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acquistion of scienceuprocesses and on student preferonce for learning
style, The study also investigated possible interactions of cortain

personmlity traits (Extraversion, Neuroticism, Dcpendency) and soeio—:'.
-economic status with the treatnents., ' <ﬁ£J

%,

Two sets of activities taken frOm the Elementary Sciéﬁi#ﬂ o

" Curriculunm Study (ESCS) course were arranged in a structured and an

unstructured leazning style and used An the study., The essentia.l v" a

difference between these two styles involved the degree of teacherr
v .

control and directibn. i -|'

Four grade slx classes were selected for the. main paﬂt of the
study.' This selectlon was done on the basis of no previous exposure to
a process science: course and a suitable range of socioeconomic_status
score§; All classes experienced both Iearning styles and were-engaged ‘

in both sets of activities during the two week period of the experiment,

Personality and socioeconomic status Here/&ssessed by means of

-‘:g..

. standard instruments. Student achievement of science processes and

»prefer 1ce for learning style were determined by investigator constructed

]
’inst e}ts. Y T

\ . . . . - -y

A The achlevenent scores were analyzed by multiple linear

, this conclusion. An interaction of class and treatments for both

regression controlling fér. the effect of I Q. and pretest scores.

The preference scoros were treated by chi—square analysis.x

[ 284 ,

The results indicated a preference for and superior achievementh

0ot N o

.in thc structured Sbyle¢ Houever, ¢aution must~be expressed in draning ,

N .
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.o . B . . R - e

. B N . . - . AR

The\study investigated the effects of tno learning styles on the. e
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oo . achlevenent and preference occurred,-with one class produciifg superior
S B o i o T
S achlevement in and preférencé for the wnstructured mode, It is
. . . . " '_., ) ‘ ‘:." . . .
N suggested that this interaction involved a pumber of factors, some of . .
. . ! ( . ., N N “ . B . .
L ~+ which’'were not investigated in this study. Th» rgsults indicated a
- ' - significant interaction of ncuroticism and treatment,with_respcét to
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" 1. BACKGROUND OF THE STUDY _ o
In recent years many- elenen‘tary science pron'rams have been

deeeloped thch emphasize the pfocesses of science. The .»fundamental

a

assumption und.erlying:r> these courses is that science is 'much more than

~

Q

: aLmere collection of facts which must be pro,duced when cailcd upon,

Proponents of the process approu\ch naintain that young children muf.t be .

1ntroduced to the ba.S.LC skills and competencies of the scientific

discipliné‘s if assimilation of sclentific inforn:a.tion is to be pogsible.

The Comnission On Science Education of the American Association sfor the
- -

Advancenent of Science (196?) «defines- these basic skills asi

(1) obvserving. (2) coxnmunicatinrr (3) predici.tng (4 meﬁﬁlng (5) inferring

. (6) using space-tioe (?) using nathematical relations and (8) classifylng. .

More advanced skills include: \C«’-) controll:lng variables (2) exp’*rinenting
~ (3) formulating hypothcscs (&) interpreting data (5) fo‘rmulatln-g models -
and (6’) defining operationally.- The expectation is that these skills ‘

will be transferable to many disc:.plines and indeed to Jrany aspcct., of
)

the student & lifos

A science teacher nay assume a roleé in vhich he is an expositor
a 4 ) 9 i - ’ Rk N

of ‘knowledge. The student's responsibility in the la.bora.tory 1ies in*

-

> foll owing of the instructlons glven by the tflza,cher f At the othcr extreme,.

. the responsibllﬂy is on the, student and the teachex asfu:.ieo the role of

K

a guide to learning. - The dcve10pment of thc abovc sklll £R co:npctencies

-
N .
. ]



[

rcquires the students to bz activcly involved wi’ch manipulative na.terials._

In programs emphn.,izinb process scicnr‘e, children are provided with

. suitable materiale and with teacher guid.ance ‘the b:xsic science concepts and

¥

‘ —

'proce.,s skills are -develoved, The complexity of some of these proceso sl'ille

‘would nuggcst thzt sube‘tantia.l teacher direction ds necdnd However, 1f

-

\ . . Ny .
one postulates a paralleL between the historical evelopment bf Gcionﬂfic ‘proc-- |

esses  and the psychological growth of the child it is suggeeted that .

7

these skills might dcvelop na.turally if-the child is provided with the L

appropria.te experiences.. The claim is that knowledge is more va.luable

'_-if it is discovered by the learner rather than when 1t is expogited by '»

the teacher, Onc can, however, argue that involvenent in scientific

L Y
1nve1tigations,- often 1abelled 'discovery night be a- natural‘ way - o? /

. leaxrning proc ess science. If process learning is-more effeciive 1n a

o

learning onvironm-)nt involvinr little ‘tcacher direction, discovery L.

lea.rning and process learning may- be consideréd equilval nt, There is

thus a need to deternine the degree of guida.nce oxr direction which will

make 'the mixinum acquistion of- these -skills possible, producing a. ‘.; ‘ NS

learning environnent which prcvents student frustration and crmtes
. [ .

excitement in the lea.rning process. - ‘ ' Lo o
. . 2 . .. . . *

. : » )
- " . ., . ) .
. . ' - oo - . * : - '
’ . M . .
. ' P N ’ S
vo. ., « . - . ,
. « . E— . -
L . N

1. THE PROBLEM e e

-
e

_ At present & process oriented scionce course The Flenentaxy

-Science Curriculgm Study, Grades 1- 6, inttiated by Dr. R.K. Crochr

@

in 19?0 existb in sone of the ,.;chools in the prov:mce of Newfoundland.

’ ¥ A,
This course 1s-taught,_by various a.pproach&s depend_enjt tq Sgme extent o‘ﬂ"\ i
' —_— ) ..‘. 'n . ) ¢ ] ' ’ N\S ' ‘:. l . PR \

Fo‘v .. 'rl‘* g

N
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‘manipulate the apparatus in‘ order to he-lp‘achileve' his 'ObJective.

‘student's attention pn crugial aspects of the activity. The' post-

. reor:l.ented ‘the student's discussion, - ' !

-digressions were accepted as an integral part“ of the activity.

e : B o \._ 8

.the individual teacher. This study used ‘Sone modified activ1ties taken

“ PV s . N

. from this course in an. attempt to determine which’ 1earning approach
‘ (strubﬁired ot unstructured) vas preferrgd by students and which L

_ approach 1s more -effective in thc acquisitipn of scientific processes.

In addition, the study investigated p0s.,ib1e intcra.ctions bctweem certain

- o ,:@ : Y

. persOnality variablos (extraversi-on, ncuroticisn, and . dependency) and

socioeconomic status with the treatments to afgect achievchent in and

[ N

. preference for a structured orran unstructured approach.

.7

# . . N v

Definitions - " _ B .

. Structured Approach }({this approach the student was given detailed h/ -

instructionu as to_how td approach the problem, and how he ‘Should

Questipns were posed as the’ activity progressed 50 as 'to i‘ocus the

activity d.iscuss,ion was centered arox.{nd the sp°cified questidhs, and

' where the student's questions diverg.:i from those specifiecl, the teacher

‘ + ) o 1.

. ) o

Unstructured Approach In this approach the stud.ent was presented, with
v

the purpose of the activity and the necessary appqratus. However, he

b

was not given the method or means of achieving the purposc, nbr &fas he .

gi.ven instructiohs on how to maniﬂulate the apparatus. The post-activity

discussion Has &complctely determined by the stﬁxd-,nt questions, and any

"r]-\ ’ N

‘.

Scientific Processes . A. series of activitief' or. operations perfor;ned by '

the" scwntist in his a.ttenpt to undcrstand ,nature. (Welch 1966)

Crocker (1972) gives thcr“following descriptions of . the

» =7
N |
1

,‘;v ’

Q: ‘;
K .y
L3
. 6 1
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" scientific proéesses welevant to this study, C 1.

&

; 1.'guantifvin5. Comparison of obj ets or events and with §>

v

e

—-;’isféed upén standards, ‘Involves use of nunbers, neasurement,‘and use of

-

N

1

spa&igl relationships. f:

e

2. Inferring, Theyprocess of draning conclusions based only

1nq%rect1y on observation: the interprotation of obsorvations, -

3

3. Controlling variables., The process of deciding what

~

variables night influence the outcome of a pafticular experinent and of
holding all variables constant except thoso the inveotigator es to:-‘
manipulaﬂe. The reproducibility of experimental results ﬁepends on the
ability to control the proper variabdles, | - t

- 4. Interpreting data, . The technique of getting the most out of

© data Hithout overgenegaliéing and without loss of information inherent

in. the data.. Debices"suchﬁas graphs,,tablesr/ﬁips, etc., which are

useful, inACOnnunication'are also méans:of intcrpreting data,

establishing condltions leading to particular observations. ‘Experimenting

“e
gencrally inv01ves a combination of several other processes.

. Hypotheses \\\;:w' ;336% . L

The main purpose of the 'udy was to explore the effect of

structured and uwnstructured treatnentron tudent achievcnent of science
processes and to investigatc the qdestion of which.trcatmcnt was prefcrred

by the students.~ Consequently the tiwro naJor hypotheses df\this study

) N yo. . LN

ﬂere.

. . . Y . ‘ . .
Hypothesis 1—A. There is no significant diffcrence betueen students, -

’ exposed to a structur@d or an unstructured learning environmcnt in the

_,,‘l ' . . -

- . . M
x B . f - A . ) -t
» - Iﬁ N ~ .
. - ‘
. . .. Vo X

B

iy . T
5. _porirﬂntinr.- The attempt to produce results by deliberately

b,

-\"A_': o
o M/
= l’r%

S
O



v

4,

attainment of specific science processes.

Hypothesie 1-B.. There is no significant difference in student

r,

preference £0r a structured or an unstructured 1earning environment

o

A review of the literature (Seo Chapter II),shows.that students''
. ¢ , . ot ’ '. i ' '
achievenentfin and preference for 1earning'style is influence to some, ~
v -
degree by personi&itg factors and sociocconomic status. Therefore, it

% ,z Lt

 seems reasonable to,expect that an intoraction of personality and

l‘)
socioeconomic status’ with the treatnent might exist. Therefore, four

N .
A ¥

secondary hypotheses were fornulated They werey -

Hypothesis 2-A. There is‘no significant interaction between the treatments

and (1) Extraversion (2) Neuroticism (3) Dependency. when achievement is

[}

used as a dependent variable,. *

‘Hypothesis 2-B,” There is no significant effcct on preference for

o

learning style dus to the interaction qf.treatments and,Kl) Extraversion

L

(2) Neuroticism (3) Dgpendency. .

3

_yppthesis 3-A,  There 1is no Jignificant interaction between the treatments

" and socioecog"ic status when achievement is used as a dependent variable,

L’

ﬁypothesis 3—B. There 1is no significant effect on preference for a learning

v
.

style due to the interaction_of‘treatments and socioeconomic status,

<,

. \ C . .
Limitations of the Study ] 3

- course and by three science educators. Reliability tests for each

- o -

1. The study vas’ restricted to {two intact grade six classes in ‘each
of two elementary schools from two different connunities. Generalizations
had to be-based on assumed sinilarities between sample and population.-

2. The prOcess achievement instruments vare constructed E&'the

investigators, Validation was done. by .three teachers teaching the ESCS':

&

v » R
\ . ) ) : | ) o



activities related to the achlevement instrument.

. extensive.

achievement instrument were restricted to one class which had engaged in,

a '

2

« .. -3. The study vas conducted 9§cr'e’two week perlod. Such a
- _

_period may not be long cnough to.produce any measureable effcct, ' The

results might, therefore, have been different if the study were more -

‘ ; , g S - i o
'/;//)h\-, 4. The experlnental aspect of .the study was cdhfined to two ;7
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' teaching have.broadened to include the development of certain basfc

of the Process approach to learning scien

_ eleﬁentery schools having grade six classes ‘which did not have exPosure

to process science’ in that grade nor in any of the previous grades.

The dJSelopnent of process competence is-dependent to some extent on

) 4 hierarchy of skills. Thepe students 1acked exposure to some of the )
basic skills which would nornally be develo?ed on the lower grades,

'The results, therefore, may have been different if these students had

been exposed to sone of the more basic skills before attempting to

“

acquire the more complex processes,
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C . II1, SIGNIFICANCE OF THE STUDX'
| =

. The prescnt enphasis on process oriented science dictatos the

need to determine the most favorable environment conduclve to tha

>

acquisition of these conpetencies or skills, The obJectives of. science

_8kills that are used by scientists in thei:é;tudy‘of nature, Proponents

suggest'thdt the acquisition
! -
of these skills should take place in an enVironnent in which students are

allowed to manipulate matorials "and 'discover’ cientific truths fox then=-

selves, 1f we wieh the studont to 'discover’ nature in the way .of the o

°

- : -
. .
) ' ’ / . e
.
B
, )

§

o 6



“"the scientist, should he be giVen frcedon to achieve his jgoals in the'nay

he desires, or does a youn@ student need substantial direction from the

'2¢eacher? Aréuments are often given to-support both views, The most

suitable envirohment for maximum acqpisition of process skills may be '
dependent upontcertain characteristics of students., Do students witn

‘a particulax personality trait or from a particular social class develop
science prorcsses nore efficiently given a large nmount of freedom or

restricted freedom° Do these students prefer a learning style where mich

‘guidance is given or a one in which they are allowed to pursue thJ 2

goals in~thcir own way? The study reported here. combinzd with another

study involving the variablcs of creativity and sox, attempted to deterninel

“the most favorable environment for every student to attain these skills,

v A review of the- literature revealed very few studies uhich

. atienpted to relate learning style to the learning of seience'or

'_attenpted to determine the infBraction of personality and learning style

(see Chapter I11). In such cases the learning styles and personality

variables vere different from those investigated here, No attenpt has

- been rade to relate learning style and socioeconomic status. In particular,

" these deficiencégsf

» ’ “
no studies are reported&which attenpted variatiOns in the stylo of .

learninv science processes. The present study attempted to fill some of 4 é:}
| . 8
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CHAPTER IT x
. .- . REVIEW OF RELATED LITERATURE
{ ~
. o B ' % . .
I. STUDEINT ACHIEVEMENT AS -A FUNCTION OF A STRUCTURED S
. - .OR AN.UNSTRUCTURED LEARNING STYLE

In gurveying the literature related tq learning sliyle the
: inQestiédior found man& terns which parallel those us ed in this study.’f
Such- ter\ms as’ self-directed as opposed fo teachex;-directed. non~
directed as oppooed to dirccte¢, permissive’as oppoSed to directive and
. Indirect ag_oppésed to direct; identify learﬁiﬁg approaches which are -
somevhat éipilar to unstructu;ed énd.structured approaches as definéd in
thils stqdy. _ | | -
Kline (197i) condugtcd a s@@dy to asceitainfﬁhether or not:
the bpep-endéd'ESCﬁrlébordtor&‘bibék on soils could be learned as;'?
;éfectivély by self—dirégted studepts as b} teacher-airectédfétudents, ot
and to deternine studegts' at£itudés'and interest toward learning scienég'
' thrtough a labora%ory-ﬁloék discovery ap;roach. The'ployk cogélsted of .
-five open-cnded labqratoiy investigﬁ{ions syructured so as to lead ﬁhe\'
student’to‘a probleﬁ by providiﬁg a variety of.experienceé while
leaving the decisions for the solution of the problem in the hands of* tbe
‘ student. The sample consisted of 97 Junior—hlgh school students, ali of%
: _whom were enrolled in - the Earth Scilence course aad vere uoing the text

A

Investigating The Earth from the Earth Sclence Curriculum Project. On

' the first day of the study, all of .the students recelved an introduction

°

to the blobk, strﬁ%sing the xelationship of the prck to the ESCP

1
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‘lpossible approachcs to_ problems introduced in«the hlock Were discussed. 6

. instructor after the introduction to the block on the first day. The .

5 » i "“‘ '

- “materials on soils. t this point the sludents were rendomly divided

into experimental and control groups. The control group ﬁ&s\teachor- .
( e

-'dircct“d in that each concept was introduced by the teachexr and Lo
Vs .o

S

Thereafter, students went into the laboratory to inplement the approach
¥
which they had chosen as- the nost nppropriate way of solving the problem..

--./ *.‘
The. experimental group receivcd no fornal instruction fron the -

students yvere entirely self-directed. At the completion of the ~‘-,

each student WaAS given a post 1abora€e§y tesp and on the £6llowing day

each student was asked to complete a tdn item QUestionnaire, which

\ ! N
reflected the student s attitudes and interests in learning science
‘ ¥ .

through the use of the bpen-ended,,self diyected discovery approach in

contrast to the more conventional teacher~directed methods often us ed
. a
in teachinv soience. Analysis of covariance of the post laboratory test
/
revealed no significant differences in thd aitainnents on the laboratory

AEN t'

' tests of self-directcd students as conpared with teacher-directed . .

{

. studonts. Analysis of variance employed on thc student questionnaire

indicated no significant differenoes in responses betucen those students

&w.

in the .experinental groups and_ thost in the control groups. e ﬁ?.' (
The above study has some sinilarities to the present study since

the learning styleshwere sorewhat similar and Kline was interested in J/
- T Pl . ‘ :
the students' attitude toward thése~learning nodes. Houéber, the

teachcr—directed group uas prcsented with various approaches from which

'_1t was - free to choose one,/unlike thn -structured approach here in

which only one nethod of solving the problem Was prcsented_to the student,
. & . / . )
Also, the study was not related to the attainmept of process skllls,

. ,.l" . N \
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In Bo.iney 5 study (1965). th’e/llearning styles were moro sinilar

'V

to those used in the present study. H’e attenpted to cvaluate the effect .

