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L ABSTRACT.
_ The purpose of this study was to comparéothree
levels oﬁ diagnostic—prescrintive treatnent for the reme'—'f ‘ 31-“
. -diation of students’ misconceptions relating to a hierar*'
~ chy for stoichiometric calculations. This hierarchy was ]
) validated by a previous researcher (Whelan, 1982) . hfffm gj

L

.- . . The sample oonsisted of 220 subjects drawn from
13 intact Level T chemistry classes in. five Newfoundland
high schools Following regular classroom instruction in ; \;\ﬂ
. = -stoichionetry, a diagnostic test was administered. Three TN
' A_treatment groups were formed.in’ each -‘class’ by stratified
random assignmen€ based on ranked scores from this test.
| Each student was remediated on skills which he/ghe had -

~failed on the’ pretest. Reupdiation was through an indi—'

vidualized student booEIet,.a different version of which

/

was adnunistered to each group. One 1evel of remediation
(treatnent A) consiated of - instructional content” sequenced
in the order that skills in the hierarchy appeared ‘'on the

N4 Lot \.

“pretest (non-hierarchical arrangement) A second_ level of

o

remediation (treatment B). involved an instructional bookb .
" .let in which direct reference to the learning hierarchy
: u.l was made throughout, and ins*ructional content was
sequenced in the order of ski ls in the hierarchy. fhe
o third level of remediation (treatment C) consisted of the =

Y

hierarchical arrangement of treatment-a, with an addition-
3

o al feature - the identification of specific student mig=
f,conceptions as'part of the remediation. .A posttest, y S
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. . Lo .
L. « . ,
. - N . - . ’ - ’
. LN Ny LEEEEN A 1 P . .
. . . . N 44 . \ ‘ PR
‘ - * . . . ' ..
, . i : . . . .
. . T N . Y
- . < . “ . MY A . .~ A PN
\ . N . s = . oo, ! XY
. . ‘ ‘e . EE ' . . PR e
. "\ . . . . ‘ t ) e . I _ . S oL

@



[ ’.

parallel in'tonatruction ‘and content to the first, was-

administéred 1-3 days qfter the remedial sedsion. -~ P
¢

'g. ' s 1- © ~.Two nu}l hyptheeeQ were tested. Hypothesis 1 ‘:

. .f-L l..c
. relates to hieraﬁchical versue non—hierarchical arrange- o

.-‘ .": JT

nent‘of remedial content, in effect comparing treatmenteﬂn
v U5 & 24

and B with regard to achﬁeyement‘@ainstqllowing fmedkei
. N . \,\ t['\ - 5%, : £ % .
- v ; tion.: Bypothesis 2 relates to~renedid§lon employing the

‘, r» p “} LY ’ q(

e identification of specificﬁﬁtuQent miaddndeptions versys-

" »‘#’ ‘.! L, "?J
° g mt

DL’

‘s\

v " ance revealed that there was no- significant dfiferen&e An,
;achievement gains among tﬁe three treatment grbnp (p >

~ 'ﬁl_,‘ p .05) Bowever, poat hoc analysis yielded a group of non-

,/ effect comparing treatmenta 8 and C. Analysi% ofgcdy&rk-v\

N \
SRR LT

\ \J"i- 3 >

remediation ‘not employing student misconcepti&ﬁe Y

T .‘7M~ - remediqted studenta whose achievement gains were aignifi—-f

———————5——————eantly—iese—than—thcﬂe—of—the~tfeatment-g:cu" —

~

;/ Y l. 2. Patterns of responsea on the pretest and—post—
-7:A .-; ' test were alao analyzed and’ reported with regard to mis-

e 'ff.' -ﬂ conceptione and overall inprovenent on specific -8kills.

Agein no significant differences in treatment groups ‘were

s

found, but group c conaiatently showed the gcedteat gains
in the analyaea based on. treatment. ‘

,g,o . . . . - . ’
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CBAPTER 1

' Th% Problem

-

Introduction
.

Desoite the most conscientious efforts of teach—

-

ers, stodents ofte; fail to exhibit the 1nten5ﬁd outcomes

of instruction. ‘While 1ndividual differences in ability

‘and learning styles are generally recognized, the limita- .

0

tions of time and human resources have tended to p rpetu- .

‘ate the’ pcactice of group instruction, with only inci'ent-

al attention given to individual needs and abilittes.

:W1thin such a framewerk individual diffe:ences are exhibi—a\

Ly

ted most notably through differential achtgvement as °
test scores reveal 1earnina deficiencies, corrective’
measures can be employed to attempt to remedy these.

inadequacies, agpin subject to the constraintd mentioned

14

ear11er.$ Such corrective action constltutes remediation.t'

- Remediation.nay be defined as any effort at

~correct1ng paﬁtially or totally recognized deficienci%s in

llearninq. .Remedial teachtng 13 qenerally identified with
the treatment of serious learnlng disabilitles, egpecially

ag the basic skills of readxng and arithmetic. Outside

" this ‘specialist domain exigt more general reimedlation

[ 4

activities employed by classroom teachers in the normal

. courge ‘'of teaching in the content'ereas; Such remediation'_

strategles may vary from .a merd reteaching of .content, to

L

.individually prescribed zemedietion’schesules based upon

, S ]

fi}i .

Eie LA L
e, T L
e . Y

el

Lo WS -
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-t12?¢‘A diagnosed gtudent errors. This latter case forms the
< Tty _ ’
RS ’{ f¥cus of this study In'particular,~thé use of Gagne's ,
—_— learninq hierarchy ‘model for this purpqse is investigated

Theoretical Backg:ound

o .‘ .- 'Teachers fn all educational settings are con-(
iZFIp}f' : _-' cerned with- the progress of individual students.toward a.
Q_:ﬁl C desired standard of competence in any given subject area v .

or unit of study. In all but prohibitively 1arge classes,

‘ .- -~

the teacher monitors the proqress ‘of each individual by
S /

informal and formal measures, the most common form of" the:

/
latter being the examination.- Characteristically the,

5;;1 ' , teagher f ilads that few, if any, of the.studentsahave mas-
- N—  tered all of the required elements of tbe content. 1In

L view ‘of the. fact “that much of the- content of teaching As
.‘,\

.+ . cumulative in nature, some attempt at-torrection of stu- .

T e .dent.misconceptions'is~desirab1e before proceeding to the

« ° next topic.

L i

‘Corrective strategies employed by teachers Q-

‘f“'i f\-represent a broad spectrum which may be characterized by

<
_‘;; T three general levels. At one extreme. is the practice that
B ,-5
' might be termed general“remediation ’ r simply reteach--c
N{‘ -,

.ing or reviewing the content with an entire class. A

— -
”"“—«.._.-‘

Wf‘ . second lever involves more specific remediation with smal-
o . o
- 1er groups of students exposed to speciflc aspects of the

' content where difﬁiculties wete exhibited. The third

. \/' ’

. 7.
T A 1eve1 is represented by specific remediation applisﬂ

individually and to the individual's unique pattern of

4 .
. s . v . ‘ |

y o ! . . . ' ', et . . ' .
[ EUEPIT S BN - ! e o e - . 1y
e v o . . L, i R BN . . . . .
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ing instruction (p. 95).

. 1hstructional eystem' by Yeanéy and Miller -(1983) are as

mLscohceptions relating to the topic in questLon. This is’ S

the reelm of diagnostic-prescriptive. remediation (bPR).

Diaqnostic Preacriptive Remediation ! N \

Diagnostic- Prescriptive Teaching (DPfH is gener-

" ally associated with #ndividualized ingtruction formats.

Charles (1980) suggests that DPT consists of four parts:

B Establlshing objectivea coe groupa oE behav-»

1ora1 st&tements descrxbing educational 1nterests.

?

2. Diaqnosxs see ascertaining which objectives-

the stndent has reached and which he has net.’

3,. Prescriptiqn ++. describing activities‘to be’
undertaken that will Yead to objectives as yet un- .
reached. ‘

| 4. Criterion measurement .o determinlng wheth-

er the etudent, after completing the prescribed

!

activities, has reached intended objectives. (p. .95)

e

Furthermore, according to Charles; the first three aspects

4

"give DPT Ats unique quality as*a method of individuallz— :

v .
| v
. -

-

The compohents oE a mastery tLaching strateqy
\
outlined by Okey (1974) and termed a 'diac nostfb/remedial

LY

follows: - =~ « Lo ' e

STEP 1% Speclfy performance objectives.

STEP Zx"loevelop diagnostic 'measures for obijec=

tives.



