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. The purpose of the present study is. m 1den21fy learning hpermhy wlaud to

the concept of molnnty Gagné's leammg hlerarchy model is used to hypothesne

 dation , processfacilitated the identification of specific errors that Mudents made

_in'solving problems relited ta the skills comprising the memch'y and information
was acquired regarding the apphcnbmty of Gagné's' model to 2he concept of
molarity. ; -

The snmple was c&mpnsed of 144 grade ten chemxsny students. Mtyr

»mstmchon on ‘molarity by the classrcom tther, the students were tested on‘the
. - skills of the hierarchy and assigned individual remedial work from an instrue-

‘tional booklet. The booklet was designed to address,the areasof incompetenge

identified from the students’ test responses.. The students were retested-after the

initial testing. The data were analyzed using two psychomemc teBhnlq\lE and
one zrans(er technique. Finally, incorrect test responss wpre scmumzed to
detect the kinds of errors¥nade: . ) ;
The two payehometric methods, namely one developed by Dayton snd
Macready (1976) and the other by Airasian and Bart imsj gave resyits which

““the higrarchy to whieh, ip turn; several validation methods are applied. The vali- .

i dlcated ‘that while the hypothmzed hierarchy comprised of 14 skills is not sup-

Zported in ifs entirety, a revised hxe\{archy omitting two of the gkills is considered
. valid. The hierarchy was also investigated for transfer validity.  Again, good
> . support for the hierarchy was observed. Finally, a number of student errors were

‘identified by the test data. These are reported. "
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*Teach ”‘ Y wnthd‘echve struction, Success'in i T

. ) knowledge nught be enhanced |l the lelhwm; amu are wmldemr- (a) a re-sdn-

able grasp of the tenets md structure of the perunem discipline, (b) l'aml]lanty
: : : k . G

t.mn by che expmenyd And mlormed w ducnbe and judge the enterprise. ‘A

|

i

¥

i $

b with the current theories of nstruotion and learning, and (c) continubus evalus-
i

‘ theory of mstmctwn is prenmpuve (Bn\ner IDBG }40) when it snggests rules

i

e O 4 "-about the most effe¢tive way’ ol' lmnsmlmng knowledge, The purpose nf “this

mveatlsa ion is to seek sucha pmcnpnon to halp Sﬁqﬁs fearn llementnry

chelmsuy o

"ot .. t s s
5 3 i i
P * Thereisa hehd tifat most students can mum wlm thzy are hught

(Bloom, 1968) F1e1 md Okey (1075} in mmg ruur* on mutery Ieamlng claml o

* that there is empirigal ‘spPort for the use o! formative e'uhuuon snd remedia- sl

tion as an’ aid to learning. Improvement in- len(mng wu yeﬂer wllere remedm—

| tiowof ql;. site skills by additional i ction was employdd. Structuring *

. | tearning in particular sequences i order wde(emune which skill are prerequisite

is, thanfm, pounm.lly useful as a dm;nosm tool to nhnnfy mswnceptmns md
‘difficulties. Tremhllh and White (lwﬂ] found that mutery uhm)cnun(  (the
word thlzy prefer over mutery lurnmg becmu: they are mteresM in m;le shll

per!nrmmcz{wu greater whe'n mslrumon |.s bn.sed on Ahdnted lenrnmg =

h\enrchy and:students demonxtnte cleurly thon' uhleﬂment on emh tnk belare

procudmg i.oh e next

The sequence in which the mateml is. encouqlured and, mutered isa

| . relevant factor in planaing instrdction: Mgtjsation, and

‘ o the dzvdapmenul level of (R lunQn but these wp.u .
. = . <

| & - °

i, 5 oy

®



are outsure theccope of tl?ns mvuugmon ’I‘h\s study sttempts to 1denm‘y a -

kY

o valid xeqngnce for the learning ol an lmportnnt Eoncept in, chemxstry, namely,,

. L4
: . __.' ' molltﬁty 1 o P 7 ~ ; : (» & ',
T T * There ionsensus that here i a need to identily’ eﬂecnve sequencing ‘.'_ N
. printiples but thére is no agresment-as o what these should be. ‘Discussions of .1 *

. séquencing imply that there is an ideal way, in the sense ors Platonic realin, but'"

"% -as Schwab {1964, p. 11) notes this assumption-is fruitless in that no particular- .. e b
+ ~clasification'scheme is “right”, Nevertheléis, oné sequench.inight be-mére ., *

' - effegtive than nnother and the teicher should take this into sccmme i order to~ v A
. oﬂ'er the best. mstruchon Fmdmg the bat way to teach students hns amacted G
.. considerable attention: Dewey(ma), Tyler(lQSO),,aner(mm), .Tmuom i S
. Ausubel (1063), Gagné {1965}, Stake (1967), moom(mss) Block (1971), Lawson o

o nndRenner(lQ%), Scnven, (1075); suis B . o .

s 2 5 Evidently; uquenc\ng 5 emed s3:0 xmponant component of curriculum & % 7 -

design but Briggs (mss) i’ discussion of sequéricing contended that the experi-

ments conducted wen: too scauered to be of use. Doll' [1978) iflustrates the com-

g e pledfies By Ilstmgsweml hes to sequenci ln) from thesim
e :

5 ple eu the complex (b) new lenrmng based on prereqmsnte lesrmnE, (C) movemenl "

¥.00 T from part to whole snd from whole to part, (d] chronological ordering of events,

(=) movernent from the present to the pm (f) concentric movement in ever

.. 4. widening circles of understanding or inivolyement, and (g) movernent from con-

oo, crenexper{ences to congepts. bl p . . s . S

Posner and Sh‘lke (1978) advacate that the pmhlem be approached'by ’ N |
N .

. . exploring the different ways in which content "can be seq\lenced before decid

« o the way itvéshould” be sequenced. The five major eategories of content. sequené-

4 gt
; | ... 7. ingthey propose are! (a) world-related, {b) coneept-reldted, (c) mquw-relRed .

7 (4) learningerelated, and (e) utilizatiot .Theyalsono!eth%mnny, i




: sequencmg decisions exc]ude these muor categories and nre based instead on flc-

. tors re]nmg to implementation of a y:rhculn program,in’’a sp:clﬁc muat:on

Orlosky and Srmt'h (1978) describe three mmor aspects of séquencing:
\(5) Lgrmng is sel.!-ordered ‘when situations are dealt with by individuals from

moment to mument C , plnnned ing is 51

. because whep.kiiowledge is imperative the learner obtains the reqlured i

knoyledge in whitever sequenceis appropriate.

(bi Macmqqnencmg\ the scond s.qpecf. of ‘this model is descnbed 8s the organi-,
’

aation of kuowledge and thie formilation of instruction to coincide vith the
developinental stage of the learder. This partioular sspect has s counterpart
in $he contention of Piaget {1964), that the most important,determinant of.

Cani dwxdunl's readiness for new learmng is whether an appropriate generak

ized mtellectual structure has'been m:q\llredA Orlosky. and Smith grant nm

““macrosequencing is important when drnwmg up a program of studxu, “but,

_reject the sequencing of content on-a.day to day basis.

(¢} : Microsequencing, the third aspect of sequencing identified by, Orlosky and *

Smith, assumes that for day learning task, there is o hierarchy wHich:”

2 pracéeds from the very simple to.the more :abstr,act and.to. the more com-

5 e - T

Selecting instructional strategies:when ¢fe, empirical evidence is instficient

tnust be largely intuitive. The present study attempis'to identify a hierarchy for -

for. the concept of molarity as it appears in introductory: high school chemistry.

Gagaés Hierarchical Model of Learning’

" Rohenngnéhuwnuen :_ on cing and cun th

lemnng theory (ngné 1985) Cumulstwe learning is basp\d on the premise that .




3 His most, ecent. wiitngs Gagaé (1670, 1075, 1077) limits thc kinds ofearning
; that fight occurybut plices greater.emmphasis on miciosequencing. - "Within limi-
tations iniWhed by growith, behiavioral deveojment resut.from the camlatiys
B ag T . effects of learning” (Gagné, 19683, p. 178) ngné and his colleagucs ‘ early as
7 ige found empirical evidence for (e ‘cumulative Jearning model from studies of

msthemmcs hunmg by swenth gmle smdents Learning a spec:ﬁc camplex

ey, B el AT

St learning of prerexmte skills; “This reniains the basic prerhise
“of the: Gaguié hicrarchical miodel. .TH following question is pised: “Beginning

Lo vith the. ﬂnll tl:k what kind oﬁnpablhty wauld an mdmdual have to posm it

s} O ¥ tmns"’ '(Gagne, 1962; p. 356).” “This upabnhf.y, G gé cls.lms, ls/memllmble 88 a‘

[ cah be hierarchcally organived. Gagné also belieyes that if learnirigis aceepted,
N . 29 » chage i buman hehnvmr, then'it may be possible'to specify the conditions
M i o o whnch Ieasning occurs. ‘This cogtention appears n bis major books?

iofis of Learning (1065, 1670, 2977} and F.!sennn.ls of Lgarning for Instrisction,

3 eltl\er mslght ol eondlhoncd Tespoiise js unproduelwe (Gag-ne, 1970). However,
* hefelt lelgsted w dmtmg\mh between diferedt domains (Gagné, mz) By

“ithin 4 pacticular hieracchy vas decreased considerably. . %

 Gagné identifies ﬂve major ddmains of Ienhlng (;) motor skills; u,) verbal

" ensligatiogs, -bont it v:ondn.mm Tor Ienmmg st be made wmms these’

| o entggona, but not atross them (G;gné, 1974). Gigné presently mmm his’

he were: sble to per(onu thu task- snceessmlly, Were we to give him only intruc-

.
1
«'
!

per[orml.hne By identityiig the ‘necessary skills the manifesiation of wmpetenu»

(um) g, mlmugh mogmud 2s a behaviorist,’ mxued that one prototype :

1977 Gngné lmuted his. lueurch:eu.l model to one specxﬁc domsm and the content '

2y Flgen blenrchml model of )eumng to the: mtellectual slnll dnmsln For exnmple. W




i being able to vérbalize » relationship for molarity is quite diflrent from showing '
thist one can use the relationship to find the riolar concentration of a solution.

Tire latter is what Gagné means by intellectual sl\nlls to whlch ths hxernrch:cal

1
g A . Within the ‘domaia of mtgllectual skills; Glgn \dmtmgulshes cight separate

1 » " types of lelrmng These learning types, which arer rebresented in Figure 1,sare

% ierarchic relaled\ sicessi ries being prerequisite to the next. The ~~

I © i four upper levels, nainely, hlghar-order mlu, rules; concepts; dnd disériminations;

i Lo respecuvely, are the primary focus of tiskcuetlon T sklosl Supercially, restrict: j

ing the hieraliical model to intellectual skills sppears tb Jimi

s powati

. l z s ever, Gngné heheves thak the learnipg of m‘tellut\lul skills i
S o in lhe nther domains.; ln the evahmon of the mudel Gagne (1973) snggested that .,

. learing Fieacdfies sce bost suited. for single lessons rather than curriculini upits.

Griffths (1979) in his study on the mole concept in chemistry maintains that the

opnmumamounz f-cont ‘hunotheen i i lished Theposmun

.. taken-in this inveitigation is nm the smotnt of content should be lafge enough

S be of practical use'in'the c;.mmom,huz sthall enough to'aliow suffcent gon:

trol (or testmg puryosa

v A learning hierarchy using Ga;né‘s method s developed by i Wik the

ST leamer must be able fo do to learn 3, néw skill The reulting Bierarchy may be'

" linear or branched. ing implies.th ‘sevenl

lnch lhese mdependent sh!h are ncqlmed is unil}lpoﬂnnt if they an ncqmred

T berm the hlgherakﬂl “The possib p(‘ ing must be con-

critical for lea.mmg o

skills ate prére-
e Gh % to the next lugi\er one. mhm o learning memcmc.l model the order .
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needed to determine the frequency of such disjunctive branches. There are few
_ references to disjunctive branching in the current Iitem‘t'nra . <
No; only does the Gagnéan hiera}chical model require that ncquixhion of
higher skills demands possession of a lowér prerequisite skill(s) but, &lso that
| learning the- subordinate skill(s) facilitates the learmng ot the superordmne skill:
| Possession of the prerequisite skil(s), ‘howevey, does not ensure that the superor-
! \dinaté skill will be learned. A p§ychomptric relationship requires that students
Possesing the superardinate skill must also possess the subordinate skill. Furth-
erlriord, if it can be shown.that learning the prerequisite sill enhances the léarn:
ing of & superdrdinate skill, then a transfer relationship can b ma\;mheg.

Hence, two distinct

+ skills ave peen identified n this discussion” Their relative meris will be dis ]
(cussed in the next chapter. Some researchbrs have focused-on the peychometiic
characteristics of the bierarchiés generated whil others, Such as Gpgas bave
stres:ed th’e |mportnnce of transfer. The present study addresses boch aspects as
do Giffith (1970), sod Bergah and Jasks (1050): LR I

Gag'nés hierarchical model implies that most mdlvidush lears; by @ series of |
small teps but, there are other possibilities” For example, Ausubel (1968) believes|
that the direction of the hmuchy is'from the complex to the simple and has |

written on ﬂl_e validity of “conceptual schemps” using this nppmgch. Some educa- |

tors (Ingle & Shayer, 1971; Herron; 1975) have suggested sequencing b(uu' on.the |

hes to shing 4 hi ical rélationship betweeh .-

devdopmenm stage of the len;nef. Neverthelm, for the molarity concept, given |

that it involves the usé of a series of- rulm, Gagné's hlerlrchlcd mode] is con-

sldered by the present mvlshgnor to be the most promising.

Need for the Study_ G ol ) R

In the first of seven position papers prepared for the Sciesce Council of _

Canada on science education, Pagd (1980, p. 10) writes.as follows: . "If Canada is
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L
to deal eﬂ’ectwely with its nmue then a citizenry able lo comprehend selﬁnce

issues is a necessity.” Aikenhead (1080), in a similar vem fears thiat' many major

decisions aboutscience-related issues, for example, nuclear ‘energy as a source of

uel, bioengineered food production, acid rain, and.ik

by people who misunderstand science. There is & need to adopt a curriculum
which focuses on the relationship ‘between science and socxety Wise deemom
“about such matters require some theoretical undem.ndmg a5 well.” For example,

ble levels of envil require
Y

decisions about

- with the nomn ol‘ “concentration™h solutions.

Cuncentmnon is usually expressed usmg ‘the term “‘molarity”. . It is ‘defined
as the mlmbzr ‘of.tmoles ol mluu per literof solnhon The ability to calculate the
aqueois concggiation of a solute is fundamental 0 nmmg chemisiry, For
ex-mple, equmm calculations related to the stnngth of weak acids and the

solubility of sparingly soluble salts require a thorough grounding in this ares.

In'addition tb these applications of the molarfiy concept there is & necessity .
tocontinue to investigate how people learn and how to imprové instruction. A
particular area of 'c::ﬁenc interest in this:regard Js the idantifichtion of Misconcep-
tions) § R : ¥ d

L “ \

Pnrpose of the Study }v o -

Learning the concept of molarity can be said to represent ncqumnon of an
intellectual skl in the Gagaéan sense if the student s able to derhonstrate a
specific capability. Thus a learning hierarchy Ior rholarity might ‘e constructed
using.a mk analysis tectuﬂque with subsequent testing to deter7me vnhdny <
This is the major purpose of the present study. A secondnry purpose using the
studenit responses to the tegt items*used, is to identify the kindg'of errofs associ-

ated with the molarity concept. Method used 3 validate the hierarchies and the

poisoning are madé

4

0 o Gl S et
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Deﬁnltlon of Tarm

? For clanﬂemon, the rounwm; xlosnry of terms used freqnently in this thess

IT provided: ¢ .

' Capability: the ability to perform a given task under specified condmons

* For exuppls, given the volume and molarity of a solution calculate the
\ number of‘moles of specified ion present. - .' ’ E

between two skills such that learning

i lenrnmg of the upper skill.

‘Hypotheat'nd hierarchy: a learning hierarchy proposed for molarity. ‘The

"+ hierarchy in ll;is study contains 14 elements s

’
Instructional Boakld a remedml boc\det on each’of the 14 sUJs. Only lhose
skills in which the student was fmmd m be deﬂclent were. aingh Each

" student was glven a’'tomplete booklel together with instructions to read sec-
tions relsted the specific deflcient skill. Y E
Intellectual skill: knowmg how as opposed to knowing thal (Gngne, 1077)
For example, tha ability to ulculata molnnty rather thnn merely state an
algorithm to determme it.

\

Lzammg i trarg:hy: an of

_intellectual skills organized in a way such that the snbordinaze skill inreach .

pl-ir is pecessary fdr the learning of the superordinate skill and/or exhlblts \
tnnsler of learning, to the supewrdmste sk)ll w 4 . \

Mahmly the number of moles of solute per liter of solutlon The nbbrevu- b

. , non oItsn used for' molnny isM, : L

Poittest: 'a test gwen two dlys after the material in the Instructionﬁ! Book-

let had been assigned.-

/ rordi pnirs‘ol; o

. ‘ the lower skill is necmary for learning the nppe -skill.and /or it enhn.ncs the -

I




& - -10- i |

! on. - . g T
Subordinate llgill:' the lower skill in a hierarchical connectian‘betwe;n tv{o‘
skills, ‘ R "
B \ Superordinate skill: the upper skill in a hlerarchlcnl connection bemeen two
=  skills. . Lo )

B Task analysi (Gagnéan): the process'of consiructing s hiorarchy by succes-
) ﬁvely asking the follov-ling‘uesﬁon, “What would.the individual havé to do -
_ in order to achieve a'particular capability?” " R
1 5 - Validated herarchy: a hierarchy of intellectual skills»vin which suhordigutk.

skills are found to be empirically necessary for, and for which significantly,

: enhaice Tearning of directly related superordinate skills, e
i ‘ . IE g 4 2
i o ik °
= Delimitations of the Study % s
| N+ "~ Restriction of the sample to one grade lével (grade 10) is an important del-

. imitation. Stiadents of diflerent chronological age, different academic back- .,
grounds and veflue'of instruction (school or university) miay respond differently. -
s Additionally, the small number of different schools makes generalization tenuous

' beyonc d‘TEinewﬁﬁixﬂileT .