[‘

. on learning high school chemistry of  the kinds of 1aboratory approaches
\

offered by Chenical Bond Approach to chenistry and the Chemical

Educationzil Materials Study course, The CBA laboratory ranual does not

. tell the s't'ixdents the sequence of steps he nust go through ‘or the other "

»

procedura.l details to uhich he nust pay attention in order to arrive at
L a solution to the laboratory problen with which he is confronted, The
LI ' CHEH £ tudy manu:il directs the’ s;;udent‘ step by step througﬁ-’rathen ' “ .
‘ .;k' ' detailed experincnts. The students used. in this study were enrolled ‘in
\i - ' four classes of. chemistry. One, ,g.\ali‘ of each class was :randomly assigned . .
o e ' _ to the non-directed 1a'boré.tory gr,oup.v‘ When the instructor ‘Felt that " | ’
enO\.\gh background materia.l ho.d been discussed in a recitation—discussion
- session involving both grc;ups together, this g;roup went into the labora.tory
.‘ wi:th a problen to solve and no directions as to procedure other than : |
text ma.terial \and nd‘ces from the discussions. One half of ,each’ class uas‘
randomly assigned to the directed la.bora.tory g:roup:.l The~students.no'f L a,.~
— - this_ treat,menia group waited in _the classroon with text .assignnents to do .
: while the no‘r'l'-dix"ected groups conpleted thelr laboratory work. Upon*
entering the laboratory they ‘picked up lab,oratoi:y notebooks whi.cn-
. ' ] _outlined i detail what they were to do._ Sixteen eiperine'nts Were
performed during\:.thenschool tern, F‘ou:r tests Here adninis 1;eredJ to each
\ groupx The A.C,5. - N.S.T.A, High School Chemistry Test, The Cooperative -
Chemistry Test, a written 1aboratory exafh and a performance laboratory
" exam, A three way: an:xlysis of variance and covariance was used to

detez‘mine any differcnces.in groups. A d_ifference .,ignificant at 0, 05' R

levol was found on the performan_ce ‘tiaboratory test (pretest showed no

N
.

&



. as described in this study.

A

'answered., Co : - ' .

significent'difference) However, no significant treatment difference

was noted on any of the writteﬁ test, suggestinb that the 1earning of

principles and descriptive chemistry wWas not influcnced by the treatnentu :

a

In the report of these studies no evldnnce is giVen to suggest

that the effeet of the pretest was accounted for by covariance or other

procedures, a possible flaw in the analysis. - B | oD
' ! ro
The exact nature of the laboratory exans 1s not gi;en. The o

question of whethex these exans werc process oriented ‘has not been X

/ . .
* ' -

" The investigator reports that one group was eXposcd~to CHEM

, - , , -0
. . . ‘ )

"XI, THE PROCESS APPROACH TO LEARNING SCIENCE

a

To enhance a student s comprehension of how soientists work and .

scientific knowledge evolves 2 science curriculun rnust be provided in

.lehich selected concepis -and the associated processes of inguiry are

et
-

-
]

sponsored by the dnerican Associetion'for'thc'Advancement of Science,

inteérated (Nay et et al, 19?1).' Such is‘the'philosophf f the advocatesg///’/,/~f

of new science curricula emphisizing the processes or ski 1s of scicnce.

. !.

Sdc =n. K10pfer and Cooley wexe some of the firstuscience
l 3

educators to mpPe‘a serious effoxrt to develop Hithin their students

-the skillsqor competencies of science, A rajor attemot however, cane

k]

‘with the developmentiof the program Scicnce ~ A ‘Process Aoproach.

This orgznization dcvclopod a complotc kindexgatien through sixtho

N

Study and one group to CBA, Theso courscs diffor on so.nany dinonnions that

any rosults produced could not ba attributod to the labowatory approaches alonc,

€
i
.
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- -grade sclence pr%gram aimed at the development of_thezimncesses oﬁ?
B et . v .

. 1
" features of Sclence - A Process Approach, Sch%ab's theoxry on the

.structure of the disciplines, their own perceptions of the nature of -

L ) ’ -

science (Sce;Cha%ter‘I). The.psyohologicalfstructure 1s such that
the simple.skills are developed in'the lower grades with gradual
advancement»to the more complex skills. Content is deemphasized and

is not restructed to one scientific discipline, Severel disciplines

are used'in an attempt to develop skills nceded by the student in his

- pursuit to uhderstano nature, Although the classroom activities are

highly.structured, the problen of structure "has not been considered in;,
evaluation’ of the progran. }
f'-,, The success of this ‘progran led to the development of furthert
programs on the Canadian scene and more recently on the provincial scene,
Nay and associates initiated in 1965 a three-year sequence of |

science'conrscs, The Edmonton Juniox! High School Process Approach Science

0

Project, The framework for this project was an amalgamation of 8everal

A

-

science, and the realities'and tradition of sclence teaching, . This

project did not edopt”the piocess inventory of Science - A Process
Approach A thorough search of biographits, autobiographies, original
papers, observatiOns of scientists at work, discussions with scientists,

o
and books by scienpe historians and ph ophers led to An Inventory of o

Processes in Scientific Inquiry. Sope af the processes of this inventory

include (1) deve10ping a "mental model", (2) seeking further evidence,

(3) identifying new problems for investigation, and (4) applying the

. v b
discovered knowledge. . ‘ . .

S

1 .
Early in 1970, Crocker initiated The Elenentary Sclience
4 , 8 - .

Curriculun Stidy for use in grades 1-6 in Newfoundland schools.. This

"o : 12
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+ it comes to“proccssinﬂ the data, making appropriate generalizations from

T ' Vot oy T,
programn subscribes to the main obaectives and a sumptions of, the'nAAS

i LY

e

program. The experise of purchasing AAAS apparatus kits madc the

' introduotion of this program inpossibl@ in»fpe sc¢hools of Newfoundland.-i

Considering financial constraints, limited‘teacher education in scicnce

J :4 .L.

and certain pramiscs governing the basic approach to the development

"of. the program (Sce Crocker,_19?2)f:a cbmprehcnsive tcaching guide was

prepared and construction of apparatus kit° conmencod Developnent and

e

trials of thE>prognam have been: carried out over a three year period.
Gouldiﬁ\_( 1972) carried out an evaluation of this program in *

which he concluded that students -exposed to.a: process oriented science

' course do learn the scientificproces¢e~better than students who‘haVe'

' ,not taken such a course. Goulding also found that the” attitudes.of both

students and teachers toward this course were:mainly pO»ltiVe-
Goulding s study vas limited hOWeVer, 1n that Dnly two classes of grade

fiVe and tuo classes of grade six from one JEEool was_represcnted. The

_course.waS‘also-in its early stages of developmentt_

s ( , .

Process oriented courses require active involvement of students
with manipulative«materials. However..active involveme t is not
sufficicnt for learning the skills or competencies of Scicntists. *Nay and

associates. 1971, points out that students generally enjoy the "practical

work" involved in an investigation but suffer greal mental inertia when
Hor ' . :

then,; and integrating those generalizations into the existing conceptual
franework, The ovcrconing of this mental inertia lies partially'in the’

development of proper strategles for process learning, The prcsent study
attempts tno strategies referred to as structured and unstructuied o iT

';approachcs. . ' o

b
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III. STUDIES RELATET)& TO THE INTERACTIVE EFFECTS OF

. ° LEARNING STYLE AND STUDENT PERSONALITY - . .

"
) . - e

The ihvcstigetor was interested .In personality fnctors as they

intoract with the treatments to affect student achlevenent and preference.‘

' Several studies related to these effects are avallable,
wispe'(195i) attenpted to determine the relationship of

. pexformance on the final examination to "directive" and permiesive" -

'
4

teaching.styles. He also investigated the students' preference for the .

P

.}Hd teaching methods, ] _ . ' ‘ e
K ' .Elght sectione in an eiementary social sclience tourse vere
matched and differentially taught for one semester by eight graduate

teaching fellows who had.becn selected ‘and trained for their natural

]

aptitude in the respective teachi g styles. Four of the sections were
directive, highly-structured,: an subgect-maiter centered .Four'of the.

seetions vexre pernissive, unstrucrpredfand student-centered: Continuous

- interaction observations were nade from behind a one-widy screen by two

oboerverq usi?g an instrument designed to categorize 5pecific aspects of

section behavior, At the end of the scmester 'a Thenatic Apperception Test

type test, a sentence completion test; and a questionnaire viere administered !

‘to all the sections'sebaratcly. Three trained persons indepnndently scorcd

these for po itive, neutral, and negative attltudeg toaards college. sections..,

instructors, other students, and emotions in sections, "For one part of the,

H

study the objective~-final examination was used as the .dependent variable,

while'tho Scholastic Aptitude Test, which was one of the bases for -
sectioning. vas used as the independnnt variable. Results indicate ‘that the

diréctive scction" were preferred by most of the students. because they

\\
~.

S
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" _were clearly dcfincd, and for their prosuneé—value in. prcparing for /

. examinationj although the permissive sections were enjoyed more, The -

directi;;?and the pernissive groups showed no significant difference on

4

the- 0bject1ve~final when, taken as a whole, but when the two toaching

-

) methods/were analyzed for théir effects on tﬂwu"better students" and thé

poorer studcntg" it vwas dPnonstrated that the directive sections wore

o

more peneficial to the pooref students, - / ' o . e

| \
] Wispe does not givo a detailed description of the {reatments used,”

[l

RO
An his study. If these treatments parallel closely the stfuctured and - 'T&

uhstrucfured stylc defined in this study the rcsults probably g;ve some’ .

\-

1nsight into possiblo results in this study. ///' 7 ‘ ' .

Koenig and McKoachie (1965) hypothes{ged thut the highly independcnt
students Mould prefer learning. perform betﬁer, and be more 1nvolved in an
E ’ ‘ )

independent study situation than in a, mone dir ted, situation. Also they

hypothesi;ed that’studonts with high need for affiliation would prefér,

"perforn better, and be more involved 1n.sma11~group discussionfthan would

other students, finally, they hypoﬂpesized thai‘étudents hiéh n'achievement

L

would do well in indepenTent study. The experimental groups consisted of 124 .

»

students who were enrolled in a&single lbéture section of an elcncntary N
G
.psychology gpursc. The class was dlvided’and each student in one half
it 3o . L
of the class wrote a raper independently.ﬁghile students in the otfier

'half met in small groups. Later in the schester, the cxperimehtgi;

pfocedure was repeated with the groups xeversed so that cach stu@gﬁt
v . : : - R

;participated in both variations of teaching nethod, All students also

met in régular_lecture discusslon sectlons. Students were given the
followlng measures of personalitys The Californla Psychéiogical

Inventory, Stott's Inventory,.Everyrday Lifa (yielding 3 measufes of

¢

.'// - , , °
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o f%ﬁependent study and snall group discussioﬁs while’ middlc achievemen

-participatcd less in small groups than low ndpower women; whercas the ~

S

"2 personality trait of sociability (or social introversion-exﬂraversion).

- . - . . N . . K ;" 3-; B .
. - . . SR
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self-relianco) and finelly the Thematic Appﬂrception Test (meas ing

3

. need fqr aehievement). In additiOn, observers recorded the 1nteractlon '

in the small group discussions./ Measures of the. student preferences,

involvement and performanCE werc adninlstertd after each variation sﬁj

ARRY ' i e

. teaching and at the end of the semcster. Analysiu of the data refuted

the first two hypothesecs, Measures of . self—rcliance~or of affliation 2
. : » \ . N
were not related to satisfaction, performance, or in lvement in the K

-

eﬁperimental groups. However, high n-achievenent women preferred the T

:‘. .

(4

e !
{'éyf

obtained for men, Additional findings were that high n—power women :2

l ot

direction of the relationship Was reversed for nen, Sinilarly, the non-

authoritarian women. participated nore in thp small groups, while the "

non-authoritarian men were less likely to perticipate in the permissive -

discussions, e

A possible significant linitatidn of this study.yad in the
,instruments used1 Koenig and McKeachie report that the students.
'indicated' which method thay prmfcr*cd and how 1nvol:rd they vexe in that

portion of the course. The nature and reliabilitles of these 1nstruments

fhave not been reported. The porformance neasure was taPen as ‘the’

students perfornance in the small groups and’ on the'paper.

-7 ]

In Beach's study the personality variables were the same as_ two

N

' of those in the, present study although the legrniﬂg styles were qplte

.different. Beach attcnpted to relate acadenic acnievement in varying

learfiing situations in an advanced educational psychology course to the

~ N : - : -
s .
o -
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The ample consisfed of the,students in an advanced.cducation&l psychology

_cours eﬁét the University of ﬁichigan in the fall of 1956—57. Eollowing'
i , \ “
students nclq randomly dis%ributed into four experimental grpups on a
pnedeternined pxoportional basis.- These groupo were charactcrized by
- varylng degrees of student interaction and«siudent~teacher contTct: A
| (a lecturc section), B (an 1nteractive discussion é%?és), C (a group of
small instructorless groups of five.nembers each), and D (an independent

‘\ '

- study group) At the cnd of the semester, the. same achicvement te\g vas -
BN .

A.f :

\“\yéj\ minary testing onucourse achdevcnent and personality variables, the "

given, Achievenont in the course was measured in terms of gain in. scores -

N e .

on the_post test over the score earned on pretest The chi~square test

of signiflcane (one-tailed) was dpplied for each group,

In the lecture section a differencenin achievement was found in

K .
R N

; favor of the less sociable student, In the 1nstructorless groups a ,

51gnificant difference was found favoring the nore sociablo student.

‘Less sociable students in the Ihteractive discussion elass achieved bﬂtter

“than the sociable students, a result opposite to that predicted. Np
5:..
1g1fferences in achievenent vere found betveen the more or. less Sociable
7 5_, \_

. students under conditions ~of. completely independent study.. L

Amidon and Flander s study (1961) made use %ﬁ an attempt to

¢

‘measure dcpendence in students. The teacbing style dlffered, however,

-

_ fron the present study. “- : .\.." R ' ;' ~ 9'
! - @ ‘h . Ji:“ . < ;

Anidon and Flanders attempted to deterninn thc effects of direct

\
VS.- indirect tcachors behavior and of clear vs. Uncloar studcnt

percopiggi of 1earn1ng goal on the achieVement of eight grmee gconctry

:, students. The sample ‘consisted of 1&0 elght ‘grade depvndent prone pupil
R

v
from a 1argcr p0pulat10n of 560 students. A1l studcnts wexe randOmly
® . .- SR

r

/
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o essigned‘to one of thé'following.cx?erinontal'treatmcnts: direct teacher

%
9

" inf uence;with clear goals, direct teacher influence nhth unclear goals,

iin rect teachex tnfluence’ with unclear goals. A pretest of geonetry
ééhievement and a test of dependencs-pronencss (developed %} Atidon and
‘y %} . ‘ vt

Flanders, 1960) were ddministered. A;tapeerecording was played

~ ihtroducin" the basic c0n~epts of the lesson, In half of the groups the

immediate goals were madc clear and in half the goals were pade less -

« >

clear. In the direct treatnent a tcacher gave a 15-ninute-lecture, _

with a few questions exPlaining the material and 11lustrating problens w
that could be solved. In the indirxect treatncnts, a teachey conducted
a 15 minute discussion explaining the naterial and illustrating p}oblens
fJiTt that COuld be solved The centent coveragc was the same in the '
~egntra3ting treatnents. The, students then had about 15 minutos to'
\practice solving problens at their sdats by WOrkinv on a problen sheet
r )

Tﬁe posttest of achievenent was- administered The entire scquence lasted"

2 hours\ Stugents in the various classifications wexe then compared‘on
~

}he basi§ of pre and post achievement tests in geonntry. Ana}ysis showed

no. diffcrences between the clear goal and unclear goal treatments,

a

' indicating that in this study, at least, acnieVEment of depcndent—prOnc

e

.students Was, not affected by perception of the learning goal. An analysis -

of the diregt and indirect treatnents indicated that childron taughu by .
-";tbe indirect teacher learned rmore than did the children taught by the *.
E direct teacher, ‘ | ‘ o - 'r -'y

]l Amidon and Flunders did not investigate possihle interactions of .
student personality an& learning styles in this study. ~Honever, in a

prcvious.study'(1960)_they found that depsndent~-pronc students uorc;norc

sensitive to the directive aspects-of the teacher's bchavior, As the



LY

- teacher becomes more directive, this type of student finds increaned:

»satisraction in more connlfance. Such infornation would possibly

'Bugge%t that dependcnt-pronc students would favor the structured style- .'

in the present study. I ’
N - ’A possible dtawback of the study conducted by Amidon and

3

Flandere is the very 1imited tine, Such a limitation leads one to.

A}

question the'generalizability of the findings. - . . -;5,

A

Tuckman (1969) conducted 4 -study in which he examined studénts*

"~ satisfaction with their courses, preference for their teachers and
. J .
course grades ds a Joint function of the style of their teachers and their

1 14

-OWn personalities. Teaching style wav examined ueing the directive-

: nondirective‘dimenvion. Student pereonalities were classified as

either abstract—independent or concrete-dependent. The sample used in’ ;'

the study was made up of 344 male students, all ‘of whon were in the

eleventh or twelfth grade of a vocational-tochnical high schooi“T-Each'

of these student* provided data about a teacher of a non—vocational

. ‘ subject (eg..English) while &bout half also provided data about a\

A

© teacher of a~vocational-subject'(eg. carpentry) Students first

. conpleted the Student Perception of Teacher Style scale developcd by ' L
Puckman in order to classify the’ extent to which a teacher was directive

‘or nondirective, Studénts iR the clas ses of’ these teachers then completed

f

tho Interperoonal Topical Inventory developed by Tuckvan - a forced—

cholce, nmeasure of the abstract-independent and concrete-depcndent
o

personality types, and the California Short Form of the F Scale "+

- ®-

fmeasure of authoritariani At the conclusion of the school year, .
[ Lo

students of the 24 teachers ccmpleted tvo scales. ‘one of,nhich vas a

measure of course.satisfaction and the other a neasure of teacher

)



a

-preference. Finally, course gradcs on participatipg students were

obtained from final tcacher repqrts. Data fron vocational and non-

vocational teachers were analyzcd separately. Two-way analysis of variance

hd o -

LIPS

-were undexriaken for each of the three dependent measures: course RN :
.Satisfection. teacher preierenco, and_cqurseggrades. Mereczer, eeﬁarat
analyses were undertayen using the Interpersonai Toticel Inventory
fersonality measures end the ﬁ‘scéle.. Thus, 12 analyses were perfbrmed;
Results showed a significant.interaction in which abstract-independent
. students preferred nondirective over directive teachers, vhile concrete-
“dependent students did not differentiate between- teacher styles. It Qas
also shonn that the studonts Obtﬂﬁvdsignificantly higher grades in non-
. vocatlonal subjects from non—directive than from directive teachers. In
vocational subjects no differences appeared
The results of this study support the findings of Anidon and ‘
' xFlanders. Both studies concluded that students achievc better in an

\

ﬂ'N,atmosphere where less direction is given by the teacher. However,
~

4 0
Tgchman s study, a.little -broader in scope, considers student prcference-
‘\1 Sy N . ’

oty S I - _
~for~teachers, . oL | o v
oty ! A - .