Py S Y .
. s "l

* itakeg place following normal instruction and becomes the

_tion oyae:\within a diagnostic-prescriptive teaching

. the diagnostic preacrip;ive strategy 18 epplied only to . /

STEP 3: Teach using any preferred\\procedurres.

STEP 4: ' Test achievement of objectives using ‘

diagnost i{};as ares.

STEP 5: Remediate and rediagnose, if desired.

/

STEP 6: Administer summative test.

(Yeaney & Mi];].er, 1983, P 19).

The difference between diagnostic-prescriptive

. teaching as described by Charles (1980) .and diagnos— ,

tic- preacriptive remediation as represented above, is
essent‘ially at. what point. and for what purpose diagnosis '
takes place:. In DPT diaqnos:is takes place‘ prior to

instruction and becomes the basis for the placement of

~students in an instructional se.tting.‘ In Dﬂﬁ, diagnosis

basis for determining appropriate remediation activities -

for an individual or a group.. There is some similarity in .

the twd models outlined above: Steps 1 and 4 of bbth

strateqiee are identical Steps 5 and 6 of the diagnos-

N tic/remedial system coulad logically follbw after Step 4§ of

-Charles' DPT system. Indeed, most individualized instruc—

‘tion strategies, including the Personalized Syste';n of
Instruction (PSI) zmd the Individually Preseribed Instruc-

tion (IPI) System, employ diagnoatic-prescriptive remedia-

R e L

N\

format. r the purposes of the. preaent study, however,

/

/

- . am B

J
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P ,
remediation followina regular group i.nstructx.on This is

consistent with many of the studies anolving diagnos-

tic/remedial .i.nstruction in sci_.ence r~eported‘ by Yeaney and.

Miller--(198§). A comparison of the DPT, DPR, and Mastery

models is presented in Figure 1. ‘ - .

‘Rierarchies of "Intell'ectual Skills

Many scientific concepts \belong to the domain Jof

learning referred to by Gagne (1970) as 'intellectual ' :

. skills' Gaqne squests that lee.rning of such skills

R - uires prior learm.nq of prerequisi\:e tasks and that

)

'analysx.e of the prerequisxte or subordinate skills related
to the acquisition of a target - 1ntelle¢tual skill would
y:.eld a hierarchical- orqanizatlon., --Such structures-con- -
stitute learning hxerarchies whlch may serve xas the basisg -
‘for aequencinq coitent and instruction (Gagne, 19701.

< ' . A leérning hietarchy i3 ‘derived by asking the

question, "What must the learner be able to do if . he is to -

achieve a particular new lntellectual skill?“ BegLnning

M

w1th ‘the target - skill the answer ta this question reveals .

ca prerequisite or’ subordinate skill necessary for the

\Learninq of the target sk:.ll Successively asking thé

y L e \
RS

-Same question for each new: 1ntellectual skill, produced ~

LY

results in. a learninq hierarchy ‘A hierarchy may be

[

-linear ‘or branched any branch implying that geveral .. ',

'sk 118 “‘%Y be coneidered directly pretequieite to the next
hlqhez/ -one. . .
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.dents within a learning sequence. 5 Diagnostic testing

_ weakneas or difficulty within the learning Bequence, _

.  An example from Okey and Gagne (1970) serves to
illustrate the learning hieré'rchy model (See Figure 2).

In this example, thf target skill (Skill 'I) was "Solve

solubility product problemss By asking ‘the hierarchy

N

generating question, “What must the learher be able to do a

.+«:?", three directly prerequiaite skills (Skills’ J.’Ia, b, ‘

H

c) were identified Bach exista in a aubordinate-superdr- :
-dinate relationship with ‘the terminal akill. Asking t:.l‘\e1

) same question of each aubordinate skill yields furthels _‘f '-

skills which are subordinate to it. _In ‘the example cited
above, four skills were found to be prerequisite to skill

I1Ia, as depicted in E‘igure 2. Such an analysis continuea

uuntil one has identified the capacities that can be

.assumed to be present.'in the learnera to- whom the hierar—

.,chy is applical;le (Gagne, 1970) .,

Task analysis of thia sort’ followed by diagnos-

“tic testing can be used as_ the basia for placement of stu-~ .

1owing instruction, or 'f/rmative‘ testing (Bloom, \

Hastings, and- Hadaus, 1971), serves to identify areaa

can aquest appropriate corrective or remedial actio :

Okey, 1975 Griffiths, 1979, 1982, Grant, \983; Po tle,

1982 whelan, 1982). However, 'the extent of the’
(\ ‘ . -‘

fol-
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. I1Ib. & " Ila. . . . IIe.
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\. .
"Figure 2. 'Part of the learning hierarchy for 'Solubility -
0 product calculations' from Okey and Gagn& (1970,
- p» 323), ' (Pairs of intellectual, skills ina. , .“
. Superordinate-Subordinate relationship are Skilla
I and Il1a, I and IIb, I and IIc, IIa and IIla, IIa
and IIlb, etec.) .. =~ o



has Ag'en'eAr‘all.y been limited to the identification of those
sqp-ski'lls which required: remediation. No rese.ar.c'h h.aé‘
A investigated the remediation of sapecific student miscon—

. ceptions within each failed sub—skill.

‘Misconceptions Remediation

The ident_ificét»icn .of students* specific migcon-

~

'céptions"i.n 8science .hag recently become a"m;jo'r g'_ocua of
v

kel

attention in the science education literature chever,

rr;uch of{the research has been conc;rned with misconcep-—

"+ tions of rather broad.concepts, Buch as heat (Bricksop,

1979; 1 980), g_ra X (Gunstone & ‘White, 1981), ‘earth

‘ (N’d#sbauig & Novak, 1976; Nussbaum, 1979), a.-ndl li_;Ee- |
(Brumby, 1982). Ig 8clience education an ﬁhportant' class

' .o';‘. concepts .ag‘pea"rs to be tdiffge:e\nt Ero_n{ those listed -

above, concepts belonging‘ to a domain of learning refgrred

' ‘to earlier, namely,- '1nte11ectual skills (Gagng, 1970) .

According to Griffiths, Pottle, ‘and Whelan (1983), "auch ‘

conéepts are more narrpwly defined in terms of speciflé

operations,: and are typicallly encounteced for 'the first

time in school ‘lear'ningn (;;.‘. 5). Examples ‘of éucl}' co'n.— .

cepts are the 'mo’.l.e‘ In chemiatry, *density’ in Aph'ys\ics.l

and the "food wgb' in b‘iology ’ : \

‘ Acccrdihg’to Gagné (1970) the cri;tical factor “in

succeasful .léar’ning of intellectual Bkills. 18 the learn-

er's ability to recall and apply the aubordinate skills

. wh(ich are necesaary for, and/ot facilitate, the leaming

r



~instruction in subordinate skills for the acquisitiopn of

-- Grant - (1983) and Griffiths, Pottle, and wWhela (+983)-

10

. of the-euperordinate skill. As suggested earlier, intell~ 4t

ectual Bkills, when analysed in terms of their prereguis-
ite‘sub-skills, can be represented in learhing hierar-

\ . A
chies. Sugch a hierarchy suggests an 1déa1.sequencing of

,

the.target intellectual skill. Misconceptions in perfdrmf

ing the target skill may be related to inadequate learnlng ".

-of subordinate skills. Further-analys;s of student: e .

’responses-on tests of subordinate skills.may:yield‘miecbn— o

Iceptione which inhibit the acquisit#on of these skills

Some misconceptions mayfthread ‘through a number of subor—-.

‘dinate-skills, some-may be unique to ‘the skilY in qpes— ‘-»\»-
'\tion, and others may be outside tRe scope of the: hlerar-' '

_chy.‘ Examples of ‘each are described in Griffiths and

guch data represent a’ potentially valuable resource fofr
the remediation of stadent mieconceptions in speciflc o

topics in science. ' o ‘,

Statement of the Problem

For the purposes of this study, three levels of

diagnoetic-preacriptive remediation wvere identified

’These represent three treatment levels for the remediation

- of - learning deficiencies 1dentified by a diagnostic pre-i

test. The extent of the diagnosis, and hence the nature

v

of the prescribed remediatton, varies among the treatment

groupe.' The remediation in .éach case ia conducted via an

‘o . ' AR R .
R O R . PYEE

~

~

o
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individualized student booklet Level Aiinvolvea
: non-hierarchical orqanization of content in the student
* booklet. Skills covered are\arranged in the same gequence
as . corresponding test items appear on the pretest . Level
~ B involves remediation based on a learning hierarchy.,
.Skills in the student booRlet for\this treatment are
arranged hierarchically and reference to—the hierarchy is. .
.made throuqhout. The remeqiation. or Level ¢ ig identical [ ‘?KU

AN

to that for Level B above but in ddition, specific stu—j —
aent misconceptions are identified for each st@dent, and

these become the focps of the reme iation.