" “The restricted set of subordinate-concepts relting to molarity is also delim-
Jj ) - .iting’in :hnt no claims can be mnde !ron'; these results ll;ouuhe hierarchy o(
other copcepts in chenuslry, or !or any other subject for that matter Further-

1 \ . more, any Ineurchy devzlnped and validated may not be Exclu:we .1t is possible
Vol that gqm Insnn:hles for the concept might be valid. . T
+ Limitations of the St\ldy . .

B

1‘ \" A wvide vnmhon o( performmce for different ﬂkll]s ia desirable when testmg
|

I

refest: a test given after normal classroom instruction but before rémedia-




i -11-

. )

for  hierarchical relationskip. In the present study control ovet sample selection

and the pool available for testing was a limitation but there is no reason to
beliersthe sample was undly bised. The broad fstures are desciibed below. )

After pmmmr an instructional booklet duxned Ior remediation was given
to each student. Those skills where mutuy hud not béen demonstrated by the

Y pretest were indicated. Euh th‘ldeut tested.was given a personalized booklet.

Hoanr, because there was no Lontrol over whether or not {l The booklet-was actu-
nlly used hy the students the '.nnsl'er eﬂect may be. snppmud \

< .The. tulmg pmced\ue itsell: mny impose. further limlw.wns on the study.
Studenu who answer correctly the lwn neml fur eachi apaclﬂo uklll are eluslﬁed
.88 luvm: muured lhn skill. Ideally, nudont would. get | both items for a llull

. correct of: both | mcomet Hawwer, in"somie cases one respohse may be correct
and the othnr incorrect. ldutlul mm testing the ume skill are not used in
case the student may recall the first encounter.* The nature of the material is

such that equivalent items are uht;ively easy to conslruct‘ hence, won-
eqmvdenee of the llem is excluded as an explmnmn for the discrepancy
‘between the two nsponsu. f .
Y

| M

L. Does the arr 'A of i skills ising the hypothesized

hierarchy ‘represent a learning hierarchy which is valid psychometrically? ¢

2. Is there significant positi

tnnller between subordinate skill(s) and the
rehted erordi .kulmm, thésized hierarchy '

3. Whn ltud-nt errors about. molmty can be ldonllﬂed lror‘n the test

ruponmr ~ <y




Suminsry and Overview . e 5 v

The role ol‘ weq\lencing in learning and sﬁme dlﬂ'erent views of lummg
theory’ Iuve been presented. The selection of {the Gagnéan model @b«hunten-
tially nxetul for quhmmg molarity in & high school chemutry couru has been+
ducusud in thn context of thn difficulties whicl some stndenu sxperlencu "‘ : I .

. <
researchers. : Some of these t‘qehmqnu, with ps%nculu emphusu on those used in

. Dlﬂennt thod: " dating learning Hi have been: proposed by
v !

thu stndy, m mcluded in the nm chapm along with.a description of eﬁpn' a

studies (el}tm; to hierarchi m scxence The experi 1 design of the study is

- presented in Clispter 3with tln analyfes'of the mults in‘Chiapter 4: The'study '
s summarized in the: final clupler, Chapter. 5, a‘ d the major conehlslons |

|
presentpd Recummendauuns (or furﬁnrrw)#r'&h are also mcluded
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PEMCWES VALDATIONANDMETHODOLOGY s

Introduction - z ' :

\‘ di ion of the basic hie: ical model in the

' J There has been
lifersture, Substantial reviews have béen offered by Briggs (1968), Resnick-and

Vang (196); Walbessar and Eisenberg (1972), White (1073), Linke (10751
Gotton, Gallaghér, and Marshall (1077), Jones and Russell (1976) and Bergan
: q’mso) However, nost of these investigators were critical of thystatistical

Vo o ; "
. methods ised for validation of the hierarchics. Ta this chapte the reseaich ori

I LA i6 T 8,75
/techniques of vAlit_h/mn is discussed, the specific models used in the present study P .

[ are, described irmore detail, and some’of the studies of leafning hiérarchies in
| "acietice are presented; Finally, investigatiods of the”applicatioh of hierarchy:

|
| ‘theory id ideatifying errors are examinéd.
/ The-V: n of Learnis

White (16748) was critieal of al of the stnhstu-nl indices Apphed in the

/
/
Iemmng hierarchy research which nppenred .in the sixties; According to White,

demmns with respect to mastery were (a} Subjective, (b) de?:led from empirical .

N
data which.were often collected prenuturely before the hierakchy was chetked for

“common sense”-validity, (c) elements of proposed hierarchies were loosely

~deﬁned and (d) verbal information or rote knowledge was often included. To"

overcome these deficientcies, White (1974, . 2) recomiiended a nine stage

- procedure for che identification and validation of learning n.ermnm Adater - g .

— . modification of White's moddl which attempted-to allow for'thd mode of.
* \

instruction eliminated two stages (Whité & Gagné, 1918). .

9 Linke (1075) was also critical of current learning hierarchy validati
b : £/ i

studies: ‘He identified three important deficiencies: (a) inadequate scopé,

N ';‘b.._'.“j‘ /1
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(b) mappropnute validation techmque, and (c) hck of rephcatwe data. Linke
cnmtrueted a hlemchy comprised of a. comprehensive nemark of guphxcal skll}s
Paallel studies showed. a consi ‘f(vlnch bstantiated thé postulated !
hierarchy md thus added eonﬁrmntory evidence for Gngne's~m6del of hl!nrchlcal

learning. * " [} « ; ~ Bosie @ v

A learning hierarchy cosists of a)r'.erwark of connections and the methods
used for validation can belassifed "1 follows: those which usé psychometric
tenhmquu and those w,ln_l; cunslder mmsler prcpevhm The former are besed on
the mpyo;mon of a relal ﬁg;nvwlne uqnence ‘and are someblma refemd to as

mc]usmn ‘techniques. {They typically may. uullze sealing’ cechmques ar \ 1

acntmgency tables;or matrices. Studies by Whltq and Clarke (1973, Ligke - 5

(1975)ann (1977), Suttman (ma)“ 4nd Rm.ak shd Wang {100) are typical..

of the Jatter: - =+ - = { g

White ‘lﬁd'clnrke‘a (1973) developed an inélusion teclinique which improed
. the exish’ng meth:o\dpl?gy b‘y. allowing for erfors of mea'surement and });'OVidving a
t test of stafistical significance.. Although the Wlute nnd Clatke method has been
, bidely wsd it has 20r“Been emnployed in ihe presm thesis for reddons whish will
“be elsbomed onin Chnyter 4. T s
Linke (1875), reeog-nmng the dlﬂ'xcully of insisting on perfect hnerarch\cnl
dependence allgwed up 10 2% ‘exceptions while Beeson (1\117) nlloweq‘i 5%.
: exceptlnm u_x addition to megsurement error. Both Linke :nd Beeson 'reponmg

/" -+ separately on their studies describe an- unexpected phenomenon where 10%

exceptions are allowed. When few subjects possess'the higher skillthe power of

the test is found to be lower than might be expected.” Whnn mmt sub]ects

. pmess the lower skill, hlgher values than expected are, obmned4

enmmmg the responses to severel iest mms Iormmg a sequence in muations

{
N Guttmm (1944) apphed a sellog'rnm analysis to & leumng hmnchy by\_.v . . ;
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“where mdxvldl\ds whomade eorrect ruponsub hw llems had :.lso mlde

rrut”ruponsa to earlier items. 'l‘hdenv-d;:e:h rq;mam a qur : :

lurnll; hierarchy. Resnick aad Wang (1969) sdapted Guttman's coeﬂ’mant of

" reprodicibility but, s wm. (1974s) pointed aut; this coefficient i diffclt:to

interpret wha n hierarchy i is branching i.ndmplzx Prchr(lm) objéct ;
the nbm'uy perm.lhle vdue Gmm mped to his “mdu of . li

. reproducibility”. - He suggested, rather, an- utmeoolmb.my Am.onghn 5

idea was not applied dlrectly to thé nhdsum of léanln; himrchlu, it was

mcorpomttd by Dlylon l.nd Mlcrudy (19701) to extend- lc:lln; to-hierar es of

any conﬁgumﬁon by allowing !or d\l!ewnt duunet mponle pltterns Ermrs

. amm; ﬁ'om students’ ;uasln; or mmmng ¢an be accommodated i m the Daym AN

and Msctudy modnl The lnttu' rmchen (Dayton &Mureuly, mao) in:
: ) pmpmng s new scaling model mcorponted Goodman's (1975) conmbnuon m ;

. the théory of scaling. Goodmsn. I\mdl‘ allowed fo; the mclumu ofs cnegory ol
intrnsically wscalsbl respondents. Howetrr, s defdhaly Mbe: Gosdan ™
model is tful it dstes only response érors from the nl.lw-ty'pa

mpondeng ' T >

Gagné (1970) consideers transfer o Jeariiig betﬂa relnled slﬂlh tobs . i
. nnpnrtnnt ‘component of the testing prooednn W/ xch deternul’ the nlmhty ofa
Imnn:hy Gagné's Inrnm; Inemehy modd nho mah uu mumptmn that
excsubordinate skl i Acssary 1 the.aqubition o  related iupamrdmate _‘
skill. Howmr, possession ‘of lh: suhnn'hnm skill dms no'. uuu mntery or the-
snpﬂordmm skill, Nsveﬂholm tbt tramlnr of lemung thecry hypothalw

that m-st!ry of a lubordmltu skill flv:klltnu the learning of nalmm\‘7
uupmrdm te skill. Idedly. the results ol‘ a mnster type test |p_plud
would show that mdlvldnnb who poueus thie mbordmlh sl(

be Lble ta K




g vshd o one i and invilid on another. -,

Gngné] sndbis collsbdrators devised an index called Propurtlon Pasitive -

a Trans[n;r (Gugna, 1982, ‘Gagné'k Pa.rsdlse, 1981; Gagné Mayor, Gnrstzns, & j
Pamd‘]:e, 1992) "It was dbserved that the skills formed & a sequence such that; : s=5)

" indivifuals didhot leam a later skill in the sequence if they hﬁd not leafned the - F |

© " relatadearliersils. This veas takcen to imply that leaming eadir skls” - ?
=7 tagilisted lesting laterveils, However, White (1974s) comtended that fhe |
) transfer index determmed by Gagné and his cnllnborators is exnemely Imnl;ed v T

;- .t While posmva‘wrralamn is snecwnry criterion, |t is not sufficient -to. i

demonstmte_humrchml rehcmnslnp Furthermcre, the index does not allow lor

‘atvom of Easuiremment a1 does niot kive & sumpling JBkbULSL, Henes, the .« 3

o index is too frigile to be of substantialuse. , The propossl-of Eisenbergand * . |«

A ¢ Walbesez (161) designed o address dmcunm associa® with indicesof
posmve tramle: is also ﬂawed (Cap(} Jones 1971; Wlnte, 19143) o
,/ Phillips snd K olly (1975) siggest thet Csgaéls hierarchies mel,a_bﬁ:d of
1@% psycholngcnl rel-tmnsh:ps between skills, His proceduxe generates  *
hierarchies cons)stmg of primarily lognz&l relationships within the ‘subject mat\er
S it TI:ere[ore, the identifiction of vali triusfer rlationships are irelavant - .
B becsuse such rlatioislifs would ineriably represent canceptunl bruths o
Nevertheless, neepttal truths for ((‘ eopime are/hkely t,differ. from those o

ail exper€” md{ }erequmtu exhibiti gpoemve mnsfer, ofice they are learned,

i X" i conmbute tothe lemqs ‘psychologital str rycture: R 5 W =3 I

st * " Posner. nnd Stnke (1976) also fault Gazné for his mix of psychologlcnl and
= i logml relatmnxh\ps They confirm the nsemhms of this blend i m eurnculum

N . devalopment but they wnsxder n impeftant t:hnt the mnrughonal dmgner g

vk distinguish between “logical prereqiisites” and “empiric | prerequisites” because




Vo e ¥ ench.requixe different criteria for justification. “Logical prei‘equisitu" are °

o clements of Toarhing rolafbd category of syﬁxencmg pnnclple They are
e only logical

concerned with the o priori properties of concepts and req
3 a.nuysls for ,msuﬁcmon On the other hand, * :mpmcnl ‘pferequisites” are ¥,

" eongdrned with skills that can be shown to facilitate the learning of later skills- Co

They require empirica evidence for justification.. *  ° w0
. + - Griffiths (1970 1932) is wary of smdm wihere e\ther the psychomemb or the
gy -, transter definition of hiérarehy’d endence is exclusively ‘applied. He maintai ns' i i

x5 .

2t thnt

iequires' both' } “He sl.sc nrgues that

d di ionships cldimed by ps do nut

“mesn um leqnmg,a second skill requires mastery ¢f the snbordmnte skill or that ¢

lca.rnmg a xecond skill i is mded by lenrnmg a subordmau skill. A few -
mvungatom hnve repdxted both typa nf validation (W1egm‘|d, 1973; Gnlf iths,
1079; Bergan & Jukn, 1980) The pment scudy uses both procedlues nud the

 validation techmqua used are, detuled beluw T n w T e

EE TheOrderhg-ThsmﬂeMathod L Lo

7 The psychomemc method of hlerarehy vahdntlon dtvelo‘p by Bart and

-xuh The meth d s simple to spply apd has been shown {o yield simila Fesult
0 the more eomphmed White and Clarke test (Griffths; 1979). The validity of

‘the pmposed hlemchy in the ordenng\-theorem methnd is based on yhe scores'

rebmtntad {n matrices (or pairs of skills. This | m2ﬂmd howe:ler,

i Uy et '(rom the arbitrary tolerarice level ungm!d to the crmcnl eell‘which coritaiss.

those s\lbjeets who fail the low T skill und pm the upper ak\ll, and hence Are

(LI

malous. If the hypothiesi lowerahllu sl to the by
sk}ll«then che heq\lency of thu ca]l under idnl mndltlons is expecbed to ba
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tie method by
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task pairs”.

B0, nbwved number of i
_,7) pomt unb ﬂus.

where the number of




i 0 R Tha Dayton und Mme.dy model fas subscanml Advantnge over the Wh
', and Clarke model ‘and the ordering-theoretic method <The hierarchyls :
olé rather than in terms of paits of skills and it aliows direct ;

I . considered as
" comp of intact hierarchi isioal tests'are provided to détermine d

goodness é( fit between the data'and the proposed hlemrchy .(Dayton &

Macready‘, 1976b). The method is, dscnbed below

skm nnd 0 repruents non mselery, then,

5 m\ply conn ions umi Nhuui smsrsc;a:y ;nppclt the pmpnsed hlemmhv These

T nre nsl’ollows.




* parameters:

" where a, represéiits the probabiliy that a subject will produce a cotrect response

. 'u’ a skill wl;ich if the hierarchy is valid heor she should not to be nbie to /

. ubaerved data vector Sunnarly, (x-a,] and u -5, ) are respectively msed to the X |
i af all these response pmems 1 this product is'multiplied by the probability

" veetor patterns {a) then, the result s the probablistic médel represented by the )

4 first eq\mtmn

T SRR B

L P =3 Pluly)ee, )
22!

where v, represents the set of q” trué response panem and 4, represents the = -

probability that the *jth” lrue vector pattern occurs. | - .

Py second equation éah be cunstructed to allow for miselassification

JES ke ‘,
TP(uly)= 11‘ o (1-a,)™ B (1=8,)" 8 (2)

i
|
prodllce u. répresents the app«mqe the probability that a subject will pmduce * i
. |
an mcomen response t6'a skill for \thh, it the e iotarchy js valid, he or she |

shoild bé sble to demonstrate mnslery

" The s 5 scond equatmn mlums the mlstlasslﬂca!wn pmmezers o and A

where zath is Faised w the power requu-ed to fit all “true” resporise panerns to a

mlmber of cbrrect" respdnsm in esch caser, :The second equmnn is the product

nm the jth trilepattern vector oceurs (9, ) and the result sunimed lor al trué

Mnﬂm\n‘n likelihood uumms of the various pmimezm in the probabilistic

) i
. model aré-obtained ghd thess areuied to commpute’the response frequency that_ L
i

emll’d be expected Tor every possible response pattern. The goodness of ﬁt r

Petween observed and hypothesized response patterns is then calculated. A
llkehhocd Tatio expressed in theform of ' chi square i used to detefmine the 1 2

goodneﬂs of ﬁt 5 3 g . ¥
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Dayton and Macready assume that every effect has a cause. Granting the

- premise that the hierarchy is valid provides a deductive argument which gives a

rationale for accepting or rejecting the hierarchy entirely. On the basis of this
analysis, it is not possible, therefore, to make decisions about individual

However, ination of the generated by the analysis

may suggest further hypotheses for the same skills or a subset of them, and hence

aflow decisions about individial connections.