\\\Bronn (196?) investlgated the effects of certain teaching
style (inquiry and expository) and pnrsonality trait (attitude toward
authority)\on cOguitive achievenent. Two levels of achievement were

' assessed, representing the knouledge category and the Higher Cognitive

skills ‘of the Taxonomy of.Educationkl Ochctivc l,’zmd based“on the course

' of study for grade.seven sclence, - '
N | :

Nine teachers were selectod for their use’of an inguiry approach

Yoo

. oran oxpository‘approéch as ‘their basic mode %f teaching.. Analysis of"

_verbal interaction in jheir classes indicated that anticipated

.- o
s t
|
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differences batwcen inquiry and expository tcaching did exist between the
two groups ‘of :teachers. '__ o - \ '
The personality trait was assessed by neans of an attitude
schedule, developed for this study, which identified four personality
types: the stercopath, ihe nonfstereopath, the negstivist and-the
acquiscent,. A total of 407 pupils'wers involyed. ‘ .

The data were analyzed by-multiple linear'regression, adjusting

" final achievenent scores for prej#st scores, The other variables.used:

in fhe analysis were the I,Q. score, sex, style of-teachﬁng and

personality type of the pupil
Each of the variables yas found to contrlbutc significantly
to the preﬂdction of achievement, but no evidence of intcraction effects

among them was found. Boys sqored higher than girls in,both levels of

. achievement. Differences among the four personality types followed

. the differences were not signifimant,

the sane“pattern An both levels of aéhievemen@, but were significant

-

dn the'kﬁowledge level only.

/
For the; styles of teaching, allfdifferences were in favor of -

the expository mode.' However. vhen the skills scores vere adjusted for

‘knowledge posttest scores, which may be a nore approprihte comparison.~

NS

.- IV. STUDIES RELATED TO STU DVNT ACHIEVEMENT AS A FUNCTION
. OF DWG%EE OF EXTRAVERSION AND thROTICISM |
This study.inve tigated possible interaotions bntween certain

personallty variables and socioeconomic status wlth the trcatnents.

"Hogcver, a review of studies relating achievenent generally to these

21



Eysenck (1953), yhich proposes, that there are dimensions of personality

. "::/ . r - ' . ‘.‘. .

v V4 . . .
personality varigbles .and socloscononic Qtatus is justified on the

v 2

grounds that such information may help explain anylinteractiohs'that '
nay exiat in the prc errt sfudy. Houever, since these studies relate

only peripherally to thc prgsent one very little discuusion is given.

Many investigatlons have been made’ 1nto the relatipnghip of

educational aghievenent and the degree of cxtraversionland_neurot;cism.

] N
Iy i

Some'ofothis work 1s based‘on aﬁtheory of pefsqnqlity expressed by
alnost 1;dependcnt of each other, that is, extraversion-introversion

(B and.I), neuroticisn-stability (N), psychoticism, and Intelligence
(1.9.), In addition, Eysenck (1957) has put forward postulates about
the extravert and introvert which can be 1nterpreted to buar directly
on their possible output in scholé stic work. Brief}y, the postulates )
state that (a) human beings differ in the speed and stren”th with which o
excitation and inhibition 1s dlasipated and (b) indiv1dua1° in whon
excitatory potential 1; generated slowly .and is reia}fVely weak and in
vhom reactive'inhibitibn is developed quickly and{stfbngly, but i
digsipated slowly are thereby prediéboséd to intrpvefted patterns of
bahavior, Extravertg follow the exact opposité of this pattern.' .

Studies attémpting to cornect educational achievehent and the

, . .
. degree of extraversion and intrové%sion.khOW'conilictihg results, -

Many studies report that newroticism is positively connegtéd with

academic achlevement and yet a large nunber report the contrary. However,

-

when restricted to work with children most evidénce tends to‘support the *

; ‘ .
hypothesis that stability, as opposéd to neuroticism, is positively

related to educational achievement., With respect to the relationship

~

between introvergioh-extrayetsiOn and academic achievensnt most studies

4y ¢ . - , <*
. : .
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+ wlth children show a significant conneetlon-ﬁetween extraversion and

»

acadenic achievement. T , N

Child (196”) and Finlayson (19?0) report high achievenent with

the stable introvert, Rushton (1966) reports high achiuvementinth the

stable extravert‘for girls and the stable introvert for boys and

{

Entwistle and Eniwistle ($9?0) raports high achievenent with 1ntroverts

-

but reports no relationship of attalnment and neurotic1on.

Several reasons are offere? for such a diversity of resultsx

*(a) The effects Jof ex;iaversion-introversion. and
-neuroticism stability on academic attainment may '
be different -at’ different agcu. (Rushton, 1966 and
Entwistle and Entwistle, 1970). , R 3

\(b) The effects vary depending .on the criterla uSed. )
Lynn- SE?S?) found that neuroticism had a dlfferent

effect according as the criterion was school work in°

S
-

fEnglish or in arithnetic. J {

(c) Sex differences. Entw;stle and\Cunninghan (1958)

‘ found that attainment was highest] in girls for the ./

stable extravert, For boys attairment was highest
in the stable introvert, ‘ . a

-

V. STUDIES RDLATED TO STUDENT ACHIEVEENT AS A

. B

o

FUNCTION OF SOCIOECONOWIC STATUS -

L]

; The studies reviewed in the previou~ secuion viened fhe v

individual as.an 1solated unLt. Tho studins belon consider soeioeconomic

' status as a ociological determinent of student achievenent ' These

L.
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studies‘again are of Tinor interest and only mention is made.,  * :

.

Numerous studies a;e‘evailable ettempting to_xelate'secio— ,

a

economic status with acadFmid\achiévenent. Nost of these studies work
with young children. Gibboney (1959), Glammtieo (1967) and Peck (1971) .

support the hypothesis that higher achievenent is associated with higher

" soeloecononic statuss - =\ _ _ \ﬁ_’///f

Davis anH Frederiksen (i955) refuted this-hypothesis. However,

" ﬁvh:sanple consisted of uniVersity graduating students.i?"yfbund that

public schooI‘graduates were superior acadenically to private school

graduates during the freshman year and that this superiority Was,

et

maintained during the SOphomore year. even though the two groups did not.
g , 2
‘;diffor with regayd to ability. ' ‘

Davis and Frederiksen of%pr a possible explanation for £heir
f ndings. Sincc the public school graduates are fron sonewhat 1ouer

. ‘soc conagic status, college i* an important neans of enhan01ng statusg

‘ status 1eve1. For the 1atter group. thexrefore, simply graduating from _

| college may be more important than the academic record they establish,
This negative mqtivatioral facfor ig,not presenf in school chiidren of -
an earlier age and thus high academic achievement‘in children of. high l

socioecononic status is due to other factors, : f'

SUMMARY N - o
6 o . \ L, )//”

- Repefted étudies show'cbnflicfing resulf aﬁ to the effect -of ) o
learning style (highly directed as 0ppoqnd to llttle or no direction) —

on.science learning. Kline found no significant diffe*ences in
L

"O-



st\.dentg' socioeconomic status have not begn reported

achievement in a teacher-directed environment and a student-directed .
J

environnent. Rainey. howcver. found signific:mt differunces between

a directed environment and a nondirected envi.ronnent on a performan'*e

laboratory exam but not on a written laboratory exam, In hline 8

- study no difference in prei‘erence for styles was found, while Wispe . -
L LR ha N

and Brown.found a preference fdr a directive learping ‘environnent.
thorough ;earch of literature did not reveal any s’;ugl'ies which vere ‘ ’
sPecific to the learning of science processes. A |
Several studies are a.va.ilable vthich attempt to’look at
intera.ctions of lea.rning ‘style and student personality. Evidence tends

to support the jﬂtention that a highly directed (structure!) learning

style-benefits e lower ability, introverted, ar;d dependent students

O

inore;than a style in which the tecacher plays a eubmissive: role, However,
in such studies where the criterion was achlevenent the pr‘oces‘s d.imen*ion

of. science was ne’glected; Studies, if any, related learning style and

A

25

. Studies relating educational achievement to personality variables

'and ‘socioéconomic status, peripﬁerally related to the studji. show

[

1Y
diversified results. ThlS diver.aity seens to relate to diffelences 1n
/

age and sex of obJects and acadenic disciplxne tcsted.

. <



‘status and® the learning styles.,

.- . L .o '
)
- . ’ &}c-

- have the ESCS course during the yeaxr, -otherwise sone of the activities

have the ESCS course in grade six, nor“in any previous grades,

/. CHAPTER III-

p
s
I
A

. ¥ THE DESIGN OF TIE STUDY

This'chpater contalns a descrlption of the instruments and

procedures used in this'study. The study iqveétigated (1) achievement

of sclence: processes%t a structured and an'u.x{structured leafning
environment, (2) student preference for lea.rning style, (3) possible

ain personality variables and socioeconomic

Se N

inter@cfions between cg

I, SAMPLE USED IN THE STUDY .
4 ¢ . . \ )

-

1 ~

.
. "\ti.-u-.-\-

&
Y .

- ¢ . .
The sample ﬁsed in the study consisted ‘of two grade six classes

,from Twillingate Central Elementary School, Twillingate Nfld. and two grade

e

- 8ixn.eldss 185 froa S¢,. Jogcrm 3 Blez MLaATY <zchocl windsor, Nfld. Tro .

. "I.r . : -
-investigator was interested in the student's sociocecononic status as it

interaets with-the treatménts, the communities'selected needed to contaln

‘a wide range/ of father's occupation.,, the eriterion used to determinz the
I \‘ y .
socioeconomic ranking of ”the students, (2) since the study was conducted
\

late in the school year it was inportant to have cla.,ses that did’ not

L4

{ca.rriedé‘out would be duplicated in the study. Schools selected did not

The two

- .classts selected from St. Josepﬁ's‘ Elenentary wére groupsd héteroge.neously...

The classes from Twillingaie Central Elenentary vere groupéd

.,L\
T-

© gonstraluts dafluwneing. the selnetion of sehools involved weretr (1) since the

hREv SN
>

*

»



.was not possible “due to the school setting,

prior to 'the najor study. .

]

. LI . . . Ay T } ) .
. homogeneously according 'to past academic performance, Random selection

v L II, PROCEDURES

®
o« B

This study was carried out as part of a broader study in vhich

the effects of a number of other independent varlables were investigated,

This arrangement allowed two in'vestigatorsvto work as a team in the
cow_str_uetion of instriments and conduct of t}ie experiment.,

‘ -'Tl;e investigators firet selected fron the ESCS course _five
sequential activities on 'b‘a.lancing and flve seguentiai activities on

density-volume, Each act,i\fity Was ai'ranged'in a structured and an

unstructured aty{l\[o as defined in Chapter I, o
. : N BN + ~ ¢ ' ’ !

]

Pilot Study R - | ‘ .
'The pilot study Served .tuo' functions: (1) 4o determine wha.t '

problems would be encountered while the students were engaged in the :

'activities, and (2) to determine the reliabili’cies of the achievement

N

tests ‘and the test of prefexence for the learning (;"c vle,

Two, classes of grade six students were selected from.Dawson

\

Elementary School, St. J ohn's, The pllot stuc_iy );'a's conducted over.a

two week period, One class engaged in a set of activities related tq

balanciné in an unstructured learnin‘g style, - Thev other class engaged

in a set of activities rela.tod to density—volume ina structured learning
style. The investigators noted any diffiqulties experienced by students.

These difficulties were only minor and thé’-"necessary changes were made

. - L )

. 27
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‘ Hhen the activitles uere gornpleted each class Was given the

. process achievement test related to the activities they did during the
two week period. In addition, a semantic differential was administered :

: in a,n attempt to deternine the students attitude tovard the style of ..
1earning during that period. After two week}s th& process achievenent .
tests and the semantic differentia.ls nere aga.in administered. The

" calculated rellabilities of the senantia differentials were low due to
the. lack of a differential re’sponse for styles combined with highly
favorable responses for both styles, This»ne‘cessitated\a revisio‘n: of .

~ this ‘instruzent. The reliabilities of sthe achievoment tests were .‘of

— sditable magnitude and these tesks n_ere used -in :tﬁe rajor part/of the _ |

-

- study. - ’ _ S

‘Operational Procedure ' , ' I R
_The Junior Eysenck Personality Inventor;y_. and The Dependencc
‘ Proneness Scale vere administered to the classes selected at“windsor
and Twillingate prior to cOnducting the experiment. The occupations of ‘
the students’ i‘athﬂrs‘were obtained at the 'sane tine, .

N During the course of the experinant one investigator worked with )
two classes at St Joseph's Elementary School, Windsor and the other
investigator worked with two classes at Twillingate Central Elementary
School, Twillingate. For both learning styles the activities werg
.pPOCess based and were carried ont by students working in pairs, During
the' stn}ctured' learning.,style P sit\‘ggients were prcsented'l'with a detailed .
© . instruction ‘sheet designed to orient °the students 'toziard a i)redete_rmined

goal. The teachers noved ffeely among the students during the couroe of -

»

/\4_,, the activities and posed questions on eignificant aspect/of the activity.



/\\ : .
If the students diverged from the instruction sheet, "the teacher attempted

to reorient the. students. Durlng the post-activity discussion. the

téacher posed quastlons and.the students asked q{xestiony f{owever, in

P

* £he discussion the-teacher attempted to direct the students.to reaching

thHe right, conclﬁsions.

During the unatz:uctured learm.ng style, students were given
the purpose of the activity, and %hev»\nGCes‘-ary apparatus, . However. they
were not glven instruction; on how to,achieve thc, objective, Tk:e
feaéh_er moved freely among the] students during the course of the .

activities but posed no questions to the students, Any divergence from

the specifle goals was not pre*;'ented.' During the post-activity diﬂ.séussion

~

the téacher asked no questions but attempted to answer the students!

guestions irrespective of their relevance to the ori inal oubje’ctive.

~ Prior to and following each set of activitied each class was . L

glven the science process achievenent” teét related t the activities of

N —_ ’

- the ‘week. Eath class experienced both 1earning styles and boéth sets

| ~of activities as shown in Table I. Itls noted that the desigp was such

.,
03

. .responses for both styles made this instrument inadequate for use

ib;.t the c;rder of Il)res_entatiorvx‘ of actlivity, tiQe and learning style'
were counterba.lanced. s | '

At the end of each week a semantic differential related to the
learning sty].e of the week Has glvcn $0 each class to de¢termine the

student’s attitude to %hat pa.rticula_r style of learning. Each semantic

differential required approximately 10 minutes to administer, It -

was Intended to determine the students’ preference for leaxning stylé’ '
by considering attitude.scoré differe'ncos. However, . the lack of a

difforential response -for sty)aos combined with highly favozrable

© . ' . .. .
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7 TABLE I . ™
! ' . o o f
.- SUMMARY OF SEQUENCE OF PRETESTS, TREATMENTS, POSTTESTS AND PREFERENCE INSTRUMENT - '
/) 0 T~ b !
J - . —r
B - \
‘S' . WEEK 1 WEEK 11 =~
] .t ‘-‘ )
A . CLASS PRETEST NMODE ° POSTTEST PRETEST MODE POSTTEST-
IR \ TOPIC L TOPIC C
' 1 ‘Balancing Structured  Balancing Densilty Unstructured\ Denity Preference '
- Balancing - ‘ Density Instrument
S -
) 2. Density Unstructured Density Balaneing Structured. Belaneing Preference
o Density . ‘ Balancing : ~ , Instrument
) 3 : Ba.lanc‘ing Unstructured Baaa,ncing Densi-ty Structured Density . " Preference .
- .. . Balaneing : - Density ., Instrument -
o L Density Structured Density + Balancing Unstructured Balancing -Prefez;encé
/ ' Density. o ' Balancing : Instruncnt '
T ' Lo ' i , d M’v‘,:v
: . : » -
) a N 3 -
- 5 \-:- . ) - _.‘ ‘ B
- \ ‘ s, . & . c: - )
- : ' " , a . -
. @ —- , N 1
L ' : ?
- ' Ce T :
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) . . -r;" ‘ _‘_I'L : ’ A'..' :.‘ . . ¥ . e .
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o ' in the study."ConseQuently, a modiﬁication of this instrument had to be

e undertaken and admini.;tered two weeks foIlowing the termination of the e

v

% activities. -

-1
“

E B ? «MF, TESTING INSTRUMENZS . -.: =

. e - .
- ; . y ' oo ! LT w . - b A
. . - . 4 " » . - . -
- .t . "\ . R . . \ .
. . « . .
N, . . iy . — .
, .
!

;'Q.I. The Junior Eysenck Personality Inventory,

\

_,. o This inventory was designed, to measure the two major personality

’ . variables of neuroticism or: emotionality. and extraversion-introversion

Yol R ; in children. The 60 item scale is an extension of the Mauslsey’

Personality Inventory and the Eysenck Personality Inventory. (Manual
. ! - N
. ey
e Split-half as well as test-retest reliability coefficiento —

~, ~ —— L

) have tzon -f_gund.n The xl'eliabilities average betwaen-0; and 0.8, " _: 7
Re_lia‘bility tends to iw&ﬂw{mzsion. sonewhat 1eS’s .

8¢ for neuroticism. ° ;f‘ _ y ' 3 » E

Very little is known about® the validity of the Junior Eyﬁj;nck:

for- the Junior Eysenck Persona.lity Inventory, 19@3)

: ' ! L !
L o Personality Inventory. However. in one study two hundred. and twenty- ‘ i
. B R

N

nine children, guidance cl:inic subjects. were tested and rated i:itb_

-~ \
respect to the extraverted or introvcrted nature of their symptoms, and ‘

{ : it was i‘ound. that the group as a whole was very signifi?antl,y above the =~ ° e

. standardfzation group. with res pect to neuroticisn, and that therc was . boTe
- e T = . La

o - e very significant differencc with" respect o extraversion betueen I

L ; children showing extraVerted symptons and those- showing introverted
At / P i 5

., symptoms, ’—5‘ : o PR LI
ST a T T
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2. The .Dependence Proneness-Scale

° "

This scale was dcveloped by Flanders. Anderson and Amidon (1961)

~ e

conforning to group pressures. Ttém analysis on an initial 150 iten
batPery résulted in the 45 iten scals used in_this Study,
N
The reportod reliabiLity of the k5 iten scale is 0 68; -the

estimated standard error “of mcasurcnent is 2.93 for a single score.
(4

o

h Since'the scale had not been used locally prior to this stndy,'

" the Ls item'scale was administered_on two occasions spaced about 10

-those.reported.

days to .a grade seven class at McDonald Drive Junior High School, St.

