis Generation
(variable 21) and Pearson Hypothesis Formulation measures (variable
12) were essentially zero. Furthermore the cofrelation obéained

(mSéthgn the two Selection of Objects tasks, the Object Selection
(vari;ble 13) and Taﬁnenbéuh Oﬁsegvation (vafiable 10) measures were
also essentially.zerQ;:;The;e re;ults indicate that abilities to
select and to’generéte\hypotheses, and abiiitieé to select objécts
appear to be highly task-specific. Performance on pne task, for
example, appears to be of no use in predicting‘performance on' another.

Correlations bet&een.thé three Sélection Tasks (variaﬁles 13,
14, 15) were of low order. It‘isvinteresting to note that a signifi-
cant correlation did not'exisé betweén ability to Selecﬁ Objects and
ability to Select ‘Events (as measured by tasks used in this investi-
gation). Apparently abiliﬁies.in’thése area; are.essentially

*

unrelated.

Correlations between the three Generation Tasks (variables

q



A

19, 20, 21) were of slightly highcf order. A moderately high corre-
»

lation of l47 was obtained between the Object Generation and Event

Generation Tasks indicating that a fair degree of commonality

apparently exists between abilities in the§e “ticular areas.

*

Correlations obtainrd between the thrce Evaluation of Selec-
tion Tas£s (variables 16, 1/, 18) and respective Selection Tasks
(variables 13, lé, 15) were moderately high in magnitude (fanging
from r ; .46 to .60) while éorrelations between the th;ee Evaluation

of Generation Tasks (variables 22, 23, 24) and respective Genératidp

Tasks (variables 19, 20, 21) were high in magnitude (ranging from

"r = .81 to .86). Since as earlier noted in Chapter III (see p. 57)

scores obtained on Evaluation of Selection and Generation Tasks are
in part determined by scores obtained on respective Selection and
Generation Tasks, relatively high correlations were to be expected.
Because these correlations may be spuriougly high caution should be
exércised if generalizations based on these intercorrelations are
contemplated in other areas assessing similar abilities.

The investigation indicatea that students were more éffective
evaluators of observations and ﬁypotheses that had previously been
generated, than of observations and hypotheses that had previously
been selected. It is possible that more cognitive effort was required
in generatibg observations and hypotheses than in selecting observa-
tions and hypétheses. Because of this, students were possibly more
familiar with the components of generated products, ;han with those

of selected produéts, This in turn may explain, at least in part,

. the subsequent more effective evaluation of generated products than

87
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of sclected products.

2. Unadjusted Means, Standard Deviations and t-Tests .

‘ Té determine if significant differences ex :ted between
feflective and impulsive groups on variablés available as covariates
(variables 3-8), t-Tests were performed. In addition t-Tests were
performed on ali criterion variables involved in tﬁé investigation.
These t-Tests were executed on;unadjusted daﬁa to.provide bases . for
comparisons of data obtained”from subsequent analyéis.of.covariadce:
Table VI provides regults o% all é—TeSts performed. The table
reveals that reflective group means associated with Non-verbal and
Verbal intellectual abilities,“Word Meanihg and Paragraph Meanhing
abilities and Science Knowlédgg were higher than those assoéiated
with thé impulsive group. In go instance howevér were differences
significant at tﬁé Q.05 leQel.

Refleétive group means associated with criterion variables
10-24 were, with three exceétions (éannenbaum Observation Test,
Evaluation of Selectéd Objects Task, and Evaluation of Selecﬁed
Eveﬁts Task) , highervthan those associated with ﬁhe impulsive
group. In‘two instances (Pearson ﬁypothe§is Selection‘and Pearson

o

Hypothesis Formulation Tests) means wére significantly higher. 1In

the three noted cases where reflective group means were lower than

impulsive group means, the differences were not significant.k
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3. _Rescarch Hypotheses

llypothesis One (H l (As originally stated): , -

{ i

- There is no 51gntllnant(Jlffclencoex1gt1ng between Reilegtlve
and Impulsives' ability in selecting objects. R W

Since scores obtained from both the ObJOCt Select:on Tas k and‘”

the Tannenbaum Observation Test werce util:zed in testing this hypoth-

asis, Hypothesis One was l!ivided into two parts.. Hypothesis 1.1 deals

~with analysis pertaining to the Object Selection Task and Hypothesis

1.2 deals with analysis pertaining to the Tannenbaumiobscrvation Test.

.4

»

Hypothesis 1.1. To determinn which, if any, of the con£f01
variables Aée, Science Knowledge, Non=Verbal I.Q., Verbal I.9., wnrd
Meaning and Paragranh Meaniné_ability maae‘significént contribution
to the variancequ the iject‘Sélection neasureL Steéwise Regression
analysis was perfdrmea on fheée,variablcs usina the Object Sefection
measnre'aS'criteriOn. Results of the énalysis ind;cafed that'ng
Variablgﬂnonttibnted'significgntiy to the‘variancé of the measure.
Tnese'rééuits'qre'not surprising §incq\cnrrelqtions obtainé3~bétw¢qn 
Objéct'séléctiqn Scbxcs.and scores assnciaféd'withAcach of ﬁhc noted
vériables-were-eségntia;iy zero (see Tables IV, p. 83 ana v, p..84)a1
Of the éix variable§ anaiysed, Non-Verbal I.Q: wasithe major ‘contribu-

tor (varlancc accounted for, O. 620, I =.6485; p = 0;36). On the
basis aof these results 1nd1cat1ng thc lack of significant Cont}lbuthh
'by any of the noted varlables,_subsoqucnt covarlate analys;s of ObJLCt

’Selectlon scores appearod 1nqpproorlate.

10
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'Hypothesis 1.1 (re«t. ted)r

There is no 51gn1f1cant dlfftrence between Reflective
and Impulsive group means on the Object Selection .Tagk'.

To test ilypothesis 1.1 a t—Test was performed-on Object
Selgction scores. The results of the analysis ereipresented in
Table VII. Anvexamination of the table reveals that the't~Teet was
not significant (p = 0.37). Therefore the ihvestigation failed to
reject Hypotheéis 1.1.. It abpears that there is no significentb'
>d1fference in ability to select objects as measured by the Ob]ect

Selection Task between reflectlve and impulsive groups.

TABLE VII

t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON
'THE OBJECT SELECTION TASK

Reflective  Impulsive  Std. Devn.. Std. Devn. |
Group Mean Group Mean Ref. Group Imp. Group Df " t P
4.65 " 4.36 © o 1.81 '1.98 136 0.90 . 0.3%

_ygothe51s l 2. ThevclaSSif atio- of the Tannenbaum Observa—

"tlon Test as.a mbasure assesslng ablllty in selectlng objects (rather
) than as one- asseSSLng ablllty in selectlné events) appears ]UStlfledy
Lsxnce accordlng to Tannenbaum (1971) eight of the n1ne questrons
-1ncluded on the test deal w1th the oﬁbervatlon of object propertles.
'Only one questlon deals spec1f1cal£§ w1th the observatlon of events.
'_Stepwrse Regresslon ana1y81s was performed t6 determine which of the
..51x noted Varlables, 1f any, contrlhuted srgnltlcantly to- the varlanee

_of the Tannenbaum Observatlon measure.  Major results Qf.this.ahalysis

ereapresented ln‘Table*VIII. An examination of'the_table_revealsrthat:_

-~
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contribution to the variance of'thg measure, the four remaining vari-

ables failing to act as significant contributors. On the basis of

these results subsequent covariate analysis of Tannenbaum Observation

'scores'employihg Science»Knowledge'and Non-Verbal I.Qi.écofes as

covariates appeared appropriate. . . - oo

TABLE VIII

SIGNIFICANT CONTRIBUTIONS OF VARIABLES WITH THE TANNENBAUM
: OBSERVATION MEASURE AS CRITERION

~

y - . -

: Multiple - % Variance )

~ Corntributors’ . Regresgsion R Fp  Accounted for F P
Xl (Science Knowledge) - 0.41 " 27.46 16.80 27.46 0.00
X, X, (Non-Verbal I.Q.) 0.46  18.06 21.11 ° 7.38 0.0l

. s ‘
- Regression Equation: .

.

X Y = O.Q7¥l +>O.OlX2 + 0.63

ﬁypothesis'i.z (restated):

There is no significant difference between reflective and
impulsive group means- on the Tannenbaum Observatlon Test when
means are adjusted for performances on the Stanford Achievement
Test (Sc1ence) ‘and on the Lorge—Thorndlke Non-~-Verbal I. Q. Test.

In oxder to testvﬂypothesis 1,2 covariate analysis was
performed on Tannenbaum Observation scores, using scores associated
with thevtwb noted Tests as covariates. Resulté of the analysis{age
presented in Table IX. ~Examination of this table reveals that the
‘F—TeSts, for the covariates wefe hi'ghly_',significant' indicating that

regréssion coefficients of the covariates were not zero and that

two variables, Science Knowleage and Non-Verbal I.Q., made significant

TR e,



N o TABLE Ix

’ . ' .
ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS

ON THE TANNENBAUM OBSERVATION MEASURE

v Brrca ss Df - MS F

p
Treatment - 3.82 1 3.82  ° 1.74 .19
Covariate 1 . . ‘ )
Non-vVesbal I.0. 18.06 1 - 18.06 8.22 .00 -
Covariate 2 47.94 1 47.94 - 21.81 .00
Science Know,
Error © 294.54 134 2.20

Bartlett Test for Homogeneity of Group Vafiance;
Df = 1, x2 = 0.02, p = 0.89
Test for Homogeneity of Regression Coefficients:

Covariate 1: F(1’132) = 1.02, P_= 0.32.

Covariate 2: F(l,l32)‘= 2.30, p. = 0.13

Unadjusted Means Adjusted Means

Reflective Group | 4.10 . "4.00

Impulsive Group 4.24 _ 4.34
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adjustments were being made to group means.  The table reveals that

the reflective group mean was adjusted down 0.0 voints and the impul-
sive group mean up 0.10 points. The difference between adjusted means
w found to be 0.34, which was significant at the 0.19 level.

Therefore the investigatior failed to reject Hypothesis 1.2. It
appears that there is no significant difference in ability to select
objects, as measured by the Tannenbaum Observation Test, ‘between

reflective and impulsive groups.

Hypothesis Two (H,) (As originally stated):

There is no significant difference existing between
Reflectives' and Impulsives' ability in selecting events.

Scores obtained from the Event. Selection Task were utilized
in testing this hypothesis. A Stepwise Regression analysis was per-
formed to determine which pf the variables if any contributed signifi-

cantly to the variance of the Event Selecticn measure. Results of

Lel

the analysis indicated that no Qar? contributed significantly to
the variance of the measure. Thic absen of significant contribution
is not surprising since, as in thc the Object Selection
analysis discussed above, corfelatic. .ained between Event Selection

scores and scores associated with the six variables 3-8 are non-
significant (see Table IV, p. 83 and Table V, p. 84). Of the variables
analvsed, Word Meaning ability was the major contributor (variance

accounted for, 2.53%, F,= 3.53, p = 0.07). With thg lack of signifi-

.

. A
. cant contribution by any of the variables, subsequent covariate ,

analysis of Event Selection scores appeared inappropriate.
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(Restated) :

Hypothesis H

2

There is no significant difference between reflective
and impulsive group means on the Event Selection Task.

Tou test H, a t-Test was performed-on Event Selection scores.

2
The results of the analysis are provided in Table X. Examination of
this tabie indicates thatvthe t;Test was not significant (p = 0.90).
Therefore the investigation failed to reject H2. It appears that
there is no significant difference.invébility to select eventg,\

as measured by the Event Selection Task,,between reflective and

impulsive groups.

TABLE X

t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON
THE EVENT SELECTION TASK

'

Reflective Impulsive Std. Devn. | Std. Devn.
Group Mean Group Mean Ref. Group Imp. Group . Df t p
5.69 5.72 1.81 1.64 136 -0.13 0.90

Hypothesis Three (H3L_KA5 originally stated):

There is no signifiéént difference existing between:
Reflectives' and Impulsives' ability in selecting hypotheses.

o

Since scores obtained from two measures, the Hypothesis
Selection Task and the Pearson Hypothesis Selection Test, were employed

in testing H3,

. the hypothesis was divided into two parts. Hypothesis
3.1 deals with aﬂalysis pertaining to the Hypothesis Selection Task

and Hypothesis 3.2 deals with analysis pertaining to the Pearson

)

Hypothesis- Selection Test.
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Hypothesis 3.1. Stepwise Regression analysis was performed

1

to determine which of the six control variables, if any, contributed

significantly to the variance of the Hypothesis Selection measure.

o

Results of the analysis indicated that no variable contributed

96

significantly to the variance. As in the cases of the Object Selection

ana Event Selection Tasks, absence of significant contribution was
expected since correlations between Hypothesis Selection scores and
those associated with all six variables were essentially zero (see
Table IV, p. 83 and Table V, p. 84). Among the variables, Science
- Knowledge was the major contributor (variance accounted for, 0.58%,

F =0.79, p=0.38). 1In view of these results, subsequent covariate

analysis appeared inappropriate.

Hypothesis 3.1 (Restated):

There is no significant difference between reflective
and impulsive group means on the Hypdthesis Selection Task.

To test H3 1 @ t-Test was executed on Hypothesis Selection

Scores. The results of the analysis are presented in Table XI.

TABLE XI

t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON
THE HYPOTHESIS SELECTION TASK

-Reflective Impulsive Std. Devn. Std. Dewvn.
Group Mean Group Mean Ref. Group Imp. Group Df t jo
7.09 ' e.01 2.88 2.51 136 0.38 0.71

The table reveals that the t*Test'was not significant (p =0.71).

Therefore the investigation failed to reject Hypothesis 3.1. It

S
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seems that there is no significant difference in ability to select
hypotheses as measured by the Hypothesis Selection Task between reflec—

tive and impulsive groups.

v

Hypothesis 3.2. Stepwise Regression analysis was performed
to determine which of the control variabies, if any, contributed
significantly to the variance of the Pearson Hypothesis Selection
Test. Major results of this analysis are presented in Table XII.
An examination of this Table showsithat three variables, Science
Knowledge, Non-Verbal I.Q., and Verbal I.Q., made significant con-
tribution to the variance of the measure, the other three variables
failing to contribute significantly. On the basis of these findings,
subsequent covariate.analysisﬂappearedvappropriate. It is interesting
to note that Verbal I.Q. (variable‘x3) in contrast to Noane;bal I.Q.

(variable x2) acted as a suppressor variable (see the Regression

Equation, Table XII).

TABLE XII

SIGNIFICANT CONTRIBUTIONS OF VARIABLES WITH THE PEARSON
HYPOTHESIS SELECTION MEASURE AS CRITERION

, Multiple % Variance
Contributors Regression R FR Accounted for F p
X, (Science Knowledge) ' 0.25 . 9.21 6.34 9.21 0.00
X)X, (Non-Verbal I.Q.) 0.32 7.44 9.93 . 5.37 0.02
X)+X,,Xy (Verbal T.Q.)  0.40 8.73 16.35 10.29 0.00

Regression Equation:

Y = 0.10X1 + 0.09X2 - O.OBX3 + 8f83
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Hypothesis 1 @ (Restated):

There is no significant difference between ‘reflective
and impulsive group means on the Pearson Hypothesis Selection
Test when means are adjusted for performances on the Stanford
Achievement Test (Science) and on the Lorge Thorndike Non-Verbal

and Verbal I.Q.

To test H3.2 covariate analysis was performed on Pearson
Hypothesis Selection Scores using scores associated with the noted
tests as covarlates. Results of the analysis are presented in
Table XIII. This table reveals that F—Tesfs for covariates were
highly significant indicating that regression coefficients of the
covariates were not zero and that aajustments were being made to group
means. The table reveals that the reflective group mean was adjusted
down 0.24 points and the impulsive group meén up 0.24 points. The
difference between adjusted means was found t§ be 0.77, which was
significant at the 0.16 level. Therefore the inyestigation failed to
rejéct H3.2. It seems that fhere is no significant difference in
ability to select hypotheses, as measured by the Pearson Hypothesis
Selection Test, bethen reflective and impulsive_grbups;

It is.intereSting to note tﬁat a t-Test pérformed on the
unédjusted data was significant a? the 0.03 level (see Table VI,

P. B9). Once selection bias was iéﬁoved by employment of covariates

the significant difference between reflective and impulsive group

means'failed to peréist.

o
) °

Hypothesis .Four (§4L_(As originally stated):

There is no significant difference existing between
Reflectives' and Impulsives"ability in evaluating'selected
objects. o : ' o

‘Scores obtained on the Evaluation of Selected Objects Task

o v 1 S e
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TABLE XIII

99

ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS
ON THE PEARSON HYPOTHESIS SELECTION TEST

Source SS Df Ms F P
Treatment 19.94 1 19.94 1.96 0.16
Covariate 1
Non-Verbal I.Q. 138.32 1 138.32 13.59 0.00
Covariate 2 ] :

Verbal I.Q. 94.23 1 94.23 9.26 0.00
Covariate 3
Science Knowledge 93.63 1 493.63 9.20 .0.00
Exrror 1353.34 133 10.18
Bartlett Test for Homogeneity of Group Vaiiance:

Df = 1, x2 = 0.069, p = 0.79

Test for Homogeneity of Regression Coefficients:

Covariate 1:
Covariate 2:

' Covariate 3:

Fa,1309) =033, p=
F(l,lBC) = 0.87, p =
Fa,130) = 189 p.=

Unadjusted Means

Adjusted Means

Reflective Group

Impulsive Group

14.25

13.00

14.01.

13.24
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were utilized in testing this hypothesis. Stepwisé Regressic.. analysig
was conducted using the Evaluation of Selected Objects measure as
cr;terion. Major regults of the analysis are presented in Table XIV.
An examination of the table reveals that the variablefhge made signifi-
cant contribution to the variance of the me;sure. Sugsequent covariate

analysis of Evaluation of Selected Objects scores, using Age as

covariate, appeared desirable.