Methodology and Ratlonale of Testing for Transfer

Psy it itions of hi i have heen

by many researchers, The Amporhnce of tuhng for the transfer of learning has

X3

been widely :clmowledged but different views of transfer as a validation tool have

been expressed. Resnick (1973) notes that learning psychologists and
instructional designers consider two tasks hierarchically related if learning the
subordinate task produces positive transfer to learning of the superordinate task.
On the other hand, evaluators seeking to construct diagnostic and placement

* tests for individualized Instruction use the argument that*two tasks are

hi:nrdﬁully related if those who can perform the superordinate skill can reliatfly
perlom_:,the subordinate task. The latter approach is better suited to

psychometric techniques. White and Gagné (1974) contend that experimental
- . 2

validation of transfer procedures are more definitive than psychometric

validstion. However, they agree with Carroll (1073) that experimental validation
o} t‘n.nxler is laborious.\ The objec‘ticns made by White (1'073) to the simple
indices devised to test for ‘transfer, including Gagné's Index of Proportiok
Positive Transfer, have been re{erred to anliérvin this discussion. -Other methods

which quantity the amount of transfer hnva been devaloped

Rsmck (1973) uxpreuu the opinion that tha most npproprnu means to test

* for poeltivo transfer s to directly compare randomly m:ped groups of students!

~g
%




. the existencé of the hierarchy. . This
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one group is taught in the sequence of a hypothesized hierarchy and the other .

groups with deliberately scrambled sequences. The rate of individual learning

with respect to single tasks and to a whole set can then be determined.

A transfer expbriment of this type was s used on' \zreschooleu (Upnchard
1070) to find an eflicient way to teach “‘set” rﬁatlonq The skills mnkmg up the

hierarchy were taught in all pog8ible sequences. The eﬂ'xc_nency was evaluated®

" ising the following criteria: “the time required to learn the task based on a

posttest which established performance acceptability and which also tested for

transfer. Thus, the most efficient sequéncé was'identified and support gained for

dure has drawbacks because h hi

¥ kills are very c and time copsuming to investig:
Apart from prucncal considerations, an ethlcnl qn:suan emerges. Despite the
absencu of empirical “dataf thls reseucher considers it morally indefensible to use

a0 instructionsl sequéiee other, e that

which one considers superior. ‘A
procegdure devised by Grifliths (1979) avoids this difficulty. It is deseribed in . . -

more detail in Chapter 3 because it is-used in this study. LS
* Testing for evidence of positive transfer on a psychometrically validated

hierarchy has been proposed by White & Gagné ( 1074). The propositior

. involves two groups who are, thought to be ready to learn the lower skill of the

connection pair to be-Investigated:  One group'is taught the lower,skill of the
“pair, and then the upper skill.- The second group is taught the upper skill only.
“Positive transfer will be demonstrated if more of the first wonp seqiita the upper:
skill. They concede that this method would interfere substantially with normal -
claissroom teacking.. Hence, it s not surprising that no published accounts of

studies employing thts method were found in the hterature White and Gagne

suggest that.the validation of hiefarchies hs been suff e "ﬁsemhed to
accept their llsefulness but note the need to mvuhguﬂ.o a hmarchy of elemew to

bl . s

’
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see whether they mediate transfer upwards rather than using only the negative
approach which posits that learners cannot acquire a skill unless they possess all
of the relevant subordinate skills. o LA

Bergan (1980) poses the possibilty that prercquisite skills msy not be the
only variable responsible fop positiv trahsfer between skill. Accordingly, Bergan
used path analysis to quantify relationships among variables operating within and

outside the equation model. il

n of in Sclence Ed !

Gagné's earliest attempts to furnish supporting evidence for his theory of
how people acquire knowledge and.master complex skills were devoted to

igating ies involving math ical skills.” Publications'since that

time attest to'the wide appeal of his model. Boblick (1971) reported on a non-  *

mathematical hierarchy-in which the terminal skill was the ability to write

chemical formulae. No reference was made to its validation.

The best known of the Gagnéan ical model'in science is

“Science A Process Approach” (SAPA), a curriculum projéct developed in 1965.

"It involved hundreds of skills for children from Kindergarten to Grade Six. The

rationale was that childrén would develop reasonable facility in the early years

ith basic processes:. obsérving, classifyin i upicating, inferring, -
using spi re and using numbers.“Then integrated

processes could bé developed: ing variables, ing hyp ;

interpreting data, defining , and experimenting. “This vast
resulted in a huge network of skills which the authors claimed was integrated.
Gagné (1973b, p. 26) himself later admitted that the instructional units’ were too

lacge. - One infers from Gagné's remarks that SAPA is not really a learning

" hierarchy at all because the contents of individual lessons were not designed as

leaning hierarchies. Gagné recommended that fewer clements be represented ir
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Most investigators applying the lurmnlurmhlu] model to the learning
of science concepts have followed Gagné's advice, that is, to limit, the content to

relatively smaller units. Investigations which have been published include Okey
and Gagné's (1970) study mncnﬁ; mlubil}ty product problems; Seddon’s (1974)

hiersrchy for chemical bonding; White's (1974a) hierarchical study involving
kinematics; Linke's (1075) study on graphical skills; Beeson's (1977, 1081)

" hierarchy for electrical skills; Gower, Daniels, and Lloyd's (1077) two-hleuuhml

analysis. mvolvm: the mole coricept; Grilmlu (m'm) investigation ug(:
lnemclnc:l model of the mole cori¢ept; Whelm s (mg) study dealing wnh

. stolchxometry, Pottle's (1982) hleruchy mvolvmg eonurvnnun of meehlmul

i rnelly related to the food web concept The

energy; and Grant's (1083)

) longom; list does not melnde all'the wly investigations o( lemung hierarchies

in science. Earlier studies carried out by Munl! (1965), Kolb (1967), and Raven
(1972) wees showa o b lawed by the use a!n{-lulty‘uq'mimenhl desigas a5 well
as weak smntlenl procedures (thle, 1973). For this reason they are not
reviewed here. 2
Tnufu in-a learning hien_rdl; for the mlnb;ﬁty product concept was

investigated by Okey and Gagaé (1970). Two groups were compared. One group
was tested after it had received inséruction. This teting was used to dentity
skills pvmg dlﬂieulty ‘The second group was mstmcted uamg revisions which
took. tha upm-nen of the first group into account. 'l'hls  group was. then mted

and lchlevemenz scores showed that tl\e second group swrud hlghcr The

ors suggested that the group) pey beuer

" “hierarchy- dznvud from the first group p:omoted transfer of learning for the

second group. Griffiths (lﬂW).crmcued this study on the following grounds: (a)
the temund skill was lnnnmiuntly ddned which allows a wide range of results,

[
|
B
|
!




, ‘on some lower slnl]s even after remedmlon is considered ‘too.| low

Case E - .

- (b) specific transfer effects between skills within the hypbthtsized hierarchy were

cmenolfof less then Sﬂ%

not i igated, and (c) Lha
Seddon [1914) claimed that a study which he conducted on stude'nt

understanding of chemical bonding uxi.ng éhe “Kimball Charge Cloud Model”
supported the Gagnéon hierarchical model The:purpose of the study was to b6
the relative effeo iveness, of the l‘ollowmg as predncwrs of achievement on the .
posuut. (.) a general chemiry test given befvre the study, (b) intelligence as
mensnr:d by & standardized xn!el]lzcncs test, (¢) nge 7 and’(d) the pretut of the,
study. The ‘author prepared a self-i mstrucuonnl nnn !or the subjects tested The
“sample consisted of shudents between the ages of iteen aid niretéen. The

subjects were given sn-author-constristed pretest before using the prepared unit.

" The same test was llsed for the posttest. A regression analysis showed general
el!emlsuy knowledze tp be the best predictor. Becn\lxa the relationship between -
 the skills of the posuest\were not spécifically examined Griffths (1979) suggests

that.the claim of support for the Gagnéan model i is unjustified.

A study by Gower et al.(1077) identifies s hierarchy for the iolé coneept. -

- The top skill of the hierarchy was concerned with the-concept of molar mass™

The suthors admitted that they initially indicated.two indepéndent hierarchies:
concepts based on émpirical evidence and the other on theoretical concepts., The
data were obtained by requiring the snbjm; to respond to a set of items

the elements of the b ized hierarchy. A consistency ratio

4 p
technique which was applied'as a messure of hierarchical dependency was

claimed by the authors as accepl idence for the validation of the
hierarchies. Griffiths (1979) st n\lmuly disagrees and argues that the study
yields no definite conclusions‘about ‘either the empirical hierarchy or- ‘the

theoretical lmrmhy Fer exampl¢, analysis of the data shows that only 12 out
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of 18 connections in the “validated” hierarchy give a consistency ratio of 0.85 or
more. In the'case of the theoretical hierarchy only 7 out of 22 connections meet

riffiths also faults the study for the

the critical value for the consistency rat
test items arguing that they do ot tést the kinds of capabilities claimed ind only

the items at the ion level test the isition of i skills in

the Gig-néun‘sense For the other intellectual skills invmtigated namely recall,

npphent\on,‘md annlysls, ths suthors appear to have'a dlﬂ‘ereni undemundmg of

the term. 8 used by Gngné [ ep . -

To test. Gagné's theory, L\nke(ws) s Iarger samples and emphasized =
the rephcmon of results. ‘To this end, he. usud 416 grade eight : smdenu 204 in
Brisbane and 212 in Adela.\de, on gmphlul mlerpremmn skills, The program of

 instrietion was based on & ierarchy hypoehes.zed Dy'Linke. The White'and
“Clarke test was applied to the data bit allowance was made; in addition to’

meuurement ertor, for l% and 2% exceptions. - The statistieal power of the test
was calculsted for each connemon. Linke claimed ‘that most of the postulntzd

connections were valid Mureovet, both groups yielded similar mults. Linke

considered this finding fo be pirticulaily important because of the differénce in

the'lormal currieular bukground Between the two groups. Linke, himself; noted

“that the power of the mc that is, the unrealistically high and low leveh

“obtained, was suspect. He thought«that the alternative hypothesis did not
adequately cope with the difficulty of #he lower skills and was, perhaps, téo

senuit}ve to the diﬂ'leul'.y of the upper skills. The number of exceptions allowed

in’ the cfitical cell sees high. For eximple; one connection-which was declared -

valid allowed sixteen exceptions. Linke attributed this inconsistency to guessing

aifl chance nnstnku Cl

Research i the hisfarchy field has bewn p pri oncerned with

- mathematics and the physical sciences but Beeson (1677) has applied Gagnéan- ,
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theory to matical areas of tﬁe sciance curriculum. He.

proposed a lueurchy coneermng electric circuits. Beaon distmg\nshed between .
intellestual skills snd verbal iaformation i incthe hierarchy, as did Gagné (1972)
and White (1974c) who lumted their hlerlr_chles to intellectual skills. _Beeson
used oaly one itexd to tist verbal information usifg the argument that paralle],

but not identical, test items for verbal elemesits are impossible to construct.

- Other vestigators, (Hedges, 1966; Bloom, Hastings, & Madsus, 1956; Hopkins &

Stsnlpy, 1081.) dlxsgreu contending thnt such constmennn is mdeed possible.
Gxanl (mss) criticized Beeson’s use of only one'itém to test Verbal information
mgumg that the validity of the cnnneetmns were subjective decmlans,'th&
implication being.that more thn.n one item to test verbal information would be_

less bjécti This s conslders that fhe decision remams

arbitrary. It s worth soting that the inal form of Beesan's (1981) vnhdsted

hmucl\y i elecmc:.l science omltted sevenl connecucns that were mcluded in
/
the onmal hypothaued hierarchy. B e \ s

Most ol leumn; hierarchy research hu beén focused on validation but

Beeson 11081) has expressed cohcern th:t st\ldents often learn mtellechu! skllh in

a mechanical rather than, meaningful way. ‘l‘hu idea has its connterput in the
theory ofAusubel (1083) where he distinguishes between “mesningful learning”
and “rote learning”. Beeson hu snggcsted that mechanical lenrnmg,mny bea

result of teaching the'skills in a relatively isolated. manner. Thus although

¢ manery‘ of relevant lower skills has ocourred, tha stndents may still be unable to

combine these to master hlgh'é? shlls Moreover, some mtelleclua.l skills may

xeqmra more ehbornhon ‘of verbal mfcrmntlox)\ and the student-may be unable to

reed] relevnnz subordmne sk\ll: at the lppropmte time. Beeson. pontenda that if

the learning of lneruclnu.lly ralntcd skills occurred ‘within ‘a context or

) memgmgml knowledge about 8 relevant nnqho{mg 1dep. meamngl\ll learning

NS 10 .. N S

&




‘ mtellecmnl skills lccordmg to Qhe original vahdated hiers

’ lncomcﬂy or mlppmpnwe[y lpphed pltys an ncme mterfermg role (Slmpson &

# St\ldentu m]l make chﬂerent errors. Deteenon and remedntmn requires kS &

AY
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would bé facilitated. - His study included 188 grade ten students divided intay

three groups. One group was taught the skills in isolation; a second group was )

provided « with additional verbal instructions; and the third was taiight the skills

¢ initially tnught the < - | .
chy, (Beeson, 1077). ' %

in relation to a relevant hchurmg ides. All students
Two dnys later.the students  were tested to determine: (a). Io and short-terni
achievement of the terminal skill, (b) lateral transfer, and (c) subordinate sl;\lls
The rall]ts s,h)wed that the, thlld group; those tauglit the anchoring ides, did . o !
sngnxﬁcmtly bener on !.he sharb—tmn zms for,lateral hauslel bu thue Tesults -

did nol permt dut seven weeh.: Howwer,t\hxs/gmup 1d slgniﬁcn.utly bmer on
tbz ﬁml task thln did ‘the other two, sbut. did'not. dlﬁ'el sxgmﬁcmtly on the 8

shorMérm test. Thu mdlmzed to BeuOn that st.uden'.s m\d to‘ learn mte’llect\ul

gkllh in the mec}nmcd\vly hs s\upec‘ed When students le:ri rélated :kl.l]s

baud ond;&rnrclncal sequenmng and-also i in | the cantext u[ an ;nchanng i
‘more meunmgtul leumng nppears tc take place. N B - s )

Stndant Ertors Rahtad to Moln-lty

© The ncq\mmon ol ‘néw material h» Mways heen o! pnmo mterest to s o . X

Amold 1982] As szudenu attempt to relate new knowledgt uuxutmg
wrong onnections may-be maffé, Niissbay (msx)‘qnmu that: the,
be.

’d;velopmento!:anzctutliennﬁc_ epti rnmrh»-thatany

ldenhﬂed lnd the reasons for theit occurrence ucertuned Obvlo\uly, obtumng i R

orious md time cansumm

this m!ormhon .on an individual buu vmuld be

mleldlllhlad l\tenhon. It i is .common practite for teachers to msmu:t the. '

. wlmle class on. the &

ol,, i errors. This i n
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nnwund padlgwenll( to anml ‘prior ponibh

he cxperiuater has s respoisfhility o alet s par

errors ,chmctuhgunlnmnunhrmp

cmwa,u.m:h.pm,wmdm mmmm,ua

‘a vlveedmolthutudy e : et




/ g T e DESIGN, INSTR! ! \i AND PROCEDURE

hcmdmlo- » E3 S .,
i The procedm mvolved in ldent\l'ying a Ielnung quncby follows a general
. format: (a) Bypothesiging the hierarchy, (b) selecting the elements to be included”
B and the desired Leﬂnunl skill, (¢) ncmumng the mode and the llmmg of

= mstmenon. (d) fomulltmg the suitable tuz questions for each elem-t () . g

5

4 2« desiging ihe fiate testing edures, () selecting o sample . X
H

i 3 mvuhzﬂtmn, and ()) analyzing results: 'f'lm chapter descnhes thie decisions”

i

relaud to the pruent ztudy nnd pruﬂda a rat wmla Ior ﬂma decisjons.

Conm:tlo- oft.ha Blernrr.hy- e

The pr&enz investigation is undetpmnzd by Gagné's' notion that the n‘em‘e} 1 1
should be able to 'embn.nr?e pns:ssnn of a sibskill Befors  higher skill can be

lurned Obmnsly, ‘the te al :hl] of_une deﬂned hm-uchy canbea
*

shl](s) ol a hiermhy is arbitrary but never\hal& the classificati

rmonlhh&nd practical. For example, icting the

3
i
= { A o from lqneou: soluuons reqmm llle nbil:ty to perlorm wncentmwn calcuhhons

- 'ndomorderuzmtkuuch‘ diction? Git

student must be able to ucognu the' componenu

thc spmes prumt bdnre md ;Iler is




. The molmty scnls wns chosen becnqse itis the cencentmtmn un;t favor fed

by the ] teMsed by the students lnd it i u also lhe one'most* commonly used 1n 5

the chermcnl htem.\lre Appropmte m{brmmon was given in bt 3 nem to

. minimize student errors caused by’ facwrs whmh ‘were not bemg mvahyted

l’oi exmple, the namé aid the formula of -each solute was_ gwen and the solutes
chissen’ were strong dlectrolytes: Hente, the students eould assume that these

solutes werk completely fonized i in aqueous solution, ’Tlns Slmphﬁcahan is

necessary beca\lse '.he students had not been mtmduced to the notlon ol'

o 2

thnt on mmns, vol\lme: of aqueous solutlons are agldmve Ch ciensxm sui Sl ¥
U

a8 :nmylexmg are hnly um.de thescope of the mdenwexpemse The'l : Wit L

mumptlons dmeusse& above ;

mnda to“!he slmpllly

The Inemxchy was. genent,ed by pnsmg the follaw; quesnan Iqr ench ski

A “Whnt would the' mdlvxdua.l a.lrudy Imv to know how to do in order’ to lexm E

e U 'V- 2, uu; new capabliity, simply’ by being given verbal instructions?” (Gagnt, 10683, p

b7y 2 " 3) Using, this method of tnsk mmlysls the snburdmatn skills consideréd neeéssary

S for lenrnmg the !ermmsl»sklll were successively deteriinted.” Skills that wcurd be
L+ réquired:in circ tances thought, to'bié either conmved or. amﬁcnal were

. omitted.. Tt was felt thit very little mformatmncould be gamed i he hmned

time uln e by tesung the, abxhty to'manipulate vnrllbles* in ohsc\ue sltunno

Th w rarchy was developed by sug askmg Gngné's qhest;on for each T
ew mn geneMen the mmm] skill had been xelectei .When i i




Al of thes people‘are traitied chiemists, Raferenceto texts and course teaching

ives was svmded at-this prehmmary stnge to ‘minimize any bms lowards -

objé
traditional feaching sequences. No alterations to the bypothisizet hierarchy Gore

0 recommended by the sdrutineers and none were made but l'ollowmg the pllol

Lo slndy thie won‘hn‘g of the tast items was, modified sllghtly ;

Lo ; B 'Gwen the formnh of the sokits and s ofsollne presert; calcn]ata the * .
G T T Srberof méles of spediied gis L c L ‘

R R e ‘Example: Howmauy moles.of chlorideion, CF, nrepresent masolnuon\

whnch contnnp 0.10. moles of cupric. chlande, Cncj2 3

Siven the. miolarity and volume: orsohmon, caleulate)the atinber al‘molewf sy o




F

- G

- H

1

y N
< E

solution?*" s

.