A detaile
discussion of.the three remedialntregtnents . :
in‘Cheoter 3. o L
. &he problem ig to investigate which, if-any, of
the diaqnostic-prescriptivé approaoﬂes to the remediation
of failed skills relating to a particular topic in -
sclence, namely, 3toichiometry, wiLl result in greater
gains in,6student achievement. The unique feature of this
study is the diagnosis and remedia//pn of specific atudent
misconceptions relating to Eailed skills, which consti-
tutes one of the levels of treatment.

The foregoing discussion suggesta the testing of

: the following null hypotheses

- With reference fo the remediation of fatled - .o~

skills in & learning hlerarchy related to stoichiometric. . . ,/f'

“calculatiqns, e 3 \g\\_’~”' . .



s

A
.-’l.

~

H:ypo'theﬁfs f: There will be no siqnificant dif'ferencel in .
‘ acnievement gains betwe®#n stodents who .
' Arecei_\_rea dlagnostic—prescriptive remediation
hierarchi_cally arrangéd and students ‘who /
recelive similar remediation non-hierar-
‘ chically arranged. o
Hypothesis 2 T‘here will be no significant difference in
| achievement gains between students who
r‘ece‘i\ve di-agnoatic—grescriptive reneda.ation
" "in whi.ch \'specific student 'misconceptions
/ .are .id'entified. and st‘ude‘nts who.r,ece;ive_ :

- - diegnostic-prescrip'tive ‘remediation in

which misconceptions .are not identified.

Need for the Study

An understanding of s_toichiometry and the) cor-

rect performance of stoichiometrxc calculations are cen-

.tral to success “in introductory chemistry courses. These

arel 1ntegra11y related to an understanding of the mole'
concept, a ma"lor theme of modern hiqh school chemistry
courses. Yet. this is an area of difficulty for many stu-

dents. Johnstone (1980) reports that stoichiometry was

" one of the main areas of difficulty identified by students

entering fi‘fst-year chemistry in two Scottish universit-
1ea. Novick and Henis (1976) suggest that studenta cannot
usge’ the mole concepb effectively in solving problems. based
on' it. Others including Hudson (497§) and\ Bleam (1981)

'
) :

s

e
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report similar findinge-
A "Variety of approaches has been proposed' for
teaching stoichiometry. from the ‘fruit basket analogy
- L (Bleaﬁ\ 1981) to the 'mole triangle‘ (Ruda, 1978), none of
which have me%}i_th much suc‘cé‘as Whatever strategy 13
employed it seeﬂTA that students require some degree of, |
‘) ‘ . : remediation in this topic. Chiappetta and McBride (1980)

invest gated a. general remediation strategy for correcting

e T defi/encies r?ated to stoichiometry, again wi.th little

suc Whel (1982) validated a’ 1earninq hierarchy for

st 1chiometric calculatxons; in -the ‘course of his study he

ﬁound the 'hx.emrchy to be a moderately effective tool in

T ' // remediating falled skills. This remediation st rategy _ \
: /' deserves further investigation and serves ‘as the framework

for the present study.
.« . Student misconceptions in any learning situatioﬁ"
are a major source of concern for educators. While recent

~

Studles have attempted to Ldentify miscouceptions, little
L}

research has focused on their remediation. This study,

]

while recognizing that misconceptions may be an inevitable
0
coneequence of group inatruction, addressea a need widely

identified by teachers - the need for manageable remedia-

tion atrategiee that focus on individual student miecon-

qeptioﬁa .



. Definition of Terms ) .

" A . Chemi?try Pret:_.estr an instrument which tests
the seven ihtellectual skills j,q,al<alidated 1earning-
hierarchy for stoichiometric calculat}ions. ‘I_'ne tést con-
sists of fourteen {tems, two items per intellectual skill

- tested. Thisj’test is reproduced 1;\ Appendix 10.‘

_b Chemistry Posttest: a te\tfidentical in struc-

‘”ture to the Chemistry P:etest, containing items par‘al'lel. )

to,those used 1n the Chemistry Pretest. . This.tegt is

reproduced in Appendix 2. ~
‘ Instructional Booklet AT a wrltten' bodklet con~
toining inst ruction and ‘practlce queetione re-present'ing‘..'
each 'lntellectual skill in the learning hierarchy, and ~
Earran‘geo in the same sequente as skill test items oppeat
\c{;h—\e'“cnemiétz‘y.P‘retest/?oatt—.est'. IN'o reference is made
‘to the lekrning hierarchy {n this booklet. This booklet
is reproduced in Appendix 3.. - ‘ I
"-.. | ' L _Inatructionql‘jl'aooklet' B: a written booklet
cgnte'ini_ng i.natr‘uct'ion and practice questions.representigg
) | . " . each inéallect'ua(\l ‘Aakill in the iearninf; :hie_rarchy, and h
| _orr_an_ged'. in the same eequénce as the sk"llls in the learn-
-ing hierarchy." Reference to. the hierarchy fis ma(le -
' throughout the booklet . This  booklet is reproduced in

' " ] L‘ Appendix 4 o . U S

Instructional Booklet Ct a»written booklet

A ]
.

c : 'idem:ical in content .and aequence to Boo)clet B, In

] . » ' “" . ‘ N ) ' ; -

Tz
YRR -
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-adbition, a'page is inserted at tt;e begirming of tach
s}ull failed by the particular student which identifie.a

the student s' specific misconcéption irr* that skill as

9

diagnosed by the Chemistry ‘Pretest.
Learning Rierarchy: an arrangement of intellec- !

»

tual skills which are’related to others' in subordin-
ate -superordinate. relationsﬂipa Qherein each sébordinate
skill ileogically and émpi rically necessary for the »
learning of the superordinate skill and e,xhibita transfer
. of learning to its immediat:ely supeérordinate skill.. "rhe ’
learnirig hierarchy apon which this study is baséd was |
validated by Whelan (1982) amdA relatea to the skills
"involved in sto;chiometric calculationa. Minor rev:.sioné
"have been made - in that validated hierarchy, as will be
discussed  in Chapter 3.

Misconceptiom an error or.m;sunderstan'{iing
related to the ingorrect assimilat_iéh or appl icavon 3:E
formé’l‘ y taught rules or concepts, generated during , orfag = ' - T .

a resu 8 of, .instraction, e . / o, Cd

LA
1

Diagnosis~ the process of. identifying an indi-
v:.dual'a areas of difficulty, and/or the underlyiﬁg cauaes
of difﬁiculty, for a pparticular ,.T.earnmg topic. f
Prescriptiom the process of delivering to an
individual or a- group a learning strategy deaigned to
rectify the deficiepcies identified by a diagnoais

Remediat(om any corrective action aimed at !:he

imﬁrovemént of student achieveme-nt following normal

N




il

o

' K o . Stoichidhetry: quantltative relatxonships

In the present study tg;\ly “mass ‘and mole quantitxes are

.
4 . N

instructdonal proqedures in a course of study.

Dlagnostic-Prescriptive Remediation (DPR): any

remediation strateqgy prescribed for an individnal or a

4

group on the bagsis of diagnoaed areae of'difficulty-or .

underlying mieconceptions in a topxc of study, following

~

regular’ instructional procedures.

between all Jeactants and products in a chemxcal reaction.

considered. Y ) hl““:

Mole: the amount of substance Whlch dontains as

many elementary entities as there are- carbon atoms 1n4

!

0.012 kilogram of carbon=12.. ' . L .
" . . - . .-‘."g??u.. e . . .

e,__,) '~ . —

Delimitatione of the Study .o -,. . | , .

A major delimitation of this study ts the con-

tent area and- topic, namely, stoichiometry, which formed
%)
the basis of tﬂe reéearch Any effects 1dentif1ed as a

résult of’ the remed;al treatmenqg may not be generalizable

‘ n L]
to other concepts in chemistry, in_sciende,.or in other

subject areae.