TABLE XIV

SIGNIFICANT CONTRIBUTION OF AGE WITH THE EVALUATION OF
SELECTED OBJECTS MEASURE AS CRITERION

Multiple ' % Variance
Contriutor Regression R Accounted for F o)
X, (Age) 0.23 5.30 7.6 0.01

1
Regression Equation:

Y = 0.07X, + 15.31

1
H thesis H Restated) ;
Hypo H, ( )
There is no significan: " Tence between reflective and
impulsive group means on the - *ation of Selected Objects
Task, when means were ac 1s.- ge.

To test H4 covariate ar. v * performed or =valuation
of Selected Objects scores using A . “varisce. Res:lts of the
‘analysis are provided in Table X. " ¢ -veals that the

- F-Tést for the covariate was highly si¢ ¢ .-ant indicatinc chat the

regre§sion coefficient of the covariate was 1o zero, and that an

~ adjustment was being made to group means. The table re :gals that

the raflamtivn memeoen o



TABLE XV

ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS

ON THE EVALUATION OF SELECTED OBJECTS TASK

Source Ss Df MS F jo)
Treatment 0.02 1 0.02 0.01 0.93
Covariate: Age 21.56 1 = 21.56 7.58 0.01
Error 383.97 135 2.84
Bartlett Test for Homogeneity of Group Variance:

Df = 1, x2 = 0.58, p = 0.45
Test for Homogeneity of Regression Coefficient:
F(1,134) = 0.20, p = 0.66
nadjusted Means ' " Adjusted Means

‘Reflective Group b 2.93 » 2.

Impulsive Group 2.94 ' ©2.95

101
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impulsive group mean up 0.0l point. The difference between adjusted

-group means was found to be 0.03, significant at the 0.93 level.

Therefore the investigation failed to reject H4. It appears. that
there is no significant difference in ability to evaluate selected

objects, as measured by the Evaluation of Selectéd Objects Task,

between reflective and impulsive groups.

Hypothesis Five (H.) (As originally stated):
5l

There is no significant difference existing between
Reflectives' and Impulsives' ability in evaluating selected
events.

Scores obtained on the Evaluation of Selected Events Task were
used in testing this hypothesis. Steinse Regression analysis was
conducted using Evaluation .of Selected Events measure as criterion.
Mafbr results of thebanalysis are presented in Table XVI. The
table indicates that Science Knowledge contributed significantly to
the variance of the measure, the other fi e variables failing to
contribute significantly.. Subsequent covariate analysis of ﬁvaluation
of Selected Events scores, using Science Knowledge as covariate,
appeared apéropriate.

TABLE XVI

SIGNIFICANT CONTRIBUTION OF THE mei KNOWLEDGE
WITH THE EVALUATION OF SELECTED EVENTS MEASURE AS CRITERION

102

Multiple % variance
Contributor Regression R Accounted for F P
Xl (Science Know.) 0.24 5.98 8.66 0.00

Regression Eqﬁation:

Y = o.o4x1' + 2.50
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Hvpothesis H_ (Restated):
g

There is no significant difference between reflective and
impulsive group means on the Evaluation of Selected Events
Task, when means are adjusted for performance on the Stanford
Achievement Test (Science).

To test HS covariate analysis was performed on Evaluation of
. a

Selécted Events scores, using scores associated with the Science
Knowledge test as covariate. Results bf the analysis are provided
in Tab;é XVII. The table reveals that the F-Test for this covariate
was highly significant, indicating that the fegréssion_coefficient of
the covariate.was not zero and an adjustment waé beiné made. to group
meaﬁs. The table.indica;es that the reflective group mean was
;djusted down 0.03 points and thevimpulsive group mean up 0;03 points.
The difference between adjusted group means was found to be 0.18,
significant at the bﬂ45 level. Theréfore theainvegtigation failed
 to'reject kS' ,Ther; is no significant differenc§ in ability to

~evaluate selected events, as measured by the Evaluation of Selected

Events Task, between reflective and.impulsive groups.

Hypbtheéis Six (H ) (As originally sfated):

‘There is no significant difference existing between
Reflectives' and Impulsives' ability in evaluating selected
hypotheses. .

Scores obtained from the Evaluation of Seleéteé Hypotheses
Task were.ééed ih'testihg,this hypothesis.- Results of Stepwise
Regression analysis indicated that no variable contributed_signifi-
cantly to the variance of the Evaluation of Selected Hypothéses
measure. As in the case of the_Hypothesis'Selectibn Taék, this

finding was not surprising since correlations between the Evaluation



TABLE XVIIX

ANALYSIS OF COVARIANCE FOR REFLECTIVE- AND IMPULSTVE GROUPS
ON THE EVALUATION OF SELECTED EVENTS TASK

Source 8s ~  pf ) MS F P
Treatment S 114 1 114 0.57 0.45
Covariate: 18.94 1 18.94 9.44  0.00

Science Knowledge

Error . 27,05 135 2.01

“Bartlett Test for Homogeneity of Group Variance:
Df = 1, x% = 0.01, p = 0.97
Test for Homogeneity of Regression Coefficient:. -

1,134y = 002, p = 0.91

 Unadjusted Means

Adjusted Means

Reflective Group | . 2.78

Impulsive Group. - °2.90

2.75

104
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| of Selected Hypotheses scores and those ass0c1ated with all six
'varlables were essentlally zero {see Table IV p. 83 and Table v,

p. 84). of the six varlables, Science Knowledge was the major con- '
tributor (variance accounted for, 0-52% F = 0. 71. p = O 40) _On
the basls of these flndlngs subsequent covarlate analy51s did not

" seem approprlate.

Hypothesis H, {Restated):

There is no 51gn1f1cant dlfference between reflectlve
and . impulsive group means on the- Evaluatlon of Selected
Hypotheses Task

To test this. hypothe51s a t-Test was conducted on Evaluatlon
of Selected Hypotheses scores Results of the analy51s are glven in
'AiTable'XVIIlt The " table reveals that the t—Test was not 51gn1f1cant
(p =bb.85). Therefore the 1nvest1gat10n falled to reject H6 It
‘appears that there lS ‘no 51gn1f1cantvd1fference in ablllty to
hevaluate selected hypotheses, .as measured by the Evaluatlon of

4 . .

Selected Hypotheses Task between reflectlve and 1mpu151ve groups.

AY

 TABLE vaiI

t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON THE
EVALUATION OF SELECTED HYPOTHESES TASK -

Reflective - impulsive' Std.eDeyn.- .- Std. Devn.
. Group Mean = Group Mean . Ref. Group Imp. Group Df t P
2.65 2.5 1.84 1.86 ° 136 0.19 - 0.85

Comments Pertalnlng to Hypotheses One to Six

Hypotheses One, ‘Two and Three dealt wlth the ablllty of

Reflectlves and Impu151ves.to select Ob]eCtS, events and hypotheses.
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Although Reflectivesg performed superlorly to Impul;1vgs on-most of
the tasks 1nvolved in no instance was performance superlorlty
statlstlcally significant. It appears the r ‘ective and impulsive
students performed ab0ut as well on tasks measuring abilities in

. K .
selecting objects!feventS'and hypotheses used in this investigation.

In cases where covariate analysis was performed (with\the Tannenbaum

Observation and Pearson Hypothesis Selection measures) both Science
) ~ {

- Knowledge and Non-Verbal intellectgal ability mad; major significant
contributions to the variance of respective meashres. Theseuflndlngs
indicate that ability to select objects and hypotheses (as measured
by these tests) is rn Part a function of Science Knowledge and Non-
Verbal intellectual ability. The absence of 51gn1f1cant contrlbutlon
to the Varlance of the Object Selectlon, Event Selectlon and Hypothesls
_Selectlon measures 1nd1cates that ability to select objects, events
and hypotheses ({(as measured by these Tasks) is essentlally +1idependent
of Science Knowledge and Non-Verbal Intellectual ability. 1t appears
from these findings that the two tests measurlng ablllty in selecting
obJects, and the two tests measurlng ablllty in selectlné hypotheses,
sdemanded markedly dlfferent types of cognitive act1v1ty on the part
'of students 1nvolved.' This suggestion is further supported by the
}fact that essentlally zero correlatlons were found to exist between
'the Tannenbaum Observatlon Test scores and the Object Selectlon
scores, as Well as betweeen the Pearson Hypothe51s SeLectlon scores
Aand Hypothe51s Selection scores (see Table IV, p. 83 and Table V,

‘84) . These dlfferences in cognitive -requirement may arise, at

least in part, as a result of ev1dent dlfferences 1n content areas,
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dnd in modes of content presentation assoc§ated with the different
‘ S/

tqéks. ' rﬂ
Hypotheses Four, Five and Six dealt with ghe ability of
Refléctives and Impulsives to evaluate selected objects, events and
hypotheses. In all instancgs ref}lective and impulsive students
berformed about as\well on tasks measuring tﬁese abilities used in
this iﬁvestigation; Only in the case of the Evaluation of Selected

Events Task was there evidence that Science Knowledge played a

significant »~’e in ability to evaluate selections made.

« -

Hypothesis Seven (H ) (AS'originally-stated):

~There is no 51gn1f1cant dlfference existing between
Reflectlves ahd Impulsives’ ablllty in generatlng objects.

Scores from fhe Object Generation Task were utilized to test
this hypothesis. -Stépwise Regression analyéis was‘performed using’
the Object Genération measure as criterion. Major results of the
analysis are(presented in Table XIX. The table reveals that Science

. . . "_ R . 1 .
Knowledge was the ohly variable coptributing significantly to the

_TABLE XIX

SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWL.L _3E WITH
THE OBJECT GENERATION MEASURE AS CRITERION

N . : Multiple . = - % Variance - F
Contributor " Regression R Accounted for P
X, (Science Know.) 0.23 - 5.43 7.80  0.01

Regression Equation:

= o'.osxl + 4.98
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vari.ance of the measure. ~ Hence subsequent covariate analysis, using

Science Knowledge as covariate, appeared appropriate.

yyuothesis_ﬂ7 (Restated) :

There is no significant difference between reflective and
impulsive group means on the Object Gencration Task when means
are adjusted for performance on the Stanford Achievement Test
{(Science) .

To test H7 covariate analysis was performed on Object Genera-
tion score:  3ing scores from the Science Knowledge Test as covariate.
Results of the analysis are provided in Table XX. The table shows

hat the F-Test for the Covariatc was highly signifigant, indicating
at the regressibn coefficient of the covariate was not zero and
that an adjustment was being made to group means. The table also
shows that ghe.reflective group mean was adjusted down 0.03 points
and the impulsive group mean up 0.03 points. The difference between
ad justed group means was‘found to be 0.07, significant at the 0.86
Therefore tﬁe investigation failed to reject H7. . There
to be no significant difference in ability to generate

<SS, as ‘sured by the Object Generation Task, between reflective

and impulsive grodps.

Hypothesis Eiqht (1 ) (As originally stated):

There is no significant difference existing between
Reflectives' and Impulsives' ability in generating events.

Scores obtained from the Event Generation Task were employed
to test this hypothesis. Stepwise Regression analysis was performed
usihg the Event Generation measure as criterion. . Major results of

the analysis are presented in Table XXI. The table reveals ﬁhat

Ta



TABLE XX

ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS
ON THE OBJECT GENERATION TASK

Source Ss Df Ms F p
L
Treatment 0.13 1 0.13 0.03 0.86
Covariate:

Science Knowledge

Error ’ 530.32 135 3.93

28.68 -1 28.68 7.30 0.01

Bartlett Test for Homogeneity of Group Variance:

Df = 1, x% = 0.49, p. 0.48

Test for Homog9“°1ty of Regression- Coefficient:

F(l,l34) = 0.18, p = 0.67
Unadjusted Means o Adjusted Means
Reflective Group; 6.82 , . 4 6.79

Impulsive Group : 6.69 : 6.72"

109



again Science Knowledge was the only variable contributing signifi-
cantly to the variance of the measure. Subsequent covariate analysis,

using Science Knowledge as covariate appeared appropriate.

TABLE XXI

BN

SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE
WITH THE EVENT GENERATION MEASURE AS CRITERION

Multiple © % Variance
.Contributor . Regression R Accounted for F o)
X (Science Knowledge) 0.43 18.47  30.8 0.00

Regression Equation:

—~ Y = 0.09%, + 2.68

Hypothesis Hg (Restated) :

There is no significant difference between reflective and
impulsive group means on the Event Generation Task, when means

are adjusted for performance on the Stanford Achievement Test
(Science). :

__To_test-H8 covariate analysis was performed on Event Genera-

tion sc6;es¢ déing scores of the Science Knowledge Test as covariate.
Results 5f”the analysis are given in Table XXII. The table indicates
ot N

tha;ffhe F-Test was highly significant for this coVafiate,,indicating

that the regression coefficient of the covariate was not zero and

an adjuétment was indeed being made to group means. The Table also i
indicates that the reflective group mean was adjusted down 0.07 points
and the impulsive group mean up 0.07 points;‘ The differenée,between

adjusted means was found to be equal to 0.13, significant at the 0.62

level. Therefore the investigation failed to reject Hg. There is no
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TABLE XXII
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ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS

ON THE EVENT GENERATION TASK

Source SS Df MS F >
Treatment - : 0.66 1 0.66 0.25 0.62
Covariate: P

" Science Knowledge - 78.86 1 78.8§ 28.9 0.00
Error ' 358.56 135 - 2.66
Bartlett Test for Homogeneity of Group Variance:
pf =1, x2 = 0.32, p = 0.57

Test for Homogeneity of Regression Coefficient:

' F(1'134) =0.01, p = 0.99

Unadjusted Means ’ Adjusted Means
Reflective Group .5.71 5.64

Impulsive Group - ‘ 5.44 k . 5.51
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\
significant difference in ability to generate events as measured by

the Event Generation Task between reflective and impulsive groups.

Hypothesis Nine (H.) (As originally stated):

There is no significant difference between Reflectives'
and Impulsives' ability in generating hypotheses.

Since scores obtained from two measdres, the Hypothesis
Generation Task and the Pearson Hypothesis Formulation Test, were

9

used to test H_, the hypothesis was divided into two parts. Hypothesis
" 9.1 deals with analysis pertaining to the Hypothesis Generation Task

and Hypothesis 9.2 deals with anaiysis pertaining to the Pearson

Hypothesis Formulation Test.

 Hypothesis 9.1. cStepwise‘Regression analysis was berformed
usin§ the Hypothesis Generation T:s- as criterion. Results of the ’
analysis indicated that no variable contributed significantly to the
vafiance.- Again this finding is expected since correlgtions between
thé Hypothesis Generation scores, and those of:the six control vari-
aﬁlés, were all of non-significant magnitude. Among the variables,
Science Knowledge was éhe major coﬁtributor (Yariance accounted for,
1.24%, F =1.71, p = 0.19). In view of these findings, subsequent

t

covariate analysis appeared inappropriate. : . i

: Hypothesis 9.1 (Restated):

‘There 'i¢ no significant difference between reflective

‘and impulsive group means on the Hypothesis Generation Task.

‘ To test Hg i"ajt-Test was executed on Hypothesis Generation

>

scores. The results of the analysis are given in Table XXIII. The

table reveals that the t-Test was not significant (p = 0.10). ‘

- . .
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Therefore the investigation failed to reject H9 1 Tt appears that

‘there is no significant difference in ability to generate hypotheses,

as measured by the Hypothesis Generation Task, between reflective and

impulsive groups.

- TABLE XXIXI

t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON
THE HYPOTHESIS GENERATION TASK

Reflective Impulsive Std, Devn., Ste. Devn.
Group Mean Group Mean  Ref. Group Imp. Group Df t P
5.29 4.99 1.20 0.99 136, . 1.65 0.10

Hypothesis 9.2. Stepwise Regression analysis was performed
to’ determine which of the six control variables, if any) contributed
significéntly to the variance of the Pearson Hypothesis Formulation

measure. Major results of the analysis are presented in Table XXIV.

. TABLE XXIV

SIGNIFICANT CONTRIBUTIONS OF VARIABLES WITH THE PEARSON
HYPOTHESIS FORMULATION MEASURE AS CRITERION

» Multiple ‘ % Variance
Contributors . 'Regressionl{ FR Accounted for F P
. X, (Science Knowledge) ~  0.38 23.46 14.71 - 23.46 G.00
X, /X, (Non-Verbal I.Q.) = 0.43 _15.65 '18.82 ' 6.83 0.01
xl',xz,x3 (Verbal I.Q.) 0.47 12.35 21.66 4.85 0.03
L XXy XX, (Parag;. Mning.) 0.50 11.16 - 25.13 6.17 0.01

Regression Equation:

= 0. + 0. = 0. L+ . - ..
Y= 0.12%) + 0.11X, '~ 0.09%, + 0.10x, + 1.71
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An examination of the.table shows that four of the six control vari-
ables, Science Knowledge, N05~Verbal 1.0., Verbal 1.9., andLParagraph
Meaning ability made siénificant céntributions to the varian&e of the
measure. On, the basié of théée findings sybsequent covariate analysis
of Pearson ﬁypothesis Formulation écores appeared appropriate. It is
interesting to note that Verbal I.Q..kvariable x3) in contrast to
Non-Verbal I.Q. (variable Xz) acted as a suppressdr variable (see the

Regression Equation, Table XXIV).

Hypothesis 9.2 (Restated):

There is no significant difference between reflective
and impulsive group means on the Pearson Hypothesis Formulation
Test, when means are adjusted for performance on the Stanford
Achievement Test (Science and Paragraph Meaning sections) and
on the Lorge Thorndike Non-Verbal and Verbal I.Q. Batteries.