‘specified;fon present. " ! -
Example: How many moles of chloride ion, CI' are present in 2.0 I.J‘o{ 0.50
M -BaCly, barium chloride soluholﬂ
leen_ the’ vnlllme and initial molanty of ‘a solution and volume of diluted
solutiony calculate the molarity of dilited solution. "
“Example: Calculate the molarity of sm‘hum chlonde NaCl, when 1.5 L of
'0.20 M NaCl is diluted to 3.0 L . s
‘Given the volume and ‘molarity of solution A: and the volume;of dilute;i
solution, caleulste the molarity of sfmcifod jau -t ilbed sélution;
. Example: LS L oli2 M BBCIT barium ‘chioride éblution were diluted to
8.0L; wlut would be the molarity of chlnnde ion, Cl' in the resulting
Given the volume and molarity of solution A'and the volume and molafity
. of sojution B, calculate the olarity of cominon fon present when the
solutions are combmed>
Example: 2 0 L of 0 .30 M K.l potnssmm iodide, is zdded to 3.0 L of 0.10 M
Mglr magnesium iodide. What is the molamy of the lodlde lun, Tin the
runltmg mlnuonl
Gwen thehumber of mol: of solute, calculaté the mass ol’ solute.

~ Example: How many, grnms of magaesium bromide, MgBr2 are in 0.30 roles

. ofMgBryt ! -,.f‘, G itim

Gwen the mo]amy and volumz of solution, calculate the mass of solute.

Exam]) e

What, mm of :oﬂmm nmate, N;NOs, must be used to prepare
20L ot O.SO.M ])1-.1\105l solutmn? i i R

Given the voluine and molarity of solution, calculate the number of moles'of -




* “other skills in the bierarchy. As such they are siuggested to be part of the overall

\ L 3d-

Example: ' Calculate the molarity of polsium chloride, KCl, in 2 2.0 L

solution in which 0.10 moles 0f KCI have been dissolved.

L Given the mass of solute, calculate the number of moles of solite.

Example: How many moles of ferric chloride, FeCly are in 324.6 g of FeCIS'?

M Given the mass of solute and volume of solution, calculate the molarity of

solute.
Example: 238 g of potassium bromide, KBr, is dissolved in water to make

-
.. 2.0 L of solution. What is the molarity of the KBr in the solution?

N Given the mass of soluté and the volume of solution, calculate the molarity

 of aspecified ion.
N N
Example: If 4.0 L solution contains 28.0 g of cuprie'chloride, CuCly, what

is the molnnty of chloride i lon, Clin the soluuon*.‘

B Flgure 3 shows the hy'pothesxzed hleruchy Comment on the Immchmg in

- the hierarchy is appropriate at this juncture. Superficiilly a reasonable hierarchy

showing slternate pathways can be generated by incorporating skills A, B, E, H
sn'dA D, G, H buf, this is not the case. Indeed, a closer examination reveals
that the route chosen depends on the mformahon given in the proble. A, B, E,
Hand A;D, G, Hare not slternative pathwa¥s to Skill H but rather, they
comprise two sub—hlernrchu_s which come’togefher at H. Other small discrete

hierarchies occur in the study, namely,; skills A, D, and N; K, M,'and N; L, M,

and N C,E, and i F, G, and H Lend J;'and C-and I. Some of the skills in the

ovmll hmnchy are not. pnrequlme dnectly or indirectly to the- termmnl skill.

However, they.‘are hypothasized to be related in some fashion to one or more

concept of molarity, and were consequently included in the overall hierarchy.




S »5._22__ uE 30 S|IS Eema‘a& z :9_9_5 W :9ION ©

Aoy »Eu_oE pazisayiodAy u._.r ‘gambiy -t

<

v

SRS i —_" - SO -V



v

. chemutry in the St. John's area and all the participants in the study used the

[ .
- 36 -

Solving chemistry problems involves humerical competence (Denny, 1071;
Dence; 1070; Good & Morin, 1978) but Griffths (1970) argues.that emphasis on,
numerical skills may cloud the ability of the researcher to identify conceptual
relationships. Consequently the tests were designed so that the fumerical
caloulations were simple although the students were permitted to use calculators. ]
The students did not have to worry about (2) rounding of, (b) fractional parts,
and (c) significant d.gu The molar mass of calcium, normally taken to be
40.1 g was given in the table provided with the test as 40.2 g so that the answers
are simple integers. The other required molar mass values coiricided with those )
given on the fiyleaf of the student text. 1t is assumedthat students made , "

mistakes because their difficulties were with the-clemistry rather than the

arithmetic. All of the volumes were given-in liters (L) although the milliliter -

(miL) is the familiar unit in practical activities at this level. The ability to

" convert from one volume unit to another was excluded from the study.

\| -
Sample ¢ » R

The snmple consisted of 144 grade ten students enrolled-in mi,roductory

same text book (O'Counol Davu Hnemsch Machb & McClel]nn, 1077).

Design and P :

 Figure 4 shows the experimental désign of the study. Gagné st
that the structure of s learning hierarchy is independent of instruction (Gagné,
10738, p. 21). Consequently, no steps were taken prior to testing that might
influence the teachers o alter their usual instructional practicés and this was

assumed to be the case.. Howevet, the teachers did inform their students that 7

they had been selected to participate in‘a study. and they nL!o distributed the -

instructional booklets which were prepared for the:remedial home_work gned

- n




CLASSROOM: INSTRUCTION
" ON MOLARITY

: i
[ MOLARITY PRETEST

il IDENTIFICATION OF | - -
RELATED ERRORS |~

"REMEDIATION OF .
MISSING SKILLS
|~ MOLARITY POSTTEST |

‘ Yy
| -~ APPLICATION OF ‘HIERARCHY.
VALIDATION METHODS

Figure 4. Experimental design of the study.
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. o
they had been selected to participate in a study and they also distributed the |

instructional booklets which were prepared for the remedial bomework assigned
before the posttest. Discussion with the teachers in"different schools indicated |

’ £
that their respective modesof i ion were similar. i pru:l'gu
‘were. ional, ining cl ition with activities!

__All classes were instructed on the topic of molarity at approximately the

s;me time'without interference from the invesﬁglior. Soon after regular

instmction wu cdmplsle, the subjects were tested on the 14 skills in the

-luernrchy dunng class time. Thie first test was called the "pretest” becnm it

pmeded’ remedutmn ln one school forty nﬁnuu periods were lvullhle In this

cue t% single periods on successive days were' usad for tatmp On each d:y the
" test included one quuhon for each of the 14 skills, the order of the test items

bemg scn.mblod Ths questions on the second day. were eqmnlent to those of
the prenom day. but were pruented in a different seqnence‘. In the other.school,
becatse the scheduling provided for two consecutive chemistry periods the, pr;tut
was ndmmuund in one eighty mim‘il_: session. The latter nm\ienu ‘were, given &

~ test comprised of identical test it.a‘m.s wi'.'l‘i the same numbering and 4&unblin;‘ as

the two period graup, the difference being that only one ooverih‘ page of
instructions and molar mass values were given because all 28 test items were
handed out when the test commenced.  § <y

The pretest was marked by‘the.ihvuziplor and returned after two days. At
that time each student. was given an individualized r:mednl bookl:t which was
prepared by the mvanplor ‘Within the expenmcnl the' purpm of the booklet

" was to provide evldance for hmnlar of learning between lhlla In this booklet

skills were m'xnged in order ol‘ the hypothesized hierarchy. Each individual
atnde;t was directed to mu of. (neumpetence revealed by the pretest.

fora i skill on the pntul, required the student
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. to have the two test items representing the skill correct. The students were

asked to complete the remedial work by the next test administered three school ~
days nter. This secogd test was smilar o the pretest and was caled the
“'posttest”. 4 )

The number of students who lacked competence on the pretest b;;t sl‘lowed’
mastery of theseskills on the posttest was used as a measure o learning transter

from a subordinaté to a superordinate skill. ‘This testing method was devised by

i Gnﬂ'xths (1§79,-p,198) and the detailed analysi involves the following steps:

1. . The identification of skills in the hypothuued hierarchy whichi-are
dl:ectly sub dmne to any other skxll(s) in lhe hierarchy and euh

at

N “hypoth
« ) R ;
2. Following regular instruction, the identification of those subjects who
fail both skills in a particular connection. This group forms’a
subsample for each connection ,nﬁdgr test...
\ 3. Following remediation on absent skills revealed b‘y the initial testing, " "

stndants are retested on all skills. Cd

4 * Those participants in esih who gain the subordinate skl of

the connz&mn under tesv are identified, as well as those who fail to’ gam
the subordmate shIL ‘These patticipants are designated as “Gmn or’
" “No Gain” i rmpeehvely X
5. . Plrtmpm'.s within the “Gain® and “No Gain” groups are further
cla.mﬂed with lespect to thelr ner(ormance on the superordinate skill of

the connection under test. Thue su,bjects are dalxnned either “Pass”

or “Fail” [ g of
6.. Thesi of the relationshi l‘\fhnwn Gain/No Gain and

Pass/Failfs i »'i\rmgll‘ ' ion by appli jon of a chi-
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. square test thh one degree of l‘reedom in each case. /
‘The tests and the instructional booklet designéd for remediation ard
described in the next section. Copiés of the pretest, the posttest, and the

*instructional booklet make up the appendices A, B, and C, respectively.

Instrumentation

Two tests were given in this study, namely, the molarity pretest and the

molarity posttesc For each sh.ll in the hypothesized hierarchy two equi
test items were eonxmlcted for the pretest. ud fm' the posttest. The vnhdlty and
the nhsb)lny of the test mml is discussed in Chlpnr 4. £ "\3

To mmmha consmency of meumment of “"‘K“ responses to the test
items used in this study all the teatu were marked and scored by one  person, the
resear¢her. Because a secondary purpese of tlnl study is to identify errors ks
associated with mghrity incorrect résponses were scrutinized carefully. The'
marking was further checked by two competent markers who were extensively
briefed and ml;plied with s detailed answer key. The few discrepancies which
occurred were reviewed by the researcher who made the, final decisions with
mpect to mm‘ thetests, ‘ '

The tu& items were of the “‘open mponse type. Enouh spm was
provided on the qummvpcper to enter the answefs. Cate was taken to make
the spacing uniform to avoid iny;gluu as to the relative t;nmbl)uity of-the :
_emou The nndenu were reql;luted t.o n!run from scribbling out and erumg

‘answers even when they changed thelr mihds. The format allowed dcvemon of

stn@e;y clnngesln ing: equi questions enhancing the Jikelihood of

 identifying the kinds of errors that the students made.
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Instructional Booklet )
The i ional booklet containg 14 units, each pofding to 3

\ % \
particular element of the hypothesized hierarchy was written £ sscertain learning
| e ;
transfer: A flow chart of skills is included along with a synopsis of solution

Z chemistry terminology. The worked examples given as models use diagrams in an -

attempt to make the subject matter easier to understand. The student is then
led sequentially througha mnuln example and th‘e ’,éo'rmt answer is given. At i
the end of each unit, s “Check Yourself” problenis given. The student is
directed to the'a answer key given on the last page of tln booklet

‘The booklet was designed to encourage the :tudelm to v(ork at, the mlgned

: @dlntlon but the term “‘remediation” was A_voided lest it havea pejorptwe

The individualized and’ iptive aspect as well as the language.
and style of the text material attempts to make the student reelémgl\gmble and
specnl The murned booklets were not mthmed to see wllether the sssigned

S 0 Bials iy wed Wt e it Fesedetion; bat Faller
. to ascertaimif learning s lowef skill facilitated learning s higher skl

Nevertheless, it was evident that many of the weaker students had
conscientiously completed the assigned work. 5
The construction of the hierarchy agd the design of the stady have been
described in this chapter along with the instruments and procedures that were
used. The data collected: were used to test the validity of the bypothesized
Iuenrchy and, s a secondary purpose; tL identify some errors associated with .
‘molarity. The analysis of thise data’ are presented in the next chapter,

ERR e
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Chapter4 -

RESULTS AND DISCUSSION ~

<
Introduction

An bypothesized learning hierarchy is validated uing'uu responses of the
students tested on the individual :hlls in the hlenrr.iy The vnluhty and rdne
bility ol the tests lpplled in the present stidy mdncnssed The runlh of the

nmlysa of the data by specific methods for hlurmhm.l vnlxdanon are ,gmented I

“anda validated hierarchy is offered. The final section lists md ducnsus the com-

monerrors that the mndanls made in their responses.

The statistical pmceduru ued for the nnnlyuu were conducted thmngh the- ;
original md rcvmd venwnl of SPSS 300 stlhstxn] package (Nle, Hull, lenlﬂnS, *
Steinbreaner, & Beat,- uns) and sPss¥,

_v.nanyuu..'ruun.wwuouny Skills

Cronbach (1671, p. “7) has ngned cogently that tenu’lra gv-hdmd but

" rather the data arising from a prosedure are i d. C ly, s
instrument can be judged'valid in'measuring one kind of phenomens but iavalid

when messuring suother. The present study was designed to establsh whether
eich student has mastered or faild to master each skill o the Bypothesized
bierarchy. Hence, claims sbout the validiy of the molagity skillstests are tim-
pered wifh Gm}:!)uh’a caveat. Two f;uu Wepe given: the-_molnri!y,vplefél and
the molarity, posttest.- For each of the 14 skills in.the hiypothesized hierarchy two
equivalent test quéstions wer; constructed for ﬁpe'pl;elmt a0d for the p&tlut.

Thus, each 'qal is composed of 14 eriterion-referenced tests, Good content vali-

) dity in the comtmélion of cﬁterbn-refemcwu has been stressed by 'Glp;é

and steps \gare taken to m\umm tha-eununt validity of the test nzm uml in

© the study. Thcyw«a checked for with the respective behavional




" . tg bef comparable to lhose in the ‘main tutmg pool. Ide:
. pilot study should be :.mlynd anslogously to that of thez{mnn s}udy Beeawse it -

NG A o .
satements of the sssociated skills vith the ollowing people: t1iFee chemistiy
pml’wson with comderabh expetience in tmhmg first year university chemistry,

/.
one expenenced hlgh school chemistry: tmher, and two sclthe educators who
‘had. taught chemistry at both the high school md first yeaf university level.

These consnltsnls mated the questions as appropriate.

A pilt study was conducﬂd vith 41 sudents i twd gmdL ton chemistiy
|
classes in the St, John s dres. Thu pa.rhmpmts in the pi uj: study were assumed -

these data. from'the

was imprtant that the tetingg be done af an sppropriate|point alter instruction

of molarity, tu.ne cunstrmm prevented this.

Other kinds of validiy. often discussed by ev;xu.zo g n’e *“criterion-related
validity” apd *“construct validity”. For {he former cise, the restlls must. be
“relatied toan extenmlly "proven test andin the latter, m\; particular i

teristic such as mtelhgence Such ml‘ormntlon 'was not .at the disposal of the

researcher, Moreover, thig aspect of thg inmtigatmn ls;qutiide the frame of .
i e g
teferenceof thisstudy. . -~ ° \ .

Reflabllity of the Tests Relaied to Molarity Skills |

‘A necessary ch isti “he testing i is "reliability”. This is
related to the vAhdlty of ths mmumg device becsuse if !lm u slwk of con-
,,;yatency in meummg what is m!ended thm f.he mnney may| be unpa.n-ed
There are smml T /u:'why, in pmtﬁcetn pelfect correlation betwe:n tat
- items is elusivé, There ‘are.those which aré said to be ““instruphented reh’led" or .