. The teet 1tems represent enother delimitation as

¢

: they were designed for this study ‘by.. the author. It 135

pbaslble that more- effective teat 1teme could have been

construoted. although every effort waa made to ensure that

A

the test was valid and reliable. A further delimitation

was the choice of distractors in the multiple choice

'O. . 'l\.-

-

N

.l'l .
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items. While five or six choices were given for each

item, it is possible that other misconceptions ‘or errors

occurred which did not abpear in the re'spondents‘ item

~ choice selection. _l . a

]

::fhia/her pérfdrmance‘on‘those'

’,

Limitations of t tudy

The open—ended, free- reaponse questions repre- -

:sent a limitation of this study.f In one level of treat—

"mentrzfne reaearcher was required to interpret the atu-

'{dentn' written problem—solving methods recorded on the

tlons.‘ It is possible that” where uncertalnty otcurred, a
student may have been diagnosed and thua reimediated,

incorrectly, though such cases wera analysed by other:

sci‘ence educators in an attempt to ensure an objective

~

assessment of the students' work. P

@

C- ”'.' A major lxmitation.of thig study was the con-
strainte of time available for in-class teeting and )
remediation. Lf a:stndent‘di ot comp;ete‘the pretestr

jﬁ:ila‘repreaented in the‘

latterfitems bn tne-test could not. bebasseaaed nor diag-

. ndaedv- Thie might have made the’ preacribed remediation

lesa effective. with regard ‘to the remedial class period,

. (three or more) may not have had time to complete the

required remediation. Thib%ndght have affected pErform~

ance on«the postteat, although it must be’ noted that, .

»

-,

_test paper, .and to diagnose epecific stﬁhent misconcep— -

';students who‘were remediated for a high number ~of skills h

1

)



B given the stratified design of - this research, these D,

effects should be equal for all groups.

. “

T O + Ome further limitation aoncerns the'variqtion in
“ reqponse pattern obaerved in ‘some respondenta. Ideally T

'T for a given skill, exceptvfor guessing, a student should

PN R

- get both ‘items correct or both incorrect. ﬁowever, .
v . because individual test ‘{tems representing the same skill

b \ may not have been identical {n- struoture and presentation,

_ _ some variation in reeponae pattern was evident.' Again,
v e ‘ b

o the sttatified deaign of the research shbuld minxmize the

- effect oﬁ ﬁhig factor on the dependent variable. In any

', 4 -
case the q1£ferenceé in these test items were not major.

! .

> Summar
- o ‘=rTﬁé general problem of remediation of intellecs.
e - tnalfskille has been discussed. A method of treatment
" based on a validated learning hierarchy and diagnos= . "'q\
. : t;Ceﬁrescript4ve~remedlation hpelbeen proposed for over- ‘
' cominé studentsa’ mLsEonceptiqns in the learning of )
2 ,stoichiometry. . ° Lo e “' . .
\.
. . ‘
4» ) .
\ 0 X ;
l . 3 R - —l L) .
, . » " v . . 'k
4\ - ‘/- "
. ‘ [ T . N ‘
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CHAPTER 2
AN
Related Research ' ‘ . /

. . '
Since this study investigates a diagnostic-pre-

scriptivevepproach to the-remediation of stydent miscon-
- ceptions utillzlng a4ﬁearnlng herarch}, three terms -
remediation, hierarchy. and misconceptlons - provide tﬂe
>framework for the review of literature preaented below.
Studles related to!general remedlhtion are summarized \

first including studies of pure and modified mastery-type

\ .
‘ s

‘;$\T formats with their built—in remedlation cycles.‘ Research _
\\\N\\on various t&pe; of diagnostic prescriptive remediation  '< o ‘
strategies completes the review of general remediation
literature. Studies on reuediatxon related to learning
hierargiies are reviewed next, followed by a summary of
misconceptlons studies, particularly thdse dealing with
mieconceptions 1dentification through learning hierar- " .
_chies. Remedietlon in this latter context is thé conclud=- _~/ .
. ing facus of thle chééter, and is the settlng for the ‘ |

current study. -

Remediation in Science Teaching

I . There exists a_subathntial‘hody of research .

which supports the hypotheals thet remediation of some - l f”’

» ’

sort has a pg}itive effect on student achievement in

science. Swanson and Denton (1977) reported siqpiflcant
I

1ncreaaeq 1n student achlevement ahnng SS'high school

.chemistry students when”emediation treatments patternad

N ' o ' 19

oy



- . . .

20

L S

. on mastery-strategies (bSi'and Lefrning—for—&astery; were
.employed.i Yeaney, Dost,\and Hatthews'(ISQO) atudied aif-
ferences in acniepeﬁent between two‘?roups of\uhdergradu—:‘
-ate'biology atudents; one of'which received remedial |
aﬂaignments when neceasary, and one group which acted as- a
.control and received no remediation. Overall achievement
' waa significantiy higher (p = 04) for the remediated
group. Dillqshaw and Okey (1983) compared two remediation

strategiea with a control group which received no. renedia-

"ltion and“:eported findings in favor of: remediation. ‘Other

resedrchera, including Thonpaon (1941), Fiel and Okey

: (1975), Kuiik,'xuiik; and Hertzler,(1977), and Ldng, Okey,
end'Yeaneyl(1978),ﬁhave reported studies in eupport of the
“vaIue of remediation in'etudent achievement.

rN

“Several studies, do not concur with this general

finding. Chiappetta and McBride (1980) found that general’

remediation did not qignificantly‘increuag student J

' achievenent among 9th grade physical science students (N =

99). Leuckemeyer and Chiappetta (1981) reported inaignif-
icant differences between remediation versus no-remedih-;

tion strategies in a high schooi human physiology unit.

Fiel and - Okey (1975') cited several studies which failed to

support the value of remedial instruction, but concluded,,
"Thoae studies whicn fafled to produce significant
improvement employed additionai practice {more of the same
inatruotion) as rehediution,ﬂ (p. 2?3) and that the form

bf‘theAremedial instruction was the oriticdl factor. .
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Yeaney and Miller (1983), in a meta—analysis‘of,diagnoa—

_*tic/rémedial studies, found that student achievement was

significantly and positively lnfluenced by remediation,

but thqt feedback alone accounted for a- conaiderable jpor- ‘
/

tion of the effact. It wduld seem’ then that remediation

per se is not always effective in enhancing.atudenf"’

.achievement and that other factors may be influential in

the effectiveness o? remedial instruetion Research on

some of these,factors‘will be considered belowu

-

Remediation in. Mastegy-type Formats

] T e

. A significant portion of the research in remedi-"

ation has taken place within the context of mastery-type
instructional formats, such as Bloom* s'Learning for-Mas-
tery (LPM)  (Bloom, 1968) and.Keller's Personalized System:

of Instruction (PSI) (Keller, 19685, more partidularly/the

" former. .In such strategies, diagnosis usually.takes place

prior to instruction for "the purpose'of placement of stu-

dents, and additlonally, diagnostic tests, or formative

tests, are administered following lnstruction to desyrmine

'whether the student has maatered the instructional objec— -

tives, and hende to preacribe remedial activities where .
neceasary. This suggests a "unit—perfection requirement
for advancement, whlch lets the student go ahead to‘ﬂem
material only after demonatrating mastery of that wikch

preceded it" (Keller, 1968, p. 7). '

xoy , '
. .

rvv‘y.- .. . . [ 4 N R \\

-y
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’studies employing mdetéfy learning formats with limited
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Bloom (1968) postulated that through a mastery
strateqy 90% of etudente couldrachieve crite;ion mastefy
in a ‘given unit of\studyf' This is effected by unlimited-
opportunlty for cogrectlon of errors, thus ensuring mas-

tefy before proceeding. While mastery'formets have been

generally effective, theirisdccese has not: been to the

extent expected'and their resultéfhave sometimes-ﬁeen

.'inconsistent. 5wanson and Denton7(1977) found that sub- a

jects in both Learning-for-Mastery and PSI groups had

'significantly greater retention gains when qompared with a

“_non-remediated control group, although lmmediate achxeve— .'

J
~

ment was not significantly different. Kulik,.Kulik, qnd
tiertzler (1977) found that, in PSIumodular\college biolo-

_'_ : \ A’ . ' . Ty
gy, required remediation raised student achievement and

reduced variation i{n end of course achievement, though

gifferences ixpabilltk.yére-reflected in rate of course

work‘. Dillash w and Okey (1983) found that a modified

. mastery 1earning atrategy was effective in increaaing stu-"

dent achieuement, though the effect of increased on—taek
behavior was also noted. Okey (1973) reported that Tas-
tery-taught students achieved HTgher ‘than’ non-mastery

students, but diffgi>nces were significant-in only one of

-twenty—one uanits qf stUdy. Merrill (1970) studied various_

mastery formats with no significant differences reported

for’ teat efficiency and accuracy. - Chiappetta_and McBride

o (1950) and“Ledckembye; and»Chiappetta (1981) recorted.