John's.' The means, standard deviations for boys and ‘girls and the

l

test—retest ébrrelation coefflcient are given in Table II. The lower °

mean and higher standard deviation of the bOJs are consistent with ouz

cultural expectancy of greater rnale independence’and variability.

Considering the snall sanple and the elapsed time between first and

'second adninistrations thc results are in reasonable agreene nt uith

]
-

A B . 0 . fi. ] .
K . . -

s g ' h J ’ : . -
o

3; A Socioecononic Index for Occupations in Canada o .

e~

«The Socioeconomic Index for Occupations in Canada, developcd by

Blishﬂn_(19o7) uses’ a simple function of the distribution of education

and incone to rank_320 Gecupations in Canada, The scores ucre deternined

o ) . . A . B . R > . )

L]

to ba $5%000 or over during the" prececding 12 nonth pcrioﬂ and,the .

J
pqrcentage HhO had attended at least the fOurth _year of high school.

Thcescores range fron 76 69 for Chcmical Ena;nners tq 25 36 for Trappers

- and Hunters. T ""'. “\

) and includes items that desoribe students who are complying to adults and

. from the percentagé of males in each ocbup%}ion'whose incomc was reported
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The validity of this instrument has been supborted"by

'_correlating scores: with the Pineo-Porter scores which Ases. the average .

L.
evaluation nade of an occupationalftitle by a national sanple to

establish its social*standing. : i

4, Achievencnt Tests of Science Processes

Two tests. 'one encompassing activities related to balancing

l

~and the other density-volume, were constructed by the investigators,
J'Items were constrqpted which attempted to test the processes

emphasized in the activities. Each test conslisted of 15 itens ﬁhich'

" were expected to be completed in apé?bxinately 20 minutes, In the’

achievement test related to density-volUme the items were multiple choice.

while the nature of. the items on balancing dictated the nced, for a

,vsried response on this achievement test, o, Ce

wIn the constructiOn of theSe items the AAAS Competency Measures

_'and Goulding's (19?2) tests of science processes served as guidolines.'

Goulding. however, found that many of the items he used were too

difficult for the students tESted. There was some indication that the

[
’

reading level of some of these items was beyond that of the students.
Consequently, in grder to partially alleviate this problem a
validation procedure involving grade six teachers Was used. In this
.validation procedure (Tannenbaum, 1971) the tests were subnitted to

six validators, three of yhom argﬁscience educators and three involved

with teaching the ESCS course at the grade six level,” The validators

‘ met the following criterias

1, Taught childxen at the’elementary school or prepared-

/

iteachers.to‘teach at . that level,



-
L-E N

&

<

T o 2 Were recommended by at least one of the sclence educatbre;

! in the Department of Currlculum and Instructlop.j « a

e R i e H
Y & oy

Either or both ofs . ,
3. Had published or ‘done rescarch in science cducation,
" &, Had worked with a curriculum project., ‘

Each validator vas asked to scale each item in’terms of

clarity, approPriateness in light of process tested ;nd difficulty

with regard to age level. Items with an average of less than 2 5 on -

a 5 point scale were revlsed or removed from the teot'

The reliability was determined at the end of the pilct study

by a test-retest method, Table III shous the mean, standard deviation -

and reliability coefficignt-of the'two‘proceif achlevenent tests,

v 5. The PreferencesInstrument

4

738

. - Osgood (1967) served as a reference.in the construction of two

semintic differentials designed to measure students' attitude toward
_— N @

e'struétured and an unstructured leaxning style, "Leérning with many .
I nstructions™ and "Learning with few Instructlons” were the conceptﬁ
used, The same bipolar adjectival scales were used for both and an

a9

attempt was made to include scales h gh on the evaluative component

with neglible loadings on other fact LS. It vas intended to determine

a difference score which would indicate the students' preference for

/ﬁi " léarning etyle. f_ o L

the instrument appropriate to the learning style vas administered on
‘ two occasions spaced about two wecks to each of~the grade six classes

used in the pilot study. _Results indicated_a fevorable atiitude

o
s

In order to détermine the'reliability of seméntic'differentiale

N
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. " TABLE TIT .
- 'MEANS, STANDARD DEVIATIONS LIABILITIES OF THE FROCESS ACHIEVEMENT TESTS.
' FIRST ADMINISTRATION _SECOND ADMINISTRATION )
’ N ! ) ' - “ .
© . MEAN STANDARD . MEAN STANDARD  CORRELATION® COEFFICIENT \
. DEVIATION DEVIATION ( TEST-RETEST) , T
- . . S .
Process Achlievement = - 8.0 2.5 S %7 , 2.9 . .0.76 . “
w " (Balancing) . o : y
' Process Achievement 9.2 2.8 8.3 2.4 0.70
(Density-Volume)- , ‘
' | 3 \ ’ ° .
. . - i o
. - §
Aol i . e ._""_'Il ) 4 ‘. i R .
- -‘ i ) o N
L. . - ; . 2o ‘v
.V)-
.. % { A .
.' - . u
. " . (€2



" ‘toward bofh learniﬁg Styles suggesting e-pessible Hawthorne effect,

To determline the reliaﬁility of each instrument the Pearson-r

technique was used to calculate the reliability of each student's
' N : s
responses and the net reliability coefficients were obtained, The

reliability coefficients were found to be esscntially zero, The,

. unreliability reported was, however, related noxe to the technique used

for computation than to the instrument, .
. : - W
The highly positive responses for both semantic differentials -
lead to the decision to'modify“thispinstrument in a way which would

force students to indicete.e preference for learning'style. Ten

questions ‘were constructed which used those adjectives originally

' fbund in the sematic differentials. In each case the student was

required to indicate the set of activities which best answered the

questions. The responses werd then scored on eleven point scale, 0-3 -

AN

.37

indicating preferegce for density-volume, 4-6 indicating/no preference,-

7-10 indicating preference for‘balancing. The scores were thah_
catogorized in such-a Hay to indicate preference for learning style
rather than type of activity. ' C . - N

o . ) ) {
Since the construetion of this instrument was post fﬁcto,'no-

validity or reliability. deterninations were carried out,

IV, STATISTICAL DESIGN

S R I
RN
ot

The investigator Hished to determine which learning style, if

- t. eithenlresulted in-a significantly greater achievement of science i

processes. Alse, any interaction of pexsonality.end-seeioeconomic.
status with learning style as 1t affected achievenent was of iﬂterest.

Kl
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. To‘determ,ine"' if. such main effeéts a.nd.interactions existed-the investigator -

used multiple linear.?regres‘sion in a procedure equiualent to two way
'analyses of variance with I»Q. and pretest scores ‘as covaria.tes. .
* This technique uses a linear Heighted co*ubina.tion of the ind‘ependent

' variables -to predict a criterion. The weights are calculated in' such a

.,

38 X ‘

Ve,

way as to make exrror sums of squares a minimum, ~The goodness of~ prediction .

of the regression equation is glven by a ‘multiple correlation co%fficient
(R). The squared multiple correlation (R%) represents the amount of

variance .accounted for by this equation. To determine if a variable

o

contributes to the' predictability of the criterion two models are constructed,

‘one (referred to‘as a full model) which includes the. predictor variable”
under investigationland one (refcrred to as a restricted model) excludiné
this pregictc?r‘ To test the significance of the contribution of this
.variable to the predictability of the criterion an. F ra.tig is determined.
‘If the probability of getting an F value is greater than or equal 1o alpha.
(Hhere alpha 1s. genérally chosen in advance o be 0. 05 or 0. 01), ‘the
.'addition of this variable does not add significantly to the predicta.bility
of the criterion. .A full description of this technique can be found in

Flatman (1968) and Kelly, Beggs, and McNeil (1969) .

The nature of the study required construction of two achievement

H

g tééts. Standardization was carried out over both ‘tests, that 1, both

tests were treated as being equivalent. The'problen of tesis' 'difi‘erences

- !Was thus not accounted, foxr." A.nalysis of data with respect to thess tests

Y

indicated that sufficient similarlty made the standardization procedure

r

used satisfactory. If ho'}fever, ca.ch test had been standardized ¢

g
1nd1vidually>a. possible anteraction of type of activity and treatn°nt to
affect achievement may have - shown up. T

. N 0
. , - ) ..
<. f . . . - o . [
. . . . .,
. . \ :
/. . .
. . ’

.t
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: The“éxperiment Was partially désigned to:determine if a
preference esists. for a struotured or an unstructured learning style.
‘A determination of interactions of personality and socioeconomiq status
with the treatments to affect student preference vas' also carried out.

The preference instrument indicated, for each student, preference for

s

,the structured learning style, no preference, or preference for the

. ' unstructured learning style. A preference’ frequency tabulation of

®

prefexrence for the structured and.unstructured learning styles and no
o

.preferenceﬁwas ﬁ#ﬁen and this vas éxoss tabulated by the variables of
interest, The chi-square statistic vas than used to compare the observed
results with those expected on the stated hypotheses._ For each category,
observed and expected frequency tabulations vexre determined. From this

e information the- chi-square value was calculated This value indicated

= >

" the goodnessﬁbf fit between the observed and expected results, From the
' chi—square value the probability of the result occurring by ‘chance cOuld
“\he found fron an-appropriate table ~\A significant deviation between the

@ observed andeexpected tabulations indicated that the results are due to .
' A ' .
'sone factor other than chance.

The idea of - independence using the chi-sqaure statistic is
'equivalent to'a lack of interaction’using multiple 1inear regression.
That is, a glven chi-square value nfth an associated probability less

than the 0.05 significance level indicated the results wefe not due to
. ‘ . - . 4 N

‘chance and the 'va.riable\\s are not ind@pendent, For a more cxtensi,vq_

- - . = ’ . .

discussion of the chi-square statistic refer to HcNemaz (i969) and

& .- !

Garrett (1966). . .

o

)
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CHAPTER IV
"ANALYSIS OF DATA - R I e

The presentation and discussion of the results will' be given

“In two sections, Section A will deaL/with tne'hain effect of learning
style on achlevement (hypothesis 1-A) and possible. interactlions of the

Independent variables with the learning styles to affect achievement

(hypotheses 2&@-1, -A 2, 2=-A-3, 3-A), Section B will s@al with the

main effect of learning style on preference (hypothesis 1-B) and possible
4

1nteractions of the independent variables with the 1earning styles to

.affect preference (hypotheses'?-B-l 2-B-2, —B—3, 3-B).

\ ' .
. ~

SECTION A -

v -

' Table IV gives the intercorrelations fetween the independent and

dependen£~variables under Iinvestigation in the'study. Correlations . |

. between independent variables wpre.low and Justified investigating these

. variables independently. Table V gives the average I.Q, for .each class

investigated 1n.the study. The tables releted'to achievement scores are

“of two basic deSigns and a discgssion_df the design of one teble,from each

R

X . Tables VI gives the posttest means and standard deviation for =
each group for both the structured and the unstructured learning styles.:

'K

Also presented in this table are the means for each group irrespective

- . I3

of learning style,

-



INTERCORRELATIONS BETWEEN VARIABLES

NEUROTIGISH

' DEPENDENCY

SOCIOECONONIC STATUS. 0.30

e,

" .. Pretest Scores

Posttest Scores

. =0,13

-0.01

0,30

0.09 -

0,17

EXTRAVERSION

| TABLE IV

)

* - NEUROTICISM,
DEPENDENCY

03 4%
0.19 ’r¢,g§11
0.4 ! 0.28
0,02 0.0

0,04 ' =0,01

'-_¢)

N
7
".‘.l E"_' O:’
S &
~VJ
(&}
=4
=
QO -
S -
o
R
=
O
-
(&}
(o]
D]
0,10
0,11 .0.32
0,01 0
X - .
f
-
R
1

)

%

-
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PRETEST SCORES

045



~ = s ’
- , \ . E]
. . e 2] - .
. 4 0 o, T . )
v Y -‘A N
Nr » ‘ .T\A.BI‘E v '
, MEAN 'I.Q..FOR EACH CLASS .
, — . . i
.~ GLASS 4 . 1.0
L ' i : o3 - )
; 1 _ 91 "
’ ‘Yo ¢ . . ) A 4 ’ . , ".
] « 3 o 91 0 -
a l‘& N '_‘. 8?
; : b
- ‘ %
. 2 . ) , . i

b2



‘
o e e
e

* ' TABLE VI

MEANS AND STANDARD DDVIATIONS OF ACHIEVEI’IENT SCORES FOR LEABNING

€.

STYLE, CLASS TYPE OF ACTIVITY. TIME, AND I. Q. LEVELS

- VARIABLE

STRUCTURED UNSTRUCTURED - GATEGORY
INVESTIGATED CATECORY X S.D. X, S.D. X -
‘ Treatment . 8.38 2,29 7.?.6 2.62

o j ) T L.
- IIX 7.40 2417 6,84 2,21 7,11
TYPE OF BaTincing 8,68 2,13 6.80. 2,26 7,74

ACTIVITY Density 8,13 2.41 8479 2,57 . Bu.l6 -
Week I 8.78 2.18 8.33 2,68 8. 56
TIHE Week IT 8,00 2.4 7.13 239 7,57
.~ L. " High 9,80 - 2.12 9.31 2.63 9.56
1.,  Mediwm 9.08 2,67 7,63 2:15. 7.86
) A‘ \ Lo“ . 7;55 2.03 6-38 2-3)‘1‘ 6-9?

h3“
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- Table VII gives results obtained from a multiple linear regression ;,.“'“

P |

-technique \®ed in an analysis of the posttest'scores. The squared

multiple correlations (R ) obtained for the full and the reptricted

model compared in testihg each effect is given. The degrees of freedoh

W
(df) for the numerater and denominators of the F ratio, the value of . the
/ -

F ratio and the probability of obtaining this value are also given, .?he
final column indicates whether the F value obtained was significant 6%

| not. Probabilities of 0. 05 ox less were considered to be significant
The:variation of mean I. Q. for each class as. shown jn Table V

' and a pretest mean of 7.29 with a standard deviation of 2, 18 indicated

~

. the need for control of these variables.

LN, e

.. I, EFFECTS OF LEARNING STYLE ON ACHIEVEJENT )

. ’ .\. s . R - : f . a
. ' - . > 4
Y. . ' .o ;,} . . '

Results . - = . : .
o 7, s ' N R “

. Hypothesis 1-A, There is no significaht difference bétween R

nistudents exposed t0 a structured or an unstructured learning style in .
the attainnent of . specific science processcs. - )

Table VII shows an- F value (4 48) with an associated probability
(p 4.0 05). This indicated a significant difference in the learning styles

. with respect to achievcment This hypothesis was thus reJected.

A - ! : Coreem

Discussion.
S——————— - < 5
The fizst row|of Table VII indichtes a significarit difference’

i "
between the learning styless vihen achiévenent is used as the criterion.

i

Such results favor the structured learning style, However, sdep a

-
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\ i) T 2 {
. TABLE VII . - . ,, S \
. Coe _ ’ . oo / . e
‘ . . .- . . ‘ ".. , . .‘_
y ~ EFFECTS OF LEARNING STYLE, CLASS, TYFE . QF ACTIVITY, TIME, AND I.Q..ON ACHIEVEMENT =
. . N~ : . - . LT - co- ' _“: Q\ . “.
Predictor Criterion’ Covariztes =~ df R -R®  F.  Probability si@ufialx\i\ée
{ R ' _ num,/den, Full. Restx, ~ , . -8
. * Posttest I.Q. Pretest Cr ; - ) -
Style. scores _scores  1/184 0.3231 O\.3Q66 L.4g 0,036 S.
. .- . o Y ',*/D : — 2 " . — ' — - N e
Class Treatment - " " " 3_/181 0.3606 0.\3'231 3o 54 0,016 S, . /
." Interdection . ; ‘ . : . }
| Class K S 3/18% 0.3231 0.298% 2.23 0,086 -  N.S. -
. Aadi o .o . : a ‘ »f
¢ Aqtivi{',y*’lfrgé.tmeri‘b w " 1/18% 0.3126 0,3096 0.782 0,378 N.S.
b ‘. Interaction ) Ny . , _ PN oo . . \ -
- Activity L " > 1/185 0.304% 0,3014 0.796 . 0.373 o N.S,.
. . - ‘ . ; \ ' ‘\\ v . /‘ .
7 Time Tredtment " .o /184 0.3372 0.3320 1.4 0.231 ! N.S. ;’
e Interaction ) . ; Sy
* Time " " 1/185 0.3320 0.3014 8.46 0,008 . S, |
N . Pretest o - B : . : \ )
‘ " I1.Q., Treatment o " . séores. 2/184 0.2979-.0.2955 0.317 ~ 0,729 . N.S,
S nteraction - e e - : . \
o 0 S . " 2/185 0.2972 0.2180 10.4 ' 0,000 'S, &
. }‘F‘T (’ . ‘\-‘-‘ 0' ,I
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'concIu sion’ could not be made withdut investigating possible interactiono

‘of class. type of activity, tine, and I, Q w1th the treatments. Results
_of these analyses are also given in Table ViI (See Page 45) A .
i bignificant interaction (p = 0.016) between class and*treatment cxistsf

Inspection of Table VI (Soe Page L3y indicates a highcr nean for classes e

’

- »

I, III and IV in the structured learning style Hhile the mean for class

iz was higher in the unstructured learning st;le. The evidence of the .

interaction is nost liPely attributable to some characteristic of class II.
' This interaction led to a consideration of the factors vhich might

- contribute to such an effect. Table I (Sce Page 30) shons that class II

0

was involved with activities related to density volune in the unstructured>//"’<"p

o r o

learning style dﬁring the first weck and with balancing activlties 1n tﬁé

‘/"

structured learning style during the second week. Inspection of Table

VII (See Page 45) shows no interactions between type of activity,. time,

: I Q. anﬂ ¢he treatments to affect achievenent. Thus, these factors do not -

’

, explain the interaotion betueén class and treatnents. Table VIII shous

students from the higher level of neuroticism achieving better in the
structured learning style and those frOm the Llow level of neuroticisn ,
achiévrhg better:ulthe unstructured learninﬁ stjle. This resulted in a

significant interaction (p = 0, 010) . between nauroticism and treatments

\

to affect achievenent as shown in Table IX. o However, evidence suggest that

lrandomization ‘in classes ‘exists in the neuroticism distribution and-little’
reason is givén to suspect a contribution of thls factor to the |
' intcractiOn-between class and treatments, It is possible that hivher-_'
5 order intcrittiono exist involving some' factors not 1nvestigatcd in this

: study. Such interactions Ry account for superior achievement of clavs

-II.in the unstructurcd learning style.while classes_I, 11X and v achicving‘

y h
a - . J

SM‘

A

. !