To test H9 5 covariate analysis was performed on Pearson
Hypothesis Formulation scores using scores associated with the four
noted variables as covariates. Results of the analysis are presented
in Table XXV. This table reveals that the F-Tests for each of the
covariates were highly significant, indicating that regression
coefficiehts of the covariates were not zero and that adjustments
were being made to .group means. The table also reveals that the
reflective group mean was adjusted down 0.37 points and the impulsive
group mean up 0,37 points. . The difference between adjusted group
means was found to be 1.42, significant at the 0.04 level. ' Therefore

the investféation rejected H -'It appears that there is a signifi-

9.2°
cant difference in ability to generate hypotheseés, as measured by
the Pearson Hypothesis Formulation Test, between reflective and

impulsive_groups.”

4



TABLE XXV

ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS
ON THE PEARSON HYPOTHESIS FORMULATION TEST

Source SS Df MS F P
Treatment 67.05 1 67.05 4.11 0.04
Covariate 1:

: 1
Science Knowledge 77.20 77.20 4.74 0.03
Covariate 2: »
Non-Verbal I.Q. 169.39 1 169.39 10.39 0.00
Covariate 3:
Verbal I.Q. 111.32 1 111.32 6.83 0.01
Covariate 4: 105.39 1 105.39 6.47 0.01
Paragraph Meaning .

2151.02 132 16.30

Error

Bartlett Test for Homogeneity of Group Variance:

Test for Homogeneity of Regression Coefficients:

Covariate 1:
Covariate 2:
" Covariate 3:

Covariate,4:

Df =

F

(1,128)
F(1,128)
Fl1,120)

F1,128)

1, x

2

=

= 0.64, p = 0.42

= 0.20,

= 1.01,

0.94,

= 2.78, p

P

p

p

Unadjusted Mean

~

= 0.10
= 0.65

= 0.32

]

0.33

Adjusted Mean

Reflective Grbup

ImpulSiVeyGroup

11.47
9.33

11.11
9.69
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Hypothesis Ten (H (As originally stated):

10—
There is no sidnificant difference existing between
Reflectives' and Impulsives' ability in evaluating generated
objects.
Scores obtained from the Evaluation of Generated Objects were

utilized in testing this hypothesis. Stepwise Regression analysis

was performed using the Evaluation of Generated Objects measure as

criterion. Major results of the analysis are presented in Table XXVI..

The table reveals that Science Knowledge was the only variable con-
tributing significantly to the variance of the measure. Hence sub-
sequent covariate analysis employing Science Knowledge as covariate

appeared appropriate.

TABLE XXVI

SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE WITH
THE EVALUATION OF GENERATED OBJECTS MEASURE AS CRITERION

Multiple % Variance

Contributor Regression R Accounted for F P
X, (Science Xnow.) 0.25 6.13 .8.88 0.00

Regression Equation:

Y = O.OGXl + 3.17

Hyppthesis_ﬂlo (Restated) :

There is no significant difference between reflective and
impulsive group means on the Evaluation of Generated Objects
Task, when means are adjusted for performance on the Stanford
Achievement Test (SClence)

To test HlO covariate analysis was performed on Evaluation

of- Generated Objects scores using scores from the Science knowledge

116
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test as covariate. Results of the analysis are provided in Table
XXVII. The table reveals that the F-Tesﬁ for the covariate was
highly significant indicating that. the regression coefficient for
this covariate was not zero, and that an adjustment was beihg made
to group means. The table further reveals that the reflective grbup
mean was adjusted dowA 0.04 points and the impulsive group meah'up
0.04 points. The difference between adjusted group mrans was found
to be 0.30, significant at the 0.39 level. Therefore the investiga-

tion failed to reject H It appears that there is no significant

10°
difference in ability to evaluate generated objects, as measured by

the Evaluation of Generated Objects Task, between reflective and

impulsive groups.

Hypothesis Eleven (Hlll_(As originally stated):

There is no significant difference in Reflectives' and
Impulsives' ability in Evaluating Generated Events.

Scores from the Evaluation of Generated Events Task were
used to measure‘this hypothesis. SteinSe Regression analysis was
. performed, using the Evaluation of Generated Events measure as
criterion. Major results of the analysis are presented in Table
XXVIII. The table reveals that Science Knowledge was the only vari-
able which made a significant contribﬁtion to the variance. Hence
subsequent covariate analysié, employing this variable ;s covariate, .

appeared appropriate.

11 (Restated) :
-There is no significant difference between reflective and

impulsive group means on the Evaluation of Generated Events

Task, when means are adjusted for performance on the Stanford

\ N

~ Hypothesis H
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?
TABLE XXVII

ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS
ON THE EVALUATION OF GENERATED OBJECTS TASK :

Source SSs Df . MS F P
B . % - '

Treatment 3.04 1 . 3.04 0.74 0.39

covariate: 33.63 1 33.63  8.14  0.01

Science Knowledge

Error . 557.53 135 4.13

Bartlett Test for Homogeneity of Group Variance:
Df =1, x2 = 0.25, p = 0.62
Test fbr'Homogeneity of Regression Coefficient:

= 0.10, p = 0.75

Y130
. Unadjusted Means _ Adjusted Means
Réflective Group . . . 4.31 ’ 4,27

Impulsive Group = - | 3.93 , - 3.97
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TABLE xxvril

SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE WITH

THE EVALUATION OF GENERATED- EVENTS MEASURE AS CRITERION

R Multiple - % Variance -
Contributor ‘ Regression'R ' Accounted for F p
X, (Science Know.) = 0.36 . - - 13.08 20,45 0.00

1

Regression Equation:

+ 2.04

Y = o.osg1

119
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Achievement Test (Science).

.

To test Hll covariate‘analysis was performed on Evaluatién
of Generated Events scotres, using séoreg from the Science Test as
a covariate. Results of thé analysis are provided in Table XXIX.
The table reveals that the F—Tesﬁ-fér the Séience Knowledge covariate
was highly significant; indicating that the regression coefficient
for the covariate was noﬁ zero and that an adjustment was beiﬁg made
to group measures.. The table inéicates tﬁat the :éflective gFoup
) . / .
mean was_édjusted doan0.0é_points and the'impuléive group méan up .
0.06 points. The,diiférence between adjusted group means was found
to be 0;29, significant at the 0.32 levelj Therefore the investiga-

tion failed to reject H .. There is no significant difference in

11

ability to evaluate generated events, as measured by the Evaluation

of Generated Events Task, between reflective and impulsive groups.

il

'gypotheéis Twelve (H. _) (As originally stated):

12~

There is no significant difference in Reflectives' and
Impulsives' ability in evaluating generated hypotheses.

Scores obtained from the Evaluation.of Generated Hypotheses

o

‘Task were employed to test this hypothesis. Stepwise Regressian
. . ) \\

analyéis was performed using'thé Evaluation 6f Generated Hyéothé;es

‘ i .
measure as criterion, Results of the analysis indicated that nq\
variéblé made sighificant contribution to the variangé of the me‘sure.‘
Among'ghe vériables, Science Knowledge was the sajor céntributor \
(VAriancé'agcounted for, 1.95%, F = 2.70, p = 0.10). The fact that

no variable made significant contribution to the variance of the

measure is not surprising since correlations between scores associated

'
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TABLE XXIX,

ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS
ON THE EVALUATION OF GENERATED EVENTS TASK

Source sSs Df MS F P
 Treatment - 3.04 1 3.04 0.98 0.32
Covariant:

Science Knowledge 60.91 ' | 1 60.91 19.56 0.00

Error 420.40 135 S 3.11

Bartlett Test for Homogeneity of Group Variance:
pf = 1, X2 = 0.00, p = 0.99

Test for Homogeneity of Regression Coefficient:

F(1,134) = 0-06+ P = 0.80
Unadjusted Means .. Adjusted Means
Reflective Group 3.81 : 3.75
Impulsive Group ~ o 3.40 3.46

= : ) : -
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with the measure and those of the six v 1les were very low in
magnitude (see Table IV, p. 83 and Table V, P, 84). In view of these

findings subsequent cov.riate analysis appeared inappropriate.

'ﬁXDOthSEiﬁmﬁiz (Restated) :

There 1s no significant difference between reflective and
impulsive group means on the Evaluation of Generated Hypotheses
Task.

To test le a t-Test was performed on the Evaluation of

Generated Hypotheses scores. The results of the analysis are given
in Table XXX. The table indicates that the t-Test was not significant
(p - 0.16). Therefore the investigation failed to reject le. It
appcars that there is no significant difference in ability to evaluate

generated hypotheses, as measured by the Evaluation of Generated

Hypotheses measure, between reflective and iméulsive groups.
TABLE XXX

t-TEST FOR REFLECTIVE AND IMPULSHVE GROUPS ON THE
EVALUATION OF GENERATED HYPOYHESES TASK

Reflective Impulsive Std. Dévn. Std. Devn.
Group Mean Group Mean Ref. Group Imp. Group - Df t . p
4.91 4.62 . 1.25 ' 1.09 136  1.41 0.16

Coriients Pertaining to Hypotheses Seven to Twelve

Hypotheses Seven, Eight and Nine dealt with the ability of
Reflectives and Impulsives to generate.objects, events and hypotheses.
With respect to each task, Reflectives perqumed superiorly to Impul-
sives‘but éniy in the case of the Pearson Hybqthesis Formulation Tesﬁ

was performance superiority at a statistically significant level. Thus




thle it appears that refleéctive students perform about as ‘well as
impulsive students on tasks measuring abilities in generating objects,
events and hypotheses (as measured byAthe Object Generation, Event
Generation and Hypothesis Generation Tasks respectively), the per--
formance of ﬁeflectives on the Pearson Hypothesis Formulation measure
is significantly superior to that of Impulsives. In all tasks (extept
the Hypothesis Selection Task) Science Knowledge played a significant
role in contribution.to the-variances. It appears that ability to
generate ob;ects; events and hypotheses is in part a function of
Science Knowledge. As‘in'the case of the Hypothesis Selection ané“
Pearson Hypothesislselection measures, the.two measures assessiné
ablllty in generating hypotheses, the Hypothesis Generatlon Task and
the Pearson Hypothesis Formulatlon Test, appeared to demand markedly
dlfferent types of cognitive act1v1ty on the part of students 1nvolved.
Ev1dence supportlng this claim is found in the essentlally zZero
correlations existing between these measures (see Table V, p. 84).
Further evidence is found in the fact that Science Knowledge, Intel-
lectual ability and Reading ability contributed significantly te the
variance of the Pearson Hypothesis Formulation Test, but failed to do
50 in the case of the Hypothesis éeneration Task. Again these
differences in cognit. = requlrement appear to result at least in
part from dlfferences in content areas and medes of content presenta-
tion assoc1até§ with respective measures.

Hypotheses Ten, Eleven and Twelve dealt with the ablllty of

Reflectlves and Impulsives to evaluate generated objects, events and

hypotheses. -In all tasks. Reflectives performed superiorly to
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Impulsives, but in no instance was performance superiority statisti-
cally.significant. Thus it appears that refleétive and impulsive
students perform about avaell on tasks demanding ability in fvaluéting
generated objects, events and hypotheses; as measured by tasks used

in this investigation. While ability in evaluating‘generated objects
and generated events is dependent in part upon Science Knowledge,
ability in evaluating generated hypothesesappearsessentially

independent of Science Kndwledge.
SECTION B

This section deals with those hypotheses which :elate to the
performance of Reflectives and Impulsives on the Suchman Question-~

Asking Task.

31_(As originally stated):

There is no significant difference in the.total number of
Suchman-type questions asked between reflective and impulsive
groups. : ‘

Hypothesis Thirteen (H1

Scores obtained on.the Suchman Question-Asking Test were
used in testing this hypothesis. Table XXXI indicates the total
‘number of questions asked by reflective and impulsive groupé, and
the number of questioﬁs asked by these gfoups aﬁcording to-the two
major Verification and Implication quéstion—type categories. As in

the case of Hypotheses Hl-le, Stepwise Regression analysis was
conducted with control variables Science Knowledge, Non-Verbal and
Verbal I.Qs., Age and Word and Pafagraph Meaning’abilities,‘using

the Suchman Question-Asking measure as'criterion."Majdr‘results of

the analysis are presented in Table XXXII. The table reveals that



TABLE XXXI

TOTAL NUMBER OF VERIFICATION AND IMPLICATION QUESTION TYPES
ASKED BY REFLECTIVE AND IMPULSIVE GROUPS

Combined

91 - 0.66

K ‘
Question Type
Verification Implication Combined
- Number Number Number
Per Per Per

Group Total Student Total Student | Total Student
Reflective 118 1.74 46 0.68 164 2.41
Impulsive 108 1.54 45 0.64 | 153 2.19

226 1.64 317

2.30
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Science Knowledge was the only variable contributing significantly to

the variance. Subsequent covariate analysis employing Science Know-
: ok

-

ledge as éovariate appeared appropriate.

TABLE XXXII

SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE
WITH THE QUESTION-ASKING TEST AS CRITERION

Multiple % Variance ‘
Contributor Regression R Accounted for F P
X, (Science Know.) 0.20 3.84 . 5.43  0.02

Regression Equaticn: .

Y = 0.04xi + 2.19

Hypothesis H13 (Restated) :

. There is no significant difference in the total number'of‘
Suchman-like questions asked between reflective and impulsive
dgroups when group means are adjusted for performance on the
Stanford Achievement Test (Science). .

To test H13 covariate analysis was performed on Suchman
Questidn-Asking scores using SCores;ffom the Science Knowledge Test
as covariate. Results of the analysis are provided in Table XXXIII.
The table reveals that the F-Test for the Science Knowledge covariate

was highly significant, indicating that the regression coefficient
for the covariate was not zero‘ahd that an adjustment Was being made
to group means. The table indicates in_addition that the reflective

group mean was adjusted down 0.0z,points-and the impulsive group

mean up 0.02 points.‘ The différence between adjusted group means
\

«
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TABLE XXXIII

ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE ‘GROUPS

- ON. THE QUESTION-ASKING TEST

Source ss Df - MS F p
Treatment 1.10 . 1 - 1.10 . 0.49 0.48 -
Covariate: e . ’ ;
Science Knowledge  10°97 1 . 10.97 4.89 0.03
Error 302.86 . 135 - .2.24

Bartlett Test for Homogeneity'of Group Variance:

o,
Df =1, X* = 0.58, p = 0.45

Test for Homogéneity of Regression Coefficient:

F(l'134) = 0.47, p = 0.49

,2\_, Unadjusted Means

Adjusted Meanév

.Reflective'Group

Impulsive Group

2.41

2.19

2.39

2.21
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was found to be 0;18, significant at the 0.48 level. Therefore the
investigation failed to reject'Hi3; ‘It appears that there is no
significant difference in the total number of Suchman-type questions
‘agked, as measured by the Suchman»Question—Asking Test, between

reflective and impulsive groups.

Hypothesis Fourteen (H l}

There is no significant difference in the distribution of’
questions of specific Suchman types asked between reflective
and impulsive groups.

To test this hypothesis the Kolmogorov-Smirnov Two Sdhple

Test was employed. Among other researchers, Guilford‘(1956) and '
slegel (1962) recommend use of this test for comparlng dlstrxbutlons
of two samples.. Appllcatlon of this test nece551tates allocation of
questions asked tc specific Suchman categories. and the subsequent

. calculation of the ctmulative proportions of Questieds withiﬁbeach
category. By these procedures a standard value isdobtaihed that is

“

unaffected by differences in Sample size. Table XXXIV presents ‘the
number of questions asked by reflective and 1mpu131ve groups accordlsg
to spec1f1c Suchman categorxes. Cumulatlve proportlons and differ-
ences beteeen cumulative proportlons are shown. In testing for
significant dlfference between reflectlve and impulsive distributionsg
-a two- talled test was employed that utilized the dlfferences between
the cumulatlve proportions per gquestion category. For the dlstrlbu-

~ tion to be significantly different at the 0.05 level, the,difference

" between the cumuiative proportions of any category must exceed a
_ 1.

NI@p;
Nget. x Nipp,

valee equal to ‘ NRéf.'+
L] 1.36
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NUMBER, PROPORTION, CUMULATIVE PROPORTION AND DIFFERENCE

BETWEEN CUMULATIVE PROPORTIONS OF

SUCHMAN QUESTION TYPES

Reflective Group impulsive Group Difference
Suchman - Between
Question B ~Cum. Cum. Cum.
Type** No. Propn.  Propn. No. Propn. Propn. Propns.
1 1 .006 .006 5 .033 ..033 .027
2 21 .128 .134 9  .058 .09l .043
3 8  .524 .658 88  .575 .666 .008
4 0  .000 .658 0  .000 .666 .008
. _ "
5 0 .000 - .658 0. .000 .666 .008
6 10 .061  .719 6  .039 .705 .014
7 10 .06l . 780 2 .013 .718 .062
8 10 .06l .841 5  .033 .751 .090*
9 11 .067 .908 14 - .092  .843 .065
10 8 .049 .957 8 .052 .895 .062
11 1 - .006  .963 2 .013 908 .055
12 6 .037  1.000 14,092  1.000 .000
Total 164 153 -
_*‘Maximum difference observed.
** 1 = Categorical verif.: Nominal 7 = Abstract-Conceptual: Diffuse
2 = Categorical verif.: Normative 8 = Abstract-Conceptual- '
3 = Analytical verif.: Condn.-Desc. Directed
4 = Analytical verif.: Condn.-Comp. 9 = Concrete—Inferentlal.
5 = Analytical verif.: Struc.-Comp. Elimination -
- 6 = Analytical verif.: Properties 10 = Concrete-Inferential:

Check

12

11

Substitution

= Concrete-Inferential'

Addition

= Conprete—anceptual
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where NRef. and NImp. refer to Reflective and Impulﬁiva sample respec—'
fively. Substituting va;ues OkaRef. = 164 and NImp. =‘1S§ into the
above equation a critical value of 0.152 was obtained. Examination
of Tablé XXXIV reveals that the distribution of questions between
reflective and impulsive groups within the first major Verification
\category (encompassing question types 1-6) was remarkably uniform.
Reflectives, for example, had 71.9% of the questions within Verifica-
tion categories, wﬁile Impulsives had{?O.S% of the questions within
the categolr’ies.' Wi‘thin the second majbr category, the Implicétion '
category, the distribution éf questions was less uﬁiform between
gréups, but still this distfibution failed to reach a significant
level of diffe;ence. The maxiﬁum difference in question distribution
was attained in the Directed Subcatégdry of Implication question.
However again thié difference failed to attainrthe'criticél'value
of 0.152 required for significance. ﬁince in né instance did the
difference between cumulatiye_proportioné'reach this critical value,
the investigation failed to-yeject Hld; According to the Kolmogorov-
Smirﬁov Test it appears that. there is'no significant difference in the

distribution of questions of specific Suchman-type asked between

reflective and impulsive groups.

