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T " Introduction '

\ . ~ v

‘ ‘Present—da.y science teachers ha.ve felt e growing concern for the-

. apparent lack of motiva,\,tion or interest displayed by s’oudents taking

their coursed. Many feel tha.t this was due to the va.rying backgrounds

and abilitieq of those 'placed in their classrooms. Others believe that

theria are many modefatlng ve,ria.ﬁlee e.sicle from learning ability whictx' )
may affect student success. B.L. Thompson (1975), in a study on 1 310
boys and 1 073 %h'ls of a con;prehensive mode;n..school‘ system in England,
uncovered that, in genefai., attitudes towards both ectxool and teachers
cieterioratéd as pupile proéressed thx—-ough the ‘system. Jackson and Laha- |
derne (1967) and J.C.G. Lunn (1969), in independent studies completed

N
previously, had correlated student a.ttitudes’ to thei.r school environment,

_to achievement and to social class while Berk (1970), replicating Lunn's

‘\

study in No y America, found no significant correlation between these
factors an attitude. It would seem apparent that -social class and envi-

ronment change with each cefintry, if not wi;thin each school, and would
¢

be a d ficult variable to control. In the search for moderators which

. would help the teacher pred—ict student interest and success in science

courses this study, was conducted to investigate the effects that a comp—-
etency—ﬁased pedagogy in cﬁemistry ha.d on student cognitive a.nd affective
behaviour and to unveil some modera.ting ria‘bles which would ena.‘ble the

téac‘her to dlagnose the type of ep ch each student in- his course would

. require. . 7 7 ] k . P4

J . iy
-
One' such teaching strategy which could &lleviate social class and

the effects of school environment should be the Keller epproa.ch (Kélle:r;.

: ‘ - C {
1968), ‘In this study a competency-tased unit in chemistry was developed
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» ing sigrategies for ¢ognitive and affective

"o

3

_and Opper, 1969) indicated that.it is possible to accelerate inteilect-
! . [] ) " . x .
, ual development. through types of learning by suitable enmonnentel

. . -
e - .
ot b adl's \ .

L :

v v . ) 4 ' ‘j.
L - C g ‘ . : :
. ‘ ’ ' . 2 .

along the 'lines of Keller's ptrsona'}ized systein of i}nstruction, or P.S.I- ’

in which a student progresses at his own pace, must exhibit mastery of a

unit before~proceeding to the next unit .and positive motivation is rein- .
forced by the teacher or proctor who acts as a manager of the lea:mi&g ’
resourJes available. . SRR : v

!

. The P.S.I. 1is not completely an individualized instruction strategy
sin?:\e no two students way complete the glven unit in the same way,though
this is a possibllity. Each student is allowed to.use as much of the av-.
ailable resources and personnel as required and group discussions,while’ ‘
comp],eti‘ng his ta.sk are allowed. The system is personalized in every sense
of the word. By allowing the student to complete the prescribed program

on an a.lmost individual basis the environmental determinant t%t is peer
group pressure, should be efffctively eliminated, By involving the student
in hils own evalua.tion and providing him with instant feedback as to his
progress, lis epistemic motivation should be enhanced. The results should
be egna.nced cognitive and affective behaviour towa s the course. McCormack

(1973, ,’ﬁ*‘\ 59 ) pointed out that “the drive for pers nal adequacy has sig-

‘ nificant implications for tea.chers. Since stud.ents inherently are ch'iv—

en to become a.s personally adequate as possi'ble » specific motivation pro- .

cedures arezuxmecesse.ry in. the' teaching process. Instead of coercing and

. coaxing, the teacher should try to discover the underlying motives already

opera.ting viithin the student, and suitable experiences to facilitate on--

going growth processes” .
Bruner (1960) stressed, the imPortance of providing app::opria.te learn- .

%evelopment. Plaget (Ginsberg

¢
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_— ,through su‘baect matber content, ‘towards an end for fostering eigxt think—

Stimuli. Fré.nk B, Hilliams, in his Models for Encoura.gin_g Crea.tivitx,

in the Classroom by Integrating Cognitive-Affective Beha.viour (1969,

~

ing and feeling pupil behaviours. Implicit in this model is the need for ’ R
- aspect of 1ea.rning. P.S5.1I., as did Willian's model, specifies terminal

' 19,74 p. 1 58) provided a rathe'r a.stonishi—ng list of feedback f'rom P.S 1. : J

Ed

p.iz)produced a model which a.ttempted to integrate teacher behzwsicfur’

interacting with curriculun to influence student cognitive and affective

A ‘. e v

functioning. Eighteen teaching s‘tyles or strategies are listed as a means, ' /

maximizing teacher-student interaction. P.S. I. strategy opt‘imizes this

behaviours or competencies for the student to aspire. Harrisberéer (’Shemn,.

in\uding reinforcement ‘of positive attithde towa.rds the Qcourse, high mo- N
tivation, a.nd inereased pezformnce. Born and Whelan (Sherman, 19?4,p. 202) CdL

u:cgently indica.ted that reylic%ion of studies on caus_iand gffects 8f com- ‘
be

petency~baéed pedagogy should be' done befote trpabov'e tat'ed results are
incorporated into a theory of: learning. . o ‘ ‘ . ’ o ,L 1

JIn conclusion iﬁas 'been shown that one aspect of concern for student C
success in his educational endeavmxrs ha.s been tg find and identify moder- ﬁ

ators which could be used to/eelect thos students who would require ad.dit'-

ional proct ing or different. teaching strategies. The make-up of the P.S.
program>seems to indica.te such a stra.tegy which could encompeee the .Jneeds

1}

-

of all levels of motivation. Models developed independently showed a neg .
for linking teaching s‘?rategies to lea.rning ;rbilities. Theoretiea.lly Speek—
ing,P.S I. would seem to be a yseful innova.tion i1 the field of edueat{on.

" Chapter twa will deal, méé

-

ta.il. with “the problem :researched in this
_report, Gha.pter three. win Trovide a summti've analysis of Qha\/many ﬁmd-‘

e . . .
o . oo . - Y
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ings that have been reported on all aspects of P.S.T1. resea.rch and

attitude changes. Chapter f our will describe the operational defin-

| ' " itions of&he va.riables used_in this 'study and the hypotheses invest-

igated. Chapter five will provide a description of procedure. Chapter - N

. 1

six will dea.l in detall, with the 1nstrumenta.tion used, for this study P

o ' and cha.pters seven and eight will present the data deriveg and interp-
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CHAPTER 2 -

The Problem Statement

bl

'i‘he competency—oa:sed pedagogy used in this study consisted of a

o i R
- .
\
Y

number of aidjunct study guldes (Langdon, 1973, P.e 61) ,each keyed to ‘the

. prescribed text for the course,consisting of a list of ‘behavioural ob-. -
B ’ - ‘ . e T .
v o Jectives, for the unit at hand, a descg:iption of the tasks involved yb

N

achieve these objectives, and a 's'upple'mentary section consisting .of al-

IR terna.tive materia.ls for that unit (seo Appendix A).’ Each adjunct study -

LT T s v

gulde was backed up by a short competencies test which provided the stu—-
dent with several alternatives. IT the student succeeded at a 90% level
he was allowed to continue on o0 the next unit. If he obta.ined less than

/

'i T~ 90% bit still retained a passing grade, the student consulted his t"?aacher
. . #

who advised h1m (after checking comprehension of test questions,comple’tion

RS R T e ST

~

&

3

i
!
{

-of assigned tasks,etc, ) as to his possible course of action before being
~Z

allowed to attempt an alternate form of the same test..If the student had
g failed, he consulted the teacher as to the source of his fa.ilure and, aftrer
,appropriate action, re_pea.ted the unit before. reassessment (see Appendix B).

mThisl'study attempted to determine 1f, overall, this a.pi:roach to the (

»

teaching of an abstract subject,such as chenilstry, provided for a more

positive attitude towards science in general and a more improved cognitive "
performance., L"\ — ‘ ‘

Several moderating variables .were included in relation to this study,
the number of courses or previous history in science and the level of

intellectua.l development. The level of intellectua.l development as pro-

posed by Piaget (Herron, 19?5), concerned a relatively récent discovery ,

] .

’ that students, who should be “a.t} the forma.l operé.tions level in their ap-

proach to 1ea.rning in their fina.l year of seconda.:ry schooling,ha.ve been

AT 3 w5 WO}
Mt”»%‘ﬂm
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found to be, in some cases, at the concrete or postconcrete operational n

g ) . .l . . ." . ‘ N \6 ’ ‘.—
|

devel (Lawson and R_e}};!er, 1974). Since most final year chemistﬁ:y content

. g2
4s at the formal level, thd implications for curriculum design and teach-

K irln\g strategles could be of great importance.
The problem“statements were then formulat'ed-\‘as follows:
(a) Will the introduction of a”competency-based a proach to the tea,c};i;gd

i i
o
\

‘ of chemiétry result-in imﬁro‘ved motivation in students towards the subject

e !Wr,‘vx{‘;‘rwm -
-

- as indicated by improved cognitive and affective behaviour?
(v) Is there a 'relationshili between success in a competency-based dourse
1 . © g s T
N a%/d previous his'tory in the subject or+ the level of intellectual development? i
E
t

en

~

The imblications of this study can readily be seen if" one 1odks at.

Y

the context. in which .this research was underbaken. Most. teachers are as- -

- signed to large cldss popula.tions in which the student :1ntellect}1a1 ability

e

! : . is 'osizread across & broad spectrum. If competgncy-based pedagogy provided

" o

% : , "‘ﬂ{m approach to the acquisition of 'knowledge' which allows each student .

N

r‘\ -
"at extra atté\/tion, E{t:e end-product should be greatly enha.nced. 'Peaching\

N

: . ) . : o
a2 basic amount of attentid‘n yhile 'providing-the weaker pupll wlth-the chance ' J
b

3

is not meant, a.t the high schoal 1eve1, to be a method of diss mination

R s L

of facts but is mainly provided for social and psychological development.

In science, the main gé&%} is to build in a student confidence in himself" o

» . and the abili:ty to i:unction individually in problem—solving whatever the ' : ;
’ . p;roblem. Thesdelinea.tion of modera.ting variables should help tea.chers and |
£ _ administrators understand the complex field o&f learning dnd would mPrBVe
; the quality of education. , o

L o "The likelihood of the student putting his knowledge to use is

influenced by his attitude for or aga.inst the subject; things d.isliked

have a way of being forgotten. One obaective towards which to strive is




(RS e a&« IR,

e Ma.ger polnts out ebove, the development and mai.ntena.nce of a heal'bhy a.t- /‘—~
- /

taken to ensure a good empirical and theoretical precedence for the con-

N -

: . § ;
that of having the student leave your influence with as favourabl an %

~attitude towards yeur subgect as possibles In this way you will help to

|
maxlmize the possibiklity tha.t he will remember what he has been taught ‘%
and will willingly learn more about what he has been taught” (Ma.ger,1968, g |
P, 11). : o o - yfj

P.S.I. strategy seemed to provided the necessary positive reinforcers
\
’and aversive stimuli which would not only ensure maximum probability of

success but would also ensure that the student wiII enjoy his studies.As L

titude towards a subject being taught reinforces the student’s desire to
perform co@itively and, hopefully, affectively. P S.I. strategy seemed oL 1

also (;.qurovide the teacher with the chanpe to make sure that the students

\

i <0

with a lower in‘telleétea.l development \ebtain extra‘guidam‘ce they‘ seemed

to need. A look at pre”vi‘ous research into all é.spect"s of P.S.I. was under- '*

\tinua.tion of this study.

~
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HAPTER 3

Relited Research -

Since P.S.I. strategy con Ists of many diffei‘ént aspects of Yearning
¢ ‘ ~ theory, any attempt to find related research must first have indluded ' .

\ ot -
studies dealing with those different a.spectf. With this in mind, & search

< T . of the literature into the ef%ect$ of beha.v'iourai objectives was under-
: 4

: gy 7 :
! taken. Algo included were attitude\research, individuaglzed instruction,

/the "why"
-of P.S.T. was exﬁlored. ‘ ,

Behavidural Objectives : i y

AN

t . . and reéearch into various moderators. Finally any research vint'o

A Sincé behavioural objectives form an integral part of competency-
% ‘ ) ‘ based pedagogy, a search of the 11teré.tu1:e for ju;*.ti‘fica.tion for their
' " inclusion was unde%taken. 14 was found 7that there are two major streams =
N . of thought concerning the. use of t{e(havioui*<1 objectives. They are usually

— classified as behaviourists \7ersus°humanists.