7/



TABLE VIII-

’ S . ' . /
MEAN AND STAND@RD DEVIATION OE ACHIEVEMENT SCORES FOR EACH

'LEVEL OF EXTRAVERSION, NEUROTICISM, AND DEPENDENCY

VARIABIE -, " .STRUGTURED .. UNSTRUCTURED . LEVEL
INVESTIGATED ;. ILEVEL X  S.D, X 8.D, X
High  9.7% 234 8.3 . 3.35 SR BT
. "EXTRAVERSION  Medium 8,57  2.51 7.81 - 2.47 7 849"
RS Low . 7.37 1.63 7.15 2,03. 7.26
o High 9.2%. 2,39 . 7.50 . 2v65. 8.37
NEUROTICISM  Medium 8.82 2,57 7.4k 2.45 8.13 "
, Low  '7.76 2.05 8.29 .. 2.94 8.03
| High 9.26 - 1.97 ~ 8.7 2.9 . 9,07
DEPENDENCY . Medium’ 8,52 - 2.44 . 7,48 ¥ 2.20 - 8,00
. s -LOH ‘ 8.00 2.58 6.96 ) 3,2"& ?.48
LY ." . . (
/1'.‘ ) -
s / R FI. ﬁ
-9
\.\\1 . d‘

.



'o -
TABLE IX -
' EFFECTS OF EXTRAVERSION, NEUROTICISM AND DEFENDENCY ON ACHIEVEMENT ~
- Predictor. ° - -~ Criterion Covariates  af 'R®  R? F. Probabllity Significance

. num, /den, Full Restr,

4

~

_Extraversion Treatment Posttest

I.Q.Pretest 2/135 0.3331 0.3155 1.78  0.172 = .S,

< * Interaction scores scores S . .

. "Extraversion [ X ﬁ. é/138, 0,3103 0.3002'-1.09 ’ 0,370 _N.s.\
Neuroticism Treatment " " 2/135 0.3566 0.3110 4,78 0.010 * S,
Interaction : : L o )

: Neuroticigh e " " 2/138 0.3076 0.3002 0.738  0.480 N.S.

. ) ) : ’\——v\ . ’ ’ .
d . r.
" Dependency Treatment " " 2/135 0.3270 0.3206 0.649  0.52% . N.S.
Interaction . : - L .
pepepdency‘ o " 2/138. 0;3186 0.3002. 1,86 0,159 - N.S.
- 4 g

8 -
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| extraversion does not interact with the, treatments (p>o0. 05) to affect . 2

".achieyement. “The null hypothesis was thus not rejected.

: va;iable.

L9

q

science processes better in the structured 1earnihg style. However,

1t is important to notc that although a significant class-treatment ; .

interaction exists a significant main effect of treatment is Stillﬁ /

present. o I L L

‘.+° .. '.II, EFFECTS OF PERSONALITY ON ACHIEVEMENT

This scction deaks with thf interaction of personality with
learning styles-as it affects achievement of science processes. - .

4

Results
4

»

Hypothesis 2-A-1, There is no significant interaction batween

the treatments and extraversion when achievement is-used ‘as a dependent

~
[

variable.

)

The small value of F (1 ?8)(See Table IX Page 48) indicated that . -

.

I's 1
P

prothesis 2-A-2. There is no.significant. 1nteraction between

oy’
_the treatments and neuroticisn when achievement is used as a dependent“

variable, e - . | . |
" The value of F (h 78)(See Table Ix Page 48) was suffdcicntly large .
to give a signlficantﬁinterecilon' p.L0.0j), Neurotlcism thus inﬁeracts wilth
the treetments to affcct}achievement. The null_hypefhesis was thus rejeéted}.

._gzﬁothceis 2-A-3. There is no significant interaction betﬁeen

the treatments and depsndency when achievement 1s used‘as a dependent

< kA

-

An F value (0 6&9)(See Table IX Page h8) with an associated P> 0.05

v ' D .‘
~ .
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did not- show this. interaction.

—=-,

' ' " \ : :
gave no interaction between dependency and the ‘tteatments. The null
hypothesis was thus not rejectéd._" _ | s o [
Discussion -

7

P The lack of extravorsion-trestment and dependency-treatnent

interactions'was'contrary to expectatior, - Evidence suggests (See Chapter
T

' II) that the introvorted and dependent students achieve better in a

lerning environment which is highly teacher directed. Such conclusions

could not be reached from the results of thls study;. However, it should

]

'be noted that a null result may well indicate measurenent and other

errors, rather than the {rue absence of the expected effect,

- - The diraction of the neuroticisn—treatnent interaction was such‘

that students high in neuroticism achieved science processes better in

'the structured 1earning style and those low in neuroticism aohieved
7 . -

' soience processes better in the unstructured learning style. Such a

"

D

result could be explained if one considers the possibility that studehts

Lhigh in neuroticism have a greater need for security than those low*in

»
neuroticism, An environment'which'provides this needed security would

result in higher achievenent for the higher neurotic students, In vieﬁ 0

. : : . , Y N x
.the'neuroticism—treatment interaction 1influencing achievement a dependency-

treatment interaction was'expected with.students with a high dependency

o

=i

" III. EFFECTS OF SOCIOECONOHIC STATUS ON ACHIEVENENT
o ¢ ' ' - -

[
,

" The study attcmpted to deternine if socioeconomic status

50 .

£

“ ) level achieving better in the structuredfstyle. The result of this‘study'

~
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. Discussion S : S “”.' e

LY
~

'~interacted with the learning styles to affect achievement, The results

axre given in Tables X and XI.

~

Results o ,“ - S U

Hypothesls 3-A, There is no significant interaction between the .

treatments and socioeconomic status vhen achievement is used as a

dependent variable. . . \

Table XI shows the F value (1. 40) obtained had an associated

'probability D > 0,05, This result indicated that socioeconomic status
does not interact with the 1earning styles to. affect achievement. The

null hypothesis was thus not.rejected.

Previou$ research attempting to relate socioeCOnomic status and'.

'achievement ‘has not concentrated specifically on interactio of teaching _

g
style -and socioeconomic status. The results of the study indicate that

no interaction exists between socioeconomic status and the 1earning

.styles used in this study, again noting, of course, that measurement

errors, as welI as true null effects, lead to null results in. a

:statistieal analysis.

f . . T o,

SECTION B, .

& [
~ . 1y
s - . . \

The tables related to an analysis of the preference scores are N

similar and a dl cussion of only one will be sufficient

§ A

Table XII _glves an dbserved and expected preference frequency

tabulation for.learning stylé: The: nunber of students who preferred the :
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. TABIE X .

r

t

W

L

52 P ‘

. MEANS AND STANDARD, DEVIATIONS OF ACHIEVEMENT,SCORES

FOR EACH LEVEL OF SOCIOECONOMIC STATUS'

. VARIABLE STRUCTURED UNSTRUCTURED
INVESTIGATED

LEVEL - X . S.D. X S.D.

~

High 25 .2.33

: 9
Socloecononic Medium 8.40 2.29
' 7

_ Status Low J36 1,97




ST e - ! a
L .
© TABIE XI )
' EFFECT OF SOCIOECONOMIC STATUS ON ACHIEVEMENT
--,Predic:tor o Criterion Covariates . af v R2 R2 . F.,  Probability Significance
. L } : - " " num./den. Full Restr. ' : . '
Socioceconomic ) Posttest I.Q. Pretest 2/176  0.3544 _0.3442 1,40  _°.-~250 L N.S-;é_
Status Treatment .- scores = scorxes ' A : ‘
Interaction . ' ' \ _
' Socioceconomic Status " %" . 2/179 0.3389 70,2988 5.42 ° 0.005 -
s w - >
I—_ “.r. . ' w

¢
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" PREFERENCE FOR IEARNING STYLE

vy

.t 4 ' - N \_‘J > .
" . STRUCTURED: - .o NEUTHAL -+
: , o(('g et 0(B) ‘

L

UNSTH(CTURED_
_ o(E) g

1
H

N 5206) | I ¢ '

\

“24(36)

-

2

'
)

\

. (2 C ' C, e .
: X = 12.43 for 2df, P £ 0,05, 8,

‘> . oLt
. RSN
. .o .
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: 'structnred lea'rni'ng‘style, the unstructured learning style and .those with’
ne preference are presented with the expected frequencies given in
parenthesis. This table &Ts0 gives the chi-square va.lue for an associated
.number of degrees of freedom, the probability of obtaining this va.lu_es

and nnethgr or rot this chi-square vilue was significant.

L] . ‘ . 3

. : '
. ! - . . L
v N ¢ . .
. .
. . s )

I. EFFECTS OF LEARNING STYLE ON PREFERENCE

_ Results . -« . _ o ' : . L,

Hypothesis 1-B, .Theré is no significant difference in student

preference for a structnr'ed or an tins'tructured le'a\rning environment

A chi-square of 12,43 (See Table XII Page 54) with an associdted
N~
: 'pro'bability (p (_O 05) indicated a significant preference for learning

Vg
style. The null hypothesis Was thus rejected. '

2N . : g
o -

Discus.,ion ' .

The information given Ta.ble XII (Page 5+) indicate a significant

P

p’re'feren e for the structured learning style. Howevexr, an examina_tion

. r . : } . .

- of Table RIII shows a significant class-treatment interaction for //
b ) . ' ' . .. Lt o \A\\ '- !
preference. .Classes I, III, IV ‘preferred learning in the structured .,

-

o

learn-ing style while class IL held prefcrence for the unstructured

Ve

. approach. It is interesting to note tha.t ‘the clasv-treatment

) interaction_for preference 1s _,in the same .direction as” the class-
treatment interaction for achievement.° Tables XIV and XV do not

show an interaction of activity and tifhe with the treatments. However,

- Table XVI shows significant interactiOn of, inte}ligence uith the

. treatments to affect preference. This ta.ble shows that 2 larger number .

s

’

f
e -



TABLE XIII

. ULASS AND PREFERENCE FOR LEARNING STYLE

CIASS : Coom).

STRUCTURED " NEUIRAL __ UNSIRUGTURED |
" .. 0(E) o) ..

0t N 1 (5 B¢ ) B
Y OR ) -
I () | 35 o)

W wm)  ® s 66)

3(& = 25,2 for 6 df, p< 0.05, S.

’

o . TABLE XIV . T
. : . S y ' LT
— » ‘\ ~ . : .

- vt ' ) . O
Lo . s - 2

TYPE OF ACTIVITY AND PREFERENGE FOR LEARNING STYLE .

)

! -

' A
~

<

o . _ " STRYGTURED . UNSTRYGTURLD .
TYPE OF ACTIVITY - ; 0%‘5 : . OYES'U o y

- 22(18) - . T e(9) .

Density-volume : 27(30) C 18(15) ‘

@

- Balancing

yl

= 2,83  for 1df, p.5 0,05, N.S.

Cser
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TABLE XV .

o -

<TINE AND PREFERENCE FOR LEARNING STYLE

-

T 1%

STRUETURED
. 0 E)

Unsmlzc'mnmn fL
o(E) L

feek I

Heek IT

o 28(28)

23(22)

T

v
]
-
»

1y 13) *('
- Jo(10)

. . 2‘ . e o fo N B K
. . 1 = 0.11: fOI‘ 1 d.f,P?l 0.05' NQS. . - _"‘
—— A v"\ T : N - ? v P .
N - LR . .
‘ ' - ' .
) . o . ¢
1 N Lt
y a . ., -
TABLE XVI . B

g

'1.Q. AND PREFERENCE FOR STYLE

) . -

. UNSTRUCTURED

“NEUTRAL
' o) -

o(R)

STRUCTURED

I.0, VAL - O(E)

5

' nign 15(14) e

A
/

".12(.6) | .

‘Medium

Low -

17(19)

11(8)

1p(ak)

sy

ee)

!

o ey

1(6)

” i ' . ." g
YT = 7.9% for b af, p L 005y S, Ty
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©n

- for styles. The null hypothesis was thus, not regected

.for lea.rning style due to the 1

_ hypothe51s was thus not reg‘ited

-~ . . -

_of ;t_,hose' students who pr‘eferred' the .unstructured learning style-vere

*.in the high I.Q. group.' In';breference for the structtired"learning -

style most students were from the nedium and- low I.Q.- groups., F‘rdm,

A

these results one can concludé that the ﬁi,ghér 1.Q. students preferred
the unstructurcd learnin‘g'style while those of lower I.Q: preferred the

© structured learningsstyle. In this study the mean I+ for class II

Ny

‘was highexr (107 _a.'_s.compz;red with 91, 91' 87) than the nean I.Q, for

clas‘s;es'I I1I, IV. It is interest.ing t6 note that both a class-

.

'treatment and an I Q.-treatment interaction was obtained here while the

oA . n

. ; (’
@ - A
II. EFFECTS OF'PERSONAL]ETY ON PREFERENCE _FOR IEARNING STYLE

g. v .
i ~ _;Z’ \.’" ~one
4 . . . :

Results . T -

Hypothesis 2-B 1. There is no significanirei‘féct on preference

for learning style due to the interaction of treatnents and extraversion.

The chi—square obtained (1.3) ds shown in Table XVII was small .
in ma.gnitude Hi‘th a probability greater than\ 0. 05, Such .a result

indica.ted no significant interaction of" extx\a.version and preference

- .

-

Hypothnsis 2=-B=2, The;iis no. significant effect on preference S
eractlon of"treatnents and neuroticisn,

A larger value of chi-squara (Ll- 8?) as shown in Table XVIII wWas

. obtained from this analysig than 4in the previous one. - However, the value |

—

was’ not large enough to give a sggnificant interaction. ‘ The null

’

| ‘
&3

Hypothesis };—-B-—j. There 1s no significant effect on preference :
ST T _ -

\ y

o .

. ~ ~ .
I.Q.-treatment interactilon is not prgSent in the achiev.ement results. < o ‘
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. TABLE XVII /

- . L
]

. i.7 EXTRAVERSION AND PREFERENCE FOR STYLE- - ~ =~
1 N » = . . . ) ;
‘-‘, , ’. . - "

_ o " “ STRUGTURED « NEUTRAL
EXTRAVERSION LEVEL . R(R) - -

UNSTRUGTUEZD
O(B). . . o(E). '

Heh .ihs(;?)‘ '._'_."6(8)-‘ - 1(9)
Nrettn 0019 S ON

9(10):
L

Q.

[N

2

2
v ..~" ‘1' !
: ‘L2 . ‘ ’ i
N X.--'_’ﬁ'irj for 4 4f, p > 0,05, N.S.
. . b_ - ‘.' . , " - .0 e . .
o " >
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. NEUROTICISM-AND PREFERENCE FOR STYLE

. STROCTURED NEUTRAT,
NEUROTICISM -LEVEL o(E),, - CO(E)

o y—

G mighc o ‘16(11;5); e (), : (7). T
Medun -+ 19(19) ° 611"('9) s

Loy B 16(16) ¢ o5(8) . 12(8)
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for learning stylc due to<khe interaction of treatrents and dependency.
Table XIx.shows a largcr value of, chi-squarc (6. o) than in the
ﬁwo previous qases. olweyer, again, the value was not large enough‘

to glve a significant interaction, The nuli hypothesis .nas thus not

LI

regected. . . o b v .

;Di cussion : L C ~

o

bs - A4

The reoults obtained her are contrary to expectation. "It was

60

suspected that the extraverted students would find more sati*faction in

a learning stx}e in which they were given more freedon than.in another
' -« Wwith restrieted freedom. Llkeulise, the introverted stud%nts wore-.

suspected to prefer a restricted lgarning environment~ Asnch results

2 - . ‘
S §
M - DR . '

were not obtained from this studi L . ;

< Q1

o

3. o In view of the interactiop‘bf neuroticism and tre;%ments to -

2

affect achieVonent one would expect an interactlon of neuroticlsm and

" preferenCe for learning style. Again‘such results were not obtalned.

Amidon apd Flanders (1960) obtalned a 51gnificant interaction o

of dopendence and structured-unstructured }earnlng style-wiﬁh the

LN /7 . '_ L - .
dependent~-prone students favoring the structured ledrning style.® The

® y - . ] . ) .
results of this study did not support this finding. y ‘

A ",)"

o

) {T11, THE EFFECTS OF SOCIOECONOHIC STATUS ON-PREFERENCE FOR LEARNING SEYLE

LI
' ) Do ' E : g
o . s ;™ . P Lt
ults . . o LA . ;!

L3 . <

Hypothesiu 3-B. Thexre is-bé significant‘effect on pppference

for a learnlng-style duc to the 1nbe1action of trcatnents and °ocio- '

. ,‘~Sﬁ‘:
economic status, - :
¢ . A

£ Y

[ 4
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. § S e L
DEPENDENCY AND PREFERE%ngFOR STYLR

, iy < " STRUCTURED  NEUTRAL  UNSTRUCTURED -
DEPENDENCY LEVELY ~ - 0(8) ) o(E) . - .- oln) )

api

— A
High ) ' 17( 17) : v 6( 8) -
veatwn /7 18(18y% . 9(8)

| i2(8) -
“ o 9(8) -
15(13) T 96 ()

Low

>

. . a2 ‘. -’) . " ) ’ -
X = 60k for b af, 320405, WS,
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. The-chi-square value—as shown in Table Xx‘gbtained,fIOm'this é;l

(.
analysis was 2,01, less than what\is required to give a significant

interaction at the 0 05 probability level. The null hypothesis was thus’

not.regectedc n ,\\

’

rd

SUMMARY ©

v . Y . »

The. results indicated a preference for.and superior achicvement

L3

in‘the structured leaxrning style, However;.these conclusions are‘giyen"

with some resérvations, In testing the &aJOﬁ hypotheses (1-A 1-B)

Al

’class-treatment interactions occurred affectlhg achievement and
preference. Class II, with higher mean I1.Q. than the other three classes,‘ -

: achieved science processes better and. preferred learning in the .

unstructured style. ‘Analyses “of the effects of the otheyx variables An

: _the study did not explain these interactions;' It is suSpected that the

interactions ‘are of a higher-order 1nvolving some variables not . -

_investigated in this study. Hoaever, a’ significant interaction of I, Q. ‘

[
1

: and the treatments on the preference neasure indicated that students

'learning style while those from a 1ower 1.Q. preferred a- structured

A%

'from a high 1.Q. grouping preferred learning ;n the unstructured '

B

'~fenvironment Such a result was not obtained on ‘the achievenent ‘variable,

‘
-~

v

The class~treatment intcraction affecting achievement could thus not be

.explained on the basis of I.Q. Thoe fact that class II achieved

‘significantly better in, the uns tructured style may be due, in part, to

bt 0 -

' a previous exposure to'a 1earning approach that is someuhat unstructured.