Comments Pertaining to Hypotheses Thirteen and Fourteen

Hypothesis Hl3'revealed that reflective and impulsive groups

ask a similar number of questions (regardless of type) when seeking

N

information during problem-solving. Hypotﬁesis Hl4 revealed that
reflective and impulsive groups. ask similar quantities of the twelve

distinct Suchman-type questions. These findings indicate that there
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is no preference for students of one disposition over another to ask
questions of either an analytic type (as manifested by questions
asked wifhin Verification categories) ot of 'a more globa% nature
(such as those contained within Implication cateqories). Thus this
investigation‘provides no evidence‘to support the claims of Ault
(1973) and Denney (1973) (see p. 37) that Reflectives and Impﬁlsives

ask different types of questions during problem-solving.

Hypotheses Fifteen to Eighteen

These four hypotheses provide further information pertaining
\
to the general issue of qpestion—type usage. These hypotheses were
used to invéstigate whether significant differences exist between
reflective and impulsive groups in terms of the frequency with which

Verification and Imélication question typeslare used,  in inst;nces
where one, two, three and four questions afe asked during the
question-asking session. Table XXXV prévides data common to
Hypotheses HlS—HlBT In'this_tablé comparisons are made between
frequehcy of usage of Verification and Implication question types
pertaining to those réfiective and impulsive students who ask one,

- two, three and four questions respectively. Examination of thé table
reveais‘that for both reflecfive and impulsive groups, as the total
number of questiéns asked increased, tﬁe proportion of Verificaéion
tyﬁé questions-increased and the proﬁortion of Implicatioh type

questions decreased.

/N
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Hypothesis Fifteen (HISL

With respect to subjects asking one Suchman-type question
only, there is no significant difference 'in the number of

questions of Verification and Implication type between
reflective and impulsive groups.

Table XXXVI shows the nﬁmber of qﬁestions allotted to the two
major Verification and Implication categories. In'add;tion the
pProportion of questions of specific type are sho;n.' The table reveals
that 20 Reflectivés (i.e. 29.4% of the reflective population and
14.5% of the total population) and 20 Impulsives (i.e. 28.6% of the
impulsive-population and 14.5% éf'the total populat‘on) asked one .
question only auring the‘question-asking session. Daté was subjécted‘
to a x2-Test of independence (Ferguson, 1971, p. 184). A x2 of 1;62‘
was obtained, significant at the 0.20 level. Therefore the inyestiga—
-tion failed to reject HlS' In instances whgre one qﬁgst%on is askgd'
there is no significant difference in the number of questions of -

Verification and Implication types between reflective'and impulsive

groups.

e
With respect to subjects asking two Suchman4type questions
here is no significant 'difference in the number of questions -
'f Verification and Implication type pertaining to the first
and second questions asked between reflective and impulsive

groups.

Hypothesis Sixteen (Hl

- Table XXXVII indicates the numberﬁoquueétions allotted to
‘the Verification_and Implication categofies for the first aﬁd'second
questions and the pProportion of queétions of specific type. The
table reveals that 13 Reflectives (i.e. 19.1% of'fhe.reflectiQe

/

Population and 9.4% of the total population) and 16 Impulsives

133

PSS S S



1

QUESTION TYPE USAGE FREQUENCY~—ONE QUESTION ASKED

TABLE XXXVI

Question Type

134

4

Verification Implication
- | Y. 9 11 20
Reflective Gr. o
' Propn. ’5 .55
| No. 13 7 - 20
Impulsive Gr. ‘
o Propn. .65 .35,
22 18 - 40
‘ L

x% =1.62, df = 1, p = 0.20
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(i.e. 22 % Gf the impulsive population and 11.6% of the total papula-
tion) asked two questions during the Test. Data pertaining‘to the
first and second questions were subjected to a x2~Test of independence.
With repect to the first question a x2 of.0.29 wasvobtained, signifi-
cant at the 0.60 level. With respect to the seconc question a, x? of
0.01 was achieved, significant at the 0.90 level. Therefore for both
the first and second éuestions tne investigation failed to reject Hl6’
In instance; where two questions are asked, therg is no‘significant
difference in the number of questions of Verification and Implication
>types pPertaining to the first and second questions asked‘betwcen

reflective and impulsive groups.

H thesis Seventeen (H,7).
nypothesi 17

With respect to subjects asking three Suchman-type questions,
there is 15" significant difference in the number of questions of
Verification and Implication type pertaining to the first, second
and\third questions asked between reflective and impulsive groups.

Table XXXVIII indicates the number of questions allotted to
the Verification and Implication categories for the first, second and
third questions and the p;opdtfions of questions of.épecific type.
The table reveals that 17 Reflectives (i.e. 25.0% of the reflective’
population and 12.3% of the total population) and 14 Impulsives (i.e.
20.6% of the impnlsine population and 10.1% of the total population)
asked three questions during the qnéction—acking session; Data
pertainingvto each question were subjected to a xz-Tesc of indepen-
dence. Since, as indicated in Table XXXVIII some cell frequegcies were
of sméll nagnitude (i.e. <5), values for x2 were calculated using

Yate's Correction for Continuity. Ferguson (1971, p. 188) recommends
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application of this Correction Factor whenever cell frequencies less
than 5 are obtained. With respect to the first question, a x2 of 0.84
was obtained, significant at the 6.40 level. With respect to the
second question a X2 of 0.12 was obtained, significant at the 0.70
level. Finally in the thirgd question‘a x2 of 0.54 was achieved that
was significant at the 0.47 level. Therefore for all questions the
investigation failed to reject Hl?' I£ appears that in instances where
' three questions are asked, there is no significaht difference in the
number of questions of Verification and Implication type pertéining

to the first, second and third questions asked between refiective_and

impulsive groups.

Hypothesis Eighteen (Hlel

With respect to subjects auxing four Suchman-type questions,
there is no significant difference in the number of. questions
of Verification and Implication type pertaining to the first,
second, third and fourth questions asked between reflective and
impulsive groups. : '
Table XXXIX indicates the number of questions allotted to the
two question categories for the'first, second, third and fourth
questions, and the proportion of questions of specific type. The
table reveals that 9 Reflectives (i.e. 13.2% of the reflective popula-
tion and 6.5% of the total population) and 8 Impulsives (i.e. 11.4%
- of Ehe’impulsive population and 5.8% of the total population) asked
fourvqueStions'during the question-asking sessidn. As in the. case of
' Hl?' data pertaining to each question® were subjected to X2 tests oi
independence using Yate's Correction for Continuity. With respect

to the first question, a x2 of 1.92 was obtained, significant at the

0.15 level. With respect to the second question, a xz of 2.51 was
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obtained, éignificant at the 0.12 level. 1In the case of the third
Queﬁtion, a‘)(2 of 1.92 was obtained, significant at the 0.15 level.
Finally in the case of the fourth question a x2 of 1.50 was obtained,
significant at“the 0:22 level. Based on these results this investiga-

tion failed to réject H It appears that in instances where four

‘ 18°
questions are ésked, there is no significant difference in the number
of questions of Verification énd Implication type pertaining “‘to the
first, second, third and qurth queétions asked between reflectivg
and iméulsive grbups.

As noted earlier, Table XXXV, page 132, reveals that changes
in the proportion of Verification and Imélication question-types
asked, 6ccur with changes in the total number of questions asked
during the Suchman Question-Asking Test. Thesé ‘changes hOnger are
manifes;ed bf}both reflective and impulsive groups. Hypothésés
H 5-H o indicate that there is no significant differencé in the number
of questions of Verification and Implication types asked.by reflective

and impulsive students when these questions are the first, second,

third and fourth to be asked. - ‘ .

' SECTION C

Associated Question 1

Student criterion correlations for the combined reflective and

impulsive groups have already been presented. .Several signifiCant

correlations were found to exist between the Selection, Generation and.

Evaluation of Selected and Generated scores (see Table IV, p. 83 and

Table V, p. 84). The investigator wished to determine whether
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correlations befween these criterion variables were of similar magni-
tude for refleétive and impulsive groups. Tp enablé this to be done,
correlations were found between yariables for the reflective group

and for the impulsive group alone. Table XL and Table XLI provide

the corréiatién matrices for reflective and impulsive groups res-
pectively. When values are compared; several differences are evident.
For example, with respeét to ?pe impplsive group, correlaﬁions between
the Tannenbaum Observation Test and both the iject Gene?ation and

Event Generation Tasks were significant at the 0.05 and 0.0l levels

J

respectively (r = 0.28, r = 0.49). ‘With the ref;ective group howéver,
correlations between the same measures failed to reach significant |
levels (r = ~0.02 and r = 0.49). }n a similar fashion, with‘the
impulsive group, Tannenbaum's Te#t correlated significantly at the
‘0;01 level with both the Evaluation of Generated Object; énd the
Evaluation of Generated Events‘(r = 0.32, r = 0.42 respectively),
but with the reflective group, this Test failed t§ correlate signifi—-
cantly with- the same tasks .(r = 0.17, r = 0.19). Other correlationé,
appearing _different on the two grOups were between:
| 1. The Pearson Hypéthesis.Seléction'Test and both the

Evaluation of Selected Objects and‘Event Ceneration Tasks;

2.‘ The Peaféoh flypothesis formulation Test and the Event

Selection, Evaluation of Selected Events and Evaluation of Selected

Hypotheses Tasks;
- 3. The Event Selection Task and both the Hypothesis Generation
and Evaluation of Génerated Hypotheses Tasks; and

4. The Hypothesis Selection Task and Evaluation of Generated
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Hypotheses Task.

To determine whether any of the differences noted between
correlations were significant, a.Fisher's 2 transformation was ‘executed
on each correlation (Ferguson, 1971, pp. 168-171). Fisher values are
presented in Table XLII. 1In a Fisher's Z transformation any values of
correlation comparisons exceeding 1.96 are significant at the 0.05
level. Tbose values e#ceeaing 2.58 are significant at the 0.01 level.
Examination of Table XLII reveals that almost all correlation compari-
sons' failed to reach significance at the 0.05 level. Only four
compafisons were significant at a 0.05 level or greater. Significant
| correlation comparisons were obtained between the Pearson Hypothesis
Selectlon Test. and both the Evaluation of Selected Objects and Event .
Generatlon Tasks, and between the Evaluatlon of Selected Hypotheses
measure and- both the Event Generation and Evaluatien of Genereted A
Events Tasks. in.the opinion of the investigator it is quite possible
thet'the fourfsignificant correlation comparisons are artifacts.

This Qiew is based on .the fpllowing evidence:

lf_ Associated 2 vaiues, though"significant, were low in
magnitude, |

2} Correlation compafisons between reflective and impulsive
groups'ihvolving the Pearson Hypothesis.selection and Evaluation of
Selected Hypetheses ﬁeasures, and all other student variables {except
those noted above) ;Ere not significant at the 0.05 level, and finally

3. Aas noted earller, of the total number of correlation

_comparlsons made (N = 105), the vast ‘majority (N = 101) were not

significant at the 0.05 level.
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It appears therefore, that correlations existing between the
~riterion variables are generally similar in magnitude for reflectlve

and impulsive groups. In the few instances where comparisons between

groups were found to be signiiisa'”' ﬁirent, it is possible that

differences are artifacts.’ -

Associated Question 2 . :;’ :f‘f: E& \
o L TS ' :

In order to determine whethéffgﬂmmOn factors existed among the
Selection, Generation and Selection and Generation Evaluation Tasksg,
scores associated with each of ﬁhese tasks were.subjecte 0 Factor
Analysis. A Principal Component analysis was performed on reflecgive
and impulsive groups combined (N = 138). The correlatiop matrix was
rotated orthogonally according to Varimax criteria. Six factors
identified with Eigenvalues greater than unity were extracted. The

Varimax factor rotations of these factors are presented in Table

XLIII. ‘The table reveals that:

1. Factor I appears to be defined by four criterion vari-

ables: Object Generation (0.79), Event Generation (0.82), Evaluation
of Generated Objects (0.84) and Evaluation of Generated Events (0.84).

All other variables loaded <0.36.

2. Factor II appears to be defined by two criterion vari-
ables: Hypothesis Generation (Ol96) and Evaluation of Generated
Hypotheses (0.94). All other variables loaded <0.21.

3. PFactor III appears to be defined by two criterion vari-

o

ables: Pearson Hypothesis Selection (0. 83) aad/Pearson Hypotheszs

-

Formulat;on (0.84) . All other variables loaded <0. 28

W

4. Pactor 1V appears to be defined by two crlterion variables:
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TABLE XLIII
LOADINGS OF CRITERION VARIABLES ON .IDENTIFIED COMMON FACTORS
(VARIMAX ROTATION)
E Factors
Common-
Variable I II ITII v \Y VI alities
10+ Tannenbaum . 0.35 0.20 0.22 0.08 -0.31 -0.14  0.33
Observation ‘ \
11. Pearson Hyp. Sel. 0.15 0.10 0.83 0.10 0.06 -0.04 . 0.74
12. Pearson Hyp. Form. 0.03 0.02 0.84 0.12 0.02 .0.00 0.73
13. Object Selection =-0.01 0.14 0.11 -0.13 0.8 0.02 .0.79
14. Event Selection  0.03 0.13 0.14 0.86 -0.01 0.12  0.79
15. Hyp. Selection  0.05 0.06 0.08 0.17 -0.09 0.85  0.76
16. Evaln. of o ‘ :
Sel. Objects 0.16 -0.02 0.00 0.24 0.78 0.0l 0.69
17. Evaln. of 0.13 0.02 0.09 0.87 0.08 0.07 0.79
Sel. Events i .
18. Evaln. of 0.01 0.08 -0.12 0.03 0.14 0.85 0.76
Sel. Hyps. - N
19. Object Generatiod 0.79 0.06 ~0.15 0.11 0.16 = 0.01 - 0.69
20. Event Gerieration 0.82 0.07 0.23 -0.06 -0.03 0.09  0.74
21. Hyp. Generation . 0.09 0.96 0.02 0.07 0.06 0.07  0.94
22. Bvaln. of 0.84 0.13 -0.08 0.16 0.10 -0.04  0.77
Gen. Objects
23. Evaln. of 0.84 =0.01 0.27 - 0.0l -0.05 0.07 0.78
Gen. Events : : . - o .
Ev..a. of © 0.12. 0.94 0.06 0.@% 0.03 0.08 0.91
“Gen. Hyps. . »
percentage Total 19,44 -12.71 11.15 11.11 10.16 9.98 74.56
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Event Selection (0.86) and Evaluation of Selected Events (0.87). All
other variables loaded <0.25. | |

3. Factor V appears to be defined by two criterion variables:
Object Selection (0.86) and Evaluation of Selected Objects (0.78).

All otherx variebles loaded <0,17.

6. Factor VI appears to be defihed‘by two. criterion variables:
Hypothesis Selection (0,85) and Evaluation of Selected HypothesesL
(0.85). a1l otherAvariables loaded <0.13.

From this review it is evident that 14 of the 1% criterion
variables loaded heavily on oﬁe of the six Factors identified. .An
exceptlon to thls trend was manifested by the Tannenbaum Obsﬁrvatlon
Test which failed to ‘load heav1ly on any Factor It is lnterestlng
to note that in every 1nstance the six Evaluatlon Tasks loaded heavily
on the same Factor as respectlve Selection and Generatlon Tasks. Thls
outcome is not surprising, since in most lnsﬁances hlgh correlatlons
: between Evaluetlcn and respectlve Selectlon and Generation Tasks had
'prev10usly been noted (see Table Iv, p. 83 and Table Vv, p. 84). Agaln
it must be remembered that these correlatlons may be spurlously high
for reasons earller noted (see p. 57) . | Four’df the six Evaluation
 tasks’ loaded heav1ly on separate Factors. Thls is understandable
in view of the low, usually non~sxgn1f1cant, correlations obtalned
between these Tasks‘ The two Evalﬁagﬁbn Tasks that were moderately
hlghly correlated, the Evaluatlon of Generated Objects and Evaluation
of Generated Events Tasks (r = 0. 59, signlflcant at o0, 01 level), loaded
on a common Factor (Factor I).

Four of the sxx’Selectzon'end Generation Tasks loaded helavily



on separate Factors, the Object and Evént Generation Tasks providing

*

exceptions to thlS trend by loading together (w1th respect:va Evalua-

tion Tasks) on. Factor I. Again these outcomes were to be expected in
view of the very low, non~51gn1f1cant, 1ntercorrelations of the above

noted four tasks, and the substantlal correlation obtained between the

149

Object and Event Generatlon Tasks. The only instance where a Selection

and a Generation'Task loaded heavily on a similar Factor was in the .

case of the Pearson Hypothesis Selection and Pearson Hypothesis

. Formulation Tests loading on Factor IIY. Again this is not surprising

since a substantial correlation of 0.55 existed betwecn these measures.

From these results the following general conclﬁsions may be

" drawn:

1. Ccommonalities between all Evaluation Tasks and respective

Selection and Generation Tasks are high.‘

.,".

c .

2. Except in the” noted cases of the Object and Event Genera—

tlon Tasks, and the Pearson Hypothe51s Selection and Pearson Hypothesis

Formulation measures, commonalities between'Selection and Geperation

Tasks are low. ‘ g

Associated Question 3

Thé investigator wished to determine whether significant 0.
,1_
, dlfferences exlsted between reflectlve and impulsive gipups with

respect to Factor Scores derived from the six common- Factors.
1 Employlng an arbitrarily a551gned mean (20 00) and Standard
‘?Deviatlon (5 00) six Factor Scores for each subject (N - 138) were

calanlated in accordance with the follow1ng parameters:

o

v o

<
.