"
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* remediation opportunities, but acknqwledged no significant

differences ghen compared with control‘groups;> While most
of the studies cited above are supportive of the hyppthe-

sis of greater student achievemenc through mastery strate-

1

gies, the observed gains are often inconsistent with those>

' pfedicted. _— . . A .
q

Remediation in Modiffed»uastery Formats‘

"In reference to ‘Bloom's Haatery 1earning strate~"
ayy Dillashaw and Okey (1983) suggest that the reasbn that _:
: such strategies have not gained’ wide acceptance is’ per- o
'haps because of the time inherent in cycling students |
Athrougn.the diagnosis-remedia;ion loop until complece
) mestery cf,ineﬁngctron.is accomplished” (p. 203). They
fuzgherléﬁggest that limiting the numbereof diagnoat%c~
remediation loops may;méke the masteryxﬁdrmat more- feas- - - .~
ible. While Dunkleberger and Heikkinen (1983) claim that \Sﬁéff |
"the single-mosc important componenc in Bloom-type mastef& o
learning stretegies ig theffeedbéck/correction'procedures"
v(p. 556) , Chiappetta and McBride (1980)-maintain that "one
element of this strategy, that of feedback and cortect— , “h
ives; needs modification (ps 609). Swanaon and Denton - o ;.
, (1977) express a similar reaervation.i ‘The additional
‘time necessary forwrecycling may be considered a limita-
tion of remediation Btrategies and mastery 1earning in

general” (p. 522). \ .

\
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Some of the researéh_in remediation. has util—.

ized just such a modified magtery format, usually invelv-

ing some limitation of the dlagnostic/remediation cycling

process. 'TBompson (1941) reported significant gains in

. mathematics achievement among 7th grade students who were

given 3 opportunitiea to temediate and re-test._ Dillashaw

: and“ery (1983) found that two cycles of diagnosis/remedi—
'ation were aufficient to significantly increaae achieve-
‘ment invgrade 9 chemistry‘(N = 156), though theA)nterac—

‘.tive effect of increased on-task behavior was recognized.

Merrill (1970). compared a strategy with only one opportu-
nity for diagnosis/remediation recycling, with a remedia-
tion format requiring mastery. He found that the greater

\

opportunity for remedia;ion-eupported greater achievement.

IGhiappetta and McPride (1980) modified the mastery format .

" by providing genef%l rather than objective-specific remé-

diation, but reported that no significant difference in'
achievement.was effected. Leuckemeyer and Chiappetta :
(1981) compared a limited remedietion treatment with a

traditional no-remediation treatment' They found only a

small degree of improvement in student, achievement and no

reduction in variation among students in end—of-course_

a

achievement.
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Diagnostic-Prescriptive Remediation (DPR)

Many of the studles cited above are congistent

. with a diagnostic-presqriptive remediation strategy oot-

lined by Yeaney, Dost, and Matthews (1980) as follows:

Y4

1.

the 1n3tructional objectives.

'teachlng procedures may be followed.

The Instructor defines expectations in

termg of student postinstructidi outcomes

~(i,e., ingtrictional obhjectives).

Teaﬁ'items.are'prepared that correspbnd to

v
b

Inatruction ia planned and’ carried out to
help students achieve tﬁe obiectives. Any

materiala may be used and any app opria}e

~

Diagnostic tests related to the objectives

are given either before or after instruc-

tion, or both. The tesfe are short and are

4 -

givenkfrequegply so that learning probiema
are quickly identified.

A 4 )
Students aré)provlded feedback on how they

performed on the diagnostic-tegdts. Reme-

*dial work is prescribed fdr tudents who do

n!%,achieve an objective.
Additional cyclea of inatruction-diagnostic
testing-remediation may be carried out with
either_indivld@!!ﬁ or groups (conditions

'may breclude taking all students to mas-

tery). (pp. 537-538).
. R L




«

A diagnostjc-pregcriptive activitiea model

' L
(Yeaney, et al., 1980, p. 538) further elaborates the
\ 4

spectrum cf'cases thut_pey fall- under the umbrella. of DPR.
g i : ‘

Such cases ﬁay vary oh both the dimensions of diagndsing.

and remediating (prescribing) Studies dealing specifi-

. tcally with diagnostic-preaariptive remediation will be

reviewed below.

- &

» Long, Okey, and Yeaney (1978) studied DPR with
“

e

, nstudent—directed versus teacher-directed aemediation,

N findinq that the latter yielded significant differences

!

—

over the control group. However, no conaistency in favor

of student- or teacher-directed remediation was found' in

three units of study. A similar “study by Long,'et al,

(1979) was similarly. incUhclusibe. 'Dilreshaw and Okey

\

(1983) also investigated DPR comparing student-directed

TN -

and.teacher—directed T mediation, but found no significant
e~

difference between the results of the two treatments._
Several studiles inveatigated the_effect of

different levels of remediation~on student achievement.

'#'Eieifend Okey (1975) fqund that remediation which consist-

ed of additional instruction on niesed_skillézwee signifi-

‘ cantly'more effective than remediation consisting of

prhctice on the skill itselr.'-Merrill'(1970) investigated .
&

. repeat presentations as remediation compared with specific

review, but fdﬁnd no significant difference in efficiency

:'or accuracy in test taking as a reeult._ Chiappetta and -

HcBride (1980) opted for genera! rather than objec-

tive~apeci£ic remediation. '“Tne.idea‘was that_general



‘slowing their .course progress.

" remediation over a unit's’objectivea for students who do

not achieve at the prescribe level of mastery would be
eesier for teecners to implementr than over specific objec~
tives." (p.~612). ~However, even with two remediation
opportunities, there was no significant difference in
achievement . between the treetment and control groupal
Required versus optional\remediation aaaign-
ments was the quus of a study by:Sundberg, Malott, Ober,

and Wysockis(1978) within the context’ of a PSI psychology

course. While the required remediation, with ita mastery

-

'criterion, tended to produce higher student performance,

in all treatment groups “1¢ seems that the criterion

//:equirement of an A - grade controlled performance consider—

ably. Thus, remediation per se was not a critical compo-»

nent of the PSI course. under study. Inittal quiz perforﬂr~——)

ance was generally high, perhaps related to the "poten-

tially aversive.events involved with remediation" (p. 96),
N ) ~ o« . g“ R

¢ . R .
such as students having to takeé a remedial quiz and thus
. . - ' .

The inabiligy of,ﬁﬁR studies to produce consis-

tent results is evident from the foregoing discussion.

Many of these studles were among. those meta-aﬁalysed‘ by
YE/;ey and Miller (1983); their concludiona are illustra-
tive of the kind of general dfreotlon and qualifiqatlon-of

the DPR researcghr

a

so

Load

-
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On hhe basis of the available.research find-
ings, it appears Ehat achievehent can be sig-
nlficantly and poaitively influenced through
dlagnostic/remedial instruction. .The magnitude
ef this influence can be expected to be about
:’ ) 0.55 standard deviation units of‘ac‘IFvement
hwhen compared to an instructional stfategé,that.
does not employ diegnosislandvremedidtieh. The
sdfprisihg result in this study is the source .

of the 1ﬁpact° It‘doee not appear to be the .

/

, (pp. 2425y - ' .~
2 ” . . /‘

f’

remediation but rather the diagnostic feedback./
S

s Remediation Related.to Learning Hierarchies

-

e - . Several studiea haee incorporated a learning

} hierarchy as the basis for a remediation strategy._

— Wiegand (1969) studied subordinate skills in science pro////
lem-aolving and found that students who attained requlred
subskills following an initial test which indidatead that
thesge skills were absent, were then able to perform the‘
final taek euccessfully. 1Fie1 and_Oke® (1975) compared .

two remediation strategies. The first consisted of "addi~

‘~TW;qﬁ_;iohal'insttuction,on prerequisite skills in a learniny

: J”?_;fiierarchy, ehile the Bedond cohsie;ed of additienai prac-
oL ) tice oon_the . final akill.: Using ‘a ‘sample of 90 . .
| eighth-grade general science ;tudents, Fiel and Okey

L el

reported a significant gaih in achievement ‘for those sub-

jecth°receiving additlonal inatruction on preredﬁiaite akills.
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e b

M e

Y

- Instructional materials, followed %b'a diagnostic test to ,

"al instruction on the skills failed by-Group 1, were given .