—structured style. -No evidence exists to substantiate this,

REl

: The other classes may, in fact, have ‘greater fepiiarity uith the

L s

e



TABLE XX -

" SOCIOECONOMIC STATUS AND PREFERENCE FOR STYLE

v

STRUCTURED

o(g)

e

UNSTRUGTURED

- SOCIOECONOMIG STATUS LEVEL _ -

High . ..

Medium

Low

w(z) -

20(23) -
16(15)

&)
14(12) -
' 6(8}: T

}

_ 0(E)

[

11(10) .-
7(7)

2%

= 2,01 for 4 df,' p » 0.05, N.S..

”»

e

63-.



“The question of whethor students preferring a‘particular | '

i learningfstyle achioved significantly better in-that/etyle'than in tne

'-other was not given major considexation. However; an;ly*is carried out
indicated that students who preferred a pqrticular 1earning style did n t

;achieve eignificantly batter in that style than in the style not

LY
preferred. )

Ne interactions of extraveroion, neuroticism, dependency and i
socioeconomic status wigth the treatments to affect student pre%brence ‘

:for 1earning style were obtained B ' T . .
. L _ L

" The finding of null résults may be due, 1 part, to the e

\ - . i’ L]

..presen e ‘of meaburement errors, For example, students may not have 0 L
¢ DR

realized a clear differentiation between learning styles., Certainly the e

»

-

’Thiu wals evident from the first administration of the preference | e -

4

instrument._ o e >
. oo : S L

Sy

:,'_novelty of the treatments m&kés the preference data sonewhat unreliable. - \\;‘
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- CHAPTER -V
= . .+ . _SUMMARY, CONCLUSIONS AND IMPLICATIONS" ST
9 , . K ' - . . - . ..
: .U I, SuMMARY .. ) ..
! ! ST '
‘\ L " The study was designed to determine which of two.teaching

aﬁproaches_produced greater achieVement of science ‘processes and which v

1 .
..approach was nore preferred by students, The study also attempted to

»determine if interactions existed between certain personality varieblesr

S, Biid socioeconOmic stath witn,the learning styles to affegt)achievement
' a b - . .

\and p;eference.

o \

) Research Design : S L.
P \ : . = - l\

A ' Two sets of activities, ‘ohe related to balancing and another

L~

related to den51ty—volune, were taken from The Elenentary Science
Cu;riculun Study (ESCS) and modifled to. reflect a structured and an
unstiucﬁured learniné’sfjle. The essontial | diffe*ence between these Ty
two styles was the apount .of teachnr control and direction.

.

i+ Two grade six classes from each of two schools were selected g%\ B

s the nain part of the experiment. The e classes verxre selected on the’
:.,d N - '
basic of no previous exposure to- pngcess ‘oriented courses and from . C .

-

communities which would give a suitable 50c1oeconomic status range.
The classes wexre adminlstered The Junjor Eysenck Personality Inventory

',and the Dependence Proneness Scale.prior to the.conduct of the experiment.

“LAi the_same'time:the sfudents' socioeeonomic sfatus.and I.Q. vexre

* obtained., - SR

Y

9 e
A P



' ~.The experiment was conducted over a two week period Each class
.’experienced both learnlng styles and engaged in both sets of activities.
The design was such that the ordexr of presentatron of activity. time and
,,learning style vas’ countorbalanccd. At the,beginning andﬁend ‘of cach ueek
,ea?h cldss vas given-an achievement test related to. the activities of the
neek; These achicrement_tests vere self-constructed and validated by six
educators familar with the process'science.course. . At the end’ofjthe two\f

wed® period a preference instrument was adninistered to each class, ' .

The achievement scores were analyzed by a multiple linear
regression technique, controlling for previous knowledoe and the effects

of I.Q. The_preferenceiscores.were treated by:chl-square analysis,

Find.ig S :' . S _
Results from this investigation show that three of the(four ‘

clisses achieved scicnce processes better and preferred learning in the
tr :
.structured learning style. Honever, one class produced superior

achievenent in and preferred the unstructured environment. An interaction :

» of class and treatments to affect achievcnent and preference thus resulted. ~

Thore Was . no significant interaction between I.Q¢ and treatnents

to affect achievenent. Hoq}ver, a significant 1nteraction of I Q. and

treatnents affecting student preference did result. This may account for K

'the interaction between class and treatment to affect preference since the

- class whlch preferred the unstructured treatment was. also the class of

a

- higher average 1ntelligence.
No 1nteractions of extraversion, dependency and socioeconomic

lstatus with the treatmenus to influencc achlevenent or preference wcre
) s
obtained. A significlnt 1nteraction of neuroticisn and the treatnents to

—

. influence achievcment, ut not preference, rcsulted.: e

o . '-'~ ) ' " t l;_.,,



'II. CONCLUSIONS'
,“ “ . . B
From the findinés of this study several conclusions are drawn.

2
v W

1, Students achleved sclence skills: better in and indipated ,'

o preference for a structured learning style although signiflcant claSSd

treatment interactions eyist. _Such'a result leads one to conolude'that

3 1earning environment involving substantial tmacher‘direction’and control.n

. i ' o ' o A
"to be better-than unguided discovery in the attainment of process skills.,

- of this study indicate that the more intelligent students favor a learning

‘{'style.' One could speculate that the effect on achievement may be due to

less inltiative is required for discovery.. That is, guided discoverﬂ seems

suffers less frustration in an environment in which He has to deternine his .

_provides a nore conduCive”atmosphere.for the acquisition of process seience.‘

Students, generally perform better in and favor a learning style in which

2. The stated conelusion is drawn with some qualification. The rebult

style requiring little guidance although the achievement is irreSpective

r«‘

of learning styles, "It is possible that the nore intelligcnt student

own path of solutiOn than a one in‘'which he is led tb such a solution. T :; .

A LN

3.; ‘An interaction between neuroticism and treatments to affect achieve-'
o N 1 ‘

-ment but not preference existed. Such an interaction showed that the more

nneurotic stud nt achieved significantly better in-the structured learning :

’

‘the need of -the more-neurotic students for a learning env1ronwent in which

‘the chance of success is greater. A structured 1earn1ng style Hould moxre

-~

likely prov1de this needed succe s  In view of this finding, a dependency-

treatment interaction influencing achievement was exp ctcd Such a result

was not dbtained _ S '_ e

4, No significant igteractions between extraversign, dependency, '

o socioeconomic status and the learning styles were'préduced in‘th}s stud&{

»

- . - . e -
' - [ . e s ot te ' '
» ) \ . * i - > . 0 ) . A
v - . - 1 *
' . ‘. R . [




. . L .
° p . ¢

Results did not show a significant interaction between neuroticism and

the learning styles affecting preference., One should not conclude -that

. :such‘interactions 40 not exist, . The présent study is limited in the,w
short,duration of the experimentf A nore:ertensive study naf.produce
.significant'results.. | ‘ C ‘ |
5. Achievenent of process skills was significantly better in the
first week than the second week. Such a result was contrary to expectation.
One can speculate that the novelty and thus-the interest decrease within
55-% sime short duration of the experiment regukting in lower achievement in oo
.:jthe segond week, L ' o
. 1 _ 6, Students from a.higher intelligence levellachieeed significantly
. better than students from the lower 1ntelligence 1eve1. Such a conclusion
,suppo;tscthe accetted view of higher intelligence resulting in superior.

acadenic achievement.

’ - . -

"?; Students from the higher sOcioeconOmic level achieved significantly
better than studcnts from the 1ouer socioeconomic level. Table IV shows
a pegative correlation (-0, 10) between socioecononic status and intelligence.
'Oné can only suggest that some_other inherent characteristic f the

stﬁ@ents fromlthe higher sbcioecononic level contributed 'to superior .

achievenent., :
. . ...
-, '~ r . III, IMPLICATIONS FOR FURTHER RESEARCH _~ - - [
A ',".:_Nw,;“}‘ _ - o S ST S
, = From the limitation and results of’ this investigationﬁ? number .
#IT-‘ . of reconmendation are offered for furthcr research.
' _. ] - 1 It is. suggested that any further studies in this area
) \\' P A .
' ﬁ’ provide an oxtended time for .the conduct of the experiment. A tvo week:



-~

r

¢ . . .

experlnent does not produce substantial development ‘of process sﬁills.

2. It is recommended that in further studies related to -

structured aﬂ&?unstructured learning styles an analysis_of teecher-

student classroom interection be cerried.out in a pilbt.studyHSQ as to

assure a cleaxr differentiation of leaxrning styles,

3. The deve10pnent of process skills is hieraf&@igal in nature.

'4

The present ‘study, conducted late in the school year, used as the sanple

-students with ‘710 previous exposure to process science out of concern for

duplication of activrties. Further extended research in this area might'

conexder students who havc had several years experience with elementary

processes of science before attempting the ‘more dlfficult development

skills, - - - S

W
L 5
~
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‘Activigy I -7

.. ey L
’ . 4 - , .|»;-‘, Loe e

-5

- To compare the welghts of ‘a book, a’ pencil and two rocks

Materialss

o

Instructions:

X
VAN

Materials:

Discussiop:

Iﬁs%ructionq

i['

iy

Sy

wifhout a balance.

Fér each student: .° \

- Various objects.suGh~as a book, a pencil two rocks (of
'.about the ‘same weight)

L]

Pick ‘up a book with one hand and a pencil with the' other.

Which 1s .heavier?

Then put down the pencil and pick,up a IOCK. Which is
heavier, the rock or the book?

Now put down the book and pick up the other Tock., -Can’

you tell which.rock is heavier?®. _ 5 - ' -

N

' The difficulty. of telling which of .t#o objects is heavier .

. by subjéctive méans.when>they weigh about the sanme,

. 'mark, .~Is your ruler. balemced now?
why? -
.Take the Soda Stran and pierce the pin through it where you.

"make sone balances. . SRR

The need for an ingtrunent urder these circumstances.
L s I ' ' '
.o ’('\i‘l’. :.— - '

" ketivity II - - -

- . .
. -4 - £

To méké d,numbef of bafancesr e BT l&f'

'For each pair of studénts: :
‘Materials which students. may use to construct”balances:

12" rulers, hat pin (5"), Soda straws, ‘durtain rods, stiff”
wire and blocks.l "

s Take two, 6f ¢ your "books and” place them about 3 inohos ‘apart.
"Now put a hat pin between the two books such that one end

of the pin is on one book and the .other end on the other:
book.. Now put your ruler at the 6 inch mark on the pin,
Is-the ruler balggced? How,do you know it if
balanced? v '

Now take your ruler and put it on the- pin at the- 5°inch

‘think is the niddle of the sbraw, Place the pln with both.
ends on your bocks as before, Do_you'thlnk the gtrau‘is
now balanced? ' Why?

v
e’ . . B ~
. . - . 1 .

'

A \,

3

" Take some. dT the other, thijxgs you 've been given anﬁ try to —_
> “"
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Discussion:;

. Purgosei

‘Materials;

{ ~
v I

a 43\\ inst:uctiens;

Le N

For each pair of studentss .

: When conparing the weights of obJects using a pegboard

: equal -~

1. Estabk&shment of a balanccd condition.
2. A seesaw balance,- s,
3. Use of balance to weigh ObJeCtd as in activity I,

" Aotivity III .
' ar o
.7 : . . Coe

.To c0mpare the weights of obJects using B pegboard balance.l

»
’

Pegboard balance (assembled. and balanced)
Paper clips &
Obgects to be weighed with string attached.

K plece of wood, a blg washer, a rock,

Put a paper clip in hole # 8 on the left arm of.the pegboard .

balance and put another.clip in hole # 8ion the right arm of

the balance. Hpng one of the-rocks on one of the paper clips -
. and the piece of™wood on the other paper clip. - Which_do you
“think is heavier,’ the wood or the rock?’ " -

Now move the.clip to which the rock 1s attached to. the
hole #.7. Which do you think is heavier now?.
Move. the sane: clip to hole # b, Which do you think is
heavier now? .

' ‘Using this balance it seemed as 1f the rock was heavier

at first but now it seems as if the wood is heavier, - This

, ' cannot be right,. It appears as 1f distance is important
‘when weighﬁ are-compared. - When the wiegh?s of objects are
© compared uei% t

g this balance they must be at the same distance
from the center. - .
Now put’ one clip in hole # 7 of the right arm and another
clip in hole #°7 of the left arm, Attach the rock to one
and -the wood to the ot Which is heavier? :
Remove the rock and att. a big washer. Which is heavier
the rock or the washer? :

"+ Thén arrange the rocks, - the wood and “the washer in order of *
N _weight with heavieot first .and the llg%test 1ast..

- .

balance it is important to have the distance»from the ceriter

vl

. . « . - ¢
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L . ., . . .
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v
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‘Materials:

. Purpbse

t

e

t Insfrucjions-

" thelast acitivty.

Discussion:

_pegboard balance?

,balance hang 3 washers, -
- aftenpt to balance the right arn by putting ‘the ¢lip in a

balance hang 6 washers,

- number of holes in -the left arm. .
. to be put in the left arm to balance the right arm - - . =« »

look at when- you~are trying to balance the two arms?

O w Adtivity Iv

Ce [
\

-

To find out what factors are important when. trying to - ) CT

balance the arms.of a pegboard balance, el
a ~ . , . . .‘._/_” .
, For each pair of students: o S
.\ pegboard balance = . : ~ o C e
. Paper clips ' b . " '%/f _ -
_Blg washers "" }{ : . Voo

l‘

‘To a paper clip put An the hole # 3 on the right é?p of .

_your blance hang three washers, Put three washers on a .
paper cllp and attach it to the left arm,, such t the : ' .
left and right arm balances, Note-that this is similar. to . f'?'

What can you say about trying tof
balance equal number of washers-on each arm us;ng a

To a .paper clip put in hole # 5 ,on the right arm of your
Put 5 washers on a, paper clip #nd ' .

number of holes in the left arm, - Where did the clip have AP
to be’'put in the left arm to balance -the right arm :
‘cantaining 3 washers in hole #-57 . .
To & paper ‘clip put in holg # 1 on the right arm of your R
Put 3 washers on a paper clip and
attempt to balance the right arm by putting the clip in a

Where did the clip have

containing 6 washérs in.hole # 1? _ °
What therefore, are the two factors or variables that you

The need to consider both weight and distance when trying
to balance both arms of a pegboard balance, '
RN - I .
o . . . R 5
1 L
. R oy
- _ 5 . o
l; = ¢ ! ' " y ’.. 4 v j ~
’ ’ . - "CWQ,'-
. , g .
. I .
’\‘ ’ s .
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© Activity V , K
) y . C
» \ -
" ‘\ o . .‘ . .
.Purpose: To useé a pegboard ba.lance to find out if there is any

" relationship between the weight and distance.'on the right
¢t - arm and the weight and distance on the left arm when these -
-arms are balanced. To :try some more examples.to.test this’

. , - . relationship.
Pl ’ M
Materials: ° For each pair of students: 5 - :
R Pepghoard balance o, T N
A Bii%rshers ' 5 s
: . Pap clips : c R
. N L, , o

? Instructionsx Put 4 washers on a paper clip and ha.ng the clip. through

. hole # &4 on the right arm of your pegboard balance, ’
Try to balance.the right arm by hanging different numbers
of washers to a .clip and. attaching to the left arm.: ' <

e Complete the following,;ta.blet %
Left Arn i ' o ' i Right Atn -
..Hole—r‘.)’ - - # of ﬁashei's ' Hole # . #:, of 'was.hefs
Sin . P s "y I ]
! 8 o I - L
T — T 7i
- B A T

g ' . -

v Remove the- clip and washers from the . ,1eft arm of your
- . balance and just take off the ‘washers .from the right arn,.-
“Keep the alip.in hole # 4.1n the right arm of your
:  pegboard balance .but this tine~keep changing. the numbers:
--of washers that you are attaching, as indlcated in the
table below, ‘Each time you .thange the nuhber of washers
‘.on the right arm try to balajce this arm by.pu‘cting b
washers on a, paper ¢lip and hanglntr it from one of the holes
in the left arm., :

ST Gomplete the following tables '{' :
Left Arm - Right krm
‘Role # IRy # of washers . - Hole # # of washers '
3 D R \u o ., u’ A.“ - 1 - - .
hid . '. - : u . v ’-l- - % \L ) 2 ? “
s ] . L ‘ 2 i . 8 '
A - . lF K I S v
x S ____-Look at. both. tables. that you cowpleted. ‘l' L -
- T ~What relationship can you sce bztueen the; values of m,ight

'(in wash*rgs) and length for the righb arm and the wei,ght (in Ha.shers) and’
lengh}cﬁ: the left arm”‘ : . :

R N - - ¢ . . -

. : ; . . . Y- )
. f -« . . . L .
n . . ‘ D



B -~
-~ 7 =
N
..
1y
’
»
s
o
3
’
«
Y
[
p——

b’

-__A > ¢
. .

- . .

A .
b o
PR

]

»

Diséussions-

4
\
.
t
- s
B
3 -
R {;'.
¢
. B
=
P
. .
.
’
1
3

[N
>
. ,
»
N '
- .
AR b
-
~
. -
N .
P
,
. B
o
4
v
- '
.
[
1
. 0
B
' . e
-

" Take your washers and clips7and sge .Af your relationship
.. holds in some more cases, Write the relationship which -
-, Seems to hold in symbols.. ' K ’ '

\:

Reinforce the relationship- of balanced conditions, . °
“Establishment of the propex - symbolic representative.
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* Purpose:

c.