.r

=y

f
| .\
g _ Ad}{dcates for théause of behavioural objectives ih teaching strate-
g ) gles .(Bloom,‘ 1956; Krathwohl, ,19@; ger, 1968;’ Hari:n‘ack, 1§?0) state fhat-
/ L tea.ching. is actually beha.vim;.r ‘modj ication intended to shape 'desir<;d~
\ . , responsé-spatterns through conditloning by froper; positiv’é and negati’vé
reinforcement. Teaching is something‘done to the learner by adjusting
external conditions. Providing objéctives.to students will sét the mini- |
mum ;{.Jre:requisii‘.'c?:~ competencies and, at the same time, allow for proper man-
agement of .the learning envi_ronment.( ‘
The 'ca.sei presented a.g,ain_st ths; ‘presentation of behavioural objectives
()I*&&:C,orrm'a.ck,~ 1973, pe 57) has been seen’as one of tur;nel vision. "Iiyﬁ)er-—
planning in terms of jbeha.v.’m\.u' may catge inflexible structuring of learn-.

- ing sequences. The teaching moment well known to the seasoned instructor

.

/ )
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_ | p ?
may be overlooked by overiy-mechanical pedagogues .adhering rig;dly to-

‘heirarchies of competencies specifications. Teacher"s spontaneity is un-

lderminedV:

Most empiricalhetudies have concludeﬁ that behavioural objectives
act as orienting and organizing guides to study and facilitate learning
(Anderson DeMelo,Szabo,and Tott$1975; Herron,1971; Huck and Long,1973;
Jenkins,1974; Merrill,1974), yet Olsen (1973) found evidence to suggest
that behavioural objectives‘have no‘effect at ell. .

.In tﬁe context ‘of COmcetency—Based pedagogy, behavioural objectives

are seen as the orienting and opg&ﬁizing influence needed to inspire

’pdt restrict the student. Research tends to agree that their inclusion

into a teaching strategy is at least not detrimental and at the most a

factor for improvement. The P.S.I. inclusion of behavioural objectives

is therefore Justified and need not be,ﬁ&mpered with, A look at. the theory

of operant COnditioning may explain uhy. ' '

A definition of operant conditioning was very well put forth by

¥

J. Michael and L. Meyerson in their A Behavioural Approach to Counseling

% 1 -
. and Guidance (Cummings and Scott,1973, n 5). "Whereas for reflexes and

conditioned reflexes the eyent cf critical expla tory 1mportance‘is the

-eliciting stimulus preceding the response for a 1arge class of non-reflex

. behaviour the critical events are the environmental consequences of the

. ) a 4
behaviour. Such behaviour can be said to 'operate' on the environment,

in contrast'to behaviour which is 'respondent' to prior elicit
mulﬁ‘

The kinds of stimulus evefits which are conseqnencés of acts can be

o

~ e
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. several inventories have been developed which serve this pu.rpose. Most

Very few were done with the overallsdiscipline in mind and its inter- . ‘

A R AT e TR R P s A P

- . : o ‘ ' ‘ . 10 -

the behaviour which preceded them has a higher probability of occﬁfrence

under similar conditions in the f}ltu.re and: (11) negative ~rein‘fo}-cers C .

wnich are defined by.the observe.tion tha'l:, beha.viot_lr wt.z'ich preceded their

removal is more likely to oecurrunderb similar condi}:ions in the future, .
The inclusion oi‘ behavioura-l ebjectiveé can therefore be seen. a.s.~ :

introducing a factor which allows the student to increase his chances of

‘ 7
succesi (positive reinforcers) ‘and removes a.nxiety and peer group pres- :

sure in! thelr ability to provide enplicit guldance /?ln thve course of their
stuities (negative reinforcers or averslve stimuli). Thus the adjunct etudy
é‘uid.e included in tne'P.S.I. strategy borrowed heavily from operant condﬂr-
tioning, something wnich should be greatly increased in teaching appx:oacnes.

Attitude and Individualized Instructlon ’

Since individualized instruction is inherently a part of P.S5.1I1. stra—

o,
\tegy, several aspects of this type of learning were investigated. A special
interest in related attitudinal studies was conducted.

: A’ttitude studies have always depended on the instrumentatlion used and .

tse semantic differential testing or Likert scales (Blair and Kershner,
< . ] 3
19?5), When rese‘arch‘ into the effects of teaching strategles on student |

1 '
attitude 1is investigated, one finds that most have dealt with attitude .

towards the teacher, the room, the course, and everything else in sight. o

action with behaviour. One definitive study by Shock (1973) concluded that

. L= 4 , 4‘
. affective and éognitive behaviour in an individualized program have rio - ;

relationship. A person can like the subject being taught tut will still
fail his exaninations., Littlefield (1975), on the other hand, found that . . .

high achievers, after completion of 34 individualized units of instruction,




e a"'(‘%éxl"vpl';rm,.,

t\;_f;

"¢
¥/

P G A G . e e e

\ ‘ - ‘ J 11

developed more positive attitudes towards science but he was' unable
to uncover any modera.ting va.ria.bles. Charen (1966) and J ohnson and. Ryan .
(1974) both found thit open-—ended inductive approaches ‘to science helped

develop a ‘more positive attitude towa.rds the subgeet. Students reported

| that the approach made them feel 1like real sclentists. Starr (1972),
\ :

\using Invitations to Inquiry from the iBiological Science Curriculum’
tudy Progran (Schwab, 1963) found in his study that attitude was not

agfectéd by the inquiry approach. The contradictoxy findi,ngé ca.nyposs- \

ibly be explained b;;r the different procedur;a.l systems uée?l in these studies. \

In €haren's and J ohnson and Rya.n s studies students were self-paced while

Sta.rr; preaented each of the inquiry situa.tions orally to-his class.
B S &

wpi—Sdnce 'P‘S':Ed' involves the student in self-pacing it would seem that those

findinﬁs of Charen and Johnson and Ryan in which attitude was positively

Al

a;ffec’ceq could apply. A look at this aspect follows.

’ Contlngen. J—based Pedagogy and Attitude
Jerst t (1976), comparing a Keller approach to the tradltional

lecture approach, found tha.t those who were subgected to P.S.I. developed

a more positive a.ttitude towards -the sﬁi‘]ect. What was interesting was

the disclosuré that those in 'bhe lecture program scored significantly

better on the 1;1 ltiple—chome examination but poorer on the wrltten essay. )
He; concluded that this v;as due to the fac;t that the students undergoing

the' competency-baged .strategy were providgd with behavioural objectives

which allowed for better study habits and learn{ng\when open—e'nded quest- o

ions were presented.\This finding was reinforced by«Ta.ylor (1975) and Hum-—
.phrey and Townsend (1 ) . Competency—based learning seemed to Improve
. work habits dXto the s‘bud.ent's perception that this method of learning

required more wyrk than \usual. Along with better study ha.'bits, the approach

Tt A B wsmtmandd

|




S B A L AR T WA At Y Y

4

v/

—————— -

instilled a drive which provided for seif—kgenerating reinforcement.
: N

Moderating Variables a’..ig Continguenty-based Pedagogy

Though research seened to reveal tt;at P.s.1. was'as\ good or better '
than traditional or ‘conventional .:tea;ching strategies, the reasc;ns for
P.S.I. success was not as élea.r. Ward (19?6) concluded from his study '~
. that class?_s‘;i.ze did not interact with éttit‘:lde towards the subject matter,
But it is siglificapt' to note that he did find that class size and
achievement were related and that achievement had an interaction with
attitude'. It would seem that there wyas an indirect rela.t;onship between
.cla.ss size and é.tti:tude. Since P.S.I. allows for yarﬂring class slzes,
War;i's findir’lgs Imply tha‘t. the size oﬁ a class in P.5.1, is or'ie .of ’r:he

moderdators of this strategy s success. . ) m ;o

i

" Linder a.nd Whi‘tehurst (1973), investlgatier{g whether P.S5.I. may int.ro-'

duce a novelty effect and thus be a QLci',or in its own success, found

no such vdriable, M‘a.roﬁ and Tyler (1976), investigating whether the
fa.ctor of self-pa(oc\ng Jnay moderate the P.S5.I1, success, found that 1t

was the operational procedures and not the self-paping factor which may

‘be variables in P.SL.I. success.Taylor (1975), in hir investiga-tions,
found indigations to show that averpge and poor stu%fenfs did better than
was e;cpected because of matching their relative work input into t}'xe course

to thelr percepiion of the amount of "work’ required. P.S.1. 'operé.tional '

. procedures :v:equiel more involvement then usua.l and this, she hy'pothesized

may be a factor 1 P.S.I. success.Taylor also concluded that P.S. I. -acted
ag operant conditioning reinforcers which support favourable habits and

< tactics towards tetter 1earning.

Newman,et al (19?2) tm'ing to’ link student background to success in
P.S.I. ,determined that students doing badly usually had’ poor grades In

YN N TS TEOR Ty 1o rs  mee e
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/ previous sclence subjects undertaken. This ma.y be 11nked to levels of

'\T -_ 13

,\ N

®

"{{gxtellectua.l development. (Piagetian intellectual development has never’

been investigated as a moderator in P.S.I." research. Evidence does indicate
that ‘a. given class ‘1}111 usﬁally 'conta.id concrete ,‘ ﬁostcohcrete and fc;rma.l ' \ R J
opera:biona.l 1evels of students at the senior high school 1eve1. Chiappetta -

(19?6) in his A Review of Piagetian ‘L&-{es Releva.nt toScience Instruction:

at the Sé’condary.and College 1 summarlzed the general concluslon thus:

X

the level or percent of students at “the concrete level from jund.or high

.

o ot PR A o B

school to college eeeine‘ to range from zero to roughly 80%. '“I‘ge research

\4

I

'reviewed indicates that the majority. of young adults function at the concrete
opera.tiona.l level and not at the fermal opexratlonal: level in undé'rstanding'
a g:rea’t. ‘deal of the science subject matter taught at the secondary and college,

level" (hiappetta, 1976, p. 259) Since research done on P S I. has inva.r-

ia.'bly been ’cargeted at post-secondary popula.t:.ons and the subject ma’c’ce !
being used is usually at the formal 0pera.tions 1%{ this aspect of t e
problem seemed to be of g;reat importance. . o o

{ . W o
# \’\ ‘

Empirical evidence seems to indicate tha.t P.S5.1I. was at lea.st RS

Summary of Related Resea.rch .

N~

effective as donventional methods -in both the cognitive jd?iective ‘ \ v

- ——— o -

doméins ‘.Mést, research done has been targeted at post-secondary students.
. ‘ O Pl '
Research -sedmed to show that there was no,reason to expec;?fferent results -

at the secondary level. As fo the question "why does P.S.I. work?" indica-

tions are that operational procefures used by P.S. I;f—strategy may be an

.

important factor. The relation to opera.nt ’beha.viouta.l theéry and. P.85.1.°

inherent role as possible reinforcement of 'bh_/d;eéire to perform was v

proposed. The link to levels of intellectual devefopment 7(01; . \ A_ -

Y

'&‘ ) . . \
. R '\ . *
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sufficiently i’esearchéd and only reinforced the Inclusion of this imp- -

ortant f—a.c?,or and its rela.tionship'to previous history in science. S
/ L3

3 _Since no single factor or variable functions t6 the exclusion of

DB - . - : .

others, the review of’ related research pointed out the incomplete nature . . S
N A -

of P.S.I. research in terms of moderating variables. Studles at the second--. .