_to a second treatment group. Signiﬁicant differen;es in

‘ S
chy.for stoichiometric calculations as the basis far reme-

(T »

They concluded’ that "the results sugport Gagne ;| hypothe—

- 8is that learning intellectual skills requires the maatery

of prerequisite tasks and-that Additional study on the .
preréquisites will be more effective than additional prac-‘
tice of the final tasks themselves“ (p. 555). N '

Okey and Gagné (1970) inveatigated the ‘us'e of a

. \ . L
learning hierarchy in the revision of a science topic. ’ i" h
Ve ‘ b .

identify failed skilLa, ware. administered to one group of - - . A

subjects. Revised instructional mater}als, with additionJ <

L] -

student achievement were reported for Group 2 as qompared

to Group 1. “Though remediation based on ‘gpecific ekiY/;

~

was not involved in thie{g&édy, the research reported by = -

Okey”and Gagné supporta the utility of a learning hier\r-

chy in the improvement of instruction, and hence in the
improvement of student achievement._‘

Whelan (1982) used ‘a proposed learning mierar-

-

diation of failed skills, in an attempt to validate the.

hierarchy by a-'transfer of learning criterion. /A diag-
nostic test was administered to 180 gtade 10 chemistry

students following normal clasaroom inatruction on -
’ ’ Ll - . . ) 3
stoichiometry.‘ .The diagnosia was follqgwed by a remedial - Lo

seseion in which each student ‘was given an individualry

o -

prepared version of a remediai booklet keyed to those - 'ﬁ“;i
N ..'1:"‘ : .

NS .
YR AT

. »
-
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I‘tion activities.

skills in the -hierarchy diagnosed as not mastered, and
deaigned to give additional 1nstruction on thoae»skiIlat
A Darallel achievement measure was admlnistered to all

Whelah did not

“

students following the remedial period.

-\
repoqp his results as’ overall achieveme 3 gaine, but he

0
dia- teport significant.gains between te
in several of. thﬁ hierarchical linke. Grant (1981) and
)

Pottle (1982) carried out” Bimilar atudiee, the formeq,

g

uslng a"food ‘web' hierarchy,

.-

tion of mechanical energy’ hierarchy.. Sxmilar-reeultg

were obtained. . L.

v .

and Pottle (1982)

[N

‘. wnelan (¥982), Grant (1983),
N g
also {dentified student mlsconceptions associated with
- each of the akilf§ 1n their reapectlve hierarchies.- Theée

miaconceptions were not the direct focus of the remedia—

conceptions data for remediation is noted by Griffitha,

~Pottle, and Whelan (1983) Mho sqggest thac ‘the difficul-

tiea experlenced by particulas atudents may be more readL—“

ly remediedlif they can be ﬂpecifically identlfied and
felated cq the,cqnpext ofr;he.qie;p}l-hierefchy (p.';e).
Sincefthe present atudy”taﬁes Eﬂis directicn; that of .
tdentification and remediation of specific etudent miscon-~
ceptlona, attention wlll now be directed to the d&Lconcep-

tionﬂ llternture. “\\

t

for edach skilli.

and the 1atter, a &cohacran

However, the potential value of the_mis—u .



- "descri,ptive and explanato; eystems for scientif}c phen-

"-':ljcha'nge ‘by exposure to traditional instructional methods
""-tq. describe such "autonorgousl» frameworks for conceptualiz-

1nq ... :experience of the physical world@" (Driver and —

"learning eipeiﬁlehcgs' (Driver, 1981,.p. .94). ~While the’

um{e retandi gs of

.definitively Called 'misconcep cy‘ (Gtiffiths, et al.,
_1983, p. 2). 'Dti\'er and Basleay—- 978) dfjstinguiah between

L4
- >,

Misconce;ptions Identif ication ¢

k]

A considerable body of research dealing with

stua‘ent misconceptions in scilence has emerged recently.
¢ y N

‘The . bulk of thxa,work concerns "naive co}xcept’iona'f

‘-(Ct-nsmupaglw.-,J Gunstone, arrd Klopfer, 1983). which are

A

' omena tha deve;.op beFfore [students] experient formal

""',‘study of science ’ angl which are- remarkably reslstant to °

’

‘(p,. 174). The. term_'alternative ‘f ramewor ke has be_en used ' .

.

Basley, 1978, p. 62) and "beliefs which differ from the

o . . . -~

. " II . .
" currently accepted view gnd from the intended outcomes of
. . S \ - .

"

.~

term 'rﬁisco'QCepfion';l' ‘has been used aynor\)‘(mo\usly with - ‘ o

‘alternative -ffame'w_o,rks ', 'preconceptions’, ‘'naive concep-
. o . . _ <

tions’', or \glternat‘ive: "(_:onc’ep_tion_s' in some contexts

(SR

(e g., Nussbaum and N‘cvick, 1982), a.dis'tinction ‘can be .

made betwe n. tho\iterms described above, and those "mis- BN

oncepts which are typically encountered

'fo: the first time in formal learning” which may be more

‘a]:ternative frameworke" and ‘miaconceptiona' in that the

14

1atter is a ter}n that "tenda to bBe’ ua’ed,_ in studl.‘es whete .

pupils have been exposed to fdrmal modeIe or theoriea, and
. . Co :

2

- ’ -
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- e

. have aasimilated them incorrectly" (p. 62). Far the puhtj—-

poseﬁ of this s_tudy, these delimiters on the terrﬁ 'm,lsr:on-,~

ceptions® will apply.. )

Much of the research investigating studem:s

_mxaconceptiona and alternative ftameworks in sclence has

dealtu with conceptﬂ that £&d411 into the latter category.
J

Erickson (-1979, 1980) used . clinical intervlews to i.nvesti—

' gate chilgren‘a patterns ot beliefs' concerning heat. A

similar ‘naturalistic!' study relating to ‘air preaaure was:.

_conducted by S8&€ré (1982). Nussbaum and - Novalk (1976) and
'Nﬁaabam- (1979) studied children* s conceptﬂ of the earth,

.the former utilizing structured interviews, and the latter

- . -

uaing a multiple-choi test format, Other conc'e'{:ts

e

investigated include ‘gravity' (Gumitone‘ & W_hite, 1981),

; 'elect:ﬁiﬁ ‘cﬁrrent‘ (Oab‘o‘rne & Gilpett, 1960), and *life'

« .
o . A

_(Brur‘nby,- ,L1§62).---’ o - . t

-

- A number of -atudies have i-nves'tiga'ted the. use

-

of group—adminiatered, structured—response tefsting formzu:s .

for Ldentifying atudent misconceptiona, similar to the

format used in ‘the present study- Doran (1972) qev_elopeq

. & test relating ‘to the particulate nature of matter.

‘Items were of the alternate requné_e tsrpe, with distract—

R .
ors“repreaenting~some of the possgble misconceptions’.
L 4

related “to the concepts being tested. Johnatone and

:Mahmoud (1980) developed a true falae teat relating to

‘water potential, wlth distractors generated from miscon-

ceptiona identified in preliminary small\—group nterviews.,

h . . '
. ’ . ] ' / .
~ . ‘ .
. . .
. Y

o
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. tigated a150'ueing aimultiple—choiée format by Duncan and

irhich a learning hierar

L d

P B . L)
Wheeler and Raas (1978) developed a Misconceptions ldenti-

fication Test .consisting of 30 multiple choice items. -

Distractors were keyed to six hypothesized misconceptlons

relating to chemical equilibrium. Za'réur (1975) adminis-

tered a 40-item multiple choice test to 1444 high school

‘and university students*in Beirat. Distractors represent-

ed "erroneous: science statements or potential misconcep-

- tions" (p.~386) in phyaica, bioloqy, chemistry, and earth

and space science. Misconceptions_in'sclence were inves-

’

Johnstone (1973) on the mole cdnC&bE{ and, by Helm (1980)
. [} - .
on-a variety of physics.concepts,

Misconceptions Identification through Learning Hierarchies

As noted earlier, ghe. studies reviewed above

e typically concerned with conceptions that belong to

~ the 'alternative frameworks' category, though the term

. R N . L4
‘misconceptions' is used freely inmany of thesevstug}es.

The regearch reviewed below'deais'wiéh conceptions that
are more representative of the 'nisconceptions‘ category'
as defined aboge, and. hence theae studies will be present—
edtin more detqfl. .

Griffitha, e;/gl. (1983) reported on studies’in
hy

tification of apeciflc .8tudent misconceptiona for two .