“situational relatéd” (‘Turney &Robb; 1971, p. 18): Related |to instrumentation

 consisteney is the lengith ot the tst. The longer the test the jrore reliable it is

thought to be. The studenfs-ig the pilotstudy, indicated.that, the length of the
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tests was_appropriate for the available time. It.was necessary to administer the
tests in single sessions {0 sorne classes while it was possible to- comiplete the test-

ing ingne session where a double periéd was available. The single-session groups

wefeﬁkdy ‘more tible tosituati 'rélmd' istensy. There are

bound to be ﬂubmatwns in motivation and ateenuon, hulth and emqtmnal “feel-

ings from txme 1 time. It is possible zlm the subjects requiring two séssions

might be more’ ‘affected i i $his wny . 5, o

g i Equlvalent tut mms ‘on molamy are relmvely easy. to construct. For
g bmsry compmmds ong.hu only to select elemem.s l‘rom the same groups-of the_

4 Pemdlc Table. For exnmple, if in one qneﬁtmn !odmm chlonde, NaCl is-used;

.

hiei the. eqiilsat uestion ould i Potassiuin iodide;KI. iWbiore & plya-.
tomicion is used, for example, the nitrate fan, NO; the equivlent;on would
; i fora ) it
h'nve the same chuge for example, OH".. The name of the compound used for

the sdlute was given first, follovied by the formula, in order t4,mininiize the

from i ‘with n
Different. sequences of test items ensures thavtﬂth;se are yandomized with mpec;
to the level of difficulty. The test items were rmdom.ly sequeuced in two sets of
14 items emh for the pretest and for the posttest \lsmg 8 com))uter program.

The nmount ai space provlded for the anewer was always the ‘same, ‘in order to
-mininize any inference the student'hight make about the complexity of the s
ansiet to npnmculu ltem Fle .

* ‘Because only two iternis tested mh shl] hule meaning can be aitached to

conthloml rehalnhty statistics. “However, a pum

—

laty md formula writing. - o

students' responses on two corresponding test nems gives support Whe clum P

that the relublhty of thn test iterns is acceptnbla s




sssumptions, but Glass and Stanléy (1670, p. 165) sigiest nm shis quanitity

d‘nder!stlmntu the relmmx between the two vp|nblu. The extent fo which

whether the i

mrncho‘ric‘ coefficient, can be ns‘ed 8 & messure of thie stréngth'ol‘ the relationship
between & pair of ltema (Walker &lﬂv, }953, p 274; Tnte, 1955,.p. 259) Tha.

phi cbelﬁclent can ol b used'ag an index of relnhonshlp aUnwnng the same -

underlymg ‘measyrements conronn to bwnnate normal distribution’ determmes

a!"‘

horie eonffick

normal distribution is likely even i whien pychologm.l chiaracteristics-are not dis-

a l‘nnctm} of the magnitude of lhe deviation. -This nppnn to be true for most ol

the skills measured by the test items xn_thxs study;
g i 3 ¥ B

Howeyer, Carroll (100!, p.362) huid§ the biewthiat a good nppwxnmlmm to'the

_mbm.ed norgn.l}y becwse any deviation from ceutnl tendmcy becomes farer as K

t hu any uB8ul. meaning.

Ist. test item

. siore on Skill

coefficient.

- Right o _

* Au item matr for the

e i A A e R A RS S
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\ ‘The tetrachoric correlation coefficient, therefore, was the index selected to -
meashre the degree of correlation between the two iteln testing a given skillin
the hictarchy. Ths valud'of a tetrachoric coefficient is caloulated using a

modified method devised by Jenkins (1955). The method allows the estimation of

_‘tenachoric r's usirg th% ratios of the cross-products of a fourfold table and apply-

.ing ions to Allowz'lor ic distribution of the scores which was the

case in thu study. The Ixzqnencm of mponse scores for the two ltems testmg a2 *

" particilar skill are represented in 3.two by two matrix (Figure 5). The responses
. are clamﬂed as nght"’br wrong” and the frequencies of the four cells
represented by the letters A, B, C, and D 'The tetrachorie correlation coefficients

* between each, pair of items testing s particular skl in both the pretest and the

" posttest were caléuldted using Jenkins' method. The values are siown in ’ .

Table'1. The sinﬁcnnce lwél represenia the‘ evel ;t which the pull hypotl\uis
(o correhlm“:etween test nem.s) can berejected and the mnelmon ‘alues can
range from -1 to +1. Under |dea.l conditions, an mdmdu:l will-answer con-
sxstently both ltema tutmg a pamculsr skill. :In pmtnce, howewr, such:con-
s)stency is rn.re]y lnund. ;

Ahigh degm of comhtmn was found bétween the jtems testing the slulls e ,;
ol‘ the lnenuchy as indicated by the comhtmn values shown in Table 1. For1l
of the 14 skills tated on the ﬂretest the correlation coefficient between the test
ltems is 0.85 or greater. For Skl]l N the coeffi clent i570.79, for Skill C the”
coeficlent, is 0.09, aad for Skill K the coeficient 1;0 50. - These correlation
cozﬂ'clsnts nre mgmﬁennt at the < .001 level. The pairs.of test nems on the
posmsl showed 8 correlation coe(ﬁcxent of 0. ﬂ,or greater | (p <.001). Huwever, if

ana or mora cell! in tho item mntnx have s l‘requency of L] Qhen the tztnchonc

& .
eflicient mm ha . This si ultxon ucourred in the pon— 5

teet dxtl }or Sklll.! Tand K Nn smdent gob the first question.right And they
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Table 1

Tetrachoric Correlation Coefficient T(tet
Between Items Testing Skills of the Hierarchy

i . . .Skil_l c%l::);,;ﬂ;jnsl Sample Size r(tet) v ? ' - ’
! - Pre Post- Pre’ Post: Pre Post ' Pre Post-
‘ o A B W o s () <00 (<. ‘
' B 1,2 (10,2) 124 ) (181) 8 (o) <001 (<.00)
.c 2,28 (6,23 14 (134) 69 (90) - <.001 (< .001)
b ‘3,23 ‘ (Z21) 1. (1) 20 (89) < .00 (< .001) ‘
‘E T wm). , by " (70, " <o (< o0 {
. i
F 6,21 @, 21.)- 11 "(132) 85 (92) . <001 (<.001) }
G w24 (32) ‘m ) 8 : (99 <ol (< wu' ‘
H 14,20 e g a3%) " %0 (:95) £3 .omv (< .001) { )
Y 1 13, ¥ [}4, 16) 13}4‘ (135) 87 (9 <001 N ()
112,19 (5,18 3 (134) ... %0 (01) <001 (<001) i
| K 4 % (L2 19 . (3, m () < 001 ) P
» L 1,18 (12,15) 132 ('135V] o ‘ (90) . <001 (< .001) ) g‘
{ M 715, 13,26 134 (s2) a0 (%) D .<o01 (<00 i
: : N ez \(\m,am' W o om ) < o0 (< 001) |
/ o ' N '.(F') value (+) not dzurmlr{nble:\.vhzrz 2616 frequency occurs o -
n one cell or more of the dsta matrix.
Student absences account or the d'in‘.mnce in'm}xph dize.. 5
R - iy e . o 8 ,“ i o .




second wrong for Skill I For Skill K the reverse occurred: no student got the

first question wrong and the second question right.

Application of the Orderlng-Theoretlc Method

The first research question posed was: Does the a:mngtment of intellectual

shﬂs comprising the hypothesized lueurchy represent a lurnm; hierarchy which )

is valid plyehomeméallﬂ ‘The Dayton md Macready method formed the major
analytical cool for the pretest data, the ordering-theoretic method being applied.
to the data first as a preliminary sgrting technique.

To, np.ply'the ordering-theoretic method the tudent is classified as having

+ mastered or not mastered each skill in the hierarchy. A skill tested by two items

is considered mastered if both responses.are satisfactory. Students with two

lncorrect respansu ‘are. c]mlﬂed 85 nonmasters. The scores ol' students who were
Absenc dnnng Any one.of tl:e testmg sessions or who had one oI the two test
‘itemis. wrong were not mcluded in the analyses. !

Tablezahnws the p of exceptions to & hi

between each pair of slnlls in the hypothemed direction and in the opposlte

direction. An example is provided to aid in the interpretation of Table 2. Con-

. sider Skills C and E. 1t Skill C is hy'pbthéuixed to be subordinate to Skill E,

ideally no exceptions fof this arrabgement will oécur. That is to say, none of the
students mted exhibit possession of Skill E without alxo exhibiting Skill C.

Hence, a hnemchgul relmonshxp is implied. The percentage of exceptions of

. Skill E béing superordinate to Skill C using the ordering:theoretic method is

0.0% and the reverse jon of Skill C being superofdinate to,Skill E shows
55.8% exceptions qﬂ&in; support for the hypothesis‘that Skill C is subordinate

to Skill E. Ol?vimﬁly, this claim depends on the level of éxceptions allowed.
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Table 2

-

\

Ordering-Théorélic Method: Percentage of Exceptions
to Hierarchical Connections

3 N Upper skill , -
Lowr A B C D E F G:H I J K.L M N
skill
A - 32 10 00°. 09 00 00
B, % - 11 0.0
c _ 00 00 00 "
D 42 - 00 - 00 d 00
W o 1
E \128 170 556 C . ‘01
F ’ - 20 66 *
G 504 312 730265 158 82 - 68
‘H 550 200 698 228 113.7814 34 - /
1 -
o % s o ¥4
] 48 :
LK - 00 00
Le # - 00 00
M 58 76. - 00
. 5 ;. s -
N 511 187 poe .67 T30, 610 -
\ #oy -
v A » by
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. Allowing for 1% excepuons to hierarchical relationship, 20 of the 24

hypothesized hi \ jons are considered vald. The,
betweed Skills G and F is valid allowing for 2% exceptions and the connection

between B and A is vahd s]]owmg for 3% exceptions. The remaining two con-

" nections, 'n being superordinate to G and to F, show 6. 6% and 6.8% exceptions,

respectively and are not conz:dererl valid

ion of Skills F.and G and the corresponding test items show that

Examin,
these problerhs involve the dilution of  solution with water. “The items related
1 Skill H invelving the mixing of two solutions and determiting the molarity of
o specified eomimon ion, When the responses were serutinized to identify the
types of errors that the students made, it was discovered that students whose -
resydnw'fmled to support the hypothesized connection had apphed the same . 3|
mcon-eet relationship. It appears that the students used a strategy learned else-
where vithout realizing that it was inappropriate for the problem they were try-
ing to solve. Problems mvolvmrdllntwn require that the st\ldent recogmze that

a “‘new” solution exists. A sa.myle 1tem lestmg Sk—xy Fjs: Cxlc\llute the molarity

of pacamun_: bromide, KBr whea 1.5 L of 0.20 M KBr is diluted with water to 3.0

L. Failure to recognize that the problem involved two solutions prompted some
of the participating students to set up an incorrect relationship vs follows: 1.5 L
s to 0. 20 M 23 3.0 Liis to xe mxsapphcnhon or proportion rules learned else-

_ where. Usmg the mcorrect relntmnshnp gives the incorrect answer of 0.40 M

The berns testing SKill H.are more complicated involving mord steps and the

students are given littl flexibility in choosing a strategy. Indeed, they must go °
back o first principled. If the nontnasters had relied on first principles for Skill F
and Skill G they may haye answered the related items correctly, © .

The results obtained from the :gphcmon of the ordering- theorenc method
m the data support’ the hierarchy pmented in.Figure 8.

N




o

vdldmed molarlty hierarchy.
Note: A through N represent s skllls of the hierarchy.

F|gure 6. The psyd\omeirlcully

L-18-
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Applluuon of the Dqton and Macready Model

The Dlyton and Macready scaling method is considered to be the more valu-

able of the two psychometric methods presented i in this chapter. Decisions about

_'SubHierarchy 4 mvolvmg‘Sklllx F, G, an

the goodness of fit between the data and the hypothesized hierarchy are deter-
mined by a chi-square analysis and the determination of a likelihood ratio.

A likelibood ratio determined using the Dayton and Macready model gives
estimates of the misclassification parameters which are needed to provide a fit
between th; data and the hypt;lhesized hierarchy. - Confidence in the Hiernrchy

decreases as these values increase. Consequently; it i imperative that the stu-": -

" dents be classified correctly s masters of nonmmm of each of the' 14 kills of

the hieraichy. Only those students who bad the two test items for each skill
answered correctly were considered s having nchleved mastery and hencb,\\
included in the‘sm.lysns n / %
The computer program for the Dayton;and Macready méthod is imited to
bierarchies 'smaller than the hypothmzed hnemrchy related to this study. Th\
the hypothesized hle_:nr.chy was divided into smaller sub-hierarchies and the skills
i each of the sub-bieratehes are as follows: . %
Sub-Hierarchy 1 involving Skills G, E, G, and H
Sub-] Hlerarchy 2 involving Skills D, F, G and H
SubHierarchy 3 involving Skills A, B, C, E, and H. )
aH ¢
Sub-Hierarchy 5 involving Skills G, D, E; snd H . :
Sub-Hierarchy 6 involving Skills A, D, F, and G . - =
Sub-Hickarchy 7 involving Skills G, I, and J ‘

" Sub-Hierarchy 8 involving snus K,L, M, and N

Thn null hypnﬂlesls bemg tested is that there isno slgmﬁemt difference

between the observed frequencies of response patterns and those consistent with a




Y

L s

valid hierarchy. The hierarchy being tested is rejected if the ‘méaximum likelihood
estimate and/or the misclassification parameters are too high. A significance

the misclassi and the Iil

Jlevel less than .05 for the matifum likelihood estimate is considered to'indicate
) uudequnu :orrelpondmce between the hierarchy and the data. The values for

atlmatu for the sub-

hierarchies are shown in Table 3. The misclassification parameter, &, which

allows for guessing is 0.00 !t‘u sub-hierarchies l; 58,7, and §; 0.4 for sub-

hierarchies 2 and - 4, and 0.5 for snb-lnenn:hy 3. The misclassification parameter,,

£ from 0.01 and 0.11 for the other seven sub-hierarchies,

: Table 3 h ]
n.ym and Macready Analysis o Molmty Sub-Hietarchies

B whi’eh nllow: lor Ior;snm; i80.00 for sub-hierarchy 3 and hu/valuu ranging

Hierarchy * - Guessing Furpuh, " Likelihood  _ Degrees . Significance =
Parameter - Parameter Fusction . of Freedom - - _
r e 000 - on rey 7 <005
/2 T Iy 3747 8 " <oom
3 05 000 % 888 . » 099
1 0 aw . 1689 “a " <008’
5 w. - . oo : 7 >080
] 000 ooh ) >030
7 Pertect 01, 20 exéeptions L S0
s ' Petect 8, 28 exceptions

>0

Five of the eight sub-hierarchies tested exhibited good fit-to the data. The

exceptions Geeurring in sub-hierarehies 1, 2, and 4 again inyolved Skills F, G, and
H. The direct hypothesized connections, Skill G to Skill H and Skill F to Skill G,
lacked support as does the indirect relationship, Skill F to Skill H. Thiese

s




i
i
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" tions which were found to be valid p
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findings are consistent with those of the ordering-theoretic application. A sugges-
tion to account for these phenamena was offerred in the dlscussmn of the
urdenng-theoretm results and also apphen here. However, the remaining direct
connections (A- B/ A-D,B-E, C- E,E— J,D-G,D-N,E-HI-JK-M,
L-M, and M * N) and the remaining indirect relationships (A-E,A-GA-H,
A-N,B-H C-H D-H K- N, andL- Nj are supported. In all, 21 of the 24

hypothesized are i These are d in Flgureﬂ

s
Tnnsfer of Learning within the Molarity Hhruchy

Research question two asks the following question: Is there significant-posi-

“tive transfer between subordinate skill(s) and the related superordinate skill in .

the hypothesized hierarchy. Chapter 2 describes Gagne's-index of Proportion
Positive Tm.nsl‘er in addition to n&her related indices along with the current criti-
cisins. Methnds of testing for tiansfer are described in Chapter 2 with a rationale
for the se]echun of the transfer test which was used in this study, namely, the
method devised by Grifihs (1979). J B

* To apply the tmus[er method the students are frs tested on al skills in the
hyp\athulzed hlernrchy This is lolluwed by remedial instruction on the m|ss|ng

skxlls and retanng at an appropriate lxterp\:oi In this case, remedmnon took

the lonu of ani klet. A chi-sq test is used to

show whether those studlnh who. zlm pxeuquls e skllls between usu are more
successful on posttest items which test the superordinate skill tha\ n those w:a do
not master the prereq\nslte skills. The results for seven of these cnnnecuons are

shown in Table 4. Two conneczmns, F — G and G — H, which were not vali-

z daled psychometrically showed significant transfer effect (< ~.01). Four connec-

also showed si

transfer effect (p < .01). The connections are A — B, D — N, D~ G, and
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E —H, Although the data were consisteat, transfer effect is not significaat for
the seventh eonnectwn B — E. For the remaining seven connections (A — D,
C—E G J, T = J,K— ML — M and M~ Nm\numbuomndmu
failing both skills of a. pnfhcnlu connection in the pretest is small to be used.

snswered in the afirmative for-all cases except one for those cases which couldbe

tested. ) : L N

.o " Table4 - : %
Transfer Test, Molarity Hierw

Conaection . Subardinate Nok Goned . Subordinae Gilned X v
Failed Passed Failed ., Passed’ 1
@ ) OO
= ok
G-H 8. - 2 19
E-H 18 0, 15
“
P~ <. B o 6
D-G 0 0 9
DN 4 . 0
B-E 3 o . :
A-B gy wmeduel, B WG £y ¢ <08

Note: Snbnmpla (5) are those lub[uh hum. “both skills of a particular connection in the_
pretest
Note:Forall other conections, (n) was tooemll 0 test. D

“Fisher test

¥

Two puychome@rlc techniques and one transfer test were' lppli’edi(‘;the data
of this study. ‘l‘l\l hlenn:hy depwted in Figure 7 is olored as the nhdu:d , .
* molarity hurnchy
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The validated molarity hierarchy.
Note: A through N represent skills of the hierarchy.
e Validated by transfer method. —Vadidated: psychometrically.