F ey : : . ‘
ary level were especlally insufflcient; therefore,replicatien at this level
is justifiable. The link between P.S.I. strategy 4nd Piagetian int'ellect—

ua.l development had not yét.been investigated a.rid this aspect of the study

l—) ) . - . . - M - M . »
, l1tlons of variables were formulated and resulting\research‘hyjpotheses were

seemed of great importance. With these points in mfnd, opera.tiona.l defin-

-

4..__ o,
k-]

rredicted. L R : : ) - e




CHAPTER 4

, ' Operational Definitions of the Variables

Dependent Variables

Pis

Cognitive béha'.vi.our:the' a)oility to complete,succe'ssfuliy, a series

of, mu-ltiple—choice‘qugstions based on the behavioural objectives of a

7

given unit..

Affectiiré behaviour;the numerical value obtained by a stﬁdent on the

Scientific Attitude Inventory (Moore,1969).

s '
@

Pl

° (’,‘:& ' B ' )
Moderating Variables o . n ~

* Levels of ilntellectual 'developlﬁent: h‘c;be/'score obtained py a student

v Ee) \ i .
' ‘of between 0-8 1s to be considered concrete operational fhought. A score

12-13 is to be consfde{ed formal operational (Inhel and Piaget,1958). _

Previous history in stience subjects: the number of courses in any

science subject completed by a student at the secondary school level

K

previous to eﬁteiring the program under study.

. ® »
Independent Variables - . A
" Competencies approach:a pedagogy involving the use of an adjunct

study gulde consisting of a 1list of behavioural objectives and task
assignments, followed by a competency test based upon these objectives
e . .

which nmst(?e completed at a 90% level to prégress' to the next unit

(Keller,1968) (see Appendix f\);usually termed pers;‘nalizedﬂinstruction.

‘Traditional approach: a pedagogy consisting of lecture-discussion

) sessions of qnta.ct classes in which several ~<;1ass tests and a finai unit
LN . .




.

" were formulated.

16‘

_test are administered to the class as a whole with 40% of the cla.ss mark
_and 60% of the unit test mark used to produce a score for the overall

unit (50% being a pass). For the purpose of this study,the unit test
markonly was considered. ) i

: L
Hypotheses /\3

N

With these operational definitions in guind a series of hypotheses

R
‘L.}

Hl- The competencies approach to teaching high school senior chemistry
will result in a higher cognitive beha.viou;} in studerrts when compared to
traditional methods. ‘ ’ \ i i ' .
Hz. The competencies approach to teaching High school senior chemistry
will result in a higher affective beha.viour' towa.rds sclence as a whole
in students when compared to the traditional approach.

H3: The level of intellectﬁa.l development of a studen’c\ill determire
whether this student #ill improve his cognitive and affective behaviou:r
no matter if the competencies ap;groach or tra.ditional approach is- used. .

Hb Previous history of science subjects will determine whether this

\ student will improve his cognitive and a.ffect.ive behaviour no matter if

the competencies a.pproe.ch or the traditional epproa.ch is used.

Lo

Empirical evidence for/H}and H2 :!as found m;Johnson and 'Ryan's study

(1974). They concluded that an individualized hpppoach to teaching

3 o
with the use of behavioural objectives was not‘ d,etrimental to attitu- ¢
dinal development Previous studies by Charen '(1966) and J ernstedt (1976) _
réinforced ‘their findings Taylor (1975) and Humphrey and Totmsend (197#)

revealed that competfncy-'based pedagogy improved both a.ffective and

cognitive behaviour in students when compared to a traditi%sl approach.

A M ame e fy

A,

»
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‘ Sinceq/the application of P.S.I. strategy involves both the use of comp- ’_- - I

.etencif—based peda.goéy ami\the"choice of individualized instruction, 1t

; o . .
/ 0 I B —~

was concluded that the findings of these researchers could be applied ‘bo .

i
k.S, I. strategy and should i;u;zrove cognitive and affective behaviour of s 3 )

the students . - . ] § ", -

‘

ly associated with cognitive functioning. Because of the use of operant

Theoretica.l evidence for H a.nd H2 was found in the writings of Ma.ger

.

(1968), McCormack (1973), Harbeck: (1970) a.nd. Cagné (1970). A1Y agreed that |

motivation and attitude were related. Mo%;ivattion'was' thought to be intimate-" - . '

\

behaviourism in the theoretical design of P.S.I.,it followed that P.S. I. /

would reinforce and improve the motiva.tiona.l aspect of the student‘ ’ ~ i

performance and thus improve his cognitive and affective behaviour.

and Sayre (1975) .who fo_urid a significant relationship between scholastic

. \tively; and affectiveiy.

Empirical enlidence for H3 was determined in a study by Lawson and Renner ‘.

Ot

(19?4) Among\:,heir findings was the a.pparent lack of formal operational

Q"
students at the secondary level. An analysis of course content of senlor

sclence courses reveg:led_ a 1a.rge percentage of the content required abstract
reasoning.It was postulated that stidents not at the formal level would have
grea‘t‘difficulty in perfoi'mi:ag when abstra}ct logic was required.This would
then directly affect their cognitive and affective behaviour by way of
lower marks and incxaeesed anxiety. Théir findings were‘reinforce:d by Ball

’ ‘ Y
success of chemistry s’;.ude;lts and their level of intellectual development.,.
Students functioning at the formal operatio’nalx level performed better than
those functioning at a crete 1eve1‘(p-(0 o1). Since scholastic success ’
is closely related to gtudent self—perception and related peer-group

pressure,formal operational students should perfom 'better both cogni-— ‘

¥
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Theoretical evidence for H3 was determined from a study oigiagetian
theoky (Inhe;uile:c and. Piaget,1958) in which the levels of \intellectual

developmez;it were delineated and the abllity of the student associated -

. with each,lew;el was described,Based upon empirical data,Piaget con-

structed a model of intellectual development that culmina.ted in what he”

called ‘formal operational thought. Lawson éﬁd Renner (1974) hypothesized \ H

that some students were between formal a.ﬁd concrete operational thought.

)

These students were described as postconcrete students. Since the ’agel at

whlch a person ‘achieves formal thinking differs according to many factors,

.

including environmental, no distinct- age can be chdsen at which to intro- o
N ] " - _ \\ - < .

duce curricula based on logical rea.s\on‘:i.ng. The student not at the’ formal
operational level ‘has beef}‘i“ound to be\\na.ble to theoretically cope with
abstfact tesksl such as are usually the bulk of senlor science courses, . _
especially chemistry. It follows that formal operational students should/

be able to perform better cognitlvely and that resultlng self-achievement

improve their affective behaviour An the. course. . -

%

Empirical evidence 't,o support Hll- was not found, although a study by Newman,

et al (1972)did reveal that the student with poor academic records in sc- .
ience usually did poorly or d_ropped out of the P.S5.1I. program. ir there '
were a. relatioyéhip between poor _gra.des in pd'evious scie[nce courses and

the amount of sc:’Lence coud'sesltakeil,then'this might provide some precedence '

for the hypothese., This aSpect of the study,therefpre,was completely new

¢

in the research literature, as far as could be determined. ...

LY. S VST

o

Theoretical evidepce for Hh, seemed to' stem from the author s experience

—— (]
Nl -

as a. teacher of science! for several years., It would seem that a knowledge

A

of the terminology and ways of approaching problems scientiﬂcally that

can be developed through partaking in sclence courses would govern how

\

P .
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a student funéfions cognitively and affectively. The more courses in - K\

e . .
\

T 'science one takes,the better prepared one is to copé with new science

e 3 rapter e TN e

- * 3 " ’ . 5 . ' “ '
\ ma e}iaqf. The number of science coursés could also give the teacher some Lo
5 : - indfcation. of the atiitude the student has towards sclence. ‘ ©o

c " ¥With operational definitions' of varlables described and hypotheses

A

E formulated, procedural tecﬁniques were then ité&izéd and instrumentation
required for this study was amassed. ‘ . , :
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" CHAPTER 5 . .
. S Procedure

: &
Population and Sample

The population from which.subjec‘:ts‘ were selected for this study

consisted of 2000 E*nglish~speak1ng second.a.ry s’oudents with w1de soclo-

economic backgrou.nds.The comprehensive high school which serves thils

population is situated in a middle—cla.ss suburb in the South Shore re-

E

'gion of the city of Moptreal, Canada and dra.ws its clientele from as far

Q’i

.a.wa.y as Lacolle, a sma.ll rural comrmmity 30 kilometers to the south on

-

the Uniited States border.The course:weffered at this secondary -school

»

range from vocational o pure academic. ‘ .

‘ The subjects selec’eed had all previously completed the flrst year
.of a two year e)}g‘;nistry course based on the first 1? chapiers of the
‘D .C. Heath.version of 'bhe Chemstudy program (O'Connor et al, 1973) All

students had followed a sci‘%nce stream s.’mce entering secondary schdol.

- The sampling procedure was' restricted to intact groups of seeondary five

studen’cs preLelectSQ by school scheduling computgg's. A total of 81 stu~

‘dents were av?ilable.Fou classes Iwere randomly a.ssigned to either the

: ‘ntraq.itional or persénalized system of instruction previously defined.
The résulting.division placed 37 ‘studen*bs in the traditional classes and
llJ+ students in the P.S.I. cla.sses. The age and sex breakdown for ea.ch

treatment can be seen in Ta.ble 1.

2

Research Design

/The P.S. I group (N= 44) received the previously described program
ﬁ RO n

which differed from the traditional group in ‘that the regular class tests -

were used as (:ompetency tests, The tra.ditional group” (N= 3?) and the
N
P.S.1. group both received a Jmltiple-—choice test,based on the behavionra.l
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‘ ) .. Table 1

Descripti\ve Breakdown of Treatmenht Groups
f N

- 'SQX
Group Mean Age / S.D. . Male Female
Traditional 16,1 0,6 . 29 ., 8
. - o .
P.S.I. 16,0 © 0,6 C.o2h - 20
: - PBE'I;EST . ,
— 1 1 1
Survey of 1.Q. ‘Scientifip Piagetian Chapter
Science Courses Attitude Inventory Tasks . Test

-
POSTTEST . .
Y [ ¥ - .
Scientific " Chapter - ) . F
Attitude Inven’c‘&y 1 Te‘st
‘ %
. . -
Figure 1. Crossbreak of the Research Desig}l.
1] . . )
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objectives of the course sectlon belng taﬁéht.
In addltion, both grotips ubmitted to a series of pretests as a

’ 4

regular part of their ori.enta.tion to the program. These tests described
more fully later (see Chapter 6),were: - , o .
1.0tis quick-scoring mental ability -bes-t , ZAmma vergion ‘
(Haxjcoul;i‘; ,Brace and World,i954) s : o |
« This tesf; data was uééd as a test for:hoﬁogeneity-of variance and
as a covariant 'during :’mi%:iai analysis.
2.8cientific attitude inventory,form A (Mqocre,1969)
3. Cha.p'ber‘test forn'x A (see Appendix E)
Ea.ch group was posttested with form B of the Scientific ﬁf}citud.e Inventory ]
a.nd the chapter test previously mentioned (see Appendix F).°

To measure the level of Plagetian intellectua.l develoPment,ea.ch/s)tu-

»

dent was asked o complete, four Piagetian tasks (see Chapter 6).Finally,
each student was askgd to Qc;mplete ;. descripti\}e §té.tistj@s- for?/t_o deter-
mine their aée,sex, and pi'evious history of science courses.

- Since randomization of «samples were restricted to .’mtact?;\r%ups, a

quasi-experimental nonequivalent control group design was dravn,up as
perl] RO~

.set forth by Campbell and Stanley (1963, p. L47)(see Fig. 1) a
. 1y . - . : C .
0 X' 0
Lo . & .
o o ¢ . ® . \

In January,1977 the tw\é\ previously desdribed groups were ﬁretested and

then allo?«ed to engdge Iin a. regular unit in chemistry for five ’4-5 minute

' "pe:riods a week fox‘ one - month Each group was treated as previously des-

cribed. ‘After completion of the unit, both classes were posttested for
cognitive and affective changes. As expla.ined by Campbell and Sta.nley

!

. '
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. (i963, P 48) ,thld design ;6ntrolied for intermal validity.fairlj sat-
isfactori;ly if group ‘means and stanriard deviatiqﬁs were similar on the
i_aretest. The use.of a control group, which in ’c,hi,s st;dy were _th_e stu-
dents‘undergoing a traditional teaching str—a.;te;ty, insured'.aga\.in)st nis-

on, and instrumentation.