Méterialsz

Ihstructionss

"' Purpose:
. 05€s

Materials:

Instructions:

»

”Purpose:
Materialss

a3

n

Instrpctions:

Lo Activifjfx, - . .
i B .. . . R ) . ". .‘ . “. . ! '

K pilece of wood, a big washgr, a rock. - l.

. P o - _
o .BALANCING = UNSTRUCTURED STYLE .

.." ' . . .
.q| o l-' '\_: \ ... N L

+

./-'

i
o’ compare the welghts of a book, a pencil, and two ro%ks'
without a balance. ' &

For each student:

. Various objects such as a book, a pencil, and two rocks

(of(abcut the same weight).

On your desk you wild find the objects listed above. ,
Try to compare the ueights of the obgects Hithout using a
balance s . . s ’ 8 '

¥

Activity IT < o L o
' o o T

To make a‘number of-Ealaﬁces."

. For each pair of - students., o : ":_='1§

Materials: which students nay use to construct balancesy. - y
12" rulers. hat pin (5" soda straws, curtain rods, stiff "

_wire and blocks,

On your desk'you will'find the objgctS‘listed apove, Txy "

and_makefasgmany balances as you can using these objects, .
/. ' L o
| /// Lo -l ' .
. f . » . —e \ - _ -

Acti_viv e -~

‘ . . . v
y-r . - , .
- . . L0 8 n -
. : " . PR

e,

" To cOnpare the weights of objbcts using a pegboard balance. -

For eaoh pair of sthdents-l' : S Lt
Pegboard balance (assembled and balanced) -
Paper:clips . R } J

Objects’ to be weighed with string attachﬂd. i

You are glven.a pegboard balance and iwo paper clips which °

are to Be put in the holes of the balance arms on which you
are neant to hang the objects listed above, -

'Use this balance to arrqﬁge these obJects from the heaviest AO:'~:

. to the lightest)f w . e
A ST B
A T A S
7 i\ : ’ - o



Instructjonsx Using you§’pegboard balance, paper clips and washers try -

* ' Puxrpose:

:* L : _Activitﬁ v, o o o | o |
i . ‘ - e L , | |

- L " - . .
" - < v ] - ;
> - L : s 0 - .
" - N

o find out wha$.factors ére important when trying to
balance the axps of a pegboard balance.,i ‘ .
- ‘Materialsr - - For each pair of students: . . ’;f, Lot "
: ‘ . A.pegboard balance o i S g \
//’ Paper clips T . o ' E'..‘ .
. / . Big washers R ', L S
3 . . i .

"to balance the left and right arm of your pegboard balance
by putting equal number of wishers on each arm. Then try to
" baldnce the left and right side with unequal number of

: ér washers.

AT hetivity V L . :
. '-h . s . " . . " : . . . . .

To use a pegboard balance to find out if there is any
Aﬂelationship between the welght and distance off the right

2

.

" Materials:

drm and the viplght and distiﬁﬁé‘éﬁ‘the*ieft*arﬂrwheﬁ“%hese—______,h__ﬁ_
arms are balanced,
Try s8ne more. examples to test this relationship..

e For each pair- of” studentsz ' 0 T -0
PegbOGrd balance '
" ‘Big ‘washers , . : .
Paper clips T - - A \ i

" Instructions: Using your pegboard balance, washers and paper clips‘try . . Y
A Lons _

to find out if there 1s.any relatiqnship between”the wweight |
and length -on the right arm and the weight and length of the ,

-left arm when these arms are balanced._

\ .

‘ ‘ ’ 8
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ACHIDVEMENT _TBST 1 - BALANCING

- 1. Look~ care%ully at the diagram belou S _ . o -

h}

» - - " ' ' A . ‘ B ",C - | . | ‘ |
' '_ S . . " a .. : ‘ 'n o
. | : : "ZDiagmM' 1= [

Diagranm i shous a stick of the sane thickness'aloh:g. _ Also shown ~
, 1s a,-wooden triangle. Check the bost position for the block :such
" that the stick would be balanced,

. ‘,'_‘ ! t L . A £ ) "

.. - . B———-——-——-— . . X .
L i A §
‘ 2. Look carefully ‘at the- diagram below L

Y( : L t .. @:""' (\/{ _- . X : ?9 e I
o 4 /I] J\) . ‘ ’22 ’ ucn._::.u.-lu- a“rh.'lmxt.:t-'.l -m(r J-‘J‘..ul.r'-:v' L3
... P R R T RN ATV AT AN ST T S | ,
' ‘ o ‘,_\ ) 4 / \

LA

A |0‘3,E'd cee Go 14 ..Jctc;ﬁ.t-{a o 53.“"
i ° . . o T - P

- ‘ *\ p@% !“ ‘ n :):
SR éi ' 3‘/\\ % DU

W‘B— ) el Bt w&&q’\ T BRIV IR VII—N d-'v:" il‘alﬂ
.. A\

L J;;

B D mf’““ — “.O b.

: ,George wanted to secsaw wivth Betty. Hhich picture shows the. best L
way for Beity who wéighed 100 pounds to ba.lance George who welghed ,,;\‘{ér o
50 pounds? Chéck the test way, . L 1; -

Ry

o
& %}u_;m 4 StuiTrae~ z——-g-rm’tc. A8 .S‘, u::“y-';—_‘-‘L
( |

i
"|
i
"a : !oo . ,
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A S R A
. . 8 i i .. e SN
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v ' '
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'3, Look carefully at-the diagrams b@low .’m which obgects are

t

balanced with the samne size welghts, L JE L
rgng Y | T ] [ o  — et 1 I S ~ . v .
i s 23 u b e:.wsz.,n-»n-z,s'q-ﬁé
. . ‘, P : - A ,“ ’l'
' Diftgram 2 ‘ DsRRIA Y '
. T T b .0
PR Check vwhether you th:mk obgect A or B is hcavier. . .
o Objeet A . _ = - . | s
, ObJect B . _ T L s

° 4, Look carcfully at the diagram" below 1n Hhich ochct% are balanced
with weights,’ ;

e i \': R e —— . !
543 2l 2 Y A
P I
™~ - e
"I ) < @
. ¥ e ,
oy Dmchmr\ vanganta b )
l
' Chej’.‘k whether you think obJect C orD 1s heavior. . S T
. Object C _ - , o AR
Ochct D . o - . . )
5 Look carefully at, the dian-ram 'b°1ow in which two ob,ject<; are bala.nced
"\ B Sovee, e, e P e — ,

':- s 7 ' b-F 3 2t
i,; -. ’ . ’ .
. o o - . ' . . -

[ _ ) / . :’ ) ] '_? ~
o = . T
R LI R B
’ Underline what _youj ’bel:u,ve to be the r;.ght anwer. L ey ' !
~1yA"is heavier thin B : / }
T 2, B iS/heavier than A - .
e 3. A and B hive the szme weight s -
+ - .. L, Cannot tell frox information given, . .~ ’ DU
. - - ., - y‘.ﬁ
L - .
E 5 ) \ . . ' f ) G
. ] . . ) ‘( : C ¢
- ). . R .
o ) °, -'_ll N '. -
. -,/: ) 4’_’: 1. X . ;



)

-

. 6. .Look'ca.xfe_fully at diagrérﬂ 'é\_below. Check whethor the .axns are
- + - balanced or not balafced. L B ‘ . o ]

L . ) " )
' 3 2 1 2345 6
i "C:ls;:wr'ﬁ*'—c;*ﬁ‘—"m'—‘l*'r—r-_j
' - . ) e @ Z
n ’ ’ : - . r'[—_—-—-]. '. . ’. N
* : ~ dlagram € . LT
oBalameéd _ v ..
t < Unba.lanced L
@ - 2
. 7. 'Look carefully at diagra.m 9 b°1ow. Check whether the arms’ are ,
. ‘ ba.lanced or not balanced, oo . o . o :
. /s _ L - . o
Lt T e ’ Ls&*‘lzin.l:z‘lwg‘(. . . 'f PR
S - B g O o Ol Py B , X _ N
: ' hg ¢ i My l?-‘ .
A Y ! / >
Fi - . . . ) .
, . Didgram q° .

oy . . : B . (. S

, - Balanced g ’
) . * - Unbalanced : . "

rd . . . o R - " l‘

8, Look carefully at diagram 10 below. L - e, ‘)'
g . LEFT  ARM | RIGHT ARM o -0 NN
’ ~ - (A -3 2 ] L 2 :3 “% g . s : .

L S ‘ ' W v B B e i e Sy s SR .
_ L . LT . :Dmorm\\ \O ‘
’ - ' : .
3 big washers are hooked on a paper cl:.p and put in hole # 5 of* the
. ‘left arm of a pegboard balance, How many big washers on a paper clip
L 1n hole # 5 of- the right arm are necessary to balance. the 1eft? o

(Put your ansxcr heve . .~ .. o . ‘ .

. . . ) L . . . ~ ,
't . \ . e . " » - . . . i
* N . -
‘o P t o - -
- . 4 - [N
' N g . ' . 2 * -
d . b s ° / B ey
- . il = -
) . - -
[} L 1 \ ! .
. ) " -
- ..g, ¢ I
> . . ) - . (.



. 9 Look ca.refully at the diagram below, . B
ce . L LERT ARM  © CRIGHT Asd - n o
. R o .é,‘v"t- B 2t V345 b ..‘ b //

i i ..“..‘;Q;:}:‘.‘:E:.l TIIILLD

B

. ; } ot S B o '
: . Dmcvnmvx "o - s
' _ 4 big washor's are hooked on a. paper cl,},p and put 1n hole # 5 of the _
v “left arn of a- pegboard balance, How nany big vashers on a paper clip
put in hole # 2 of the right arm are neces‘,ary to ba.lancc the left? ,
Put your answer here T
e 10 Look ca\refully at the diagranm 'bClOrl. - : _ ‘ 3
N SR CePr ARm - - Rieat Y .
e T KO . ,.“-5‘*-37-\ ,\:zswf s ’ S
: , o L . ‘r:r:r:r:g:z;-- N '-r:%-ru._sq IR ST
) "» ‘ | Lo . , “ . \ ' - L ‘ ' X ) ”«- Iw‘, :.,ll.

. . )
"Diaar M -‘ 12
R a4 L . B .
fa - Where would' you hang a single washer 1n the above dia,’gra.m o
‘ . ¢ in order to halance the left and the right arns? Dfaw in the bl
s single ;«eight in its prOper position 'in the diagram. C ot
I'\ _ “ Y - .. )
N\ )
- . . i 0‘ ’ _,J‘ . -
X . AR -
. (‘ . "’ - a v
o\ : v t o T S N
' ' = ? ;
° - . . ). ' ’ ‘ -
TR : -
" ' v,
KR > ! "
o . . | l ] M . ~ . ’ ) . &
o “ ' T ’ ’
v re )
B ' ! L ) P .‘ : N y
- At - _";,. ' -
-s - ) . ..‘_. v_.. - —l - » . :
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A :Put your anower here L .-

11. _Refer to the diagran below. ——
P LETT Rgm . <N 'R\C\\T ﬂRx'\
- N
- , . r . . 'l . :So\\N
mou? o L SRR TS S
‘ CplAeRaMl 3, . ' L

' .- I - ~ :
Jin and John are using a ladder as a seesaw, .Jim, who welghs 100
pounds is sitting on bar 6 on the left side” of the center. John
whié neighs 150 pounds 1is sitting on bar 5 on the right side of the

center. 'The righ} and left sidesbare not balanced, To which bar -

does John have to ‘nove to balance Jim on bar 62 e

""_"12. A student{tried tor £ind the relationship bétreen: the welgh s of

three opﬁacts A, B, and C by using a pegboard bilance, Look at the’
follod,iag dlagrans ‘and ‘write down what you believe 1o be this

relatignship. 1i,e, which object is heavie t, which. ob,)ect is the
_____lighte t and which obJect has a weight botaéen the other two" '

El

A |
.
*
i<

.  pnp—— g P A
e A
DGRt dyr. ’
. ke . S S a7 R
.« * Put your ansver here - R i \/} C e
.. Heaviest ST T e T . .. _
Next s : oo N Lo . Lo
Lightest - S R o . e
o N RN ! N e . . J ) '-“ R LI . [ 9
4 ' R ' , E Q, - ) ’ \ ‘
) ' " s
. . ) :
' ‘ ! o
[ ’ R ' " . < o e r
'kl \,’ N .'-, ; . E ~. ) .'n
; D oS
. ’ ‘ "
\'?. ~ ‘l i —_ . /
. S . . fooot - ’
NP , 5 .
- 4 7 : o . f
: ~ o0 s » -
.: “ . ""' AL-_ Vi
° * ~‘ ' ! [ P . P K
B - —S . -.




B Yy o . ,U
! t ~a i . -“.
" 13, Look carefully at 'the diagran below, o
| . LT ARM RGuT aze - T - S
. " y . ) ; S ;- N -
Csw 32y v 2.3 y s b ol
s e v e e iy g s e el B \ . oot
' . ' . )
3 ‘ ) ’./'
3 L

U DiAgRam 15 0 ' S o

B~
Ca N

On ,1.;h'e loft .arm of thé’balahce two washers ahdsob'gect A are hooked . '
. in hole # 2, On the right arm 4 washers are h&oked in®hole # 4, ' S
The arms are balanced, . What is the Weight of objeet. A in units of

washers? . - - : S . ]
.l . ) ) .t ’ . . ,‘ ) . v I‘H
: Hrite _your '\nswer here . Q . . - %
. ST ' ’ R el o '
14, Look carcfully at the diagram bnlo.«.F S w § e
. terr Apl L RieHT ARM L 2
. bgw's 2 0 2 38 G 0 I A
R = :_T::r::r:ﬁ_t"@_t;L.:;.:rz.j::n ' e S L
’ o R o Lo -
. - ‘o v :
. S o] o2 ) = ~ S WHSHERS . S '
R . - ‘ . . o
[ . . N ’ N , . ' e, ¢
s ' Y amnmbesenat R L Lo R g
' T Diaaram 16 : A e
‘9 0 . . ) ‘. K s .

Two obgects are hook d on’ pa;ier clin and put in hole i#'5 of ‘the left - .
“axm of a pegboard balance, 'Washe¥s. are hooked on a’ paper. ¢lip &nd -
put in holes of thehright arm of /the ba.l'mce. The folloning . P

- information is obtained. o )
‘Object N Wéiéht in V(ask;érs. " . Holé # of Washers “ :
A 1 larg'e Ha.sher o , .50 . s

- B . o SR B snall washcrb T3

; Underline what you believe to be 6ozrect ) N : . _
1. A is heavier thast B* . - T ) v ¢ s
. '.,2. B is heavier thip A S VR
" 3..A and B hive.the sane weight . ~ | o R
. ~lh Cann'pt tell from inforxntion given L A o -

SN

. R . " v ten
i - - . . ] nd T ’ v . . g [
! - U ’ . o ! . . . " . L
. . " Il . R . L4 /
. i u . . "l . . 1 - . Y
4 ™ - . > - -
L, . N b el a . '
S [ . 4 . ‘ ) ¢ Y 2
7, e . o B . '
d L
* 3 n s i
] . A [ l(‘
2 ' - : ~ t 6’.‘_ v o
! [ - . «
S ~ P d 7 N R 5-
Yo X - V NN ?’
1 . .
] _ . Wl ST
a -
B . Y. oo . . . ]
. - N . e,y
. N 1, - . ‘ s "
. > I . N e, ’ - v . 7 " VA
. . . . 4 s )
H P . 7 ) - .
s - y . | ~ B Y. o .
- B . .
‘ . j o . i N .
L \ f o M -
- { . s .
o . 8 _,J - ) ; - -
i L e
. -



-y 15, ‘A ‘student tried to deternine the relationsh

- . Left Arm

~

. * . - . .
. . . . : . .
- . . . . v " 3 . -
DY) .. . - .. v .
. v . .
. S .

_ ’
. t
s :

. . : '— '
- N - .l"' - Wt
R . B « .- .. . . - R » b "
[ . H oo - . . ] .

kp betueen the weights of .
“a big and “small -washers, Refer to° the @iagrans and tab}.e of. ,

1nformation to deternine this rela.tionahip. ‘
RN o

. ' Lt LERT ARM Ready ARm -
b S 4 3 2,y |-2.3¢+5'6\" .

-, , . , e W ey —— e . . . . *
s —- s E::ET;F—TE::L___ '18‘1"'! oI t.,._..\ . T N

{ ) ' ] ;_.‘_.
’wnsHEES- : . o

Diagrarl 17 RN o

. f . .
w oo
.

CRightE Krmt -

T .
—~ . . -

. Object — Ho]_.e‘# - Targe Washers  Small Washers- 'Hc;lq g0

A ‘ . .5. ’4 ' 0 v
B . 5 - 0 2

. ' ’ ) e t ) , ° A ) oo v ’ ¢
The weight of object A-= the weight of object B, ' v
Write.what you believe to be the Telationship between the weight i
- ofa 1arge and small washer here.

AY

. ;o SR
- .
k] #
. s te ' n'
A J
-~
.
. [ >, - 4
h 0 e
w .
/",f :
v . T ’
) A
K
. o
. .
. d : |\
. *
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‘ .
\. - ! ! '
. I
RO - .
P
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' 4
{ .
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[
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v
t
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A -~ "
. ‘ b
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| Ny ‘ . ©Activity I . . AN

- ’ . R . ' .

0se , To descTibe what "happens when liquids are placed into
" . other liquids. - ) R Sl .