[

Ch et Y
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F=sr 1z

it

where F (r x N) Factor Score matrix
S (n x r) = Factor structure matrix

R (n x n) = Cofrelation matrix

Standardized Score matrisx

H

Z (n x N)

for-n = 15 variables, r = & Factors aﬁd N = 138 subjecps.
Statistical procedures followed in testing Hypotheses Hl—Hl3

were adopted for determining whether significant differences exist
betweén reflective and impulsive groups with respect to e »f the
six derived Factar Scores. Accordingly Stepwise Regi .sics  nalysis

was performed on Factor Scores in turn, in order to ¢ ‘termin' whether

any of the control variables, Science Knowledge, Age, . verbal and
Verbal intell: abilities, Word and Paragraph Meaning abilities
contributed : ' cantly to the variance of these scores. 1In

instances where one or more of these variables made significant con-
}tribution to the variance, subsequent covariate analysis was executed
employing-.significant contribhtors as covariates.‘ In instances whete

no. variables contributed éignificantly to the variance, a t-Test was
subsequentiy performea between refléctive and impulsive group means. .'?W

A IQV1ew of fhﬁ procedures and flndlngs pertaining to each of the

Factox scOres follows. w0

Factor I.Secore

Zfactor I is defined as Object and Event Generation Tasks,
and Evaluation of Generated Objects and Events Tas)..)
Major results of a Stepwise Regression analysis performed on

this Score are presented in Table XLIV. The table reveals that Science



- formgd on Factor I Score using Science Knowledge as covariate.
. | 4y - '
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Knowledge was the only variable succeeding in making significant con-
tributicn to the variance of the Score. This is to be expected since
this variable contributed significantly in each of the Tasks servi .g

ta define Factor I. An analysis of covariance was subsequently per-

ATy
» >

T&ble XLV reveals that the.F—Test for the Séien;e Knowledge‘ﬁovariate
was highly significant ind;ﬂp&ing thaﬁ the Regressionbcoefficient

for the covariate Qas not':gro'and.that an adjustment was being made
to group means. the tahlé,indiéates that the reflective group mean
was adjusted down Qf30 édints and the impuléive group mean up 0.30
points. The diffe?ence between édjusted gfoup‘means was found to

be 0.46 points, significant at tﬁe 0.77 level. .Therefore there
apbears_tq be no significant difference between Factor I Scores
obtained b; feflective and impulsive groups, when means aré adjustéd

for performance on the Stanford Ac' . -ment Test (Science).

TABLE XLIV

SIGNIFICANT CONTRIBUTION OF THE VARIABLE SCIENCE KNOWLEDGE
- WITH FACTOR I AS CRITERION -

Multiple 3 Variqnce .
Contributor h Regressioh R Accounted For F  p
X, (Science Knowledge) 0.37 13.66 21.5 0.00 -

Regression Eguation:™

Y = O.44Xl + 6.05

Lietede Gderer i1



TABLE XLV

ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS

ON FACTOR I SCORES

» §

Source , ss  Df MS F p
Treatment 7.28 1 7.28 0.08 0.77
Covariate: ¥ »
Science Knowledge 1852:42 ¥ 1 1852.42 21.00 0.00
Error 11909.71 135 88.22
Bartlett Test for Homogeneity of Group Variance:

‘ )
Df = 1, x% = 0.06, p = 0.80 Y

Test for Homogeneity of Regression Coefficient:

F(l;l34) = 701, p =0.95

‘Unadjusted Means

Adjusted Means

Reflective Groﬁp S 20.54

Impulsive Group 19.48

20.24

-19.78
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Factor II Score

(Factor II is defined by Hypothesis Generation and Evaluation
of Generated Hypotheses Tasks.) |

Stepwise Regression analysis performed on this Score inditated
that none of the six variablgs served as significant coﬁ%ributors to
the variance of the Score. This finding is expected since none of the
variables contributed significantly to either the Hypothesis Jeneration
or Evaluation of Generated Hypotheses Tasks. Verbal I.Q. was the
" major contributor (variance accounted for, 0.96%, F = 1.31, p = 0.25).
Results of a t-Test performed on Factor II Scores are presented in
Table XLVI. The table indicates that the t-Test was‘not significant
p'= 0.19). Therefore there appears to be no signifipaﬁt difference
between Factor II Scores obtained by reflective and iﬁpulsive groupsf
TABLE XLVI

t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS ON FACTOR II SCORES

s

Reflective Impulsive std. Devn. 'Std. Devn.
Group Mean Group Mean Ref. Group Imp. Group Df t p

Pl
i

21.15 - 18.88 10.96 8.99 136 © 1.33 0.19

Factor III Score‘

(Factor III is defined by Pearson Hypothesis Se}ection and
- : - _ .

Pearson Hypothesis Formulatibn measures.)

Major results of the,Stepwise Rggreséion analysis performed
on.the chre~are'§résented in Table XLVII. = The table reveais that-
Science Knowledge,‘Noh—Verba1 and Vefbal I.Q},'and Paragraéh Méaning

»

. ~ETY
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ability contribute significantly to the variance of this Score. These
findings‘are expected since these same variables contributoa signifi-

cantly to the variances of the two Pearson Tests. As in the case

with the Pearson Tests, the Regression Equation indicates that Verbal

<

I.Q9. (variable x3) acted as a suppressor variagfﬁ: ;ﬁé analysis of
covariance was subsequently performed on Facto;tgil Séore using the
four noted variables as covariates. - Table XLVIII reveals that the

: \
F-Test for each covariate was highly significant indicating that the
regression coefficient for each covariate was not zero, and an adjust=
ment was being made to group means. The table also indicates that-the
reflective group means were adjusted down 0.85 points and the impul-
sive group mean up 0.834points. The difference between adjusted group
means was 2.65,‘significan£ at the 0.08 level. Therefore there
appears to be no significant difference between»Facfor III Scores,
obtained by reflective énd impulsive groups, when means are aéjusted

for performance on Tests associated with Science Knowledge, Noanerbal

and Verbal I.Q., and Paragraph Meaning.

-

Factor IV Score

(Factor 1V is defined by Event Selection and Evaluation of

Event Selection Tagké.) .

I o

Stepwiségﬁegreiﬁion analysis performed on the Score indicated
' . Lo pr - , ; ' .
that none of the control variables sefved as  significant contributors

to the variance of the Score. Paragrathﬁéaﬁing was the major con-

-

tributor (variance accounted for, 2.33%, F = 3.24, p = 0.07). Results

’

‘of a t-Test performed on this Score are presented in Table IL. The

table“ifidicates that the t-Test was not significant (p = 0.36).

~



- TABLE XLVII

SIGNIFICANT CONTRIBUTION OF VARIABLES WITH
FACTOR III AS CRITERION

- 155

Multiple % Variance

Contributors Regression R FR Accounted for p
Xl (Science Xnowledge) 0.34 17.81 11.58 17.81 0.0Q-_/’///
Xl X2 (Non-Verbal I.Q.) 0.41 13.39 16.55 8.04 0.01
,
X,,X.,X. (Verbal I.Q.) 0.47 12.63  .22.04 9.44 0.00
1772773 , Gy :
xl'XZ'XB'x4 (Paragraph 0.50 11.32 - 25.39°%7% 5.97 0.02

Meaning) ¥

Regression Equation:

= 0. . - 0. . + 2.
Y .0 23Xl + O 28X2 0 26X3 + 0 22)(4 2.67
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TABLE XLVIII

ANALYSIS OF COVARIANCE FOR REFLECTIVE AND IMPULSIVE GROUPS
ON FACTOR III SCORES .

Source SS Df MS F P -
Treatment ' 233.53 1 233.53 3.06 0.08
Covariate 1: SR ‘ - 5 '
Non-Verbal I.0. 1312.17 1 1312.17  17.21 0.00
Covariate 2: o R
Verbal I.Q. 925.99 1 925.99  12.14 0.00
Covariate 3: ‘

Seience Knowledge . 300-44 1 300.44 3.94 0.04
\ ¢

Covariate d: 433.18 1 . 433.18 5.68 0.02
Paragraph Meaning . ) .
Exyor _ 10063.63 132 76.24

<2 . "

Bartlett Test for Homogeneity of Group Variance:
Df =1, x2 ~ 0.34, p = 0.56

Test for Homogeneity of Regression Coefficients:

_ Coyariate 1:. F(1,128)~= Q.qu p = 0.67
Cévaria§e 2: F(l,lés) = 0.90, p = 0.34
Covariate 3: F(l;lzé).=’0.l4f p = 0.71
Covariat;'4: F(l,iZSi:= 1.82, p = 0.18
' Unadju#ted Means - Adjusted Means
Reflective Groué ” 22.20 o 21.35

. Impulsive Group 17.87 _ .18.70




Therefore there apEears to be no significa; - difference between

Factor IV Scores obtained by reflective ang impulsive groups.

oY) X
TABLE YI,

t~TEST FOR REFLECTIVE AND IMPULSIVE GROUPS
ON FACTOR IV SCORES

'Reflective Impulsive Std. Devn. Std. Devn.
Group Mean Group Mean Ref. Group Imp. Group Df t

19.21 20.77 10.08 - 10.00 136 -0.91

0.36

Factor V Score

(Factor V is defined by Object Selection and Evaluation of

Object Selection Tasks.)

Stepwise Regression analysis performed on the Score indicated

that no control variable contributed significantly to the variance of

"the Score. Non-Verbal I.Q. was the major contributor (v riance

accounted for, 1.42%, F = 1.96, p = 0.16). Resuits of a t-Test per-

formed on the Score are presented in Table L. The table indicates

that the t-Test was not signifiéant (p=0.54). Therefore there
appears to be no significanﬁ difference bBetween Factor V Scores
obtained by.reflective and impulsive groups.
TABLE L
t-TEST FOR REFLECTIVE AND IMPULSIVE GROUPS

ON FACTOR V SCORES

| —

Reflective  Impulsive  Std. Devn. Std. Devn.
Group Mean = Group Mean Ref. Group ' Imp. Group.  Df t

20.53 19.49 10.13 : 9.99 . 136 o0.61

0.5%4
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Factor VI Score

(Factor VI is defined by Hypothesis Selection and Evaluatiop
of Selected Hypotheses Tasks.)

Stepwise Regression analysis performed on the Score indicated
that no control variable contributed signifiéantly to the variance of
the Score. Science Knowledge was the major contributor (variance
accounted for, 0.24%, F = 0.32, p= 0.57). Results of a t-Test
perfo;med on the Scores are presented in Table LI. The table
indicates that the t-Test was not significant (p = 0.66). Therefore,

_there appears to be no sigpificant difference between Facﬁor VI

Scores obtained by reflective and impulsive groups.

TABLE LI

t~TEST FOR REFLECTIVE AND IMPULSIVE GROUPS
ON FACTOR VI SCORES

Reflective Impulsive Std. Devn. std. Devn.
Group Mean Group Mean Ref. Group - Imp. Group Df t P

20.39 19.62 10.30 9.84 136 0.45 0.66

Results obtained relating to Associated Question 3 indicate
that the reflective group performed superiorly to the Impu151ves wlth
respect to Factor Score I, II, III, V and VI. In no instances
howevekf wefe difféxences obtéined in Factor Scores statisticaily
significanf. Thé‘impulsivé group achieved a higher,‘though statisti-
.<ca11y non-significant, Factor Score IV than‘did ‘the reflective
group. It apéear§ therefore, that reflective and impulsive groups

achieve similar Factor Scores when these Scores are derived from the



noted common factors.

T
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CHAPTER V

SUMMARY AND CONCLUSIONS
INTRODUCTION

In this cﬁapter a summary of the investigation will first
be presented. Follgwing Presentation of the summary, conclvrsions
regarding decisions to reject or hold tenable the researct - >theses
will ‘be presented and resultéﬁof ﬁhe investigatién discussed. 1In the
final sections the implications that results have for teaching at the

elementary school level will be discussed, and recommendations for

further research presentéd.

SUMMARY

AN

-

The present investigation was designed to compare pefformances
of students claséifieﬁ és;ééflective'and Impulsive on response
uncertainty problem—solving Easks demanding adoption of (a) a guidea—
discovery approach, and (b) an open-ended approach. Guided-discovery
tasks required studgnts to select observations and hypotheses per-
taining to‘problem situations depicted on a film;loop, and to sub-
squently evaluate those selections made. Open-ended tasks required
students to generéte multiplé 6bserbations and ﬁypotheses pertaining
to ;he same problems depicted on the loop, and to subsequently
evaluate all generatlgns made. The study also compared the types of

questlons asked by Reflectlves;and Impu151ves during involvement in

the same problem situations. Questlon—types were classified according

160
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to Suchman criteria. \

The sample émployed in the investigation was drawn from the
population 6f grade six classrooﬁs of schools within the_Edmonton
Public School System located in middle—income areas. From among ten
schools‘randomly selected from this populatiqh, the administrators
of eightpagreed to have‘students participate in the investigation. /
From each of’the eight sghools involved, students from one compl .2
grade six class;participated in the stddy. By means of th;se pr
cedures a tétal sample of 184 students participated. Of thec~.
sixty—eight wére subseque tly classified according to M;tchiu,
Familiar Figures Test criteria as being refl;ctive in disposition.
Seventy‘students were classified as being impulsive in disposition.

Since all guided-discovery and open-ended tasks wére designed
by the investigator, considerable effort was taken tb ensure that
;eliabilities and validities were brought to as high a level as
possible. To achieve this objective all guideé-discovery and open-
ended tasks were piloted'on'three separate occasions before the ﬁain
festing pfogram took place. v$tqden£é pattiéipéting in the pilot
studies wére3n6t15u55§quently involved in the main study. The pilot
.studies ghabled informatiﬁn conée:ning item @ifficulty and discrimina;
tion valﬁes of tasks involvea to be collecﬁed, and KR20 and test-
retest reliabilities to be determined. This information in turn
enabled subsequent refinements of instrumentation to be made. As part
of the refining program a panel of judges was employéd to examine all

tasks fo:;face and content validity. Anf task revisions called for

~ were subsequently effected.- . ;




As mentioned earlxer (see p. 45) problem eplsodes forming

foci for all quided- dlscovery and open- ended tasks were presented by

means of a film-loop. Due to the nature of the film-loop the ¢ ent

area providing focus for task }nvolvement was restricted in scope
In view of this shortcoming three additional instruments, the

A v
Tannenbaum Observation Test, the Pearson Hypothesis Selection Test

4

and the Pearson Hypothesis Formulation Test, weie used to ‘assess
observatlen and hypothe51zing abilities in dlfferent content areas
and us1ng dlfferent modes of content presentation from. those of

and open~ended Tasks These three instruments

provided 1nfofmation concerning the extent to which Selection and
Generation obse;veﬁion and hypothesizing skills‘manifested task-
‘specificity. |
enother group of.insteumenos used in the‘investigation con-

sisted of the Stanford Achievement Teso (Word Meaning, Paragfaph
Meaning. and Science Batteries) andvthé‘Lorge-Thorndike‘I.Q._Test\
(ﬁon—Verbal and Verbal Batteries). _SeQerallreeearchere (noted in
Chapter II) reported signifioant'correlatiohs:between the two R/I
varlables Number of Exrors and Response Latency, w1th Intellectual
ablllty, Reading ability and Knowledge of Science content. ‘Accord-
' ingly it was’con31dered essentlal that scores from theSe tests beé
ﬂavailable for use as covariates in SUosequent statisﬁiéal aotempts
Hho xemove selection bias between reflectlve and 1mpu151ve groups due
,‘to those variables. | - : | o
- All students'partic;pating in'the,etudYIWere tested_doring

; : } N £ . . \ v
three separate sessions. During the first session, the MFF Test

e . . ST

(’/ o
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was administered nn an individual basis. During the second session
all guided—discovery'end open-ended tasks, and the practice and main
Suchman Queetibn~Asking Tests were given on a group basis. In the
final session, the Tannenbaum Observation Test, the Pearson Hypothesis
Selection and Hypothesis Formuletion Tests, and the Science Knomlédge
Test, were given on a groub basis. Each‘session was cenducted by the
investigatog.‘ To'evdid problems of :eadabiiify statements and
instructiohsrelatingto each task were read'elend‘by'the'investigator:
School Cumulatlve Records supplied recent scores obtained on
the Lorge Thorndike Non-Verbal and Verbal I. Q Batterle  and on the
Stanford Achlevement wOrd Meaning and Paragraph Meaning Batte;ies.
Scotee resulting fromvthe'gueded~discove#y and open-ended
tasks Qere subjected in tnrn eo.Stepwise Regressiqn Analeis tal
determine which, if ény, of the variables I.Q.., Reading ability,
Science Knowledge, and Age, contributed SLgniflcantly to the vard. <o
of the measure under‘;wQestlgatlon. In 1nstances where one or mare
of the varlables made a 319n1f1cant contributlon, subsequent cov&rxate
analysis was performed on reflectiVe and impulsive group means heing
" the nérieble(s).that CQnt:inuted siénificantl& as COVariate(s); In

instances where no variable made significant contribution to‘the

kY
X

‘Variance, t—Tests were subsequently performed between reflective and
‘impulsive group means.

Scores associated,with the Suchman Question-Asking Test were
analysed u51ng a varlety of statistlcal procedures. , Covariate
analysis was performed us1ng the varlable Science Knowledge as

covariate to compare the total number of questlons,asked between
dairbed) . | _ ‘ _ -
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reflective and 1mpu1,1ve groups (Stepwise Regression analysis had
previcusly indicated that this variable made significant contribution
to the variance of the measure). Comparison of the distribution of

the twelve question types obtained_betwcen reflective and impulsive
groups was made using the Kolmogorov—Smirnoy Two Sample Test. Compari-
sons of the number of Verification and Implication question types asked
betwcen Reflectives and Impulsives, when these questions were the
first, second, tpird and fourth respectively to be asked, were made

using a xz—Test of Independence. In instances where cell /QEQZEw

were very small (i.e. <5) values for x2 were calculaﬁed‘fiésg Y.