~

taking effects of history, pretesting, maturat
In, aald‘itio;x, the use of the Otis Mental Ability Test as a covari.ar{t when
;mlysis of p?sttes’;. rfasults was carried out further insured internal
va.liciity. B '

Since the 1eﬁhg"bh of time of this study was one mbnth, history was

controlled als well as any possib]ie Hawthorne effect. As will be seen

later, time developed into an ,important and critical factor in the 1nter—

* pretation of the results of this study. .

IS

Since intellectual development and pre‘(io'u_g history in science were

‘studied'as‘moderating effects, 1t was hoped that any possible interaction

\ ey

effects between selection and historykor selection and testing would be

measm:able. This, plus the fact that all gcoups were ta.ugh’r, by the same

PRt ol GG e M £ *\

teacher aZd in the same room, hopefully minlmized any regression effects.
+ Since intact groups were used which did not disrupt the normal atmos--

phere and the unit taught»was a.* regularly scheduled unit for that time

-

PPN SR

slot, if was hoped that ertemé} validity was established. The short

time of/ the study should have prevented any reactive #ffects to treatment.
o Ty
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Instrumentation ) . \

* Descriptive Statistics ) -
- | Included in the descriptive statistics data collected fro;rx eac‘h
| student was a request to list all previously taken science courses at

the secondary school level ;oegf{.nj.ng at level one. This data was tt;en coded
s as 1 for lﬁaviri’g taken 3 courses or less-in science arid 2 for having taken

4 coux;ses or moi'e. The stﬁdents were thus classified because the spread
o . of courses taken agnong the subjeets ranging from one course to elght - t
varied significantly. 'i'he division represented the’ ‘media.n of the data, - . T

Along with ‘the data, age and sex was also solicited.

" Inferential Statistics ] 7
e © Otis Quick-scoring Mental Ability Test (Gamma) ’\/4_
enta

. -
This test purports to mea.s;re indirectly the m

o Ve
abh ity of

o

students and present them in tl!ne form of "devia.tion—I Q.'s" 'The 1.Q.

1
found is termed a gamma I.Q. and has been shown to be less va:ria.ble than - %
. O ordina:ry 1.Q. The use of the English language 1s of paramount ‘importance ' i
- in completing this test and,thus, all ne;x—{\nglophone students were no’o P L ‘é
Q\ D included in this study. , . ) g
] ;
The reliah,a.ﬁ:y coefficient corrected by the Spearman-Brown formula, 5
for grade 11 was reported a.s 0,91. The validity of the test,determined by %
a biserial, coefficient of correla.tion between the item and the total score g
in the test,was measu:red at + 0, 61 (Harcourt Brac\e and World, 195’*) ] s.
]
LR

3

/ The Otis test was administered to a.11' subjects a.t the comniencement of )

~ the study and served two ma.:jor purposes. First was to test for homogen—

-

eity of variance and second was to use the resulting -data as a covariant v

in theya.n@‘lysis of variance.
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+ tioned about the relatlve welghts of the clay objects” (Lawson»and Ren-_ -~

+
'

The Scientific Attitude Tnventory (Moore,1969)

- the objectivés of séienceé

3
The attitude -items assessed by the Scientific Attitude Inventory were
based upon the concerns of science educators

teaching as reported by Moore (1969, pp. 53-54). Sixty: statements concern-

ing poéitive and negative attitudes towards science were presented to the
Ve '

student who was asked to rate each on a Likert scale ranging from strongly-

o N -,

agree to strongly disagree. The weiéhts‘assigned to each responseﬁranged

) LU ! " 5 ’ A ’
from a 3 for a positive attitude answer of sirongly agree to O ﬂg{i%hneg—)

ative attitude answer of strongly agree.'The tests were scored by computer

using an adapted Fortran pro

m (see Appgndiﬁ‘C) ‘A series of values wera

produced for a total score for \the intellectual attitudes for each student

[

and a total score for emotional aktitude towards sckhnce for each student,_‘
Both scores were eval ated in pre- and nosttest data, Two forms of the !
inventory were used, each differing nly in the order in which the quest- .
lons were presented. e reported est—retest reliability coefficient ob-
tained by Moore was O,é .

Plagetian tasks | - / R

A series of four taské, designed to measure the level of intellectuai
development,_were adopted from the Lawson and Renner (19?4) scheme. Each

student observed the teacher performing a demonstration and then proceeded’
Y
to answer questions posed on an answer sheet{ see Appendix D) Scoring was

done by hand according to procedures set forth by Hooper and Sigel (1968)

— . K

in théir Logical Thinking#_n Children.

s

’ (1) The conservation of mass‘task:(scored‘at a maximum of 2 points)

"After the subject is satisfied thgt two talls of clay we;gh the same,

one ball is transformed iInto a ‘'sausage' shape. The subject 1s then ques-

B
i
{

s -
L T e
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E ; : ner, 1971-&, P 50/8) . This task was i‘eporteii to measure only concrete
v operational thought. - o - R g v

(2) The cbnser‘fgti”bn of volume task: (scored at a maximyg, 3 points)

"This task tested for understanding of the fact that water displace- -

'ment is a function of the volume of the object,not .‘its mass, l.e. two

-‘

metal cylinders of, equa.l volume but different masses-will displace equa,l

amounts of wa.te (I;awson and Renner, 1974, p. 548). In this study a ball\

e

; ‘ of plasticine replaced the two metal cylinders and the shape of the, ball
- ' ‘ ,, ‘was changed before questions on displacement were asked.

' This task was reported by Plaget (Inhelder and Plaget, 1958) to measure
_ formal operations but was later found to requi.re only a high degree of

concrete operational thought which was termed postconcrete.

:
+
b
!

.- ' (3) The/sepa.ra.tion of variables ta§k= (scored at a maximum of 4 points)
. N ' »

"This task tested thé. subject's ability to control and exclude irrel-

evant variables. Using a simple pendulum, the subject was given the prob-

lem of determining what variables affect the period. Since the only cau- .
sal factor is the} length of the string, the falctors of the welght of the ‘ J
bob, angle of drop, and force or push n;ust be excluded” }(Lawéon and Renner, .
1974, p .« 548), This task also measured postconcrete operations. " .

(&%) Equilibrium in the balance (scored at a maximum of 4 points)

"This task, using a bala.nce beam and hanging ueights, tests the | |
" subject's ability to balance vari.ous combinations of weights at various .
locations on the beam;‘ €l giten a 10 unit weight 7 units ‘from the fulcrﬁm,
thi su};ject, must predict the proper location of a ‘7 unit weight to achieve
a dbalance. Suceessf:ll completion of this task implied an understanding of |
- inverse/ proportions” (Lawson and Renner, 197%, p. 5’+8) (formal thought) ‘ | R

5 ‘ Tota.l sdores of 0-8 were considered concrete znperational scores of | -
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© done in this stud?y. ‘They found that, in an attempt to validate’ group

Hoffman do state that their study did show the valldity and practical
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9111 were ¢lassified as postconcrete .and 12-13 were classified. as formal N~

operational. Lawson and Rennsr found t{ma.t as Piaget ha.d predicted

(Inhgnd}er and Piaget, 1958), intellectual development was best ﬁstéd 4

. in a field relevant to the subject's field of interest, thus the great

deal of sclence content found in thesg “tests. However, they did report

thzvt\the results obtained from the tests"ccrre(latéd somewhat with Coliege

Entrance Exa.mina.tion Board Achievement examinations in :science,mb.th’émtics -

"

ahd English showing that the tests were relatively coritent free.

P

These tasks were submitted to intact groups of subj‘ecisr: a. search .

of the literature revealed ‘that, usiﬂg similar tasks Mealing (cited in ,

" Rowell and Hoffman !9?5, p-.157)reported the following cbrrelations

between scores obtained a.nd mental age: (1) r =0, 89, \__ 57 and (11)

r=.0,80,n-= 54 'I'hese high correlations between performance on Pia.get—
&)

" {an tasks and mental age allowed Rowell and Hoffman (1975) to use this

finding to determlne the éffectiveness in using groups testing, as was

. '\ ~ )
tests for distingulshing between formal operational and concrete oper-

ational studenté using the simple pendulum test, the product moment cor--

relation coéfficient,};, was 0,92, n = 186, Thus group testing was shown ¥
to be effective, Though the group method of adminlstration lost most of

the sensitivity inherent in'the original clinical approach, Rowell and

rellability of group administratlon and rapld assessgpent of Plagetian-

o *
type problems indicating development.

The chapter test (tleacher—madeg oo - i

Each kgroup was subjected to two. forms of this test,which measured

W\_/ the level of éognitive awareness of ‘material presented in the unit taught,
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based upon the behavicdural objectives of each task sheet (see. Append- ‘_
ices E a.nd F).The behavioural. objectives, used in the adjunct study
TS . N — . \A ) o
guide (see Appendix _A), were derived from the teacher's guide to the

\

course and were described as an accurate list of objectives for this

section of the course by many teachers contacted who diqg, in fagt, tea:ch

this program. Beca.use of the origin of the objectives and the genera.l

a.greement“ among the previously—mentioned 'judges’', content validity of .
this instrument is claimed.

In ew}aluating this test for construct vaflidity,eé.ch test item was

keyed to a specific behavioural objective Nhe adjunct study guide.
\_ l
A1l 6 items were found to be representa.tlve of the various ob,)ectives\

.and tasks in the ad junct study guide provided to all students in PE‘.[\

(see Appendices E and F) .

| To further insu:ce construct validity, an iten analysis of each test
1tem agai_nst the total scofe for the test was performed using the top
and bottom 25% of the" students who wrote the test.

The resulting point- blserial corre;ation coefficients were then t-

tested \for significance according to Bruning and Kintz (1968, p. 166),

($ee Dppendix G), Of the items, only nem '2 of this test (see Appendix
. [
E) iled to significantly descriminate between the top and bottom 295 -

of the subjects. It was felt that this test item should be kept s\a):tha't

. there would ha.ve ‘been at least one item on the test which each student °

could complete correctly. This was done ’for pedagogical rea.sons. As a

. reéult of the item a.na.lysis, construct validity is claimed

The consistency and stabllity of the test can be seen by both the
previously uentioned item analysis and by the .KuderfRichardson formula-

21 for the coefficient of equivalence. An rK R. 21 of 0,58 was derived
-3
. . \ :
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using the top and- bottom 2% of the su‘bjects*submitting to the test.The

| value dertved shows a tght which is relatively relia.ble in its function.

The value shown may be tributed to the" vax‘ylng levels of di.ffi\culty :

o
y

among the test\ ltems. .w' '

\

Overa.ll, the cha.pter test used to measure pre-jd post-cognitive

behaviour of students subJected to the study of energy effects in chen-~

ical reactions, was shown to be both valid and reliable. .

L. -




o CHAPTER 7 - ° :

. Sta.tistica.l Treatment and Results :

’

Statistical Treatment ’ :

All statistical treatments in ‘this study were performed on a C.D.C.

"6000 éomputer using S.P.é.S. .(Bent et al 1975) Tl‘h*e Otis-Lennon Mental .
Abilities Test was hand—seored as was the tea%made test. As eta.ﬁed.
previously (see Cha.pter 6), the Scientific Attitude TInventory was

‘ scored by using a modified version of’ the forbran program provided by

Moore (1969) The Piagetia.n intellectual development -hest was hand-scored.

Since intact groups were used preventing actv.’a.l randomiza.tion, analysis
of covarlance, with the gamma I. Q and a.ppropriate pretest as cova.ria.nts,
was used to test the 4 hypotheses put forth in G}la.pter. 4. Since the use
of covariant analysis requires equal variance 'be;fore treatment, an analjrsie
for ho'mogeneity of variance was run using‘the) g;.mna I1.Q. as the Ncriterion.
o ' This produced anF test as described in W:Lner (1962, p+ 92).

In order to determine any nesting effects, ;the data acquired was

{
coded in terms of high and 1ow using the media.n as the determining criter-

PR Mg e -l i

ion. The resulting coding a.llowed for a series of 2 x 2 Chi—-square tests Y
using treatment against posttest scores contrqlling firstly for low cog-
) nitive and - a.ffective pretest scores a.nd ther Fontrolling for high cog-.