_scienee_concep;a. These concepta g atoichiometry and
‘“*conservation of mechanical ene:gy') differ signiﬁican;Ly“

" from those in the studies reviewed aboﬁe. .Such conceptas

model was applied to the iden-

>

Ay

"a

I-z"u
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belong to the dornain"of 1 rn\i-.ng referred to by Gagne

(1970) as ‘intelle(:tual skills' - concepts which are rela-

tively narrow, are usually encountered for the first time -

during formal inatruction, and typically may be é;esent—

ed in the form of rules. Following the theoretlcal ‘frame=-

w/ork of Gagne (1970) a hierarchy was hypothesized for each
. ..of the concepts under investigation. .Two free=- response
- | test items for each skill in a hierarchy were generated
n —‘afnc 'the composite test Was administerea to a number of

e ™
_intact classes following normal classroom J.nstruction i‘n

)

. the particular concepts (for 'etoichiometry N = 180; for
!conservation of mechanical -er;xergy' y N = 156). Tests were
scored by the researchers and pa'r‘ti:cular note was made of
the' mdsconceptions held Ilby each student whenever a wrong

v hl pe .. . .
answer was obtained. Prequency of occurrence of miscon-

ceptions on each -skill was tabulated. Griffiths and Grant

(1983) also applied a learning hierarchy to the 1dent1fi-
cation of mi/}o.néebtions in a biolggical concept, namely,,
3 - 'food webs' They maintain that for intellectiual skilla,
“such as those referred to above,' "the underlying sour;se of
misconceptions causing inadequate represen_t_ation of the

_overall concept may be t raced to. lnadequate leerning Qf

L ' ) subordinate skills" (p. 4), and therefore that the {aenti-

A

‘ fication and testing of subordinmate skills can lead to
identificatioh .of the underlying misconceptions which

: , , A
AT »'_have been uncovered, then appropriate action can be'

c .,

‘might otherwiae elude -detection. Once the misconceptions '

e



.

M

‘ment baged on the\hierarchy. . ‘ ' .

i ularly,“the,review/has focuaed on diagnostic—prescriptive~m '

'ize%o provide the frame\wrk for the present ‘study... Ie -

.has . been shown -that diagnostic-prescriptive remediation

35
carried out'to correct them. The present study follows

this model, - .

Misconceptions Remediation.

Little research has investigatedsthe remedia-

:tion of spegbfic misconceptions within a hierarchical con-

text. Whelad‘11982) remediated students' deficiencies in

subordinate skills in. his atudy investigating a learning .

' hierarchy'for stgichiometric calculations. Additional

instruction on failed skills was the basis of the'remedia— . -

1

tibn: no attempt was made to address directly specific ; <

‘hisconceptions, although misconceptions were identified)

The present study is based upon the learning .“. -
hierarchy validated by whelan s study and the misconcep-‘
tions identified therein,

a

of specific misconceptions with}n the context of a treat- .\___;,

"1t investigates\the remediation

Y- e : “

Summary
A review of. the\literature relating to remedia-

tion in science teaching has been presented More_partic-»

remediation. Studies relating to the use of a learning

hierarchy in remediation have been surveyed and litera//ng o f

relating to misconceptions identification has been sumnar- .

N ‘. o PR *
'y . . Ve .

LY
L. -
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> o aéplied, to specific :s(tu‘dent misconceptions is a relatively

. o ) .
r unresearched area of study. h ;

Particular details of the methods used in the
presenﬁ study . follow from a consideration of the studi‘ee

‘reviewed in this Chapter.- These details are _déscr‘;ped' in

N - N . -
v . . .
. Chapter three: o
, R
w - _
.
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CHAPTER 3

Research Design and Procedures

The. methodolo'gy". used in this étudy.is described
by c‘onsid‘ering each of the following: the sample gof sub-
Jects wused and the population from which it was drawn, the
expenmantal design of the research; the. Lnstruments and’
materlals utilized; the proceéures employed: and, the .
analyses performed on the data. A descrlption of -each of ,

thege aqpects constitutes this Ghapter

Population and Sample

. stantial compdnent on "the topic of stoichi.,ometry. . The

clasgés 1‘\ the sample were located in fi.ve schools in or

with respect to abiLity and sex, 3 Cl.aas si.zes _ganged from

teacher, g 4

'I'he sample consisted of ‘thirteen intact Level
II chemiatry classes enrplled_ in Chemistry 2202 in
Newfoundland schools. The program of study relies heavily
on Alchen 16 (Jenkins., et al., 1978), and contains a sub-

p

~

near St, John 8; all classes were heterogeneously grouped

12 to 35 students,.with an overag\e size of 24.‘3\ within

‘each school,. all chemistry classes uded .were taught by one}“

-~
The intake of the schools used in the atudy

represents a wide socioeconomic background which appears

to be qﬁtte representﬂtive of North American urban and

aub-urban a,reaa. However. the achools,' clasaes, ‘and

gstudents may not reprcsent accuratcly the '.rural. asituation.’ . a

<

37
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'ment/aingle ‘factor design invdiring preteet and\fosttest .

Newfoundland high school students enrolled in Chemist
X : .
2202, but any findings may be justifiably generalized only - .

to schools- of gimilar size and similar demographi¢ and

geographic characteristics. ' . o
A
Research Desigﬂ

4

The study was conducted‘uaing a multiple t:eat—

with matching. Subjects were exposed to the expé&imental
conditions following regular classroom inatruction in

- b
stoichiometry according to the objectives for Chemistry

2202. Teachers were asked not to vary in any way from

“f(:h:ir normal‘teaching pattern.‘ T

For each class involved 'in the study, three
S A : .
class sessions of 40-45 minutes each were made available
to the researcher. During the first session, a diagnostic

test covering seven hierarchically related - skills in

!

‘--st01chiometry was administered. Incorrect responses on '

this test. were uéed as. tﬂe basis for prescribing a remedi-

ation strategy for each Btudent. Remediation was 'in the

form of e'remedialibppklet, of which there werj}ﬁhree

verelons répresenting three levels of remedial treatment.
B "Within each claas, each student was plgced in
one of the treatment groups through stratified random
assignment on the basis of the p:etest sCorea. These
acorea were rank ordered and subjecte were then randomly

asaigned to treatment groups, beginning with the highest.

)



AN

39

\ pretest score. This effected a matching of students in

‘ ﬁ__J

€ach treatment level wit.h respect to pretest ,scores, takeh
as an indication of initlal knowledge in atgichtometry‘.
During the s_écond class session, one to. three
days later, each _student-r\eceived a remedial booklet
,appropriate to the ttreatmem': xlev_el to whj,éh he/she had
been assigned. These tj._rsatment levéls may be summarized

L}

4—as follows: ‘ A

~ !

o * the dlagnostic test.

~ ' Treatment B - remediation of failed s\lld.lls pre—

sented in the context of-a~learning hierarchy.

Treatment C' - remediation of failed skills pre{

sented in thé context of a hierarchy and

focused directly on individual student miscon-—

ceptions within each failed skill.

" Thege treatments and the student booklets usea for each

are described in detail below.
During the final class session one to three‘
.days ’Iater, a second chemistry test parallel to the chem-

,‘istry pretest was administered. - This posttest was scored
and the answers were coded as for the ‘pretest. Pretest
) \c '

and posttesﬁb scores for each group from.eaéh_ class were

-

" Treatment A.- remediation of falled skills pre—.

~

' pooled and the data was subjected to s‘tatistical' a_ndlysia.-

sented in the order that the skills appeared on.

—

-

..\
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A graphic representation of the reseorch design

ig presented@ in Figure 3.
K

Mater i;lé and Instruments

The materials used in this ctudy were of two
kinds: _chemia'try pre- and posttests, and student instruc-.
tional booklets. - All of these materials were based on the

work of ‘a previbus researcher (Whelan, 1982) who proposed '

-and \'ra_lidat‘:e’a l'eaﬁiog ‘hierarchy relating to -stoichiom-~

etric ca\llcqlit‘ions.- ‘Whelan gl‘so constructed & chémia_i_:ry

’

\‘pl."e'test and posttest and a‘student instructional booklet

-cobering the skills in thé hierarchy. In addition, he

identified a number: of misconceptions for geach skill from -

studenta' test answers._ A

P
A first .step in this research involyved Whelan ‘g

validated hier&lt‘c for stoichiometrxc calculations »

(Whelan, 1982, p. 109). ~This hierarchy is r'ep:oduc;d’/ in

F}Lguf.’e 4. For the prese'nt' stndy one akill, namely Skill

“6, was re'mov'e'd( This skill which 1nvolvea direct applica-

tion of the- law of conservation of mass, represents. the

_Further, Whelan found tjgat this skill did not significant-

fundamental * basis of_ stolchiometric calculations, but is

not actually necessary to the correct performance of them.

ly en{xhance learning of related superordinate skills. For
this reason {t was decided, in consul.tation with other

.- «
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Inatruct.{on of stoichiometry content
by classroom teacher
. e W )
l {
y Class Session f - Diagnostic chemistry 3
1 ’ - pretest adminigtered -
€ — = T
_ _ Pretests scor"'a/and coded. )
- = : /
— . o _ ° .a

Stratified random assignment of subjects’
. to treatment groups on the basis of raw

* pretest scores '. _ _

-~

Prescription of individualized remedial
booklets for each st.,udent - .