B A . (s
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* on the pretest are reported, < > ol
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Student Errors Related to Molarity .
The learning hierarchy model has been shov?m\a useful tool in the
study and identification of studénts’ Research Question three

dealing with a secondary aspect of this study asks the question, “What student
dérom about molaity ean be ientified from ghé pretest responses?” The task
analysis prosedure used to-genefate the molarity hierarchy aids in the detgetion
of the-particular errors that students made. The instructional booklet designed
for remediation was not intended to sddress specific individual dificulties
although the students were assigned prescriptive homework based on missed skills

as shown by. the pretest scores. The errors on the posttest are not repoited,

because the purpose of the instructional booklet was to investigate thie transfer of

learnjng rather thai to evaluate a remediation treatment. Hence, only the errors
"The test items follow-an “open-response” format and the students were
encouraged to show their ressoning and to make their responises legible even-if
they felt they were wrong In some cases, students do not get the corfect answer -
“because of what teschus,oﬂen veferto to u*&grel{ma ", In this study a J\ldg- .

ment was made as to whetker errors of mi d

ing. For example, when & molar mass was:added up incorrectly and the answer

as “wrong” but the reasoning acceptable, the ‘answer was thefi ‘marked correct;

For Skills G and H, no sease could bo made of some of the answérs'and theWhu-'*
dent was :lmxﬁed asa nonmsster In ether ‘cases, 1t was snspected that the stu-
dent had'merely manipulated the numerical data given and the term, “Aumeral
shoving” (Holt, 1964), is apt. ﬂ'l‘hcse»studenﬁs/ Wete also classified as nonmasters.

Sometimes the strategi

 leading to wmng answers are relatively easy to con-

“strict, but,‘even after reasonable diligence, others remain undecipherable.. All

itéms answered incorrectly t:nﬁz the Qésts were scrutinized. ‘Beside each cell of the
]




-58- » .

grid appearing on the cover of the test, the scorer recorded tie type of error

made- Patterns emerged and the icems were coded numerically Ior different -

categories. Where a student commmed more than ons error each was recorded. ~ .

The coding was assigned after a pattern was.redognized in the students’ answers:

i
rather than beforehand. 5w i
"" s - . 5 45,

: i Table
. Summary of Students' Errors Related tothe Molarity Concept a .T-
Error, “Skills in which the errar oceurred - . !
A B C°DNe F G H ' 1 J K L M N i
1, - X % X X X Xa - X X :
2o, X e axT e X g gl o 5 K 9,
3, X -x .- X ‘x ¥ % R ,
4 Lty Bea™e %K A R e .
5. & swwe S0 e O X OF K XX
e - X X TxIaxxT S Ve ol h
: : / z ’ |
“ .. N - & N H
. ™ Theidentification of particular errors that students make in Solving molatity . - RN
problems may: be of particular interest to téachers and instructional developers. -
ol - y 5
The errors are described below and the skills where the different errors.occurred. - - Ly
Z,

“ypes respectively. Skills A, K, L, and wlnch apipeat 3w the lowest skils in the 5

\

Bre shown'in Table 5. Five of the error types mun;d in Skllh G mI H, the top

skllls of the Inenrchy Tliree error. types were lﬂenhﬂed !or Skill F. Shll N - o
which could be considered o be the toy skill-of 'a smaller bierarchy showed four = .l
error types. Skill .I ‘also thé top sklll of a smﬂ‘hmmhy :hows two error zypes
The related 1ower skills to Skill J, namely Skles C and], show two and one értor.

~—
hlernmhy shawed only one error type 1t is not surprising thnt fewer errors. oeeur




" snbsmuted into the formula having been mterchanged In four ca.m, unneces- -

on'less camplex skdlz and that more errors eccur on, more complex skills. lntqr-
mediate skils, D.and E showed four efror types, nnd “interihediate Skils B and

Mshowed two error types. »

The I'requency with Whlch the's ermxs occnu_pd must be inf erpreted with cau-

thn "The mldent who fails to answer a test item at all is msonably assumed to »

-+, be mwm))etenl on that skill. However, such unum«m provides no m{ormn(ml\

“about potentu;lerrors In some cases, students commltted\mngthm one:£rror in.,, -
o particular item. Consaguently, the siguieance of ocmc{oreach \

error type, their combmahous, md ‘their absence hecnmu marguml Nevertheless, ~

“the percentage occurence of each error type is reported below. ’l‘he order in

. wlllch, the errors are presented is arbitraryy

~ ERROR 1 Incorrect appllcnhon of the rormu]n for molamy ST

' Of the total errors :dent\ﬁfd from the responses of the' pretest, 14.9% indi-

csted that the conceyu of molezhd molamy had been conl‘uscd the values when

sary calculation of molar mads was perlormed N\

ERROR 2: Incorrect use of the ratio of jons present.

. * When the solute i'a type like barium chloride, BaCl,, many students failed *

to' make allowance for the presénce of twice.as many chloride ions & barium ons.

The reasons for this erfor aré unknown. . Occasionally; the félevant ion concentra-

tion was balved rather than doubled. The reason for this is also obscure; OI the

“ total errors identified 51.7 % Wete errors of this type.

" -purpose of illustration, consider a solution of 0.4 M B‘C'z- Students making

Aincorrect use of the formula of the solute assumed a total ion g&ncentntion =of .

ERROR 3: Incorrect uge ol the formula for a given compound

. Some szndents have a wrong notion ‘about thé ratio of ions present -For the »




0.4M with 1/3 being bariur ion and #/3 chloride ion. They calculated the
molar conceatration of barigym ion aad of chioride ion Jo be 0:133 M aad 0,389
P M, respectivly. The jncdence of erors of this type was 11'8%.

. ERROR 4: Incorrect determination of final volumt. (&

“Failure to. use the correct final volume mly bes pwbhm associated with the
idea of dilution lnd the recogmuon that twao soluuons are mvolved ‘This error
¢ type occurred in 10.2% of the total error

entifed,. Mistaking a dilution prob-
i .+ lem for one involving ratio and on was discussed in considerable detail *

ibove in the section describing the result of the ordering theoretic method

" involving the Skills' F, 6, and H and: the relevent connections between them. The

ocdure_nce of tl!u student error ‘suggests thnt instructors should emphnmze that

" students réturn.to the fundamental relationship between moles and volumé whéa
solving. mohn(y pmblum even when the problem :ppun simple.

Ennons Failure to leeoxlun mnecuy the relatjonship bemen the mass -
A /
of subsunce md the number ol molds : %

“Incidence of ertbis of tiitype was s 6.8%. Students/failing this'skill used the

““ERROR 6: ln:;opmpr'nte sddition o volumes and)or molariies

A snmple pmblem where tln;hnd of. error was observed is the followi.ng\\

nunum |od1de Whnl is thumhrny of the mdlde ion, I', in ‘he mulung solu-

e uon!" Tt is nnspectad tlm these nmdents mouly mlnipnlmd the values gven

s _vmlflm.le tholrght to the :oncept Ol the (oul eprars identified, 4.6% were ln

this categord. el

uroaoma pohnmmlod e'naddedmzoLefomMMgle\/
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Sumimary, . ;

he research q\mlio‘n'a posed in thi:}/;-ut study are ldd.l:ﬂe(in this R

@pter and a validated hierarchy for molarity presented. The identification of -
transfer between related skill is impossible when students master the Iower skill

_of the hierarchy. However, those connections where positive transfer occarred

provide

1 support for the validation results d

* Finally, uvcrnl errors identified from the sindmt mggnm related to the concept.
of molarity are reported and due\uud Gh:pter § offers recommendations for

|
furthzr research on the mohmy mncepl ,’ # p ” h i
|




|
|
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Chapter 5 q
SUMMARY AND RECOMMENDATIONS

-

Summary of the Study )

The main purpose of the present shldyL;A' to identify a learning hierarchy for
he molarity concept. This.concept i-cental o clementary chernistry because a
large body of qusnmatwe chemutry\js carried out in aoluhans Many students
find the concept difficult. The prospective science student who fails to master
this concept is seriously handicapped becluse such & student cannot hope to
understand some other important concepts whibl_: depend o & correct, tse of
molarity. 4 3 2

A learning hierarchy for, the molarity concept'was developed by a “‘common

“sense” approach based on the Gagné method of task analysis.. A review of the

literature on- leaming hirarchies including criticisms of some earliet validation

techmq\lu is pmenced _The latter were helpful in choosing the validation

methods used in this study. Three methiods wére selected: two of these are
psychometric in character and the otfer rélstes to learning transfer.” The two
lpproaches to the data afe rated as-equally significant,

. The identificatio o( grrors related to elementary science is-an interesting

. topic. | Amzou;h this adp, !of the sludy is secondary, the author found it

fascinating to try and ddeipher the salicnt characteistics-of the errors that the -
students made in the tests ldmu.ustend . g
| When the molarity hlernrchy hnd been constructed u§in; the Gagnéan

?\ethod, t}:e corresponding test and remedial material were designbd and Mun

ek’xlqaud by experienced teachers. After y field testing no

JAodiﬁcnion to the the tests was required. The testing pool for the study came
from five local Grage 10 chemistry cldses and ‘each of these classes was tésted
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shortly after the students had been taught molarity by their class teacher,
Following the pretest, each student was given an individualized instructional
booklet desigaed by ths vestigator: Voluntaty homework wasithen assigued for
the particular skills evidently requiring remediation. Two days lak posttest
was administored to detect if there were any gain in mastery of skills,

The test data were analyzed using the ordering-theoretic method of for
learning bicraret{ validation. This method was used to sift the data so thata  *
second psychometric test, the Dayton.and Macready method, could b more
casily applied. ‘The Griffths' test for transfer was also applied to the data aud -
e e ates ol Wiy Wis appaceit forw mimber of thelligpotiesived,
connections. The stydy also shows that the leathing hierarchy model provides a
9%ful tool for probing student misconceptions ‘about molarity. The analyses also
show that learning subordinate skills enhances the learning of syperordinaté
skills. This is a significant observation for curriculum designers and classroom
teachers. ‘The Griffiths’ transfer test has a major disadvantage, namely; that the
sample selected for the transfer investigation consists of nonmasters and this set

<of participants is frequently too small to yield meaningful results, This situation

can arise'if either the original testing pool is smallor if o large proportion of the

students master the subordinate skill for the pair uader test. Thi selection of the
subordinate skills s arbitrary because any set'qf skill s, in principle, the subset
of & larger set. Nevertheless; showing that leatning transfer takes place Between
skill is & valusbié éxérsiad'and pronises a better route to liaproved methods of

‘instruction. Thus the present study offers definite evi_deng; that lenmin‘;vcﬁrbe

enhanced if the intellectual skills which define  selected area of kn'ov:ledge are

- carefully sequenced. Additionally, missing skills can be identified and this

- information canbe used as a basis of new instructional materials and tactics. "

Learning hierarchies are ;ho useful in detecting student weaknesses and
§ v s




b g ’ "'?4_‘ .

diffiulties 5o that efective remediation is possible. Finally, the errors revealed b

by the present study represent important information because teachers cannot - ¢ 3
» help students master new ideas unless areas of ignorance and misunderstanding ..
are clearly defined. A hienl’chic}al model provides a possible tool to identify nreas.
of difficulty and diatiorl based on such i ion may bl; less painful for i
- the students. — ’
| ' - . = ' $
i 5 Suggestions for Further Research | . ’ \
<, i g 1. Further application of the léuning hierarchy model to other concepts in D ‘
) t chemistry, for example, K K, - elemennry electmchemnstry N :
E 2. Application of the learnmx luen.rchy model to pucncal skills in chemnstry- : {
“to learn lurthe(sspents of the-fnolarity wncepz for example, making up (
-~ stabdard- mlumns : R e BT e ‘
| l 3 Application of the Ienrmng hlem-chy model to mstructlonnl development -
1 ) and the use of diflerent. média for teaching molariy, tor exaniple, a slide-
o tape presentation o preparing 3 standard solution including the calculation
] T of the coneertration of speifed specis. ' E
T ‘ 4., Application of the Ieam‘i.n-g hieynrchy model to concepts in othe;r sciences. ‘ i

Extension of the Dayton and Macready model to allow for testing of larger

5 hierarchies. . !
e 8. Development of a more probing method of testing for trandfr of learnin.

7. Further mvemgmon using the hlerarchlcnl model, of studenm errors in

other ‘chemical coneepu £ b,
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" “aifficuley, leave the question and go on to the next

STUDENT- INSTRUCTTONS oz T

‘Tnis ds'a closed book test. ‘You are asked to ansver all of the

‘questions in the space provided on this paper. Plesse do not e T

" scrap paper.

' ‘answer, - 1f you'make a mistake, ‘just put a line through it.

D6 not spend-tog long on dny one.question’ If you are:having.

e .‘\ ]

1Try as many ‘questions as you can.




Fluorine, F
Hydrogén, K

. iqd;.ﬂe,*‘{ i

% Mangsnes
¢ Nbckel, M

‘Oxygen, 0

Potassium, K

" stlver, Ag
*Sodiud, Na

cappcr.», Cu
Tron, Fe” -

* Nitrogen, ¥

1 s (I

1079
23.0
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2. How many moles of stlver nitrats, AgW;, must be dissolved in

vater to.prepare 2.0 L of 0.30 ¥ AgHO; solution?

A




)

- OSOHIICMT

Calculate the molarity of potissium chloride, KCt, in 8 2.0 L
soluion in vhig.10 moles of XCZ have been dissolved.
, L

How many moles of =I|lorﬂ mx, ce” -n,ﬁnl;n: in 2.0 L of ~
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. ) 5 - % ~ !
. . T U CRS
e y
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3. 23.8 g of porassium brogide, KBr, is dissolved in vater to .
S
__ make 2.0 Lof ‘solution. What is the mblarity of the KBr in
the solution? . '
® ]
. . . 5 W
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P . - 8
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8
. s 2 e . -
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G 23 Spe- n
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13, How sany_ grats of ‘nagnesiun bmmxdsr MpBrs ate 40 0,30 noles "
ef Hglg;‘! by ¥ o B |




-1 .. 15. suppose chat 1L.7 g of sodium chloride, NaCL i dissolyed in -
V. " vaterto make 2.0 L-of’solutfon. What'ls the molarity of the

"NaCt in the solueton? . i T v 3




R s . w g B oapT s a1- o S ;'_, g

X St o «
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. Determine

43730 g of N




| Ll 20

0F.0.20 M KBr is diluted ta 5.0'L. L4
- Y ER i . .
g’ ; , T T
i ] : /j V
. i Jj b y B
; t.22, lf s 401 uxuunn cunninl Ao 0 g of clld.\m bro.u-, ca:..

3.0 L 'of 0208 NaCt {s Txed with 2.0 L of 0.20M n-cl,. What

" ‘14 the nolarity of C2°, chloride fon, in the resulting solution? . -

Calculate the molarity of potassium bromids, KBr whed 2.5 L

Fal -)n: 1s. the mm—s:y &t ‘brodtde: 1on, Bt dn-the upxuu.anz
d :

|
E




23, Calculate the molarity qf bromide ion, Br™ in

' : solution. . A i
i ¢ L S
’ i
! 5 % t
; 5 i
% X i ®
: n e
4 ’ : : ;
; £ . Sy
: : T Dl L
o u.auzuozunmz,.-mxum.-emﬁim :
g " ~dfluted to 8.0 L, what vould be the molarity of bronids ion, .
Br in ‘the resulting solution? B ¥ -
p f :, ; . &
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L 26 oumte 1odide, Culy’ta dissolved {n vater.’ For mry cu. . !

27. Hw many nlu of -:hlorldn iom, cs” Itl present in

which contain 8'Gf I:uiu- chloride, m:l.n . /










Nitrogen, N
P

“oxygen, O
' otassiun, K,

Ll siiver, Agl







“How -ny moles of -uuu. bm. m-!r -n: be dissolved -

in'vater eum.n 201 °£.0.20 ¥ na:\emmr
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[ 3. 0L of o.zu H n. potassium mm, is -«-a to2.0L ol

i s 0.10 ¥ g1, -mm. fodide. Whac is the -u..my of the -

1odide tw, 1= u the resulting ulnuan‘l
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20 moles n! nl:hl d\lnnh Mchi

vhich contains 0.

L solution. =on:u.u ss 8 g ol um.c chloride,’ mcl, i, WD, .

" 'what 1. thI l)nrlly c! m“m iom, Cl. in’ r.hl lnlul!.on? Pl o

Loy ‘_ e

a8 of zinc chloride, Zacls are 1n'272.8 g of ZC2a?




‘of potassiun bromide, KBr 1s dissolved in vater &

Wl

2.0 L of soluéion. Vhat is the selarity of the'KBf ih che

I e OE o B SO
" solution?- * , Ftes iy ¥ oA
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25. ‘If a 6 0 l. loluzin euuﬂ.nu 60.0 g of calcium hrn-i.d-, wr.r

M\-: is L||I nlluty of bromide dom, Br in the solution?