) nitive and a.ffective pretest scores. This was)‘ then repeated tut with the

f
introduction of intellectual dévelopment and: fprevious history in science
separately and then collectively. ' . /
’ i
Finally, to determine the role of intelléctual development in this

3
H
x

study, a gra.ph was drawn to depict cognitive means on pretes‘b as oppoeed :

to postiest means , 88. related twlevel of i.ntellectual opera.tione N for’

*h

both treatment groups.- te -

_

e
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Results . " R

~

In testing. for homogeneity of variance, using gamma I.Q. data, an
Se N Lt
F . (af 2,40)= 1,029, p»0,01, was determined which showed that the

. two treatment groups were homoéeneous in variance allowing for the use
hY
. . . N .
of covariant analysis (see Ta.ble‘;\z). : -
- . 4 ) ]

" Descriptive data concderning previous history‘in science, as deplct X

~

An Table 3, revealed t\}at the tra.ditiona.l group conta.ined 17 students with

3 courses or less ang 20 students with 4 courses or mo‘re while the P S.I.

)

group had 14 and, 30 stuﬁints repectively. The da.ta. indicated that the
L

traditional students wereg) evenly mixed.with regards to \gprevious history

’ in science courses while the P.S.I. group conta.ined twice as many students
with 4 courses in sclence or more than 3 courses in science or less. This
N L

only.confirmed the necessity for the F < teft previ'oush\{ ‘described.

Results of the Plagetian intellectual development tests, shown in
Table 4, revealed that both treatment groups contained apﬂroximately
even distribution of concrete to bostconcrete to formal operatior’lal .stu-

dents. : ' ) “. .
A summary of pre-‘and posttest da.ta for the cognitive and a‘ffectived

behaviour is depicted in Table 5. The search ngche means revea.led that,
i
for attitude, there was little change between pre- and posttest 'behav"iour 3
o i 0 )
but, cognitively, there was a dramatic increase for both groups. However,

the serles of dnalyses of covariance tests run revealed no significant

M

3

differences between groups in all resl;ect: Previous s¢ ence history did
~not significantly affect 'cognitive'and’aff"‘ective behav%our ‘but fiagetian
intellectual development proved to have an overall effect on\ cognitive
behaviour for both groups [F (at 2, 68) = 214, <0 01a(see Table 6)s

o In order to determine if any nesting effects were present and to

.
s o .-

{
i
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“investigate fur‘ther the role of intellectual development, all approp-
riate data was coded as follows. using the -median score for both the pre-
and posttest of the attitude survey and the cognitive test, students were
assigned the num’ber 1 for being below the median and the number 2 for
E being above the median (Appendix H) The resulting 2x2 Chi square
'tests produc’ed no significant results, as shown\in tables 7 and 8.This

was due, in part, to the low cell populations when moderatérs were inclu-
w ®
ded.

o
-~
Y [

Fina].l};, using breakdown dat;L of pre- and po:sttest cognitive .scores
as related to intellectual development (Appendices I and J), graphs
were drawn to provide a pictorial 'Lrend to‘ cognitive means (see Figure 2
aridj ). These graphs revealed that‘ T orrrf;al operg,tional‘ étudehts in both -
graups perf ormed bettier on both pfg— and posttesfs cognitively., It was
1nteres£ing to note that, in both 'l:,reatment groups, th“e concrete olperat— '

'

lonal students improved more than the postconcrete studegté almost equal-

y

ing the formal pperationa/'[ students on the posttest.
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* P-Maximum Test for Homogeneﬂ.y of Variance™

. Using Otis-Lennon Mental I.Q.

 Treatment Cases Mean® S.D. Min. Maxy

i —_—

34 115,7 -~ 9,4 91,0 132 ‘- 1,6

.

-

43 - 111,k 9,0 91,0 . 132 1,4 81,28
aMa.xir;nﬁn variance/minimum variance - 1,029‘(_9)0,01j.|

Peeneral population mean. for 16 year olds is 101.
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5 Table 3 . )
Breakdown of Previous Science Course per Treatment
. . ] .
On Basis of Descriptive Data: A o
/ A
' E M
" Treatment . 3 courses or less 4 courBes“or more - N ,
. 'Q,x N '

. E e oo ot
Traditional 17 - 20 S S 4 :
P:S.T. . | 14 S 30 I :

. &/ (

Note. Numbers in Table= numbers of students. b ‘

\ . \ . |
/ ) :
) - i
. . : _ : i
] Table 4 .- ‘ 3 i
Iy 4

Breakgown of Piagetian Intellectual Development  * . ‘g

. - : i

v ( Fr Treatment on Bé.s!s of Task Tests Results X 2
Treatment . 1-concrete 2-postconcrete 3—forma§l. . | ;
] ¥ —‘l B ) -;

. - . v q
Traditional b 26 ;7 37 E
P.S.1. 5 . -29° 10 . bk ;

_Note. Numbers in Table = numbers of students., I - g

~
.
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f \ Summary per Tre .
' In Affective/and Cognitive Beha.vio{xr ’
Test
) Mean 5.E,
Tt - o
: Emotional attitude' ’ -
¢ = Y
3 - e
{ . Pretest 59,8 8,2 1,4, . 62,0 6,5 0,98
t ' Posttest 60,1 81 1,3 é UL L O A 5 \>
T M -
; ) s Intellectual attitude - -
i . Co. . \ ~
! Pretest 66,1 6,6 1,1 65,1 8,2 1,2
[} [ ’
Postteat 66,3 8,9 .1,5 65,8 8,5 1,3
) . . ‘ N - . :
; Cognitive
:' Pretest 27,1 20,5 3,k 38,6 19,6 3,04
Posttest 79,3 19,8 3,3 ‘76,1 19,5 2,9
.~ * P

- Pi = 33

\
;

N

- = by

g +

)

. S X
3Means in Table under attitude = scores on Scientific Attit}lde Inventory K

¥

(ma.ximum scofe is 90), cognitive means are percentage correct on teacher-

made test,

USSR

s
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Table 6
N Analy;e,is of Covariance
.os;btest. Cognritive Resu}£§\by Treatment, .
History in Science and Intellectual Development

With Pretest Cognitive Results and I.Q.

AN

/
Source
of Variance

]
bg

Covgriat'es
Precognitive
I.Q.

~ Main effects

) 'I;rea.‘tme\nt
Histc;ry
Int. dev.

) '2-way‘ interaction

‘ Tredtinent-histo’z'y

{ : § Treatment-int. dev.

History-int, dev.
3-Way interaction
Residual -

" Total

.
SRR U -0 e RSN TS ot T 4 Y -
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L yble ? : }f
' ] . .
g ' 2 x 2 Chi-square” .
W Treatment by Postcognitive Results ‘
Controlled for Low Pretest Scores
‘ /\ »
.Postcognitive scores
" Low? ? High® N
Traditional 6 ) 12
P.S.I. \ 7 17 :

&

) L
[]

‘ ’ ~
chrrectedB_Qz (af 1) = 0,00232, 70,05,

aSample_ chi-square test showlng nonsignificance,

bNumber of students maintaining a low score from pre-.' to pg-sttest.

Number of stx,{dents improving from a low pref:est score to a high

posttest score,

o

TR et ean RS MO AT sy

.
S
A




)

¢
:{
¢
i
§
4
¢
¥

¢

t

Table 8 . ...
2x 2‘ Chi—.squa.'re
Treatment by Postcognitive ﬂResults '
) Controlling for Low Pretest écores

o ‘And; POStconcré}e Intellectual Development

Po§tcogx1tive \Scores

Treatment = Hiéhh

-

-

Traditional

P.5.I.

o

)

Corrected X2 (af 1) = 0,00018, p>0,05

Note. Only those students who were at posticoncrete operational
levels were used in this chi-square test,

Number of studenté maintaining a low score from pre—( to postiest,

v

bNum'ber of students Improving—to a high posttest score from a low
pretest score e )

-
-
~

. . &
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Figure 2. .Cognitive mean trends for the
traditional group as related to intell-

ectual deVeloiJmenf .
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Discussion
The results of tﬁe[covariant'analysis indicated a rejection of
Hypotheses 1 and 2 (see"éhapte;c 4, p. 16). With respect to overall
éffects of treatment on cognitlve and affective béhaviour, several
factors maf%have come info'play. The fifgé and most important seemed
to have been the time factor. Most of the related research reviewed
‘indiééted a study time-span ;f at least one semester. This study covered

approximately one month which is the-equivalent of 1/& semester. It

would seem that the students may not have spent enough time with P.S.I.
to alter their cogﬁitive and, eschially, affective behaviour. The study

did show that P.S5.1I. was not dg}rimental to learning in the short.term.

Students maintained.their.level of* attitude towa;ds sclence gnd improved
cognitively equally to those in the traditional group.

.With respect to attitude towards sclence, most students involved in
this study chose chemistry voluntgrily and had a high attitude towards ~
fhe subject before treatment. If nothiﬁ;\slse, one might have éxﬁécted

-a regressioh effect among the P.S.T. students but this did not material-
ize. The fact that P.S.1. strategy did nét prdduce‘negative attitudes ’

towards the subject was seen as a positive factor. '
/-"“—N

1

The breakdown of intellectual devéléfment (see Table 4) supported

the findings of Lawson and Renner (1974) in that most students were. found

to be at a postconcrete operational level, While intellectual ‘develop-

. N ) . -
#ent did not differentiate . between the traditional and P.S.I. groups,
it would seem that formal operational students did functiop more effect-

ively in anlghstract science such as chemistry. This again supported

Lawson and Renner and, thus, the findings failed to reject Hypothesis. 3

R g e S
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‘whether P.S.I. causes more students to be raised to a formal level than

‘r:efore acceptance /°£ students into senior science. Research Into ‘this

s - b2
»X

partially. Formal operational students functed better in the cognitive

sense/oniy (see Table 6). Attitudinal behaviour aid not seem to be effect-
ed by iptellectua.l development, in the short term. The lack of any signif—
icance in the intergtion\between intellectual development and attitude

in covarilant analysis seemed to suggest that attitudes toward.a course

. had no relation to the level of comprehension. This seemed to support

the findings of Schock €1973) and Johnson andkRyan (1974).

F\‘ig‘ures 2 and 3, wflile.indicating the apparent success of formal
operational su‘b;jects o.yer. subjects of other levels, also show tuha.t the 4 t
concrete subjects sgemed to have surpassed the postconcrete studepts
éognitivelfr on the posttesbt.‘ This may have'lbeen due to a maturation effect
of the su:tiject matter; that is,thosesubjects seemed to ha;/e becolme at least
posi\:concrete in thelr intellectual ievel of epera"tions. ‘

'//
It seemed-that .further rese;FchAinto Tevels of intellectual dev-

elopment and teaching strategies were suggested. One possibility would

be a ‘lor_lg term study with concrete operational sfu&ents to determine

other strategies. If t.h_is hypothgsis were substantiated, the use of P.S.I.

P AL ) v AN St 7T

k.tould be shown to be cost-beneficial. o v \ /'\
Past experience in sclence courses, as Iindicated by the number of. \

science courses ta.ken proved to be, in the short term, ineffective(in

identifying which étudents will improve cognitive and affectlive behaviour.

Covariant analysis shov:ed\no significant effect of this fa.ctor in any

way @#ith treatment. This would seem to refute the arguments put £ orth by

'many educators that prerequisite courses in junior seience’,is a necessity

\

aspect could be extended to a long term study of ‘interactions with

P
»

.
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fea.ding levels and mathematical abilities.

p ‘ . .

Overall P.s. 1. strategy was shown to be at lea.st as effective as .