. . e
Correction for Continuity.

164

‘The first Associated Question concerning existing correlations
. , i :

P

between guided-discovery "and open-ended Task scores was answered by

computing: Pearson Product Moment Correlations Petween measures for

both reflective and impulsive groups1” Cof?ﬁlﬁiions between the two

. | ‘-‘.A?,_ . - , )
groups were - then compared, and a Fisher's Z transformation executed
N o X , .
: ¢
to determine whether differences between correlatiaqns were signifi

cant.. : .

The second Associated Question con. rning the e&istence of

common factors among gu1ded dlscovery and open~ended var:? ables,

was angwered by subjectlng associated scores to factor-analysis and

!

\ R .
rotating the resultant correlation matrix orthogonally according to

Varimax criteria.:

The third Associated Questlon/concernlng dlfferences between
‘ / .

reflective and 1mpuls1ve groups on derived Factor scores, was

[

answered by adoptlng statistical procedures similar to those employed

. 7‘
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to test hypothdes dealing with guided-discovery and open-ended task

LN N

. L .
performances. Thus scores,!aég\fxxst suqupted to Stepwise Regression

analysis. In cases where‘w the variables I.Q.\, Reading ability,

R ,
, G ‘
Science Knowledge and Age made significant contributions to variances,
) i e
subsequent covariave &M¥wses were performed on reflective and impul-

ey

sive group means using significant contributors as covdriates. 1In

cases where no significant contributions were hade, t-mﬁgts were
s . ' .

performed on reflective and impulsive group means. . Ei. E .\

w N . _}’%v Lo o

CONCLUSIONS AND DISCUSSION/ - R R

ﬂlr',)v .

. . ’ ; ) ' R Lo
A. ‘Research Hypothesés One to Twelve v o s
N - 7 i 7 » O . ¢
¥ earch Hypotheses One to Six dealt with the‘ability of i

e “

reflective and impuisive groups .to select objects, events and

> PRt

hypothesééﬂand to evaluate selections made. Table ﬁIIqummarizes
) f - “ i '.A‘r*

3 . . N N Ry -~

the decisions4the: investigator wade concerning wﬁgﬁbéxfor not to%
reject these hypotheses. Research Hypotheses Seven to Twelve dealt. -
$a7 - - ' ' -

with the abiiity of reflective and imphlsive groups to generate

s

objects, events and hypotheses, and to evaluate genefations made.

o ) . ’ B i B
Table LIII summarizes the decisions the investigator made cohcerning
. X . . B3 7

.

whether or not to rejeét ghése particulai(hypoéheses. -As ‘can be oo
seen from Table LII, the'inQestigaﬁioﬁ did-not ?iﬁd a;y significant
differences between Reflectives' f?d Impuisives’ abilities in
selectiﬁg-objeéts, events and‘hypotheses.‘ ?hﬁé:gﬁfs»stﬁdyrihdicates

£ : [
that Reflectives and Impulsives perform about as well on tasks

-demandting the selection of these skill~ Both in terms of the type

of approach adopted (i.e. aVseﬁfction,uypxoach)'aqd in termékdf the -

S, & .

3 - . . - .
. . o ol .

| TR
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TABLE LII

SUMMARY OF DECISIONS MADE CdNCERNING HYPOTHESES ONE TO SIX

Decisions

Hypothesgis _ , > Tehable Reject

reflective and 1mpu151ve gnpups. _ AL

" ability to evaluate selected events

refleCtive‘ind impulsive groups.

%_e

There is no significant difference in o
ability to select objects -tas measured
by the Object Selection Task) between e

i

reflective and impulsive groups. 3&&‘
) T, e

There is no’ SLgniflcant di;ference in o )
ability to select objects '(as measured - j
by the Tannenbaum Observation “Test) *
between reflective 4nd impuléive groups. '

. . & . "‘-‘t..r LR ',
There is ho sxgnlﬁgcant difference in
nhility to’ sélect events (as measured PRTE
by .the Event Selection Task) between - . o 4

+

There is ncmsigﬁlficant ﬁlfﬁqrence in . .
ability. to select hypotheses (as measureds . .-

by the Hypotheses Selection ‘Tagk) betweenv ' .

ﬂéflectlve and 1mpulsch groups.

There is no 51gnif1(:ant differen'ce' in w
ability t select othes#e fas measured ' .-

by ;the P- rson Hypaesis Selection Test) * )
between reflgctivewaﬁ@'impui%ive groups. o

M *

There .is no significant difference in
ability to evaluate selected objects.
(as measured by the Evaluation of
Selected Objects Task) between
reflective and impulsive groups.

There is no significant differéﬁce in/i

+4

(as measured by’ the Evaluation of
Selected Events Task) between

There .is no significant difference in

ability to -evaluate selected hypotheses
(as measured by the Evaluation of - . R
Selécted Hypotheses Task) between - B
reflective and impulsive groups. .
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v TABLE LIII

SUMMARY -OF DECIS’ 'ONCERNING HYPOTHESES SEVA

Decisions

Hypothesis. . Tenable

Reject

H s _.There is no significant difference in

H_: There is no significant difference in

.. ability to generate objects (as measured +
by the Object Generation Task) between
reflective and. impulsive groups.

H_: There is no significant difference in-

“  ability to generate events (as measured + ‘
by the Event Generation Task) between .gé
- reflective and impulsive groups. 5 v

ability te generate hypotheses (as +
meagured. by the Hypothesis Generation
Task) between reflective and impulsive

groups. ’ &

,Hg ?There is no significant difference in

Hy 2& There is go significant difference in
) ability to generate hypotheses (as
measured by. the Pearxson Hypothesis
Forrmulation Test) between reflective o
« 'and impulsise groyps. ’ '
Hloi ‘There is no*significant d’fference in
(ability to evaluate generated objects
‘(as feasured by the Evaluation of +
~Generated ©bjects Task) between '
jreflect1v§°9nd 1mp§§sive groups.

H There . is no significant dxfférence in
_ ability t6 evaluate generated events .
~ (as measured by the Evaluation of . +
Generated Events Task) between ’ :
reflective and impulsive groups.

12 ability to evaluate generated !

. hypotheses (as measured by the . +
. Evaluation of Generated Hypotheses
Task) between - ngflective and .
o xmpulsive groups. : S
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' d efficient visual search strategles in the tasks assoclated thh this

particular problem-solving skills involved ln these tasks, these
results at first\appear crprising for the following reasons:

1. ‘Studies re?iewed in Chapter II indicated that Reflectiyes
per formed superiorly to Inpulsives on all tasks that demanded selec-

tion of responses f§?y those provided. However it must be noted that

dll of these studies focussed attention exclwsively on performance

: withingspecific content domains (subject areas). No study, for

example, investigated the abilities of Reflectives and Impulsives to

utilize problem—solv1ng skills, as in the case of, tasks employed in
#E -
the" presgnt @nvestlgation. The fact that a selectlon approach appears
. L |

._equally etféctive to the performanceﬁpf Reflgs&lvqs and Impulsives in

g s

problem—solving settings investlgated in this studyp haghl}ghts the -

danger of generallzlng results obtalned from studies 1nvolv1ng

t

selectlon of responses w1th1n content domains - toxfhose involving.

‘selection of, responses within.problem—SolVing skill domains.

3y

2. Findings from Siegelman's (1969) study (see p. 35) indi-
cated that- ﬁeflectives use more efficient v15ual search skllls than

Impulsxves, when engaged,Jg solv1ng MFF tasks Tb SiegelmanA
- "

differences in ablllty in using these skllls explaln, at least in

Al t

part, the resultant typlcally slew and fregufntlyjborrect responses

ofrreflectlve students, and ‘the fast, 9ften inaccurate responees—of

;”tﬁé Impulsives\ Rpsultsofrom the present,investzgat;pn_however,

'fail to support Szegelman 8 findings. Reflective and xmpu151ve

groups performed about as well in selecting obJects and events.

These results suggest that Reflectives and Impulsives employ equally

*

.
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and impulsxve students. In conciudi»

(iinvestigation."“ ’ .f», 2 T

T T, TR AT

investigation. It is possible that di ferences in search skills are

-('_
only manifested between Reflectives and Impu151ves 1n instances where

tasks demand dlStlnCthn of very fine detail between variants ‘(as for

example in the case of MFF task requirements).‘ Where coarser dis-
tinctions between variants are required (as in the case of tasks

associated with this study) reflectiVe and impulsive search strategies

.appear equally-efficient If this proposition i%”’ correct, efforts

to increase the compl¢x1ty of: detail oftvariants may serve to accentu-

ate any differences eXisting 1n\v1sual sggfth skills of reflective
~ r’

+the remarks concerning per—

formances on the Selection Tasks, on-

\

have been- responsxble for the 31milar performances of both . groups on

these Tasks:
(a) Students of both groups were equally adept in utilizing

the Selection_approach and equally able in utilizing observation and
¢ ’ ] .
hypothesizing skilis.

(b) Students of one grogp ‘were more adept in ut11121ng the

Selection approach and less able in utlllZlng observation and

hypothe81zing skills, than students from the other group

. In]view of the abova discusslph it would appear that equal

perforn. on the” Selettion Tasks were due’ to conditlons associated

thh Situation (a)rrgther than to those ass.c&f\’ ‘witﬁvsituation

(b). Howevel this is an area that warrants a’' gre

‘deal of further
-y - .

t(}

i As .can be seen from Table LIII the investigation failed to

find significqnt differences between Reflectives' and_ImpulsivesJ

- ] : .. . .
- . \ . ,v‘ P i . ’

{(‘
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that they were measurlng essentlally dltterent qual ties, This

nare 51gn1flcantly dlgfertnt when geng:ﬁtlng hypotheses ln hlghly

sives achleved,on~MFF Task '(see Kagan and Kogan, 1970), tasks whxch

'abilities‘in generating objects and even JGrpears that Reflec~

tlves and Impu151ves perform about as well in generating objects and
events. Wlth respect to. abillty to generate hypotheses, Reflectives
performed as well as Impulsives on the Hypothe31s Generatlon Task.

Reflectrves perg%;mance on the Pearson Hypothe51s Formulation Test

howevefﬁ was signlfrcantly superior to that of‘ImpuIsives. It-is’

>

"1nterest1ng to note that in the Pearsohn Hypothesis Formulatlon Test

st N X RS

.Students WLrL xequxred to generate hypotheses in the form of alterna—

: R
wh‘in on paper. ertt&n generatlons were not called

®
Test demande& the generatlon of V1sua11y constructed

hypothese , as responses to a Vlsually—deplctcd problem 51tuatlon

Requiremenl:: of the Hypothesrs‘ﬁeneratlon Task were dlfferent

ertten responses alone were requlred It is probable that the noted

differences in performance of Reflectlves and Impulsives ‘on cach of

the generatlon of hypothtses measures were due to dlffertncﬂs in
contént area, presentatlon mode and response requlrements of each.
¢

Both the non- 51gn1flcant correlatlon ex1st1ng between these measures )

and thelr fallure to load heavily on common factors had indicated

-

)

1nvestigatlon suggests that perf?bmaﬁces of Reflectlves and Impulsives

AR
-

- visual, non-verbal env1ronments Thls plOpOS}thn lS supporttd by

. k4

sthe 31gn1f1cantly supexlor performances of Reflectlves over Impul-

/ R
also operate in hlghly\visual, non~verba1 envxronments.
Tablqg LII and LIII 1ndreate that 51gn1f1cant dlfference!
I : _ v , _ :
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.

did not ‘exist between Refleetives' and Impulsives' abilities in
o gt
&a

evaluating selected and generated obJects, events and hypotheses.

Thus this investigation indicates that Reflectives and Impulsives

perform about as well on tasks demanding the evaluation of these

particular skills. 1In terms of Siegelman's {1969) study these results

‘are unexﬁicted, since that investigation ipdioated that Reflectives

used more efficient evaluation skills than Impulsives when solving
MFF Tasks. No evidence supporting this finding was fouﬁd in the
present investigation. It is possible thg}.gifferences in these

4&‘(
evaluation skills between Reflectives n‘

ives only hecame
apparent in instances where fine‘evaluatiohsggre demanded (as in the
case of the MFF Tasks).‘.In situations where considerably less

subtle evaluationsvarei;equired (as in the case of the Evaluation of
Selection and of Generation Tashslin vhich choices‘have to be made
hetweenftwo éiven alternatives only)‘Reflectives' and Impulsives'
abilities to evaluate appear equal; It is also p0551ble that differ-

ences in evaluation skills are manifes%ed between Reflectives and

Impulsxves only in ii. tances where evaluation demands are- made

3‘- ;;1
L.«

excluSively within v1sual env1ronments. In the case of Siegelman's

i

(1969) study, for example, studgn?; were required to evaluate

v1sually-depicted phenomena in~terrs of Visually perceived 51milar-v'

'ities and differences in form , References to non—v1sual evaluation

b ]

-

"criteria were - not demanded during completion of MFF tasks.f In the

case’pf Evaluation of Objects and Events Tasks used in the jresent

'investigation, evaluation demands were not solely within the v1sual

' ‘field. While stuaentq ‘were again,reqﬁired to evaluate v%sugl

- 'Y
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phenomena, evaluation procedures required relating these rhenomena

to a depicted problem situation that could be cqnsi@i&ed_somewhat
}
remote from the immediately perceived visual field, ‘'since total under-

standinglof the problem situation was not possible merely from visual
analysis alone, Thus it may be argued that evaluation tasks that
require students to evaluate visually perceived phenomena, in terms
of a problem not tctally understood by visual processes alone, are
/demandlng‘motekcognitive effort than in eva%uation tasks of the MFF

. type. 1In the case of tasks involving the evaluation of hypotheses,

the abéVetCOmments may also be appropriate, Because hypothesis 3
evajuation criteria entailed more than mere visual con51derat19nsw

tasks used in thls study demanded more cognltlve effort on the part

of students than’did MFF tasks. These dlfferences in task demands
may explaln, in part, why dlfferences in ablllty to evaluate hypothe—

ses were not obtained between reflective and impulsive groups in
1 . .

-this study. As in the case of the discussion relating to visual

search skllls, a great deal of further research is needed to deter-

“«

mine whether or not’ ablllty to evaluate observatlons and hypotheses

w

is dependent upon partlcular'evaluatxon requirements entailed .

> In discuv.')n relatlng to Hypotheses One .to Twelve dlffl—
“
Ncultles were eacountered ln 1nterpret1ng the performances of . :
L}
‘ R‘?lectives and Imp . .sitves on tasks involved in thls study. These o
difflculties arose in large part from the lack of reseatch/flndlngs

S

in existence pertalnlng to the particular skxlls lnvestlgated. :

Research studies that.re mvesta,gated the general vquestlon of

;Problem-skill transferablllty are. also few ln number.-.This pancity-
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of available material can be‘explained by the fact that problem—

solving skills have only recently become objects of research. The
A o .

" yrecent interest shown in these skills stems directly from the elevated

.position they now enjoy in several of the newer science programs

(e.g. in SAPA, SCIS and ESS).