26.

ml:!p the lqlu:im;'l
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Suppon :h-: 13 'S 8¢ of sodium d:lnrﬂl. NaG? is dissolved in

water to- make- 2.0 L of ulu::ag. th 1- tlu nhr!.ty of the
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»‘rhg test tlnt you wrote mumly shwed :m you are; ‘v(nh d’fﬁ‘cu'lty .
vh.h sm it—s The Flw I‘.hlrt oh tbe next page slwns how thé skills are. o
¢ r_ehted ‘to eig_ gnher. We believe that working tl\rwnh tMs‘ bmklet ar o

Jirgc’t_e’&qi'ﬂ help,ay;ic"lea'r:q 'fr\y' difﬂcult‘l
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rk thmugh thp

Fa'llow thrgugh the examp'les :arefuny
“‘examb’(e takes yof: step hy stev

These directions are prepared especiaﬂy for "‘you\\w

items, in’_the order given. The. f1rs,t

Ir\ “the fo'l]cm!ng examp]?s, work through
the questinn/by fenovnng the model ‘of example 1.

Don't sk1p anyl Check .

1 yourself ~by ansuermg the PROBLEM given. When you are quite sat ified

" that you have mastered the skﬂl place a 1/ hESIdE that skm and proceed




Introduction

- " The process whereby a solid substance is distributed throughout a

" rol

1.7 Usually, the solid is called the solute.

< Hhat !s the solute 1n the I;qve diagram?

2. Th! Hquid 1s usually called the soTveﬂt
mut is the solvent here?

"3, Which mgranybm “shows; that, the soluté

-(salt) has 'dissolved in.the water (solyent)?

3 - <
-1iquid fs called dissolving and the resulting mixture a. solution.

Ansver:
> A_ns;ter:

Ansver:




O d1ssolved in the wat.er. The. resu]ting

AR 2 ) -105-

4. You were quite corrett in [ocoqn'lzinn‘ that

diagram C showed that the. salt had mdeed @ 3 :

m\xture is ca\led -a solution. (Vou probah]y

- recognhed that NaCg is the-formula for -

‘conmori fible Salt and that its chemical
* nme is sodiyn chiordie.) i
5. When Nal:l is d{s’sulved in water;" the resulting

su1ution contains ions' sodium iun's Na* anid <

® chloride ions Ce™.. This ca’ﬂ'bg represented as:
NaCy ———— [T e

We say. that the substance hnyd'ssnc(ated. The'

ions that esent in the solid crysta]
structure have become separated from edch’ other. B ’ :
Such substances. are caﬂed electrolytes because . . : "o !
in water they conduct electricity. /: B © 5§

P gm Not a1l solids that dissplve in water o S R

*, form ions. e.g. sugar dissolves in water but it <
‘does not™Fonduct electricity. Solutiols Tike this b ;

that do not conduct electricity are called
non-electrolytes. .. ' - Bl '..
N.B. In work(.@g through thvs booklet you may assume -
that al] the suhstances that have been selected a

solutes wH1 fnrm ions in su]utmn.
A

I
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GIvEn:  * formila of a compound .

TomwTIRY: rrber bt each ion prodiced from one
: ry 5

\

{
Ih‘pn one formula unit of sodium chloride, Nalt is d_u;ulved}in.imter,

i resulting sn]un:;n contains fons: ‘lsndiun/hn.s, o' and chloridé .

s, C27. . We might 'show_this by a diagram:

NaCL E Y. ol

[N.B. The diagram is used to show the dissocfation of NaCt into its

m,ions. We are inthrested in the relative numbers and not the relative -

sizes. ~The diugrl{l‘s not drawn to scale.]

—— -




B 2 .".101.

1 ‘one’ formula it of potassius broeide; nr.-is‘dissum_a,‘
how many, potassium fons, K' are mm? - J
Ihnnremlwk(ngfvr? kwod.nytnbeqin is tvdnul
diagram to show what 15 given and what is* rewfr!d From

the formula you can see that each KBr will aive one & on H
and’one Br™ fon. : The ‘diagram-for this is:’ N 4 i
O~ OO
4 ST ol A P P B

Next £i11'in on the diag;-ai the amounts given in ttlebrobl-, 3
You are told you have one formula unit of KBr. Put a auestion
. by what is recuired. IVw want to Know how. many & jons.

STEP 2577 Work aut. the answer. In.this case you already have ft! The -
‘ : -nsnr is one ( ion because o _g KBr gives one «on. nnd

. one.Bri. o sty AR :
4 Answer: . 1 £/

&




i LT osTER
STEP. 2
K U EXAMPLESy -

‘ Costep

: Hork ‘ot the answer.

:lf ong v‘fongn]a unit ‘of potassium dic

8- ' :

For every formula unit of silver nltrate. AghOs wmch d(ssuWes.
how many nitrate ions, Nl), would be presenﬂ : )

Draw the diagrum to show ‘what' you want to know and vhat you ‘are

given. .

Notu:e that the b/ord- "every" in this particular exammas means "one": "

Here nqain you have : lt is' one Nﬂg 2N

3 S | iswer. 1'N0,7

mate KzC?‘zO7; hot many

“are there? . % £

fons; K"




LB Sl
_ CHECK YOURSELF. o b SN T

W' 1f one formula unit of nicke I\ydrnxide. Ki(OH)Qdusolved. .

! See page 53-
| 2

are prerent in. one_formula unlj: of

show many hydmxlde fons,-OH lare present? Xk e
STEP1:  Braw the diagram. \\ o e o
t S A ) "
¥. s 3 \‘
I ’ . De o
STEP'2:, . Give the anser. 2 o
Foe' |70 Answers f ‘\a
— i
5 2w, ' See Paqe 53 K
PROBLEM A2: How many |od1de 1nns‘ B are m‘ sent in une fprm'la unit of . 5
| Tead mme. Pls2 - QI
* N i
b | i
- v
~ - 2 . il
= . - . + b
: .
- I s R
TR § 70 ool CAnswer:
o ) g R
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CVEN:"  foreula of the solute and solés of
solute present N

CALCULATE: mumber of moles of specified ion

T T -

»

VouJare already dware that the unit-which chemists use to talk about amount

of Substance s the mole. Fron the fornula you Know that one mic f sodium-.
chloride, NaCz.will give one mle of sodium Jom™ Ma* and one mole of chloride
fon €27, ™ 2 5 ©*

T.mle NaCe 1 mole M
2 e 1 mole C2~

/ S1mhmy, the formula for. cdlcium. bromide, CaBr, télls.you that one mole of
' CaBry will give one mole of Cat* fon and tva moles of Br” on.

1'mole Cabra/ !’:xle“ca"f' :
pTa Ged 4 2 mhles Br




N

EIAMPLE:

SEP 1

STEP. 2:

EIMPLE 2

CSTEP:

o, B |
P . - -

3.0moles of sodium Chloride, faCt are disdolved inwater to (
- make a solntii;n many moles, nf sodiom ion, Na' are. thete?
What are you ‘looking -for? You want: £0 know lole§ afta’, To’
_find this you must know the )(ner of mles uf NaCl because
that is where the fons are cming from. Write doun an expression

hMch shows what one mole of Nt ghges

.!, mo1l.

e f-——» 1'moTe nf. Na®

Ca o

N
Hurk out: th; ansuer. One ‘mole of NaCe %ves ] m'le of. Ha 1|on

3 moTes of NaCL g‘lv

lx'l'lmbles Na'  fon.

Ariyers 3 motes la*

Suwvse that 2 mles of rligneslm hmmide,\ ngr, are dissnlved in
How nany’ mles of bromide. |on Br are presenﬂ a )
Hhere is the

water.
‘What you vant to hm? You, want ta know noles of Br.

C BT cq:nyg from? “From MgBrz. - Hrite dwn an expression to show what

one mle of MaBr, gives. -

i«_:rk out the answer. -', = i 57

2







m&u: J m many moles of sndug.carbomta, m,co, are present 1n 7.5 L
’ _,co. snlution‘l e e

Vuu uant to convert (N) m]a‘ ty-to mole )

ﬂrite dwn che re'latiunshl'







brofide, LiBr are .‘




, it % ¥, & 4
TvER: mlantya!mluu - B

cu.azunr. mlmty vf 'pu-tﬂud tin

| EXAWPLE:. inat s the molaFity of: hromde fon, B in snlution of 2 L :

o, usrbray szmmu-. bmid:‘! g ; F N

llllat do yw nnt to km’m‘l Tn ha'lp ynu tMnk |bout tl\{s draw |

2:M Srér;

1s the reht qn Ship bet-een me o rlty of San and.the '-

wha

. Ansiier’ (&M Br-"‘—




 y 5 SR R O
‘ =17 - . v |

Fe
Calcul ate the golarity of the: nitrate ion, " NO; in'6iLof 34
Ca(H0,)z} chleium nitrate solutfon.
Draw a diagram to show what you are ‘given and ; what you ‘_r&

required to find:

© Ansiier's an’uo,' L
v S :
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 CHECK-YOURSELF.. : . o
Supposé you have 6.0.L of 0.1 M NaF, sndium fluoride soluﬂop/

* What is the molarity _nf the fluoride fon, F? )

*Answer:

See Page 53 - L

L T - il -

What, is the molarity’of -potassium fon; K™ in 3.L of solution w‘ﬁch
153 M K;S04, potassium sulfate?




EXAMPLE 1:

STEP 1:

STEP.2: .*

P

STEP 3:7

« STEP 4:

-19-

GIVEN: - volume and molarity of solution
CALCULATE: 'number of moles of specified ion
4 present - ©

3 : ®

Howmany. moles of sodium iLn, pa* ave prasent fh 2.0 C.of 2
N‘a;SO.., sod'hlm sulfate solution?

What do you Wt to know? To help you think about this, draw
a d\agram to show what you dre given and what you are required

to find:. g o «

GIVEN - * REQUIRED

2 M Na;S0, in
3L~

You can see from the diagram that you haye o convert ‘From molarity *

to number. of lm:ﬂgs.' Write down the r"e]‘atvionship to express molarity.

moles

Ul g nm'larity = Titers - ' 3
'Ieft hand side. Lo N e e o8
mﬂes mo‘laﬂZy x Titers .
Substitute’ the given val\'ges and calculate .the number-of moles of

NazSO.

.ales = molarity x iters
=23

=8 mol_e;_

: Rearrunge t'he reht‘lonship 50" that the, unknown quant!ty 1s on the .

i




STEP 5: -~ What is the relationship betieen moles of Na;SO.
of N7 _From the formula you can see that

1 role M50, ——— 2 moles Na®

b E g Py e B

STEP 6: - Use the relationship to_calculate your answer.

[ G omles NSOy = 6x 2 =zmoles b




S

SN Y

) -121-
-2 )
{." Now geu try one. Use the previous example 7 model and work out the an‘sw_er
step by.step. Don't skip any! " . o £
R EXAMPLE 2: A soTution of cupric chloride, CiCs, has a mhrnly_ of-3.0 M.
The volume is 6.0 L, How many moles of chloride on, C%™ are there?
'STEP 13 Draw a diagram to show what'you are glivevn-and‘ what you are required -,
to find: - EE z
/ : s
Laig ke, 5 . :
o n A "
: STEP:2:

g
* “STEP-4: - 2




SO 4 S e

CNECK VOJRSELF
4.0 L of 0.2 M Nal solution, sodiun lodlde contalns how many

‘moles of fodide ion, 177

3 e }
/
& < B
: w i,
- /
a .
. % ~
\
.
ot N Ansver:
i 3 SeecPage 53. - (
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PROBLEM E2: How many moles of chloride ion; _Cl‘, ion are. present in a solution
; e of 3.M PbCE,, Tead chloride. \The:volime is 7.0°L.0  « - =
# ‘ H

» j e
. e T
Answer:,
. See Page 53 ..
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GIVEN: uvlum avld‘!.n"tml molarity of
S solution and voluni of dmmd solution
CALCULATE:  molarity. of diluted salution’ |
e 5 P o

The m’larity nf a solution can be changed by addmg more so'lvent to it. . This

process is clﬂed dilution, A§ the solutfon becomes more dilute, the molarity.

decreases.

EXAMPLE 1:
>

STEP, 1:

3

STEP. 2:

STEP - 3:

“sTep 4:

What s the molarity of sodfum chloride NaCZ, when 6 L of 37 NaCt,
is diluted with water to.a volume -of 110 L?
To help yoli think-about what, you want to find, draw a diuqrsm to

show what yau are given and what s »required. fy

le'wsu N, L nzqumsn- R

MTatz m 6L o 2 MhaCz in 10 L
’ s o e i

- o X %
To make the dilute solution, water was. added. Thqrefnre, the number
5

of moles of NaCe is the same in_the "0Jd" and "ngw" “solution.

To relate the "old", moﬂar(tykto the "new" mnhﬁty you need ‘to

calculate the number of moles of Natu “present.. Huw are mojes and. .

nolarity related? The relationship fs given by:

moles - . %2

mo1ar|ty m 3 2
Rearrange the re1aciunsh1p so that the unknnwn quanth‘.y is on (.he
left hand side.

* moles'= mn1aMty X 1iters

" Substitute the g{ven.vu'lues and cl'lcu'late the number of moles of NBCL

males = molafity x liters . Sl
Ctoeane : 't
. "='18 moles MaCt §onm e




5y 2 \ N
< E g : ‘-Izs-

» you hnking for? 2 M NaCz in the m“ (dilute) sn’lutkm.

STEP 5:
u m the relationship for molarity.

o ’ —dﬂﬂ:y .ﬂes

STEP 6: Substitute the giien nl-_s and categiat ansver.

‘molarity - les \

fts B, ._la S S = T

S FIRTTAI
R Z.Anm"nnu:z
Water is uded !o I L of e lu:n., pouuu- cmrha tbg!ve 6
_AM diknud sa'luum What 1s m -hri;y o'~ltl !nrm diluted

ul{lmf

SR ,m-aat.munwmcm.mimwmz 1sreqnlred-




- CHECK YOURSELF:

_Hater is added tn 357

|
E 5 % o L of d_ﬂute solution..
e mia L dilute solution? < - “ LS

1 s K %
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GIVEN: . . uolume md molarity af aolutwn A . ‘
2 ) voluni of; diluted solution i

3 M of apmfud fon in dituted |,

solut ;
i i PRV |

CALCULATE.

i
o The molarity of 4 Solution can be changed by adding:more ‘solvent to it. This
; 4 " process is called dilution. Rs the sp1ut|n!|3hecumes more: dilute, the mlarity

. v
decreases.” | . : Y . g
EXAMPLE 13 Nhat ‘s the moIarity 6f the potassmm ion. Kt 1n a solution of

2 pntassi,um chromate KzCrOu, where water._ 1s~ added to. 3 L-of 04 M

KzCrO. make 7 L of dﬂute sn'lution? 5

W) I T STEP 1t - Whab do ynu wm\t xn knw? To help you thlnk nlmut this, draw a
E & 3 diagram to Show. what you are g(ven and whnt s required : ‘
! ‘ 3 s gt .
I . ; 4 .
; ‘R‘Equmsp
7 ES %
o STEP 2:° . Because the voTume is: chan ed the mhrity of the K,Crﬂ. chanqe
1 - ok but m the’ number- of nolés, w_ vater whlch was added did nm: S~
; ' i . change the number af mnles pres!nt Since 1% contained no x,r.ro. .
LA of n,cm.. ‘present. - Wirite down the relationship
¥ " S b g
:  moles
& . X ﬂters




aoiss.of x,cn)

“An. original sq’lutlnn

mllrlty "MA




step by step.

Dnn t sllp any!”

Lof solu!ion.

Hhu is ghe mlarity of the




CHECK vounsso.r . o
LA sa\utian of sodium phospme. N0, is prepared by dnunng ®

3.5L of ;30 M Na,P0, to a voluu of 5.0 L. Calculate the

. mlar!ty of the Snd‘llll ion, 'll «
B ‘ .
% \ &
' v
3§ W v
¥
Ansver: |
See Page 53
J i %
. - 3
Wy 2
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" EXAMPLE 1:

NaBr,

, .
STEP 1: -

STEP-2: ,

STEP 3:

v

-3 - A )
. -131-
GIVER: volume molarity of solution Aand
volume apd molarity of solution B

CALCULATE.

solarity'of oomem “lon present when
solutions are combined

Suppose that 2 L of 3 M NiBr,, nickel bromide is added tosL of 0.5%

sodium brwllde, what is the molarity of the bromide ion, Br™ in the
result!ng solution? 2

llhat do you' want to km‘l To.help you think lbout this, drau a
diagram to show what you are gi’v;n and what is reauired.

GIVEN By W :
o REQUIRED

0.5 M NaBrin'5 L 3 MNiBry in2 L 2 MBr a7l

Since you want' to know the molarity of Br~ in the i-em;lt‘vln'g'

solution n‘gaod route to go fs,-to' determine- the tnuli,nuu}er of
moles of Br - fon pr‘:eslnt from each solution.
ion does NiBr, provide? Hrig down the relationship for molarity.

molarity = %—-{ i 3 : '

Rearrange the relationship so that the unknowh quantity is on the’
Teft hand side. g .
moles = mlarity x 1|ters a

tht 1s the rahtionship between mles of NiBr, and moles nf Br?

_From the foﬁm'l

one NiBrz —— 278

you ¢an_see thnt i - L

“one mole mBr. ——— ‘two moles Br,  ~ g o

.*. 6 moles of NiBr, (step 2) gives 6 x 2 =12 moles Br™.

How many-moles of Br .

L




. = 32 - !
1la ; a5
STEP 4: How many moles of Br- dnes the Masr solutfon provide? lrite

o dovn the relationship for m'laritv

. 3
mo'larity = Tﬁﬁ?s' .