" the conyentional lecture-discussion approach in the short term. Sinc}: ' / )

-\

 very few studig/b.t the secon‘da.ry level have bean dertaken, further

- studies’ on the éffectivgne‘;srs both cogntively and .ffec‘tively over the -

e

" school .1level, O

lang term should be undertaken perhaps by the use of restriétion to thase

. ) L
students at the concrete level only or with student with« medium to lows -

cattitude towards science. This would suggest studies at the j\inior high

i

As mentioned 'b&'ore, P.S.I. may be shown,through additional invest=
. "1gation, to be a most cost—beneficial teaching strategy. 0f increasing

usefulness in education today, especially with restrictive budgeting by

. governmen’cs, is a criterion called cost-benefit Cost-—benefit is anothe'r

4
wa, asking what wa.s provided by the teacher and uﬁat was produced, that

r
T 4sy out omes relating to documented needs. If a course or learning ex-

perlence 1s found to be 50 % effective according to the selected criteria,
" teaching strategles can be, devised to improve thé effectiveness. IflS P.S. I.
~is more successful in raising the effectiveness of the learning experience
than other stxhtegies, then it can be said to be more cost—beneficial.
Implicit in-this a.pproa.ch to educational analysis would be the cost outla.y
in the implementation of a particular strategy in {ela.tion to the ~benefits
&erived. Cost-benefit is not the same as“co‘s‘t—effici‘ent. Aéhievemeqt of"
efficlency without benefits is nob a gredt ‘accompl.ishment". A look at P.S.I.

opem})ona.l strategy shows a very efficient method of providing students

with suitable léaming environments while at the same time making maximum

use of a teacher's time. What has yet to be shown 1s whether P.S.T. _stra-

tegy ismore cost~beneficial then other strategles.
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. - this study seems to indicate, P.S.1. hz/;s‘ been ;,shown to be as effective
' .7 as a traditiomal strategy. Further studies with respect to its ability

; : e ; \

to improve affective and cognitive behaviour and possibly intellectual

development Were rec;ommended. Cost-beneficial or not, .S.I\ trategy

CE e has proved to be an' important additiorQ to the arsemal jof st: ategﬁavail_
b3
ﬁyﬂ
able to feachers who are concerned with humanizing the| educa Ional
experiences of their students. \.' o
' . & ; :
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Chemistry Unit Eleven . U s ‘ T

R

Task One: (time 11mit-3 periods)
. x ‘ Upon completion of this ta.sk you will:
| (A). given a list of events or o Jects, be able to indicate relative
potential energles present in each. g - |
R (B) glven an equation, in either ords or symbols including the
- o energy term, rewrite the equation using AH notation.
(c) given the amount of energy a.bsorbed or released when a glven mass

Of a substance reacts, calculate AH for the reaction.

B R

N

(D) given the AH for a chemical reaction, determine i:t‘ the reaction

ERS )

1S

"is exothermic or endothermic. ‘ \

" (E). glven the energy term or AH for a chemical reaction, ca71cuiatel :
- . 2 .

o b R

“ how much energy will be released or.a.bsorbe;i when X grams of one

reactant are consumed .

' N (") given the energy: term or OH f)or a chemlcal rea.ctlon,. calcu]ra.te
{ the mass (or number of moles) of any of the subitapces in the
: . ) ' reaction that would correﬂnd to a givemnumber of kilojoules
" of energy. ~ ﬁt ) A
- o - .
‘ . B_E_Ap_:) text seétionsl“hii—l to 1& Dg. 192-19-8.
i DO: problemis 1 thru 9, pg. 204. g

1 CI{EX!K‘ your answers with the answer sheet available from your
\i : st - \\“\ teacher. ‘ : ‘

" SUPPLEMENTARY HATERIALS: ) : - \

1 1. Text: Chemistry—experimental foundations (Cotton-Lynch)

READ: text section. 9-1 to 9-1.3, pp. 201-204.
Dos problems { thru 9, pp. 2@03221‘. | o

el

her Y L

e G G st Ot we




. . 2 '1

5

2. Text: Chemistry-an investigative approach (Parry et al. )

P

| . READ text section 12-1 12—2, pp. 281-284.

DO questions 1-13, pg. 299. S - . L i
'3+ Filnstrip:Heat and tempemture—molecula.r energy (F S. 541)
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cherr}istrl:ué.t Eleven

. Energy Effects ‘in Chemical Reactions

Competency Test for Task One (Form A)

Answer all questions on the answer sheet provided.

L D PR B e gy o e
N )
. . o .

A Upon completion,see your teacher for ‘scoring. -

S et i T
;

1. For each of the following indicate which contains more stored potential

energy? ‘
(A) a plle of coal or a heap of ashes, - .

(B) a box of rose fertilzer or a rose bush.

() a liter of gasoliﬁe or a milliter of gasoline.

(D) a new battery or a battery in use. ‘ |
2. Identify each of the f ollowing equatlons as either exothermic or endo— ’ \"'
thermlc, : | . |
(A) “2au(s) + 3/2 0,(g) - = — —> Au,04 (s) + 8,4 kJ co A
‘ . . (B) si(g) + 2c1(g) - 611,9 KJ _">Si"1u,(1)
. o | (c) N, NO, (s) ————D N 3(aq) A = +28,6 K- T | 3
1 " (D) 14(s) + 1/2 Hz(g) —P LiH(s) AH = -21,6 kJ ) |
| (B) 1,80,(1) - 75,6 K ———D 2" (&G +50,%7(ag) . S
3‘.' Rewrite ‘each of the following equations using AH notation. “ -
’ (,A) 2Au(s) + 3/2 Oz(g? ‘ J;>Au203{.s) + 8,4 kJ ]
(8) s1g) + 2¢1(e) > 5107, (1) + 614,9 kI S
o (€) H;80,(1) - 75,6 & — i) +50,7() 4

(D) 2B(e) + W2 Hyle) + 3,5 KT > B ()

: . ¥ N ~ !
} - . - ) i N . ( - .
e . . \/
1) ) ’ N

D 4
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: : K
R 4, 3,48 kJ of heat is required to change 3,60 grams of NaHSO,(s) to ‘ :
% ' S0 (g) determine the AH for this reaction,
& . : 4
L | - 2NalS0y (s) ——————D>Na 50, (s) + HZO(g) MB(g) | _
' 5. How many kilojoules of heat energy is required to decompose 15, 9 g
vk

Qo
‘of LiH(s) into Li(s) and H (g)‘at 25% and 101 kPa. ?. R

Li(s) + 1/2 H.l'(g)

~¢‘Li}{(s) AH = -90,7 kJ
6 civen cznz(g) 5/2 0 (g)———-—bzco (g) +H O(g)

. Determine how many grans of acetylene (C

AH = -1260, sy
) will 'burn to supply o

- 6302 kJ. of heat. . T ’

B A e i
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- ’ " Chemistry:Unit Eleven ) !

Energy Effects 'in Chemical Reactions

«
S v el

Competency Test for Task One (Form B)
Answer all questions on‘ the answer sheet providgd. : 0
: Hhep completeci, see you’r;tea.cher for Scong. | \
; 1. Tdentify each of the following equations as elther exothermic or ) o
; endothermic. ) ',
L ) gt (D) + 12 1/2 0,(g) - 472,6 1 —5800,(g) + 9H,0(g) ‘
T | (8) Ny(8) + M, (&) ————D> 2aY(g) + R, I _
S (€) Gac0,(s) ——> 0a0(s) 30, e) - 10,6, 13
/ L (D) agio4(s) + 22,8 K ————> A (aq) + NO5"(aq)
{. t ‘2. Rewrite the four equations in question 1 nsing‘proper AH notation.
L e / .
:1‘5\ i ) -~ 3, For 'each of the following exa§np1es ;ndicéte wh?.clfbonta.ins-more EP._ \,
¥ . T J‘ (A') A candle 11t or an unlit candle. . .
\ ; ' (B) A nev; flash cube or a used flash cube.
| . (€) A block of ice or a bucket of water. i . ‘- . ;
’ (D) A rocket at rest or a rocket in flight. o ) a B ' 1

Iy, Given:'csz(g) + 5/2_02(g) N S $ 2C02(g) +'H20(§) AH = -1260,4 kJ - o

, Determine how many grams of acetylene (GZHZ) will burn to supply

-

953 kI of heat. : .

*

5. If l(é 44 kI of heat 1is required to change 10,8 g of NaHSOu’(s) to

803‘(5), 'determinj,‘«ﬂqe AH for the NeHSO, in this reaction.

L 2aliS0,, (s) 1> Yo 50, (s) + H,0(s) + 50,(a)
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6. How many kilojoules of heat is reiluired to decompose 31 ,k8 g of

‘iH(s) 1nto Li(s) a.nd H (g) at. 25°c and 101 kPa. ? . >
- (Li(s) + 1/2 H ,(&) ——-l> Lm(s) AH = +90,7 kJ
._*(_'_ ‘ . ‘ . \ N . ' | . . .a

pray -

e {
(¢
i
0
< e k
oy
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- N *
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.
~ .
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‘Energy Effects in Chemical Reactions

ALY AR A 5 e

i ' Task Two: (time 1imit- 2 periods) ’ “

;g « Upon completion of this task you ‘ufl]{i: ) ‘ N

% - ‘ (A) given the mass of water in a calbrimef',gr‘and the change in ‘temp—-;

; erature, be able to calculate the number of Jjoules absorbed by o N

~

* <\' . "the water. .

(B) be able to write net ionic equations for chemical reactions inel- .
. ‘ i s

1

R e

gL

uding the energy term as AH. ‘

1

(¢) given the AH of several intermediate rea.ctions, _be avle to

determine the net AH for the overall reaction.

1 _ R N . )
TASK: . < . s
Y. )Y o
v READ exp. 26, Dp. 66-6? in your lab nanual an\d prepare a suitable
data tatle. . ~ :

PERFORM: exp. 26, \Q . 66-67 (leat of Reaction) with a partner.
COMPLETE} the processing the data for this experiment and compare

your findings with the sample data available from your
: ; ‘ 2

-

- ' . teacher.
Vo SUPPLEMENTARY MATERIAL: & . . - ' )
- Wa . . ~
1. Text: Chemistry:book I (Nuffield A-Level) ' .

~  READ: Topic 7- Energy changes and bonding, pp. 163-168.
PERFORM: Exp. 7.2a (Evaluation of an Enthalpy Change) 7D, 175~176.
Answer: a:ll questions asked in your 1ab notebook and check your

- a.nswers with those available from your tea.cher.
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Energy Effects in Chemica.l Reactions N (

Competency Test for Task Two (Form l

Answer all questions on the answer sheet provided.

When completed, see your teacher for scoring.

o

L)

1. In an experiment similar to exp. ' 26, 5,61 g of potassium hydroxide
(KOH) were dissolved in 200 ml of water. The temperature of thé water

rose 7,0 °C. The molar heat of solution for KOH, in joulgs per mole,is?

N s

©
i

/ S

(

2. The heat of reaction for the formation of nitric oxide (¥0) form its,

[ N ,

»ele;rxént is +90,7 kj/mole. , ' }
1/2 N,(g) +1/2 0,(g) ————D ¥o(g) AH = 90,7 kJ/mol

_ How ma.ny grans of NO(g) can be formed by the expendl’cm:e of ’453 5 kJ

‘of energy? (agsume the molar mass oi; N = 14,0; 0 = 16,0) x

=%

‘s

-

Bee .

-
A
T S A S ATt
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Competency:Test for Task Two- (Form B) "

/k 59

R N o i ;o N

E}nergy Effects in Chemical Reactlons

Ansver all quesﬁons on the answer shee"t" provide‘d..

—

When completed, see your teacher for scoring.] -
1. The heat of reactlon for the formation of nitrégen dioxide (NOZ-) -
from its elements is +34,02 kJ/mole. §
1/2 N, (g) .+ oz'(g) - ———>80,(g)  AH = +34,02 kI/mol

" How many ‘grams ofhl‘igz(g) can be formed by the expenditure of 170,1 kJ

of energy”? (a.ss;ume the molar mass of N = 14,0 a.nci 0= 16,0) .