., 3 o o \ ' '
". Materials: ' FEach pair of spudents should hav : :
T 7 .4 medicfne cups of liquid | r .
- medicine dropper e . , S
. styrofoam'tray . ©

For the class .. ‘ : . Lo
paper touels - . . T a $
. % newspapers oo - L o C /

: ’ SR . b . v S
- Instructions: Notice~that you have 4 meditine cups of diffeirent. liquids.
g With your medlcine dropper, place a drop of.the red liquid /-
e, T, . into‘eachﬁof4bhe other 1iqdids, and watch to see whether it -~
: : floats or sinks. Fill in the_following table, !
' | )

Coior‘of'liquid T . Whdat happens when the red
' oy : liquid is put in
e P .
' gfeen - P ’ .
. . *Telear®” / . o ,
L ) «  Dblue :"
® Discussion; . 1, When one liquid sinks. in aﬁotﬁer, nhét'doeé thls mean Lok
' . in terms of the relative welights? What does it mean - -
. when it floats?: _ ) , } .
: 2, If you put liquid A into 1liquid B and it sinks, what v
. * will happen-if you put liquid B into 2iquid A? ; .o
. ¢ d . [ oo . i . - A ..
. - \ B b
:‘.-: v 5"3:\,-:. . ' . . _;.':
C& SN ~ k“\ RN, . . . S ' Wit
. e /
. , - ':f o
. - - ¢ "' o .
- . ‘, BL ) , )
. v ’ | : ."V'. ~
, Loy - i
“ ] - . " Y ]
M IS FoaT / ,_? N -
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v T T ety 1T
Tpose: To compare the density of sa.lt and fresh water.
Materials:; + Each pair of students. shaould ha.ve . T s
< . 3 medicine cups ", A, , ¥.-f’) ‘ <
® "~ medicine d.roPper S R -
. ' styrofoam tray . . o .
™~ For the class - - o : Lo o .
. food coloring kit -~ - .. . o - .
. _paper towels.- , : : ‘“q R .
. 'newspaper° ’ ' RS .

?

A S

Instructions: Take one, nodicine cup--of szesh wa.ter and one of a.lt
. Water, m‘aking sure that the same amount of watléT was i

. each one, Do you think that there ls any difference in tilue .

Ce welght of the watdr In the two medicine cups? .
' Using your med101ne -dropper, put one drop of red food
-/ * coloring into the medicine cup of salt water. DO NOFr STIR,
*. ¢ Obsefve what happens, Now put one drop of red food

.
¢

coloring into the cup of fresh water, D NOT STIR. T
Did the same thing happen in both cups? Hhat do you N

~think_ would happen if you put a drdp of alt water in.

some. fresh water? -

‘Placé a drop of the red-colored salt’ water into a medicine
_ cup of clear,” fresh water.' What happens? Is it caused by
< the s21lt or the coloring? To find the answer,-take
e another cup and put into it a drop of colored fresh water,
Lo - whEt happens°

2. Do equal amountu of salt and fiesh watég welgh the -
_same?

v

v : . ’ ¢ e Y

'3, How does the colpr spread? . . A

Discussion: 1 Does the salt water sink in fresh water°



o~

Medicine cup fukl of each of the four basic liquid.s
. Styrofoam tray .. . o . _ -
'Medicine dropper f. B : -

[ °.

;pstructions: Each of the four 1iquids have been weighed by the teacher

5 and the welghts were found to be | . . ) R
- Ligui R ‘Number of wa;.'s';hers. neqd'ed ‘
[ Ao o3 "
A ~ B « &
c . ) o R
. D - * i T

\ .

S oo hetivity IIT : | .
‘ rPiu:pose:., ‘To determine if there ,is a relationship ‘oetween weight
' - and dehsi’ey. : G , .
Materialsi - Each pair of students should have. ‘ S '~

"a

"Using your medicine dropper, xplace a ‘drop of liquid Avtlnto |

: . 1liquid B, Observe whether it sinks or floats, Do the same’
P .thing using liquld c and D\and put the results in “the .

) table, .‘.); :
Liquid & into liquid B )

‘Liquid A into liquid ¢ - - oo D

Liqu.id A into liquid Dr

- s (

2 -

Discussions 1 What c],oes it mean when one liquid floats on another?

Why was it necessary #o use the same anount of liquid

when you welghed them;-. BN . «
3. What 1is density'? _ . _ ' .
+ o . . . * * ' . -
i .
' oo - 3
A \‘} ]
h ¢ - -
| o
. v «'1 : IS
. . .
¢ 5,
T\
Y * v )
g
A\l »
‘ H
’ : V&N
b
; // a )
- o :
, .
- kN ';'



_Purpose:'

Materialst

]

Aetlvity v T .

oA . o A
-7 TN e

To describe what happens 'to. the volun and weight of two

. obgects when they are .mixed together."

Each pair of students should have RV "

- marbles = - . ) . . - Toe
BB's e, S o } A
sand’ v . 7 L : T
~ bottle , Lo o I S

~

Discuséion:

.
e

o

marbles and:- BB's

' Instructlons- Place the BB 5, in the bottle. Meésuré thé-height'in the
bottle, and note the weight, . I : "

_ Now place the marpleg on top of ‘the. BB s, and. measure
- the total 'h¥ight and *hote the ‘weilght., Put the results in -
tm ta-blen y . . . °

] . «/. X -

) Héight ."4- ei ht |

el
B

BB s e Lo : Y washers
marbles’ and.BB s : }0 washers

Now mix the,narbles and the, K .
BB's .~ "

<

D . . ot

., 10 wéshers

I ‘ljt

(after mixing) .
- Now repeat the sane procedure using the same amount of .
BB's andy instead of marbles » an amount of sand weighdng
8 Hasherg, .

S | Lt Height O nggh# ‘
BB's: L .
Sand and BB's | L -

i ) e — Sy \
Sand and BB's g . — L B

(aftiex mixing)
1. Is the weight of the mixture changed after nixing?

2. Will zhe changes in volume occur with all sizes of
particl@

3. Is there any relationohlp betwee the size of particles

and the amount. of . volume reduction A , . s\
-4, Is this the 'tgqg volume'? A ' :
H M R N 2
’ ] “ ~ » . » .D
i )
I ] ‘ g \) Q . a
| / ‘
~ I \ \ !
. . . . .\ é‘
N . .‘i)’ . . ‘
s :

‘vr ‘ﬁ_

©@-
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e

" Materigls: Each palr of students Shpuld have

o Activity §

Purp oser . . To describe how- you would find the 'true volume of
T - _ a granular ‘solid aWibe what happens to the
~ L 'true volunme' when y X it with another granular . - .
' - sond.,, : L - o ;

. styrofoam cup’ L

"+ granular sollds ( Beans and Stones ). C
mediclne cup . 2. '.
styrofoam tray R :

' —

, 7 ! ¢
Instructionsx Remenber the last activi’py where two things were mixed,
What happened to the volume when-you shook the container? '
Now measure the number of hedicine cups of stones you have,
. Put the stdmes into the-styrofoam cup. Find ‘eut how many

’ N ‘megiclne cups of water you must pour'in so as Just to cover

_the stones, Now subtract the volune of the water from the
. volume of the stones and you wj:ll have the *£rue volunme" of .
. the stones.

-

and you will find the 'true volume' of the beans,

You now know the 'true volume' ef the beans and stones, Now -

mix the beans and stones and find the 'true volune' and
. . conmpare it to the, 'trué volume' of the objecfﬁ taken - ®
o sepamtely.

-

" Discussioni 1, Does the water fill the spaces between the, stones better

'than the BB's did in the last activity? :

24, ¥hy'is water a better substance to use in find:mg the

_ "true volume' than, say, BB's?

* 3. Is the sum of the truec volume of the bea.rys and stones-
-~ the sgme as the true volune when they are pmixed’? ‘

. -
. ° - . R . .
. . . . . . . N
. . N ~ 4 . .
' . . o ’ . -
. . . . T - L Ll
. i . .
. . .’

‘r. . P . . "(.".‘/-

-
v

Do -the same th;\.ng with the. beans as you did with the stones

¢
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Activity T 7 & . e
' Py_rgos'cz . To describe wha.t happens when 1iquids axre placed in other
o - . liguids, - v R ‘ :
. Materlals: Each pair of students should ha.ve B
* ki medicine cups of 1iqu1ds . S
. medfcine dropper o f — .
styrofoam .tray . = . s PN
o _For..hthe ;:lass' T . A o u
‘ paper towels, A ' .
. newspapers R R
Instructiongu After ob alning a medicine cup of. each of the ."colored
liquids, find out which of the liguids ;.s ‘the 'heavi;egt
and which the lightest. S \_J . .
Discussion: ‘ ’ e
ry '
" ' o o N \‘/ [ -,
v : . Activity II .
" .Purpose: To compare the density of- sa,lt and fresh vater.
. Materials:. Each pair of students should ha.ve ~
i 3 medicine cups / '
) s " medicine dropper J B . ) .
. o styrofoam tray A - o ' /
. . - Lo \
N ' g F'or the class 7V .- \ . .
L B food cojering kit : o -
\ * paper towels’ .~ R o , T
T ~. neuspapera ‘ . o S ' A /'\ o .

'.J

Instructionsn Using the materials,- find out wha.t happens when salt. water
-~ 1s nixed with fresh water, and ”ory to find the” heaviest or.
the most dense.- -

N . N Ve

/ Discussions - - . - . r .,‘_.;/. \

WA e _ I
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' 7 " Haterials:

Q Purpose:, ,"
Lon .

- Bach pair of . stﬁden‘cs should have

~ - 'y @ . L
A, e
. [ -
£ r o <
. - / .
’ ! ..
[ 2 . \- . . ? .\4 )
. Lo . . .. . 0
_ e Retivity IIT . ¢ _
T ; - [ o -. A

To determine, if fthere isaa relatlonship betwéen woight

- and d.ensity,

’

‘medicine dup of each of the four liquids

- equal arm balance *
ya .~ washexs .
- ‘styrofoan tray . : :
»w - °

medic ine dropper

’

Discussion: -

. Materials:

A

Imstructionsz Compare the . weight of ‘the liquids to whether or not‘

they floa.t or sink in another 1iquid. .

| v . .. ¢ } ./s '
- ? "'\ " j .
| ’ . = v ¢ ©
" Actlvity IV R BRI h

2

- Toﬁ!e..»cribe what happens to the volume and weight of two

obJects vhen they are mixed tovether.

Each pair of students phpuld have r
marbles ‘ e "
BB'S . . . ' -
sand - . .
bottle '

Instructions: Compa.re the total volume of a mixture to 1uhe ‘sUm of the,

. 1 s -
b}
. .Discussions

L

volume of the obJect/s ‘takén sepa.ra.tely. .

n * '
. - ) + .
" ° . 4
N . . . I
' .
. ( X
M ”
, o . O -
. 2
. . I
- o, .
- R .
A ’
A .
* » ".I’FJ’ i .
- 2 SR ¢
s -1 ’ ' °
- 3 "'
’ I 1 R
- '
i ' [ .
. S . 7
., , " F.
N . . -
. - )]
[ N \\t’.“i
. i . N Loy
. e et : Y
L] - ..
A .
LN - \ ¢
- { o
2 _ .
i - £ .
y o
-
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-Purposet, . To describe hOn‘ you would i‘!'.hd the "true volume of a
R e;r:anﬁlar solid and to describe what“happens to the 'true
\volu%me ,when you mix it with a.nother granular solid,

" Materialss Each pair. of students should have o :.
' . styrofoa.m cup .. ' : B
- .granilar solids (° Beans and Stones ) ot

- s -

e T medicine cup’ . L.
-t T P sty'rofoam tray E ’ - -

o3 to ~
. .

Instructions: Using water, - .‘Lnstead ‘of BB s lilfe yod did yeaterday,
e . find the *true volume' of the stones and beans. Then
® L compare- the sum of the *tru¢- volumes'° of the stones and’

N beans with thelr’ 'true volune *when they are mixed
.o 'Discussion: C . o SN
- . | ' - I3 \ ’ .':' ) a
{ ' . B

< _ .;.:)"
D .Yy , RS
v = I 1/ - !
v 7 K - .
.. ) ‘o, : . v
.t :1 ! e . .
L4 » I ] ' ta ~ .
' s , [ . ot - .' - ‘\
o ' i . o . . ‘
LY - . 1 ',l i \
' 'l a7 . - ~
- i » . - '
° ) b ’ 'I - ' - i
. P . :
| ’ : ‘: ' 2
.- . \
f ' . . —.;/ -~ | N ‘
. s . 1 -
! \ ’ > . ~\
.'. - ) A a
Z. _/' . ] L vy
!
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: y " 0o .
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ACHIEVE @JT TEST II - DENSI‘I‘Y AND MIXTURES .

Students are required to put & check nark (+*) in the s
the answer . of their choice.

"’
_ .
- ) .
- ! . .
v - e

-

is the sane siz¢ and weight.

a.bout che difference betweep the iquids in jar A and B?

]
oy

Laman N

1. Liquid in jax B s hca.vier than liquid in A
' The liquid¥ are the same in both jars

-
’

Liquid in jar ‘B is lighter than Iiquid in %

which we can call jar- C, and the object san}:, ye could say th;;,t
h ]

If the object in Jar A were removed and placed inte another jar,

. 1. The obgect ‘in jar G is hea.vier than obJeE:t in3B

_ 2+ The quuid in jar.C mig,nt ‘be the same as in jar A
3. The liquid in jar B night be the same as in Ja.r G

& '

PO JE P

In the picture you see two sars of "1iquid. + The pb_ject mn ea.ch jar

ll}ﬁfoh of the following could you say

v “"
%Ce before

<

-

-



. , )
Y A : e .
T - .
. ' - ' ) : »
S \ S . - o . ' : -
_If there is?i cup full of red liguid and 1 cup full of blue in the = , T
{ " containers showh in the diagram, then from Looking at the diagram® . L
'you Can say tha.t T . . -
} : ! T o coN
1. "The blue liquid is denser than the red - SR T
. 2. Equal amourits of the twe liquids are not the sane weigh% e ‘
—__3.'The tyo liquids weigh the sana t, : ' R .
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If you have ay,jar, like in t_}}e diagram, which has some molasses -+ . o °
on the bottqm znd sone water on the top of the nolasses, what -do .
you_think would happen if you yplaced an object, ‘that’ Hag Just ' )
heavy enough to sink in the -water, in the Jar?
. It would sink in the water and in the m‘blas S o, - }
. ] . It would sink in the vrater but float on the nolas..es S e
_ 3 It‘ wouldn t sink in eithexr liquid L - T e
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. In the diagram there are two- Jaro of fresh Water with a peannt at

L .. “the'bottom of éach jar, ' The peanut is just heavy emough to6 sink -

C, in .fresh water, If you pour some salt into jar B, what dé you -
't,hink will ha.ppen to the peanut’ in that Jar? )

AN

. o :_'_‘__1. It will rise to the surfice

“2. It will stay on the botton of the Jar o S
3. It will float. mp and dom . .
. E "6, When & Tiver flows into the ocean, the river water will- . .

=

‘4. sink as it reaches the ocean * '
. 2 run along the Beach.near the mouth of the river
3 float on the. ocean water near the mouth of “the’ river

. - . B

7 People who go swimming know that it is casler to float in salt
water than it is in fresh watels This is ‘because

1. the salt water is thloker than the fresh water
‘e f - 2. the salt-vater is denser than the fresh water
/ o :3 the sal'b water, 1is lighter tHén the fresh vater
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“Which of the above is the best means of. finging the volume of

substance" . , . .
. , ) ' ° {
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1. Balance. :© s ’ L . o .
. 2. Scgeen C © el " .
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If you have a vial with 1. nedicine .cup of“wa:ter in- 1t,, as in diagram .
A, 'and then put some sand in it bringing the lével -of the water up to

2 medic"‘ine cups, as in diagran B,,Hhat is the tru% volume of the C .
" sand? AR
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Note from the diagram that even though object A is .migh . e
smaller thip object B, it 1s stilllbalanced. What can you say - ,° .

- a.bout the, density -of A as com;pared ‘to B?. . R C

’ ) ; - v .o
1.°A is hors dense ‘than B~ 1 - . PV . T ‘
2. B is more-dense than A - .. . L o .

. - .' - .
3., A is less dense thanB Lo e _ e A
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collected watex?

i ° o ¢ collected Y.

. . ¢ -2 volume of the rock is the same as’ the volume of the
o R . water collegcted

e _ ' 3y volume of the rock is less than the volune of the wq;er
S o ecollected e . .

S e L ' : 8 // .

RS 12. Look Yack at the diagram 1h nuné%r 11,
- volume ‘of the water in the little container, if you-had used an

AR S object ,that, was the same size, but much denser’
-}\7 e Lk 4 -
’ {'”- .. 1 the vofhme'of the water Nould be the samne
S . - 2, the yolune of the water would bé more
A s 3 the volure "of the wate; ﬁguld be less
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AL ‘  L 13. Look back at the diagram in nunber 11 again.

o : . rock? "
¢ . o . b TR

W 3. the welght of “the water is less than the Height of Ahe

. rock
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1 thn weight of. the water is

a

If yoy _have a contalner filled uﬂ‘to the spout’; with Hater, and
.+ 7 you then Rlace a rock into the container, some of the water will
ro overflow, If you cdllected thls water in anothex container, what’
o _can you say dbout the volume of the rock with respect to th

What&:.d ha.ppen to the

If you had weighed

L ‘the water in the small cdhtainer, and weighed the rock, which of
: " the followf"‘could be” said, about. the weight of the water and the

more than the weight of the

2. the .weight oF—the water is the sake as the weight of the

1. vofhne of the rock is nore than the volume of- thebwatdr
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™ If yop neasure out 4 cups of peanuts and put them into a container
astshoWn In the diagranm, and you know that €he "true volume" of
the peanuts is only 2 cupsy how much water st you pour into
.- the container to just cover the peanuts? .

R D 3 cups

2l 2 cups S S Lo o
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Now 1nstead of. peanuts. suppose you ‘had 1 large candy. The "true .
.volume" of the ¢andy is 2.cups, If you mow pour into the conhtainer
. 2 cups of water, what will the total volume of the mixture be? '
) '10 &Cups ' . ) T o L i
« __ 2. 3 cups * . ' . ¢ ' —a
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-f‘Bead each statement carefully and place a check
underneath the name of the activitiles that appl
_ statement, : k

: ha}ancin
.1\}' - o o .

1. During which set of activities did
you feel more relaxed?

. T 2e ‘which set of activities did you
o - find better? ,

3. whicn:set of activities did you *
find more confusing? -

4. What were thevmore ;ieasant
activities? N

5.\In which, activities did you learn
more?

6., Which was the'hafder set of
’ activities?

‘7} Which activities were more -

v

exclting? . r

' 8, What was the worse set of = . e,
' activities? ' L

9. What activities ﬁﬂre the more
useful? ’, ) -

10. During which activities were you ) e
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nmore clear about what you were S ,

doing? . e .
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rk () in the blank .
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