Rearrange the relaﬂonship so that the unlimm\ quantity is on

'r,

he Teft hand side. _

. ' mbles = nohrny x h\{rs % .
fee Suhst'ltute the glven va'lues and ca\tume nunh:r of m\es of N?(/,

1
i ’
| = : miny of Nabr = m'larity X liters
i =0.5x 5
: 3 5 =25 ( . $
Co Loy by i 7 ) o'y
| 9 snp 5:. um is th; rehﬁonship between mules of NaBr and mq]es -of Brr

F‘w the fonm‘ you an see that x . ¥
. . Jisid
one NaBr one Br 2w ) -

, one.mole NaBr _ one mole Br™

Dot st

* 42,5 moles NaBr (stey 5) g(ve 25 -ﬂes Br

Determine the total Br~ in the final solution. 12 _mu\gs Br~ from -

trs atéed to 2.5 moles Br™ ‘from Nabr. .

€3l Br = 12 + 2.5 "
-us

Tagity/of Br_in the final solution, write down 13-

STEP 7: To calculate the
the rehuon'shw for molarity.

! rolsr “’ e Pr g
: | substitite the values and calculate your msuer The total ;ﬁmber {
. . _ of liters is < )
'l ' 2LasL=TL i v —
1 mo'laruy Hfi - i i

222 = o S S 8 5 43
s Answer: 2.2 M:Br 4 i

¥
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Now you try oné. -Use ‘the previous ex‘ampie as a model and work out the answer 77\'
step by step. Don't 'skip any! . . : '

EXAMPLE 2:
)

STEP 1:

STEP 2;

STER:33: Bl

STEP 4:

STEP 53

STEP 6: .

tOSTEP %

" solution when 2.0. -L'of 0.3 M NaOH, snd(um hydroxide js mi xed w1t.)\

. o * C

What-is the malarity of rudroxwe ion. OH™"in the resul ting

5.0 L of 0.1.M Ba(0H),, barium nydrox(de? o B e

Draw a d1agram to show what you are given and.what. 15 requ{red.




CHECK YOURSELF . g
8 PROALEM HI: Suppose that 5.0L of 2 M MaCt, sodium chloride is mixed with
: : 0L of 1.5H Srlis, strontium chloride. What is the molarity

- 'of chigride fon, €27 in the resulting solution?

i F ey ot Afswer: o

See Page 53
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GIVEN: mumber of moles of solute
CALOUATE: mase of solute

How many“grass of potassium fodide, KI are present in-2.0 moles
T efxn ’
“STEP 1: Make a diagram to show what you are given and what you are

required to find.-

) GIVEN
! 2.0'moles KI L o Lol 29K
STEP 2: Write down the relationship between grams and moles.

i 2 * . _mass (q)

[ - - N . rolarity olar mass -

1 : STEP 3: - Rearrange the relationship so that the unknbwn quantity mass, 3 is on
3 the left hand side. :

mass. = nls x molar mass

STEP 4:. Check to see if you know all the values vou need You havp

@A 1 themles. Itiis 2.0 mles. Younesd to uem-:ne'm'e molar mass.
The molar -ss hble% loated on the 1nsid= cover of the booklet

-, molar mass of KI = 39.1 26,9 .

o e B : S, r1esu p3

Now, you' chn calcu'late ynur lnswar.

mass -= mo es x molar mass

= . 8, gt © " =2.0 x 166.0 N
P =g ) - ,

Answer: 332 g KI "




. 1%-
=36 = :

£ liou‘you try. one. Use the prrev;nias éxauy;lié as avmdel and work-out the answer.
step by step. Don't skip any!
“EXAMPLE 2 Suppose Sou required 0.30 moles of fron(111) bromide, Febrs to
prepare l 0.4 M FeBr; solution. How lu;ny grams would/you have to

weigh out?
STEP 11 Make a diagram to show what you are given and what you' are réqu|r=d
to find. f L

STEP 2:'
{ . 2
\ "STEP 3: " R
STEP 4: - r
STEP 5t :
v Sy B
y "t S E e Answer: * 89 g Fefiry
£ - ".[Did you notice that yt;nj did not need to use the mo1ar1ty. of
% v'.#*!‘ﬂ.] e y 1 W e . -




PROBLEHN H":

~li=”

CHECK YOURSELF. ® 1
How many grams of sodium carbonate, Na;CO, are present in 0.25 moles

of Na2€0,?

o

Answer: '
_See Page 53

If you wished to prepare 6.0 L of capper{ I1) sulfate, CusO, and
 required 0.3 mles of CuSO.. How mary grams of CusOs would you -

have toweighout? - &=

!
|
!




S —

3 L . =0.20% 6" - fef « % S 3

orvEn:  molarity and volume of solution

CALCULATE: magg of goluta

EXAMPLE 1:  How many grams -of cupric chforide, CuC2, must be dissnlved to H

" make 6.0 L of 0.2 cuct; solution? L o
STEP 1: Draw a diagnm to sm what is given and what is required. H
. « <
_GIVEN oL . REQUIRED E v g

" 0.20 M CuCi; - !
6.0 L .

STEP-2: There is not a direct 1ink between molarity am{ mass. Tc_ 51
calculate the mass of CuCfz, first you need to determine the

nusber of moles. ume doun the relationshio for molarity. - L

molarity = Hurs 2 - ¢
Rearrangé thz vﬂatinnshw so that the unknn\m quantity, moles
" js on-the left hand side and calculate the‘answer. ¥ S

. moles = molarity ‘x liters 5

= 1.2 poles CuCti . ¥ el
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| STEP 33 To cohvert from’ ‘roles to'grams,, the remiansma needed is: ¢ i
g . A'.L ""“"31?23? L
£ £ Rearrange the relationship so thn the u\lmmm nuantlty mass (a) s o
> ) . the Teft hand side: \
N k = % naiss = moles x molar mass - ; )
o : d - . "To calculate your answer ynu med to work out the muhr mass of* Cuct. :
| . _ The molar rass table is Im:ated on the inside covay. of ms book'l et
! Lo iolanass of Cutty = 635 2ms)
| L e ez xms ‘
. STEP 4z : . Make the finals calculatlnn R g m e EURE e R e T
2 ,b " nass s moles’x molaimass, "R !
S ' SlLzxins ) e
P . % s s - m 4q i
’ “"" Now you try one. use the previous ‘exarple as a model and work “out the aq,wer 1
i step by step: ~Don't sk]p anyl .0 .~ B ¢ v 1
' . DWPLE 20 A student has prwared 5.0L of 0.3 M nu:; sodium chloride- solution. ‘
\ ) N g Hov wuch of the solute, faCe wiould he hive to uelgh out? 'i
|

STEP 1: . Drawa-disgram to show what ‘is given and whiat isFGuired-

Ansver: 87.8-a haCe
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A
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STEP 2:. .
«
|
* . STE. 3:
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GIvEw:

_{.'ALCL'L/U'L‘.- solarity of .alltc-.

N ’
i 7 of moles of solute ond voluse
-of "soli

The relationship between the amout of solute- and the qolume of solutim\ is. ¢
referred to as the concentratdon.

and snuetm-s shortened to H

7 0'L of squtIon

Hhat do you uant _to know? To he‘ln you zo ﬂnnk nbhut this, drw i
dlagnu shmdng wmryou ire given md uhlt you are

% leE_N

3.5 moles NaCt.in .
7.0L ¢

Write a re‘l\l\oinnship.fd_r molarity. .
N T B j
g - ‘molarity, "W
titute che values and :a'lcu'lnta the aﬁswer.

it i m’larity-:—ﬁ-ﬁ_x ; ',

mhrity 'ﬂW

.5 mhs oF sudwm ch]nride. Nncz. {s d|ssnlved in‘water, to’ give’

. When the amount of solute s expressed in .

mﬂes lnd the VO]II! is exprressed in-Titers this relaﬂtmshlp is called MOLARITY

moles

Hhit is.the mnhrﬂ:y of the NAEL?

qusred to find.

2 MoNaCk

les o g Loe

v‘mhs :

¢

&

B




*-0.20 mﬂes of Pb(ll),)r in water to nfve 5.0 L oi solution
thc m'lari!y of the PBINO;);.

E&QBLEH R

CH{CK YG.IRSELF.‘
.Snppose thlt 0. 50 ny’(es o

Calcul ate

Driﬂ a dngrul shmting uhat you are given and mat.you are requwed
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. mass of solute WF L k
nunber of mles of soluty . -
EXAMPLE 1:  How many molés of sodfum chloride, NaCt-are present in 90.0 g of NaCe?
> “STEP 1: Make a diagram to show What you are given and what you are required
- o find. o
GIVEN Lz o s

el STEP 2
R

s0.0gtc s

3y . ;
Write down the relationship between grams and,moles.
e i o _mass « gt 8
g, g, el ﬁrr‘nﬂ? 3" o ‘
Do you.have-all-the values to) substitute? You have the mass. lt‘,,
90.0 9. You need to determine the“mh,;ma'ss‘;‘-_Laok'uv molar mass

Myes on the inside cover of this-booklet.
nolar-mass of NaCt = 23.0°+ 3.5 ., -
i s i

Now you can calculate your answe

i wmasst L
soles molar mass A
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Now you try one. Use the previous example as a model and work out the answer
_step by step. Don't skip any! ’
.
_EXAMPLE 2:  Suppose you weighed out:296 g of iron(III) bromide, FeBr, ta.
prepare a 3 M solution. How many moles of FeC2; would you have?
STEP 1: “Make a d1|§rnn'ta show what you are given and-what you are required
3 o to find. - : : 4
: he 3
b}
\ k
. \ . i
% 1
3y, 0 |
k A ; i
& . STEP 2 - 18- e !
\
.
STEP 3: y
&
©sTeN: et R « o, - )
OO Bl '
=G . Lo T agrn .. Adswer: 1.00 moles FeBry I
[N:B. " You d1d.not ‘rieed to use themolarity.] L
- A s




- 45 - '
] .

CHECK YOURSELF.

_PROBLEM L1: Ha_u many moles of s_hd(m phosphate, ‘Na;P0, are present in 16.4 a"

of NayPOL? =

& g . s
. Ansver:

gD ; T See Page 53 ) i
mu.zn L2: If you vished to prtnare 5 0L of cupri¢ sul fate, cusm and were
instructed to ueigh out 15 960 of CuSOy, how many moles of CuSOy

-would: you have? -




e -

s 6=
- - -
Y GIVEN: mass of solute and volume of solution
! .
CALCULATE: molarity of solute g »

EiAHPLE I lf 5.00 L of a solution of s“ver nitrate, AgNO; contains 37.0 grams
4 of AgNOy, what s ‘the molarity of the solution with respect to Agh0s?

STEb ¥, / What. do you want to know? - To help you think about ‘this, draw a

diagram to show what you are given and what you are required to find.

- SIVEN REQUIRED
4 5 B
.~ - 17.0°g AgN0, in-5.00 L ’NASNO: . B
. sTEp2! You want to find the mhrlty ‘of AgN0,. Write the re‘lathmslﬁp for
’ mlar'ty. o B
- |
molarity.= ﬁl—::; /— - 2
P -You can see that you need to find the moles of AgNO;. -How can you
- “find this? Look at the diagram. Yoo have 17.0 g of Agr«l, “Write
% . the rehﬁonshin for grams to-moles.| .
: - s - _ '
o ‘ Determine the molar mass of AgNOs. A molar mass table s on the
I |

inside cover of this booklet. ..
, molar mass.of AgNOy = 107.8 4 14.0 + 3(16.0)
R . ] *169.8 9 ’

Now you can sub!titute in the answers.

I )
S, e woles Agno. - T]EZQ'.% = ) 5

e S = 0,100 moles
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: . . 5 . : i
1o J e 2 i -
i - -47 -
ks . |
i 5 * What are you tryinn to find¥ The mnlarity of AgND,.. Write down the
; K . ) r:htionship for @arityA S,
- % . moles &
. . molarity = THes |
i Substitute in the values and calculate your answer. , :
i -
N 0.100 - - =
. 1 & .
! o o] lrity 3_00_ g 2
H . - = 0.0200 ‘ 5 .
: 5 ; - > i
5 & . - <° . " Answer: 0.0200 M AgNO, .
I - Now you try one. Use: the previous dqﬁe as a modé] and work out the answer?
B _ step by step. Don’t skip any! -
> - EXAMPLE 1f234 g of sodi\ll chloride, NaCz is dissolved in wateér to 'make 4.0 L
. . v of solution, what is the rolarity of the HaC2?
S [ st 1 Oraw 3 dfagran.to show what you, are .given and what you are uqutred
— ’ to find.
o N i
v & .
o 2 .
STEP 2: v 3 - : .
“ 5 .
T STEP 3: o \ :
. o o
i & - v § : e
N® %
1 . U TSl aeswer: LOMtagy N




s - 48 - e i
. 1
CHECK YOURSELF.” 1 i
PROBLEM M1:  Tf 26.9 grams of cupric_chloride, CuCts is dissoived in water to ;
) .make\10.0 L'of solution, what is the molarity of the’CuCt? |
? 22t i
B i
|
' 4
. . . :
/ - }
L : / e
= o ] i3 I
‘ . / e
i ' ’ J
i Ansier: = o - X
i - See Page 53
P A 4 o . ¢
X

SRR
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GIVEN: mass of solute and volune of solution

CALCULATE: molarity of a specified ion

S T i P
PLE 1: - What is the molarity of chloride fon, C&™ in a sdlution where
20.8 grams of barium chloride, Bacfz is dissolved to make a

solution. ‘The volume of the.solution is 3.0 L.

STEP 1: What do you want tu;fiv.nﬂ To help you think about this, draw a

diagram showing what you are givenand what you are required to
find. ' '

g .

20:8 g BaCg, in 3.0L T2 Mee”
P sTEP2:  You want to find: f.he molarity of [0 .ion. fihat is the relationship -
@ 5 for" mnﬂar!tyl ot o et 2 e :
mnles ®
mo!aﬂty = Titers

“You: need therefore to ﬂnd the nnmber of. mles of ¢on. S




STEP- 33

STEP 5:

" < '=0.066

-50- "
« Where does the Cﬁ‘/inn come fron;ﬂ From the BaC2, which
* dissolved. Find the riumber of moles of BaCi;. HWrite down the

relationship for grams to moles.

_ _mass (g)
moles = ooTar mass

]

You need to find the molar mass of BaCf, to calculate this. A molar

mass table is,found on the inside cover of. this booklet.
molar mass of BaC2,'= 137.3 + 2(35.5) = 208.3 g
Now calculate the ;vgqles of BaCfz . . A

* “moles = - Mass =20.8
5, moles = gtar mass - 208~ 010

= molarity =

QE‘,";%% B oiie
=o0.033M
“What is the relationship Igg!:‘ueen molarity of BaC2, and mola)
of C2” fon? From the formula you can-see that
one Balt; —— 208
~ one mole BaCiz EAE two ml; (g
", one mole/L BaCt; ——— two moles/L C27
or 1 MBaCE, —— @O s

Calcilate your answer: . You worked out in step 4 the!molarity of

BaCiy. It vas 0.033 .

© . molarity of C27 =2x mlarit} of BaCfz | 8
. . . thy % i 5 .
=2x0.033 - 2% g

. Answer: 066 M.BaCz, \

i Ll 4 s

|
|

I
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Use the previous example as a mqdel and work out the answer

Now you try one.

* stép by 'step. Don't skip any! . )
CEXAMPLE 2: * 5.0'L of cesium chloride, CsC2 solution was prepared by dissolving

16.84 ‘grams 'of CsCL in water. Nhlt is ‘the malarity of the chh}ride

fon, C&™ In the solution? . =
STEP 1: Make a diagrln showing uﬂit you are required to find and what ynu are

given.

" sTER 3 g e J

Answer:

.02 M CsCz

r




£ R o see

CHECK YOURSELF.

Suppose that 32.4 grams of sodium chromate, Na,Cr0, are dissolved

in water to make up 5.0.L"of solution. What is the molarity
of the sodium fon, Na'?

\ % °

2. Ansver:

R 7 See Page 53




N 0.08 M
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CHECK YOURSELF.
PROBLEN ANSHERS g
i 2 00
A2 k1 i
I 149" g
n 4 moles C2™ (volume not required)
7_ a 1.25 moles
o L 0N
02 6N . i
0 o notes S ; 2
£ 42 moles :
fl S
3] :»' 0634
W . 24M
A e, W
12 47949 (wﬂ_n-‘ not required)
a - e )

< o .05 M NaOH

S0 0.10 moles
Sz’ 0010 moles
" 0.020 M. " *

-153
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6 TEST SCORES ON THE PRETEST




0 = incorrect response;. 9 = missing information)

hi’.“!r‘{wﬁnmm‘l‘
= Correct response;

£

o

G
1219

A
1317

Y
6 2

0

6

c

127

28

2

1924

. Ot -

-~ =00

-~ 0~ A
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- a
¥ o
3
i =
L & o
§. 7
i
£ n
1q <
Wy
b

<14 20

‘ect response;
s:d

=
K]
g~
5 ==
" e
‘o m”
"

response,;
3
32

Test Scores on the PRETEST

(1 = correct
D
2 28

c
41727
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9 = missing information)
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APPENDIX D: Test Scores on the PRETEST

0 = Incorrect response;

(1 = correct response;
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9 = missing information)
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missyng information)

© = incorrect response.

Test Scores on the PRETEST
(1 = correct response;
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Test Scores on the PRETEST

- APPENDIX D.

9 = missing information)

o=

incorrect r-polu-) n

(1 = correct response;
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missing information)

(1 = correct response; 'O = incorrect response;
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esponse; 9 = 'missiffy information)

incorrect ¥

0=

Tost Scores’on the PRETEST-
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G
12 19

a

A
1317,

»
1d'20

LI
6. 21 1024

b (3 E
28 3 23 5 16

..€
1137 2

c




I,

Test Scores on_ the PRETEST
correctresponse

9 = sissing information)
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