€
-

A ]

2, Inan experimer}t similar to.eﬂ 26,:2,39 g of LiOH\were dissolved 4in

"150 ml of water. The temperature of the water rosg 5,0 °C. The molar
~
heat of solution for LiOH, in Joules per mole, 1is7?
. . ole,

- o

" (assume the.molar mass of Li.= 6,9 ; 0 =16,0 ; H = 1,0)

R R W

*
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E ' . ‘ i ¥ M F{f
; v Energy Effects in Chemical Reactions .
,,,_;/—"’ ‘ ) - / ! ; (r
! Task Three: (time 1imit- 3 periods) o , \
ke ; ) . / o
5 Upon completion of this task: ) / )
; - | . - ~
; » (A\)‘you will,using values of AH given imJable 11-2 (revised), be -«
E - . C able to calculate the heat of rea.ction for reactions. involving
. £ ! 3 s
s two or more reactions from the ta.blé\\
T (B) you will be able to combine two or mo:ce eq?ﬁ%’oions Tor whichAH
: ' is given 'ho obtain the equation for a.nothe;’ chemical reaci:ion ’
\ 7 '/ >
N g . .0 and determine the AH for that reaction. i
TASK: - S P
. m~ \/V\' ' -

(READ:t‘gxt section 11-4, pp. 198-201 of your book.

£

DO: exercises 11-1 to 11-5 in th\e\r' chapter and préblems 10,11,20,21
1 © . (easy), 13,14,16,19,22,23,2% (medium),12,15,17,18,25 (hard).

4 L CHECK : you:f ansvers with the answer sheet availdable from your teacher.

i} « -

SUPPLEMENTARY MATERTAL:

. # 1. Text: Chemistry: experimeml founda.tions (Parry et a.l)

; Read: _text section 9-1.5, 'pp. 206-209. \
d . DO: provlems 11-ik, pg. 221,
2, Text: chemistry. student book T, (a Level-—Nuffield) i
\" . Read: Topic 7~ The use of standard heats of forma.tion, PP, 1?6—17‘7.
‘ " DO: probléms 3-and 7, pp. 200-201. < | L -
— : . \ B
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Chemistry: Uni’t Eleven

Bnergy Effects in Chemical Reactions

Competency Test for Task Three (Form A)

s
Answer all questions on the answer sheet provided.

.P{hen completed, see your teacher Tor scoring. ’

1. Ammonia (NHB) burns in alr to produce nitrogen dioxide and v;é.ter
according to the followlng ‘équétion: v
 Wiy(g) + 7/ 0,(g) —————F> N0, (g) + ¥2 H,0(e) - Ak =2
Use the infor;nation in the féllowing 2qua.tions to determine the dH \/

i

for the above reaction. . . \ .
NH, () - > 1/2 W,(e) + 3/2 Hy(g) BH = + 46,2 kT
1/2 N,(e) + 0,(g) >0, (¢) BH =+ 3,02 W

Hy +1/20,()) ——————DHO(e) . AK=- 22,76 K

7

2. Given the following three equations, determine the AH for the .fogrth
equation. . ‘ | .
S(s) + 2 Oz(g) + Hz(g)———-b stoh\(l)- ' An = - 814,8 kJ
504(e) — . D 5(s) + 3/2 0,(g) “+ 396,5 kI
Hy(g) + 1/2 0,(g) —— ~D>1,0(1) o A = -286,9 kJ

50,(e) + H,0(1) ' 4.>stou(1)" |  BAH =2

)

3. Calculate the heat of reaction for the following equation:
CL0008(1) + 5 0,(g) =>4 00,(g) + 4 H,0(1) AH =7

T madten b
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(¢ontintiation of question 3)

s glven the folloiing:
b o(s) + b1, (g)+0,(g) ———D ¢

c(s) +0,(g)

Ha(e) +1/2 0,(a)-

3}{ 7COOH (1

—P> 0, ()
—D H,0(1)

l) .
i
. —_
-
SO A~
N
\
N Ead
o .
_ v
*
- .
¢ LN
—_ - ~
-
. N\ . N
N ~
-~ N
3
3
v
<
-
! ’
) < /
F
{
i
\
L
=

)

*

AN = - 524,58 kJ -
AH = - 394,80 kI
AH = -286,86 kJ

A L M M W b e S
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Chemlistry:Unit Eleven

Energy Effects in Chemical Reactions

Competency Test for Task Three (Form B)

Answer all questions on the answer sheet provided.

3

v

Upon completion, see your teacher for scoring.

1. Acetylene (C'zl_{z) burns in the presence of air to form carbon dioxide

-and water according to the follow?:g equation:

CH,(g) + 2 1/2 0,(g)

26(s) + Hylg)—— D ¢, (e)
c(s) +0 (g) ,;CO (8)
Hy(g) +1/20 (g)-————bn (e

2. Given the following two equations:

D 200,(¢) + H,0(g)

. AH = P
Using the informa.tion below,’ determine the AH for the burning of CZHZ

BY = + 227,6 kJ

AK = - 395,2 kI

A = - 242,8 kI

Hz(g) + Oz(g) (1) + 188,3 kJ )
0,(1) ,.'>H20(1)4 +1/2.0,(g) + 98,6 kJ
4 determine the AH for:- . ‘ '
H,(g) +1/2 0,(e) > H,0(1)

3. Given the following three equitionst.

Ca(s) + 2H 0(1)————> Ca®"(aq)+ 2007 (aq) + Hy(g) + 432,6 KJ

ca0(s) + H 0(1)————-—-Pﬂa2+(aq) + 200 (aq) + 8,9 K7

H,(g) +1/2 0,(g) ——PH 0(1) + 286,9 kJ
determine the AH for:

Ca(s)- + 1/2 0,(g) ———3> Ca0(s)
' ¥, .

Nk

’

¥

R e T 1l
N
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Chemistry:Unit Eleven ~ -

Energy Effects in Chemical Reactions

' Task Four: (tine 1imit- 2 periods) ' -

Upon completion of this task you will: ‘
(A) combine two or more eguations for whichAH is: given ‘co obtain
the equation for a.nother chenical rea.ction and thus determine the
OH for this rea.ction. ‘ .
(B) be able to calculate thelH for a given reaction gi;ren the mass -
¢ of the rea.cta.nts and change in temperature of the w'ater in the

h calorimet‘gr. . o

_ TASKx ’ - » .

READ: exp.- 27, Dpg. 68 of the lab manual and pz::ep_are a suitable
 aata table. \

PERFORM; exp. 27, pg. 68 (Heat.of Reaction).

COMPLETE:procéss%ng th;a data for this ex‘periment— and compare your

findings witﬁ the sample data avallable from you::\ teacher.

 SUPPLEMENTARY MATERTAL: . .

"1. Text: Chemilstry:student book I (A-Level. Nuffield)

Read: Topic 7 - Indirect methods for obtaining standard heats of -
i - ( .

formation, pp. 173-175. - ,
7 - Performt exp. 7,2b (Evaluation of an enthalpy change indirectly},

-

. Answer: all questions asked in your lad notebook and check’ your

3

‘answers with your teacher.

NP S

e A i+

e
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Chemistry:Unit Eleven ' Y
Ene;-g-y Effects in Chemical React;.ons ' . .
B I . ' P - . o
Conpetency Test for Task Four (Form A) , - )
' Answer all questions on the answer sheet provided. o

‘Upon completlion, see your teacher for. scori.ng.i' . v

i. When magnesium bu.rns it does so according to the following equations:
Mg(s) + 1/2 0 (g) - Mg0(s) x_AH = - 604,8 kI

n

If the conversion of ﬂ’gram of matter into energy produces 9,07 x 10

how guch mass is theoretically converted in the burning of one mole of'_
. RS ‘

magnesiun? (Mg = 24,3 g/mole)

(a) 6,67 x 10710 g (D) 6,67 x 1077 g ‘
¢ (B)"6,67 x 1078 g ' ' , (BE) 1,5 x 10'8 g’ ' T
(C)-1,50x1_08g ' - S

R ]

2. Giyen the following equations:

éc(s) + mz(s)'+—+'cgﬂé(g) sy = 83,2 kI
c(s) + 0,(g) —> COZ‘(g) ‘ DH = - 394,8 kJ
e =
" _H (g) +1/2 Oz(g) -————(:-H O(g) - OH = -242,8 &I

calculate the H for the fpllowing- -

6H6(g) + 7 1/2 0,(g) ——I» &0 cs) +3H o(g) ax =2

10

P e devery Kadale s pat ST
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. cﬁe:ﬁistry: Unit 3leven' ' .

Energy Effects an Chemical ! Re&ctions :

Competency Tes‘t for Task Four (Forn Bl

(

Answer all quesﬁsions on the answer sheet provided.
Upon completion,\l“see your teacher for scoring. \ <
1. When cadmium metal b\i:ms, it does so a;.ccording to the followlng
" cd(s) +1/2 0,(g) = P cao(s) AH = -261,7 kJ )

If the conversion of 1 gram of matter to energy produces 9,07 x 101 kJ,

how much mass wa.s theoretically converted. in the turning of 1 mole of
cadniyn metal? (ca = 112,4 g/mole)
2. Acetic acld or vinegar (CH COOH) burns to form carbon ‘monoxide, carbon
dioxide and water according to the following equation:
LCH COOH(l) + 11/2 0 »(8) ———>50,(g) -+ C0(g) + 6 0(1) An =7

d.etermine the AH for the a'bove reaction using the fellowing information:

CHBCOOH(l) ‘ 4> 2c(s) + 2H,(g), + 0 o(g) A= +488,9 kI J
L ge) 0,(g) - —1>C0,(g) ~ AH= -394,8 kJ
. c(6) +1/2 0,(g) =———t>CO(e) A= -110,8 I

Hy(g) + 1/2 0,(g) ———pHO0(1) At ~286,9 kI
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; . * Chemistry:Unit Bleven

— Enefgx Effects in Chemical Reactions ;

iy, v

Task Five: (‘tirﬁe limit- 1 period) N

°

2on

Upon completion of this task §6u wlll:
(A) state what is meant by the phrase "conservatlon of energy"~
giving illustrations (either physi€al or chemical) which slfxo\w

: i
that this principle 1s valid.

. )
H
W -
TY 1 e M ——

motion e)ghibited by molecules.

L]

&

R et L S

; This heating .or cooling will involve phasé changes. o
"s TASK: \

»' w ,\‘ . ’
i READ: text section 11-5,11-6, pp. 201-203.
B ‘ DO: problems 26-32. ’
ye . ' ’ . ~)

Library Source:

_I':.‘_l_]in‘: Vibrations of molecules and molecular motlon.

. © (complete filn gulde available from teacher)
SUPPLEMENTARY MATERTAL: - -
1. Text: Chemistry (Kavanah,Robbins, and Ober‘kr_eiser) \

. ' READ: The motion of particles, pp. 279-280.

(C) outline the events and assocliated energy changes that occur on

the molecular level as,a substance is elther heated or cooled.

(B) name and describe, using diagrams as needed, the three types of

0

;’ ) ‘ CHECK: your answers with the answer sheet available from your teacherg
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i Chemistry:Unit Eleven . - -
l 1 : +  Energy Bffects in Chemical Reac‘l:ions; o .
“; . | Competency Test for Task Five (‘r"oﬁ___)~ s R
§ Answer all questlons on ‘the a.nswer sheet provided.
% . Upon completilon,see your teacher for scoring.
j - ’ . 1. Describve what is meant })y the phrase " conseic'vai?ion of energy” givlng\
é examples and iliustraiionls (either physical or chemical) which shows
. f o © ' this principle to ;)e valid. » o | g ‘\
3 2. Name and describe, using diagrams if *ﬁ;eded, the three types of motion
. exhibited. by molecules. '
o “A“"_ “W*:B When gaseous  chlorine is ‘heated, from 25 °e to 50 C the energy a’bsorbed
- { - is largely expressed as which one of the following?

~ (A) an increase in Ep, |
S (B) an increase in vibrational energy,
| (c) an increase in rotational energy,
(D) an increase in translational energy, ‘ .
(B) an increase in ionization ‘ene‘rgy.

’

\
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Chemistry:Unit Eleven

Energy. Effects in Chemical Reactions

. ) T
Competency Test for Task Five (Form B) .

Answer all questions on the answer sheet provided.

Upon completion, seeA your teacher for scoring. ' N

1. Which molecule has the greate.st ability to store energy as it is
heated, carbon tetrachloride (CClbf) gas or argon (Ar) gas ? Explain..
yoyr—answer indicating the kinds of motion by which each of these

nolecules can storse .energy.