© Gagné (AAAS, 1965) (see p. 7) claims that problem-solving
skills, inclnding‘those of observation and'hypothesizing, manifest
high inter-task generality. Some results obtained‘from the present
investigation fail to support this preposition. fer exanple,'low,

non-s¥nificant correlations were obtained,f‘}'etween- theg measures
- L 14 v”t

g 1

assessxng ablllty #n selecting objects, thf[ jeﬁt SelectiSh Task

and the Tannenbaum Observation Test, and beﬁH&en the two measures
assessing ability iﬁ selecting hypotheses, the Hypothesis GelectienJ
Task and the Pearson Hypothesis Selectien Test. These results .
rndicatevthat abilities to select objects and hypotheses within the

centent_area and'pre?gntation mode pertaining to the'fi}erqop ﬂgpe
, o . » T L

A RA

. . \ . .
Knife,' are essentially unrelated to abilities to select objects

-

N

RN

, 1nter—task generaglty. Nelther the twO'obJect selection measures, nor

e

.and Bypotheses in different content areas using different presenta-

¢
tlon’modes (e.g. those associated with the Tannenbaum Observatlon
4 s . s
Test and w1ﬂh the'yearson Bypothes1s Selectlon Test) .. Results‘ef
"i“
factor analy51s performed in thlselnvestlgatlon further questlon

&

Gagné s clalm that observatlon and hypothe51z1ng SklllS exhlblt high
J - v

RS

T

‘the two hypothesxs selection measures,,loaded heav1ly on common

fa(:tors,’ thereby 1nd1cating a low degree of commonahty between

= respective measures.- Reference has already been made to the marked

173
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differgnces in content areas, presentation modes and response require-

ments of these measures (see p. 170 and P. 171). It is probable that

the more tas&s resemble one another, in terms of these factors, the
greater the li. lihood that rerformance abllltles on each will be
similar. EV1dence supporting this Proposition (as well as supporting
the transferabllity claim of Gagné) is supplled by results obtained

from the Pearson Hypothesis Formulation Test and the Pearson Hypothe~
sis Selection Test. While response requirements differ between these
. | e
two measures, both the content and presentation modes involved are

*

g -

identical. It is ev1dent ﬁherefore that thesqﬂgpasures resemblé*ﬂde .
.
.,

A
‘ hd “‘h«‘v" : A' “"
another more closely than do either the Object Selection Task.and¥ ;é; ¢

- p
Rl
-

#;

%

Tannenbaum Observation Test, or the Hypothesis Selectlon Task and
£

Pearson Hypothe51s Selectlon Test. 1In contrast to the low non-

.‘M\‘ . w :
significant torrelatlons manifested between these measures, the cor- §§§*¢

e

relatlon -obtained between. the two Pearson Tests was moderately h{yh

in magnltude Ar 310.55( 51gn1f1cant at the 0.01 level). Results of
factor analy81s éerformed, also 1nd1cated£i high deggee of coggzsality
existing betweeh these measures. Both loadeqd heavrly on Factor II;
'{trisEg%TablﬁPXLIII, p.v147). Another set of correlations between tasks
offers further support for the two prop051t10nsénoted above. A moder-
ately hlgh correlatlon of 0. 47 (51gn1f1cant at the 0. Ol level) was

obtalnbd between the two measures assess1ng ability in generatlng

fobservatlons, the¥0bject Generatlon Task and Event Generatlon Task. i

Y
-

_Results of factor analy51s performed 1nd1cated a hlgh degree of
_commonallty between these Tasks and both 1oaded heavxly on Fagtor I

(see Table XLIIX, p. 147).
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B. Research Hypotheses Thirteen to Eighteen

These hypotheses relate to ability of reflective and impulsive

>

groups. to ask questions according to the format prescribed by Suchman
(1962). Table LIV‘sunmarizes the decislons the fnvestigator made
concerning whether or not to reject these hypotneses. As can be

seen from tnis table, Hypotheses l3 and 14 did not find significant
dlfterences between reflectlve and impulsive groups in terms of total
number of questlons asked, and in terms of the quantltles ogsthe

\
twelve distinct Suchman-type questions asked. It appears that 5

K,
- ,_\.

reflective and impulsive groups ask a 51m11ar quantlty of questlons \
of, specific type. Studles by Aqlt (1973) and Denney (1973) (see

p 37) revealed that Reflectlves asked predomlnantly 'constraint- -
seeking' questlons during problem—solv1ng. These questlons indicate

|
. |

.ev1dence of attempts to analyse propertles of the plctures prov1d8d
Impulsxves, on the other hand, ask predominantly "hypothesis- seeklng
questlons indicative of con51deratlon of. these pictures as wholes,
rather than as comblnatlons of;parts.’ The present studyAdid'not

/ .
support these findings. 1In this 1nvest1gatlon the six Suchman questipn

types {(Types lf6), that typlfy analytlc strategles attempthg to
‘identify objects; events and general condltlons present in the problem
situation, _were asked with about equal frequency by both reflectlve
. and 1mng;sive groups‘ In addltlon the six question types (types 7- 12L
Ehat typlfy less analytlc,.more global strategles in attemptlng to
dlscern relatlonshlps between varlables/entalled, were also asked 'a

fwith about the same frequency by both groups. Accordﬁng to Suchman IR l

(1962) the relatlve frequenc;es of question types employed reveals
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3 ‘TABLE LIV

SUMMARY OF DECISIONS MADE CONCERNING HYPOTHESES THIRTEEN TO EIGHTEEN

1

s - Decision

, - iy
Hypothesis < Tenable  Reject

) ,“ﬁg; " o
Hig, . Tﬂbre xg'gp significant difference ip
" “the totil number of Suchman type Co -
questions asked, between reflective; . » . o
and k&gP131Ve groups. - g‘% i S ./5

- %5
H14: Therghls no . s1gnificant dlfference in .
’ the distribution of specific Suchman o +

question types asked between reflectlve'

._ho signifl dif¥ererice in the e 4
number of uestlonsﬁaf Veriflcatlon
and Implication type ‘asked between K
reflective and 1mpulsxve groups.

[

-

g - . . <

.=,n type questions, there is no «
ficant difference in the number

pstions of"Verification and o

pation type pertaining the .

f;rst and. second 'questions asked,

. between reflectlve and 1mpu151ve

groups.v N ‘ -

H: .3 Wlth respect Eo'subjects asking three

" Sughman type questions, there is no
551gn1f1cant difference in the number

of questions of Verification and +

Implication type pertaining to the : ' ;

first, secomd and third questions asked, . - .

betweeh reflectlve and 1mpu1s1ve groups. . N

H .:  With respect todsubjects asklng four

Suchman type questions, there is no

’szgniflcant difference in the number v
. of questions of Verification-and . +
Implication type pertaining to the .
first, .second, third and fourth

questions asked, between reflective
;and.impulslve groups. SN

| < .
T R P - B »
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the strategies andvgoals of the problem-solver. Based on.this

]
assumption it would appear from the present investigation that

J
Reflectives and Impulsives adopt similar strategies and goals towards

problem~solving It should be noted however, that Suchman's inter-
pretatlon of problem—solving strategy, in terms of menifested

quest;on type, is open to quesy It is concelvable that ‘the pre~
o
domlnant preSence of one partlcu!ar questlon form does not, as

‘Suchman contends, necessarily -

»
. o,
Ve

-flcate_;nablllty or unwillingness

- to ask questions of a different type. Problem~solvere, for ekampie

who ask qeestions of avglobal character may have previously analyzed

‘the problem—51tuat10n (w1th9ut publlc sdgn of this) and nowdare

N » \;/.

engaged in seeking to relate, and to generallze from such analyses

made. Thus whlle Suchman s format, .as used in thﬁ present 1nvesti~
gation, did 1nd1cate similar externélly manlfested strateg;es on the
' part of reflectlve and 1mpu131ve groups, caution must be adoptedfln

acceptlng these flndlngs as 1nd1cat1ve of 51m11ar general probldm*

ps

solving strategles between these groups. . g PR

‘ Table LIV 1nd1cates that 519n1f1cant dlfferences were,/ ot .

by reflectlve d 1mpulsrve groups, when these questlons were the

.\\\*“ftrst, second, third and fourth to be asked. . Although, as the number I
o RN ]
of questlons asked 1ncreased from one to four, the number of Verlflca-. j

.»tion types employedtlncreased and . the number of Implication types . f i

o decreased, these changes were manlfested by both reflective and
;- . . ‘ﬁ!‘ > ~

"impulsive groups. Thus 1t appears that students]who ask several

>

.questions, adopt (accordlng to Suchman 's clalm) essentlally analytlc

» R
i o n N

o Coe SRR

found' in the number of, Verlfxcation and Impllcatlon quest10n$ asked o
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strategies, whereas those agkini fewer questions tend to adopt both
analytic and glebal strategies to problem—sélving. The need to ask
several analytic type questions may arise from thé fact that each
analytic question results in the’ supply of one specific bit of
information only. It-is possible that fewer global questions are
asked since they result in the gupply of a considerably larger amount
of information“by the relaéing of several factors within the problem

sequence entailed.

C. _Associated Questions

Three associated questions were investjgated. The first
question,asked whether or not correlations améng all Selection,
Generation and Evaluation Tasks were of similar magnitudes for
reflective and impulsive groups. Correlations between £he two groups
were compared by means of a Fisher's Z transformation. The following
- comparisons were significant at P <0.05: Pearson Hypothesis Selection
Test and Evaluation of Selected Objects Task, Pearson H-~thesis
"Selection Test and Event Generation Task, Evaluation of Selected

Hypotheses Task and Event Generation Task, and finally, Evaluation
of Selected Hypothe ‘ask and Evaluation of Generated Events Task.
:As mentioned in Chap' . IV, it is possible that the significant
differenceé between groups on these vafiables‘are artifacts, since
all other correlation comparisons investigated (N = 101) were non-
significant. The exi&tence of otherwise remarkable similar correla-
"tions between variables obtained by reflective and impulsive groups,
illuminaggs what the research hypotheses have showr ramely that

both groups perform as well on almost all tasks employed in this
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investiéation.

The second question asked.whether ¢ wnon fo.o o existed among
Selection, Generation and Evalnafion Task s »re . 1swer this
question, scores from all tasks were subjectec sctor analysis.

The resultant correlation matrix was rotated accordiné to Varimax
criteria. Six factors were‘identified with Eigenvalues greater than
unity. If Gagné's proposition that problem-solving skills manifest
high inter-task generaliﬁy is correct, one would expect that measures
assessing ability in similar skills would load heavily on common
factors. Support for Gagné's proposition however, was not provided
in the case of thé two selection of hypotheses measures, thé Hypoth-
esis Select -n Task and the Pearsonv;ypothesis Selection Test, nor
was it provided in the case of the two selection of dbjects ﬁeasures,*
the Tannenbaum Observation Test and the Object Selection Task. As
mentiohed’earlier, the degree of tfansferability begween measures
assessing similar problgm—solving abilities, is probably dependent
upon content area, presentation mode and response reqﬁirément factors.
More research is needed in this important and scantily—investigated
area. In every instance the six Evaluation Tasks loaded heavily with
respective Selection and>GeneratiQn Tasks on common factors. These
rgsultS'wduld first suggest that Reflectives'! and\Impu;sives' ability
to evaluate Selections and Generations made, is highly related to
their ability in respective Selection and Generation Tasks. HéQever
the heavy loa&ings bbtained.may be spurious sinée the high cqrrelézgf

tions existing between all Evaluation Tasks and respective Selection

and Generation Tasks have previously been questioned, for reasons

1

:%;’ﬁa‘;'éi-.iﬁ s
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eariier‘noted‘(see p..57). Thus considerable caution must be exer-
'd in interpreting these findings.
The third question asked whethe; significant differences

existed between reflective and imbulsive groups with.respect to factor
scores aerived from the six common factors. 1In no instance was a
significunt difference in factor score obtained between groups.
However, in the case of Factor. III suores (defined by the Pearson
Hypothesis Selection and Pearson Hypothesis Formulation Tests) the
differences between adjusted means was significant at the 0.08 level.
As noted earlier in Chapter IV, unadjusted reflective means on both
Pearsdn Tests weré siguificantly higher than those of impulsives
(see Table VI, p. 89); In»the case of the Pearson Hypothesis Test
the difference remained at .a significant level when adjusted means

t

were compared. In the opinion of the investigator these res'lts do

indicate a trend in favour of superior performance of Reflectives

Y

over Impulsives on these types of hypothesizing measures.
IMPLICATIONS FOR TEACHING

1. As noted in Chapter II, the accumulation. of evidence
indicating the general deSirability of a reflective disposition over
an impulsive one stimulated several attempts fo modify impulsive
behaviour. Iu the present investigation the impulsive éroup performed
ébout as well as the reflective group un all Seiection, Generation
and Eyaluation tasks (except on the two Pearson Hypothésié;Tgsts).'
.In addition, the impulsive group performed as well as the‘reflective‘

group on the Science Knowledge test (see Table VI, p. 89). 1t

~
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?eppeags from these findings that the modification of impulsive

behaviour would fail to benefit performance oe tasks of a similar

nature to those involved in this investigation. The present study

does noﬁﬁ therefore, support attempts to modify iméulsive (or reflec-
. .

tive) behaviour in science situations similar to those investigated.
Current ealls for the general modification of impulsive behaviour ,
appear highly premature. The setting up of problem situations in
which seiection and generation of objects, events and hypotheses is
deﬁandedb and the subsequent requirement that these selections and
gener;tions be evaluated (according to criteria similar to those
used in this study) would appear to benefit the reflective and
impulsive child equallx.

2. 1In this investigation, Reflectives' unadjusted Pearson
Hypothesis ;ormulation and Pearson Hypothesis Selection means were
significantly higher than those of ImpulsiQes Ap = 0.0l, p = 0.03
respectively). When adjusted means were compared, Reflectives' per-~
formance remained Significantly superior to that of Impulsives', on

the Pearson Hypothesis Formulation Test (p =.0.04), but did\not

remain at a”significant level in' the case of the Pearson Hypotheeis

-

Selection Test (p = 0.16). These results suggest that Reflectives
perform better than Impulsives on casks that demapnd selectlon and
generatlon of hypotheses in predominantly visual env1ronments.
Several investigators (see p. 26) c1a1m that hypothesizing is a
highly complex skill demanding the utilization of both loglcal and
non-logical (creative) processes. If it is accepted that the Pearson

Hypothesizing Testg in turn demand some degree of creative effort;
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then results obtained on the two Tests suggest that Reflectives may
performﬂbetter than’ Impu151ves on creativity tasks and exnxcxses that

are primarily visual in orientation. Libe:al provision of opportunity

’ . [ D,
for Impulsives to utilize such creative episodes may serve to reduce

o

any performance differences between reflective and impulsive groups.
3. Refleétives and Impulsives ask similar Suchman types of
question durlng problemvsolving episodes.” According to Suchman

(-

(1962) this would indioate that the proble@rsolving strategies and

goals of these students are 51milar Since both groups accordingly

»
appear to adopt equally effective problem—solvxng strategies{ a need
. L3
for modifying question-asking strategies of one particular group does

not appear to exist. Calls for producticn qf spec1f1c questlon types,

for example, would be unlikely to Lnfluence question asking strate-

o

gies of one group, more than of,the other. Thus the Suchman Question-

asking format seems of limited use for purposes of inyestigating

behaviours of reflective and impulsive Students
4. Gagné's Proposition (AAAS 1965) that problem-solving

skills exhibit 1nter—task generality'was only partially supported in

Q

the present investigation. It appears that the closer tasks

-

[224

measuring similar skil]s resemble one another (in terms of content
area, presentation mde and response requirement) the greater is the
likelihood of a high degree of inter-task generality being manifested
With the exception of the two Pearson Tests, essentially no relation—
ship existed between Selection and Generation Tasks. It appears that
abilities to observe and to hypothesize using these'particulan response

formats are unrelated. No attempt should be made to generalize between

;-
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selected and genefated forms of observation and hypoithesizing tasks.
Low, non-significant co;relations generally exist between Selection
N

of Objec¢ts, Events and Hypotheses, and between Generation of Objects,
Events and_Hypotheses; Only in the case of the Generation of Objects
and Generation of Eé?ﬁ%s Tasks were sﬁbstantial correlations‘obtained
(r = 0.47, p = 0.01). These .results indicaté that, with the excep-
tion of abilities to generate objects and events, abilities in each
of the other skills are eésentiallyhunrelated. Thus knowledge of

ability in one particular skill provides no information useful in

predicting ability in another.
‘ / RECOMMENDATIONS FOR FURTHER RESEARCH

During the course .of this study it became apparent to the
investigator that a number of areas related to the study warranted

further investigation.

1. 1In this study all students were classified as being of a

-,

reflective or impulsive disposition, or of neither a marked reflec-

4 '
tive nor impulsive disposition. No attempt was made to classify

1

students in terms of 'moderate'’ or 'extreme' reflective and impuigivezwr

disposition. 1f differences exist between reflective and impulsive

students in ability to select and generate observations and hYpothe—

,s8es, and in ability to evaluate selections and generations made, then

%]
comparison of performantes of students of extreme reflective and

impulsive disposition may serve to accentuate those differences.

2. This investidation was limited to the grade six level.

s .

_Use of tasks similar to those employed ih this study Qith students .

3
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. 8

from other grade levaf;/would enable a more complete picture of ,
A o

. /
reflective and impulsive behaviour to be built. Investigation of
pcrform@nce—ef/Reflectivew nd Impulsives at the lower eleméntary

kf}i; . ‘ '
grade levels appears a jparticularly attractive proposition, since

extremes in impulsive pehaviours are more frequently met, with young

chiLdren,wﬁhan with.old (Kagan and Kogan, 1970). It is probahle that

M -

.differences in performancé between Reflectives and Impulsives are

~greatest at these levels.

3. Impulsives perform as well as Reflectives on all observa-

tion tasks involved in the study. Since quite coarse visual search
\ . |
skills were -sufficient to discern between variants incorporated in
" . -
these tasks, little or no opportunity was provided for exercising

finer search skills. Use of more powerful observation tasks that

require finer discriminations to be made between variants for

successful completion, would serve to indicate whether differences

in using more subtle visual-search skills occur between reflective

and impulsive groups;'

~

+

4. Ré;ulés from th{F study iﬁdicate that Reflectives perform
superiorly to Impulsives on the Peérson Hypothesis Tests. If, as
M;;tin (1971) claims, hypothesizing*agility is dependent in part upon
cre;Eive ability, then Reflettives (as noted éarliek) may perform
superiorly to Impuléives on tasks exploiting creative potential.

Thé measurement of Reflectives' and Impulsives' abilities on pub-
lished creatiGity tests (part?%ularly those that are highly visual

in form) would indicate whether or not postulated performance

diffefences betwecn groups do indeed exist. 1In addition information

B L T SR oy
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gathered may provide further insight into the general question of

hypothesizing/creative ability *veriap.

'§u As noted earlier in Chaptef V (see p. 170) Beflectives
performed as well as Impulsives on all Evalﬁation tasks. These tasks
required students to evaluate selected and generated objects, events
and hypotheses in terms of the extent to which each plays a role in
effecting the depicted problem. The use of other tasks, which
require Réflectives and Impulsives to evaluate generéted and selected
responses écéording‘té ériteria different to those used in the pre-
sent investigation, should provide further insight into the genéral
issue of -evaluation of selected and generated responses. Effective
operation éf evaluation tasks used in £his investigation required
the allocation of previously sélecged and generated‘rgsponses to one
of two provided evaluation categories. Although trichotomous
evaluation keys were shown inappropriate for use at tﬁe grade six
level (see p. 56) their use.with oldef children would make possible
ﬁore subtle response evaluations. These modifications, in turn,
might serve to accentuate any differences existing iﬁ evalua£ion
abiiities of Reflectives and Impulsivés. |

6. Results of this investigation indicate that abilities in | )
selecting, and generating objects, events and hypétheses, depend in
large part, upon the particular content aréa and presentation mode
employed. Assessment of abilities in similar selection and generation
skills, using different science content doﬁains and different
presentation modalities, would provide further‘information concerning

the extent to which these factors influence ability in these skills.
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APPENDIX A

DATA SHEE'I" FOR THE OBJECT SELECTION TASK AND ASSOCIATED
EVALUATION OF SELECTED OBJECTS TASK
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NAME

The following statements are
about OBJECTS seen in the film
and about UBJECTS not seen in
the film. Some statements are
completely TRUE in every way.
Others are not TRUE in évery
way. Mark off as I read ONLY
those statements that are true

in every way.