2. When solid NaCl (sodium chloride) is heated from 500°C to 808%, the

substance will reach 1ts melting point. The enexrgy a.pi)Iied to the
system before melting begins i1s stored as: ’ .
(A) art¥increase in EP-,
(B) an’ increa.sé. in vitratioml energy,
' (C) an increase in r_?th.tiona.i energy,

. ¢
(D) an increase in translational energy, ;

(E) an increase in ionization energy, °

3. Using an example, show why the concgpt of "conservation of energy”

iS 'Va.lid‘. “4t

4

N
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APPENDIX B:FLOW DIAGRAM FOR COMPETENCY-BASED PEDAGOGY
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quw 31ag;.t‘a}n for competenci—based peda oY , .

Student
engages in a
task,

[

Student
takes a,
_conpeteney
test .

Student sees |
teacher for.
consultatlon |

Teacher:
explains
test, ~

Student -
completes
task.
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-AFPENDIX C: MODIFIED COMPUTER PROGRAM FOR SCORING §
. L4 '
’ ‘ . - . Al ot
.o SCIENTIFIC ATTITUDE INVENTORY
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.Modified computer program for seoring: the Sclentific Attitude Inventory

7 \ :
taken from Moore (1969).

4

+

C - PROGRAM SCAT(INPUT,OUTPUT TAPEj-INPUT TAPEE-OUI'PUT)
SCIENTIFIC ATTITUDE INVENTORY FOR P51 JRESEARCH T
NO. 1-87 ARE PRETEST RESULTS AND 88-17l ARE POSTTES’I‘ SCORES

N23 IS THE TOTAL SCORE OF rrpE A AND TYPE B smmmrrs
"N23 TS THE TOTAL. ATTTTUDINAL SCORE FOR Ti INVENTORY PER STUDENT \
DIMENSION-I(1), J(30), K(30) -
22 FORMAT(I7 +5X, 6011) ‘ e
23 FORMAT(I7,2X,2213,1X,T4) , 1
7. 4333 READ(5,22)1(1),4(26), K(6) K(7),k(11) ,X(12), 1(16),3(1), K(13),K(21),
/3(2) x(8) k(1) ,k(22) ,K(16) ,3(6) ,K(2)- o3(21) 3(11),3(7), K(26) ,k(27), -
JX(3),303),k(17),3(12) J(139.Jg8) J(22),3(9), 3(23) ,k(23), J(17), J(18
©1,3(19) ,k(28) K (24) , I (14) ,K(14) ,K(9) ,3(24), x(18),3(15) ,k(10) ,X(19)
/s J(27) k(%) ,3(20) ,3(25),3(28) K(zo) K(15), J(io) I (%) ,X(5),3(29) ,J(
/5) %(29) ,K(25),%(30) ,3(30) - P . 6 '
IF (RF(5))600,30 ' )
.30 DO 34 =1,30,1 -

0 o Q. O a

ai

N2t SCQR/ES INTELLECTUAL ATTITUDE, N22 SCORES EMOTTONAL ATT .

IF (3(4).1.0)/ ~J(M) = 15 »
IF (J(n).m.l( J(M) = 30 )
r(1(M).50.2) . I() =20 BN
F (3().M.3) Iy =10
IF (J(M).BQ.4)  J(M).= 00 o - -
IF (J().2Q.5)  J(M) =15 ' : | z
. IF (K(M).BQ.0) ~ K(M) =15 « ; )
TF (K(M).BQ.1)°  K(M) = 00 - L
IE (K().FQ.2) ¥ X(M) = 10 )
IF (k(M).BQ.3) = K(M) = 20
o IF (R(M).BQ.4)  K(M) = 30 :
3 TIF (k(M).EQ.5) © K(M) =15 A

DM = J()+(2)+3(3)+T(4)+3(5)
T N2 = J(6)+3(7)+3(8)+3(9)+3(10)
N3 = J{11)+3(12)+J (13)+T(14)+I(15)

.

A
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.
f
N

Ny = J(16)\+J(17)+J(18)+J519)+J(zo)
L \_N5 = J(21)+3(22)+3(23)+J (24)+J (25)

6 ='J(26)+3 (27)+1(28) +J(29)+J (30)
7 =K (1)K (2) () K (W) +K(5) <
N8 = K(6)+K(7)+K(8)+K(9)+K(10)
‘N9 = K(11)+K(12)+K(13)+K(14)+K(15)
N1Q = x(i6)+—K(17)+K(18)+x(19)+1c(2o)
Nl = K(21)+K(22)+;((23)+K(21+)+K(25)
Ni2 = K(ze)+K(z7)+x(za)ﬂ(’f29)+x(3o) )

e,
e

§13 = NH7,

NI4 = N2+N8

N5 = N3+N9§*

N6 = NuW1O
N17'= N5W11
N18 = NG12 )

N1 = NIHIZH LN 6
| N20 = NPHNSHGWI0HLINIZ «

. K21 = 131l 5
-N22 =
N23 = N21
wnt['m(é 23)1 {

-

G N16 N17 N18 N19 NZ20, N21 ,N22 N23

GO TO 333
600 STOR

A e s vy g, G
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Determination of Levels of Intellectual Development C-

- A ¢

TASK I: The Conservation of Mass (2 points) . : o

»

1. Hill the sausage welgh more tha.n the tall, or are they the same, -
or does the ball welgh more than the sa.usage” Why? ’ r
‘2. Is one ball heavier than the other_or not? th’l’

TASK II:The Conserva.tion of Volume (3 points) =~ « \ﬂ)

8, oty g 4

1 ¥hat will ha.ypen if you place the ®ll of pla.sticine into the jar

v

q

of water? 3

P . . ’ ) i
{ 2. Why will the water go up? (down?) ~e : :
h i , . N \ . i . 3
% / 3. Do you think your model will take up more Yoom than the the tall v :

in the water, or less, or the same? Why? . : ) ; }
L. ¥Will one ball take up more or the same or less than the other? Why?

TASK III:The Sepayation of Variables (4 poihts)

N -

1. What effects the time 1t takes for the ball to swing back and forth?

oy

¢

Why?
TASK IV: Equilibrium in the Ba.la.;lce (4 points)

¥
o

'

1. Where would you pla.ce this weight on this balance beam to balance

T T . . the other weight? Why? = . ' .

YWy T St et A
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Chemistry:Unit Eleven , -

£l

Energy Effects in Chemical Reactions.

Chapter Pretest: ' . A ' :

Answer all questions on the %swer\ sheet providedA

¥hen compietéd,return all materlals to ; your teacher for scoring.

1. Consider the themical reactions shown below. Which one of these reactlons
) ' “

is the most endothermic? ..
(8) 50,,(g) ———————b>50,(a) A= 6,31
(8) Nnunop(s) > 1, "(aq) + N0, 7(aa) Al = 426,51
(c) Nac1(s) —p Na'(aq) + C17(aq) /B = H,9 1
. (D) NaOH(s) — — Na¥(aq) +.0f (aq) At = 11,7 1
(E) 40 (s) - p1g'(a) +10,"(a0)"  An- 422,810

4

. 2, When 9,81 g of sulfuric acid (H,S0,) is added to 100 ml of water, the
temperature of the water rises 1,78 ®C. 0n the basis of this information,

" the heat of solution.for sulfuric acid(AH) is which of the following?

(4) -7,5 K3/mole (D) +74,8 kJ |
(8) +7,5 ki/mole _ (E) -7476 kI/mole -
(c) -748 kI/mole * - .
3. Consider the followlng feactiongz -
W21,(g) +1/2 0,(g) ————rNO(g) ~ . AH=4%,7 KJ
N0, (&) - ~D>ro(g) +1/20e) . AH ='+56,7 kJ/mole

What 1s.the heat of formation, AH, for NO2 gas from the elements

N, and O, ? # .
-~ (A) -120 KI/mole - (D) +120,5 kI/mole -
(B) -3 kI/mole . (E) +147,1L\ ki/mole '

' (c) +3% kJI/nole, _ '

i
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] F‘ L. The motion of molecules is veﬁf‘ important in determining the structurg.
g | : . Internal vibrations play an lmportant part 1n spectral a.na.lysis.‘l'he ‘ ’
é ‘ ,é oo nu‘mber of:/ mo?\.e.sk?f mow;ement found in NH / \ » 1s: _
/ , i
. .- (a) 2 (B3  (c)6 (0) 5 (E) 7 E
- For guest':tonsﬁ and 6 . \ . R ) l
I, K(s) + 1/2 012(1) —>Pxci(s) o AH = 420 kJ
II. K(s) + 1/2 012(g)’ —_—pKC1(s) A = 2 kJ
5+ Which one of the following statements regarding reactier I 15 FALSE? i
' (A) The heat content of the product KC1(s) is less han ‘that of the ¥
- reac(’;:nts.

[}

(B) If the reaction is carried out insulated container, the.

temperature in the conta.iner would rise.

(c) The reaction is exothermic.
(D) For each mole of KC1(s) formed, 420 ki of heat is released.

N e P
' (E) The EP of the reactants is less than that of the products.

: o | 6. The:’fonimation of 24,9 g of KC1(s) in reaction II is accompanied by ‘the ]

release of: ¢ | | ]
() 20,2 kJ- (D) 440,2 KJ
(B) 146,6 kI o ®) 20w
(C) 420 &I “
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Answer Key for Chapter Test:Form A /

Letter -
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Chemistry:Unit Eleven

E_n_a_;gxﬁjects in Chemlcal Reactions-

Chapter Posttest

Answer all questions on the answer sheet provided. -

Upon completton,seé your teacher for scoring.

For questions 1 and 2 .
(1) K(s)$1/2 012(1) : > Ke1(s) AH » 420 kJ
(II)‘K(s) +1/2 1 (g) > Kcl(s) AH = 440,2 kJ
1 Hhich one of the following statements regarding reaction I is FMSE‘N

S
| (A) The heat content of ‘the reactants is greater than the ?foduct.
(B) If the rea.ction is carriled out in an insulated contain‘er,the

b
temperature of the container would rise. - \
(G) The .reaction is exothermic. - | B L\

AN

(D) For each mole of KC1 formed.in the reactioﬁ,hzo kJ of energy is

+ released. B
(E) The potential energy of the reactants 1s less than that of the

products.

2, The formation of 24,9 g of KG1 in reaction IT is accompanied by the

release of 1

(A) 20,2 W3 - (B) 146,6 W (c) 420 xJ - (D) W40,2 ®J

(B) 220 kJ | o |
3. The motlon of molecules is ’a \;rerj important factor 1ndetéfmining
@ structure., Internal vibra.tions play in\mportant part in apectra.l

a.na.lysis. The number of modes of vibratlon in NH3

Wz B3 @6 s (@7

L T
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? ’ . '
/i b Conslider the following reactions:
t \ 1/2 N,(g) + 1/2 0,(g)—— {>N0(g) -~ AH =+90,7 kI
i N, () ———DNolg) + 1/20,() ~  AH =#56,7

What is the heat of formation.AH for NOZ gas from the elements Nz

L 0 (g)

_(a) -120,5 kI/nol v ‘ (D) +120 kJ/mol ‘
" (B) -3% kJ/mol- = (B) +147,4 xJ/mol T
‘ (c) +3% KkJ/mol .
g 5. When 2 9,81 g sample of K,S0, (sulfuric actd) 1s added to 100 ml of
: _ water,the temperature of the wa.ter rises 1 78 °c. on the basis of this
¥ information; the heat of solution for H SOu (M{) is which one of the
i _ following" o i : <
i ‘ . (1) -7,5 kJ/mol ' _ (D) +74,8 kJ/mol o
f (B) +7,% kJ/mol T (B) 476 KI/nol

(c) -748. kI/mol !

ot

6. Consider the following chemical reactions. Which of these reactions is ,

’

' 'the most endotherinic?

(2) 50,(g) ——— s0,e0) A= b3 w
(8) n'n,&n%(s) > W, " (aq) +‘n03'(aq) AH = 426,5 kI /
(c) AgNoB(s) —— 1> A (aq) + NOB:'(a.q) AH=422,8 ] ‘
(D) Nagl(s) — Da*(aq) +C17(aq)  AH = #,96 kI
. (E) NaOH(s), - 4> Nat(aq) + ou'(a;;) AH = 21,7 xJ
&
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