On the left below some of the
objects you marked as present
played important parts in making
the blade bend upwards. Others
didenot. Below we have two
columns labelled NO EFFECT and
SOME EFFECT. For each object you
marked PRESENT decide whether it
had NO EFFECT or SOME EFTECT in
making the blade bend upwards.
Put a mark in each correct space.

Do not change answers on the left.

HERE 1

NO EFFECT SOME. EFFECT

1 Shadow of the man

2 Piece of tubing

3 Knife handle made of
two halves—one half
fixed to one side of
the blade, the other
fixed to the other
side.

4 White coloured flame

S -Man with a moustache

6 Red shiny cloth
" folded over once

7 Shiny knife blade

8 When in an upright .
position the height
of the knife blade
was’ less than the
height of the liquid

" in the container

[

v

‘DATA SHEET FOR THE.OQOBJECT SELECTION TASK AND ASSOCIATED
EVALUATION OrF SELECTED OBJECTS TASK '
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APPENDIX B -

DATA SHEET FOR THE EVENT SELECTION TASK AND ASSOCIATED
EVALUATION OF SELECTED EVENTS TASK
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NAME

The following statements are
about EVENTS seen in the film
and about EVENTS not seen in
the film. Some statements are
COMPLETELY true in every way.
Others are not true in every

. way. Mark off as I read ONLY

those statements that are true -

in every way.

For each event you marked down as
present decide whether it had NO
EFFECT or SOME EFFECT in making

the blade bend upwards. Put your

marks in the correct spaces.

MARK -
HERE §

NO EFFECT SOME EFFECT

1 The blade was heated
on 3 separate times

.2, The blade was wiped
on 2 separate times

-3 When removed from the
liquid the blade
continued to
straighten a little

4 Only one side of the
blade was ever
heated

5 The blade straightened
out on 2 separate
times only

6 The man always used
his right hand to
lift the knife -

7 The man always held
the cloth using his
left hand

8 On one occasion the
man turned over the
knife blade

I

DATA SHEET FOR THE EVENT SELECTION TASK AND ASSOCIATED
EVALUATION OF SELECTED EVENTS TASK

196
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APPENDIX C
DATA SHEETS FOR THE THREE‘HYPOTHESIS SELECTION SUBTASKS

AND ASSOCIATED EVALUATION OF SELECTED
HYPOTHESES SUBTASK
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NAME
In the film the straight knife

blade bent downwards. _ Read

carefully each of the statements
below and mark each one that you
think gives a REASON why the
blade bent down. Each REASON
should tell us ONE OR MORE OF
THE THINGS that probably were
happenihg to make the blade

bend downwards.

The blade bent downwards
probably because:

198

Each statement you marked on the left
below you thought gave a REASON why .
the blade hent downwards. For each
reason decide whether it gives an
A-type or a B-type REASON.
REASON tells us about only ONE of

the things that probably was happening .
to make the blade bend. A B-type
REASON tells us at least two things_

An A-type

that were probably happening to make
the blade bend.
you marked present on the left

For each statement

decide whether it is an A-type r
B-type REASON.

HERE'}

A-type REASON B-type REASON

1 When the blade was
heated the top side
increased in length
more than the
bottom side 4

2 The handle of the
blade was made of
material different
from that of the
blade itself .

3 The blade melted a
little

4 Heat softened the
blade and then
gravity pulled the
blade down

5 When heated one side
of the blade shortened
in length more than
the other side

6 One of the sides of
the blade shortened
in length more than-:
the other side

DATA SHEET FOR THE HYPOTHESIS SELECTION SUBTASK 1 AND
ASSOCIATED EVALUATION OF SELECTED

HYPOTHESES

SUBTASK 1



NAME

In the film the knife blade bent
upwards. Read the following
statements carefully aﬁd mark
off any statement that you
think gives a REASON why the
blade bent upwards. Each reason
should tell us about at least
ONE of the things that was

- probably happening to make the

blade bend upwards..

The blade bent upwards

probably because:

199

Each statement to the 'left yoﬁ
thought gave a REASON why the blade
bent upwards. For. each statement
you marked decide whether it is an
A-type REASON or a B-type REASON.

An A-type REASON tells us about only
ONE of the things that probably was.
happening while a B-type REASON tells
us at least two things that were

probably happening to make the blade

bend upwards.

3

HERE |

A-type REASON B-type REASON

1l Only the bottom side
of the blade was
heated

2 Heat softened the
blade

3 The blade was very
long '

.4 Just before it bent
-upwards the blade
had been turned over

5 The bottom side of
the knife increased
in length more than .
‘the top side

-6 When heated. both
sides of the blade
changed in length
by the. same amount -

: - i . .- ‘\\ R
DATA SHEET FOR THE HYPOTHESIS SELECTION SUBTASK 2 AND
ASSOCIATED EVALUATION OF SELECTED_
) HYPOTHESES SUBTASK 2 ‘



NAME

Soon after bending downwards the
blade straightenéd out. After
bending.upwards the blade also
straightened out. Mark off

any statements below that you
think give a REASON why the
blade probably straightened

out.

3

The blade straightenéd*out

o

200

Eacb statement you marked to the
left you thoﬁght gave a REASON
why the blade straightenedlout.
For each reason you had marked
of decide whether it is an A-type

reason or a B-type reason.

p;obably because: MARK
HERE

A-type REASON B-type REASON

1 The blade weakened
and then gravity
pulled the blade
straight

2 The length of the k
-blade remained the
same

3 The cool 1iquid'kept
the length of the
blade the same

4 One side of the
blade shortened
in length more than
the other side

DATA SHEET FOR THE HYPOTHESIS SELECTION SUBTASK 3 AND -
ASSOCIATED EVALUATION OF SELECTED
HYPOTHESES SUBTASK 3
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DATA SHEET FOR THE QBJéC? GENERATION TASK AND ASSOCIATED
EVALUATION OF GENERATED OBJECTS TASK
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NAME

In the sp;ce below write down every
OBJECT no matter how small that you
remember seeing in the film. An
object is something that you can
remember seeing in the film. A

good object is KNIFE HANDLE because
this is an object that we saw in the
film. If we wrote down THE MAN

HELD THE KNIFE HANDLE it is true
that the man did hold the handle

but that statement would be an EVENT
or something that happehed and is
not an object. Write down only
| OBJECTS.

wrltten in for you.

One obJect has been
Use a new line

fqr each object that you think of.

parts.

202

Some of the objects you wrote
down on the left played an
important part in making the
blade bend upwards. Other
objects did not play importan;
Down below there are'
two columns labelled NO EFFECT
or SOME EFFECT in making the
blade bend upwards. KNIFE
HANDLE had no effect in making
the blade bend up so we put a
mark in the NO EFFECT space.
Puf a mark in the correct space
for each object. Do not change

answers on the left.

NO EFFECT SOME EFFECT

KNIFE HANDLE °

X

1

2

DATA SHEET FOR THE OBJECT GENERATION TASK AND ASSOCIATED
EVALUATION OF GENERATED OBJECTS TASK
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NAME
In th:\bpaces below write down all For each event you wrote down on
the different EVENTS that you can the left decide whether it had
remember seeing in the film. An NO EFFECT or SOME FFFECT in
event is something you saw 2 making the blade bend upwards.
happening. A good event would be THE MAN HELD THE KNIFE HANDLE .
THE MAN HELD THE KNIFE HANDLE had no effect in making the blade~\\\\\\
because this was an event that bend so we put a mark in the NO ,

: ¢
happened in the film. If we EFFECT column. Put a mark in
wrote down KNIFE HANDLE this is the correct spaces for each
an OBJECT and 1s NOT an EVENT. event. DO NOT change answers
Write down only events. One on the left. ’
event has already been written in
for you. Use a new line for each
event you think of.

NO EFFECT . SOME EFFECT
"HE MAN HELD THE KNIFE HANDLE X
2 Y
3
4 . < 4
5
6 : Yl
7
(
5 ,
\\ N—

9 \ {

DATA SHEET FOR THE EVENT GENERATION TASK AND ASSOCIATED
EVALUATION OF GENERATED EVENTS TASK
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DATA SHEETS ‘FOR THE THREE HYPOTHESIS GENERATION SUBTASKS
AND ASSOCIATED EVALUATION OF GENERATED
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NAME

In this part of the film the straight

knife blade bent downwards. In the
spaces below write down as many
different REASONS that you can think
of that might explain why the blade
bent downwardé, Each reason should
tell us about AT LEAST ONE of the
things that was probably happening
to make the blade bend downwards.

One reason has been written in for

you.

The knife blade bent downwards

probably because:

206

Each reason you gave on the left
as to why the blade bent down-
wards may be either an A-type
REASON or a B-type REASON. An
A-type REASON tells us only
about ONE of the things ﬁhat
probably was happr 1g to make
the blade bend down. A B-type
REASON teils us at least TWO
things that were probably '
happening to make the blade bend
down. THE BLADE WAS HEATED only
tells us about ONE thing that
happened so we put a mark ir the
A-type REASON space. For each
reason you gave put a mark in

the correct space.

A-type REASON B-type REASON

'THE BLADE WAS HEATED

X

P J

1

2 .

DATA SHEET FOR THE HYPOTHESIS GENERATION SUBTASK 1 AND
- ASSOCIATED EVALUATION OF GENERATED
HYPOTHESES SUBTASK 1




NAME
In this part of the film the knife

blade bent upwards. In the spaces
'below write down as many diffgrent
reasons as you can think of, that
might explain why the blade bent
upwards. AEach REASON should tell
us about at least ONE of the things
that probably was happening to make
the blade bend upwards. One reason

has been written in for you.

The knife blade bent upwards
probabiy.because: ‘

207

For each REASON you gave as to
why the blade bent upwards ‘@
decide whether it is an A-type
REASON or a B-type REAébN.
Remember an A-type REASON tells
us only one of the things that
was probably happening, whefeag

a B-type REASON tells us TWO

or more things that were probably '
happening to make the blade

bend upwards. Put a mark in

the correct spaces for each

reason.

A-type REASON | B-type REASON

THE BLADE WAS HEATED

X

1

2

»

DATA SHEET FOR THE HYPOTHESIS GENERATION -SUBTASK 2 AND
ASSOCIATED EVALUATION OF GENERATED
HYPOTHESES SUBTASK 2




NAME

Soon after bending downwards the

knife blade straiéhtened out.
Soon after bending upwards the
blade also straightened out. °
In the spaces below write down
as many REASONS as you can think
of that might explain .why the
blade straightened out. Each
REASON should tell us about at
least ONE of the things that
probably happened to make the
blade straighteh out. .

The blade straightened out

probably because:

208

Fo; each reason you gave as to
why the blade straightened out
decide whether it is an A-type
REASON or a B-type REASON. -Put

a mark in the correct space.

A—type‘REASON B-type REASON

“

DATR SHEET FOR THE HYPOTHESIS GENERATION SUBTASK 3 AND
ASSOCIATED EVALUATION OF GENERATED

® -

HYPOTHESES SUBTASK 3
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ITEM DIFFICULTY INDEX (p) VALUES AND ITEM DISCRIMINATION
INDEX (D) VALUES ON GUIDED-DISCOVERY TASKS
AND .GUIDED-DISCOVERY EVALUATION
TASKS (FIMAL EDITION)
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P AND D VALUES ON GUIDED-DISCQVERY TASKS (FINAL EDITION)

Guided-Discovery’ Task - Item p value D value
Selection of Objects 1 .41 .57
2 .48 .58
3 .61 .69
4 .59 - .79
g 5 .52 .59
6 .62 .73
7 .60 .65
8 .62 .66
Selection of Events 1 .83 .92
‘ : ' 2 .81 .82
3 .51 .61
4 .57 .63
S .81 s -96
6 .70 .91
7 .70 = .77
B .64 .62
Selection’ of Hypotheses (1) 1 .37 . .68
' 2 .28 .74
. 3 .54 .70
. 4 .59 .73
: 5 .67 .77
6 .76 .79
Selection of Hypotheses (2) 1 46 . .57
‘ 2 .20 .66
3 .60 o .73
4 .30 ‘ .86
5 .31 .72
6 .51 .77
Selection of Hypotheses (3) . -1 .39 .82
' -7 o 2 .51 .83
3 .25 .88
4 .28 .96
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" p AND- D VALUES ON GUIDED~DISCOVERY EVALUATION TASKS
. (FINAL EDITION)

Guided-Discovery Evaluation Task ~ . Item p value D value

Evaluation of Selected Objects 1 .42 .60
‘ ' 2 . .25 .73

‘ 3 .46 ¢ .65

4 .49 .72

5 .46 .77

6 .44 .65

7 .40 .59

Evaluation of Selected Events 1 .55 Y L5
’ 2 .62 - .85

3 .65 .85

4 .64 : .90

5 .36 .61

Evaluation of Selected Hypotheses 1l .46 .81
: 2 .41 .61
3 .49 . .60

4 .36 .88

S .25 .82

6 .37 ‘ .63

7 .29 .64
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(1/2 of Natural Size)
On the sheet you see little pictures just like the4largé drawing I
have here on the-board; Each picture is exactly the same as another.
In eaéh picture you‘can‘seé a ball at the top and a_ba11 at the
bottom. In a minute I wan£ you to.éraw in as many routes as you can
. think of; for gettiné.the ball ffom.thé top position here to the
bottom‘position pere.‘ Remember &ou can only move the béll one channel
to the right or 1eft‘at any of the §éps, or three channels to the
right‘or left at any of the gaps. If you ﬁake a mistake just put a
'ﬁark through the picfure‘and go on'to the next picture. Are thére

any~§uestions?‘ You may begin.

‘DATA SHEET FOR THE PEARSON HYPOTHESIS FORMULATION TEST
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DATA SHEET FOR THE PEARSON HYPOTHESIS
SELECTION TEST
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On’the sheet you can see lots of little pictures showing a ball at the :

top and a ball at the bottom This time in each picture routes have
been drawn in, for getting the ball from the top posxtlon to the
.bottom position.. Some of the routes drawn in are CORRECT—they get.
the. ball from top to bottom moving only one channel to the rlght or
.- to the left at 'a gap, .or three channels to the right or left Other
‘routes are INCORRECT——they don't, get/the ball correctly from top to
bottom. Sometlmes they move the ball two or four channels to the
right'o: left at a gap.' Put a mark agalnst each picture you thlnk
gives a-co:rect wanyor gettinc the.heil Eré@ top to bottom. Are
’ there anf qﬁéktions? §Ybu mafhbeginﬂf . | o

' DATA SHEET. FOR THE PEARSON HYPOTEESIS SELECTION TEST
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DATA SHEET FOR THE PRACTICE QUESTION-ASKING TEST
PERTAINING TO THE FIIM-LOOP 'BOILING COFFEE'
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NAME
In the film, we saw that soon after the coéfee boiled, thg man drank.
the coffee. Maybe ybu are not sure.how anyone can driﬁk coffee so
easily after it has boiled. To understand better th the.man was able
to do this so easily, you probably need to find out more about some
of the thingé you saw happening in the film. You can do this by
writing questions to me about qnything you saw in the film. There is -
just one important thing you must remember whén you write each.
"questién. I must be able to answer each questjon with either a YES
or a NO. Here are some examples of goodéquestions that I can answer
with a YES or a NO: | [
'Had the coffee really boiled?"
'Did the man really drink the coffee?'
' These questions are good -because I can answer them with a YES or a
NO. Here is an example of a poor question because I cannot answer it
with a YES or a NO: ‘n

'What was the thing placed over the coffee?'
In the space below write down as ?any YES-NO questions as you wish .
about anything in the film that might help you understahd how the man
was able to drink the coffee after it had just boiled. ’

DATA SHEET FOR THE PBACTICE QUESTION-ASKING TEST
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DATA SHEET FOR THE MAIN QUESTION-ASKING TEST
. PERTAINING TO THE FILM-LOOP 'THE KNIFE'
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- NAME

. ¢

In the second part of the film the knife blade bent upwards. Maybe

you are not quite sure why. this happened. To understand better why
the blade bent upwards you maybe need to find out mor: about some of
the things you saw happening in the film. You can &2 this by writing

YES-NO yuestions to me about anything you saw in the film. Make sure

I can answer each of your questions with a YES or a NO. Two examples

of YES-NO questions have already been written in.

WAS THE KNIFE BLADE MADE OF STEEL?

WOULD THE BLADE HAVE BENT IF NO HEAT HAD BEEN USED?

1 . -

2

DATA SHEET FOR THE MAIN QUESTION-ASKING TEST

\
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.EXAMPLES .OF SUCHMAN QUESTION-TYPES PERTAINING
TO THE FILM-LOOP 'THE KNIFE'
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EXAMPLES' OF SUCHMAN QUESTION~TYPES PERTAINING
TO THE FILM-LOOP 'THE KNIFE'

Categorical verification: nominal: ‘'Was that blade a knife?' .

Categorical verification: normative: 'Was that an ordinary knife?'

Analytical verification: condition-descriptive: ‘'Was the blade hot

when it was bent?'

Analytical verification: condition-comparative: 'Was the blade

longer after it was heated than before?'®

Analytical verification: structural-component: ‘'Was the blade half
one metal and half another?'

Analytical verification: properties check: 'Can the burner melt irQn?'

"Abstract-conceptual: diffuse:” 'Did‘the liquid have.anything to do

\ with the blade bending?'
!Abstract-conceptual: directed: 'Did the liguid reduce the temperature
\ of the blade?'

J : . .
ﬁConcrete-inferential: elimination: 'If the liquid was not used at all

k“”‘\\\\iifii the blade still straighten out?’

P

Concrete-inferential: substitution: 'If the blade was held at an

angle in the liquid instead of in an upright position, would

.

the blade still straighten out?'

.

Concrete-inferential: addition: 'If you put oil on the blade would it

‘

:

still bend upwards?' "

Concrete-conceptual: 'Was it necessary to wipe the blade in order to

make it bend uypwards?'
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