-\

}_

g

Class Session 2 - Remedial bookleta used by
students to remediate falled skills/miscon-

l‘ CEPtionB a ) » . "'
¢ - 3
’Class Session 3 - Chemistry poattest admin-z
istered. ~ . i
Analysis of data
“ o, . -
/ - Pigure 3. Design of the Study.
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‘Moles to Mole
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’ EOT RO Molar Mass .
\ " . “ \:_)) : ) N = ‘ l‘
. ¢ R ~
::'.;‘ . 'Figu(e- 4. Blerarchy for Stolchi.ometrxc Cal.culati,ons
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-sacience e®lGcators, to exclude this skill frbm the hié:ar-

Y

chy for the purposes of this study. The revised hierarchy
L

PN
e

was pdopted and the skills were ‘rénumbered as per Figure
3

5.

The Instruments S v

The chemi3try pretest and posttest were identi-

ol 'in format an sequencing. Items testing a part icular

skill in pretest and posttest, respectively, _were differ-
y.

s

EN

The €first: step in the construé‘tion of the chem—

-

istry tests was the listing of possible student m?s\é‘oﬁcep~

tionls for each of the seven skills in the stoichiomé‘try

hierarchy.- Those identified by Whelan (1982) were used as

the primary source. Additional\pqssible mis conceptions

for each skill were generai:,ed by the author in consgulta-

tion with a panel of science educators.

) - 7

* Nextf, a b“atte:fy of test items, coverin% ‘all -,
seven sk:.lls in the hierarchy was construct.ed following
clos{ely* est item format used by Whelan (1982) . Por
test ite}ns on’ Skills 1-5, multipl; cholce distractors were
gene,rated to test as validly as posslble the array of i
possible miagwnceptione ‘students could exhibit on "each

’
skill. A total <Qf 20 test items for Skills 1 5 (4 items

\

per skill) were prepared in this manner. The number of
’ \

,di'stractors for tagh tesh {tem, including the correbt

answer, was five, except that for items testing 8kill 5 an

-~

Q0

RS

Iy
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" MASS TO WASS (EXCESS) |, -
Civen a balanced chemical equation .,

7. and the masses of two reactants, .
one of which {m f{n excess, calculate E

the masa ot & product

- .
X . NOLES'TO MOLES (pXCESS) .
.~ - & . Given a balanced chemical equation
. ' and the pumber of --oln\ot two reactantsy
6. one of which-ls.in axcess, calculace
. ‘. the number o'! soles of ;"product-_
D 0 . . T ' ;
« -
MASS TO NASS M
Gliven a. mnccd chcutcal L I
equation And the pass ’of ~
S, \o‘m eubstance, calculate’ _ :
_the miys of one other )
" ¥ reactant or product ° ] !
MOLES 7O NOLES
. Given a balanced chemical
.equation and the number of .molen
‘ of one mbatlnce, calculate the
nunbor ot uolea of one other
. nnctant or product e
3 P2
- v R
) MASS TO WOLSS MOLBS TO MASS’
2 Given the mass and formula ‘Glven the nusbar of moles and
! ol s cospound, cnlcnhn ' ' the formula of a campound,’
‘the nusber of moles prount' | 3. cakculate the mass present
— K - \
) N\
oy MOLAR wAse o .
Glven t.hq cliemical formula of a
1. ‘compound, caleculate ‘the molar mase &
of the co-pouna _ . o
\ "- 2
Figure 5. Revised hiera:chy for stoi.phiometric calculta-~
. . - tions uﬂod in present study. e
L]
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”\§og£;t_for.items teating Skills 1-5 was to sSpee® up the

e . 1. ' The atudent may calculagg an answer that

45

»

additional distractor was adéqd following pilot ﬁéating.

Progfession ip a learning hlerarchy is

':;1115

accompanied with increasing complexity of the
» involved. - Hence, more types of'étu@enﬁler;ors are '
Qgséggblp, and so the multiple choice format becomes .
Iunsgitéb&e bacause the number of disgrhcfors is o large,
Thgs:for’ékillsfé and 7, atwrittén'free—re;pdnse test ltem/'
format was used.  For. items testing these: akllls dtudents
"were asked to’ show their calculations.: An . additional 8
test itegs were prepared to test. SRills 6 ‘and 7 (4 items'
‘per ski ’,\\ ' e

.‘ The purpose of°choosing a multiplekchoice'

>

process of'correcging tests and diagnosing student
- c )
'misconceptidns. FoeCthe present research ‘this was deeméd

- necessary because of the relhtively short 'turn around'
- N 14 ‘

fiﬁeAbetween diagnostiE pteéest ané remediattod‘éesaion,
/bu possible future use of’ tha instruments by téachers was
also constﬂsredﬁ It was felt' that this format would also
',contrlbugé to a shorter testing @ e sgnge atuden;s wou}d

‘not have to rgcora any of thelir galculat%égg‘ﬁpr ten of .

!

‘the  fourteen items on a _test. The dangers that this

introduceés however are: . _' ’ ‘ “S .
. . -7
\

does not correspond to one of ‘the avalilable choicea.- Thig
S - !

‘may -lead to: ’



3

X -~
\ ' : ' '
. .( . " v. ’ . N
~ (4) rechecking and spending extra time on a particu-
lar test item; or ¢
(b) guessing in the absence of a suitable distractor.

2. The atuoent‘may arrive_at.a'correct answer

by an»incorrect ﬁe;hod,,or rice versa.
. .Howéyer, the researd} Qesiqn effectiveiy digtributes any
\‘i of these effécts throughout. the treatment levels. |
The free response format for test items on

v

Skills 6 and 7 haa the advantage of providing a record of
' l the students problem solving strategy for each tesc item. *
“However, an fnherent dander .is.the researcher'n aubjectiv-

‘1ty in co recting answers ‘and in diagnosing misconceptions

) .on:.these items. _ - : e .
The‘baEteryuof test items thus construcred (28
items) was divided into two groops.ao'iﬁat two itens per
skill appeared in each groué. fGrogp_1_became the chemia—
try breteet and group 2 seéame the chemistry posttest. g
Forxeach test, the items were arranged randomf; by skills
" testeéd. Care wa;“taken to ensure that ‘the itém sequence
did- not c}osely pare}lel the order~of skills in.the learp;
' -ing hierarchy. After pilot_;ea;ing;‘ir wa; decided to
D ‘ f\ _elter slightly toe 4£éh}3eqhence on the  test. Thialwas
Yy ‘efoEted-by'makinq two cloareré;of test 1tem( for each
£ Eept. Questiona 1- 10 on each test would reflect skills /
];5, randomly sequenced. Ques}lons 11-14 on each test
© would tes@.Skills 6 and‘7.‘inversely segdenqed.‘ This -

change was deemed neégahary”beqeuse,the free-response

}‘ L R 'II‘.' ) o . o .

(l’ . . . .‘ - . ) - i a . . . ‘l

\f\' . ' v M 1 ’ M —_—

oo . » ' e . . .

A\ ’ : . ) . 4 - R L
o . . S SN , . .
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- the booklet also contained a complete breakdown of the
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items testing Skills 6 and 7 generally took students long=

er to complete than the multiple cholice items. It was

, ' -
. felt that students would have a better chance of complet-

ing the test If they encduntered the multiple choice items - <
first. The chemistry breteat and posttest are reproduced

in Appendix 1 and-Appendix 2, reépective1§. - .

The.Instructional Booklets
4 ‘ : The remediation for each of the three treatment
leveIs consisted of a student booklet containing instruc-"

tion on each of the seven skills in the hiecarchy for

-stoichiometric calculations. For all levels, the instruc-
R r
tional cgatent for each skill was identical 'HoweVer, oo o

siqnificant differences existed in the organization of the
content in .each of the tre,atment qroupsl.as will be dis-
cugsed below. i . A

The thiee different temediai booklets were

prepared by first drafting a’ basic booklet and thhn adapt-—
o et

im}‘ this booklet to the different treatrnent 1evels This

basic booklet was Patterned on the remedial booklet pro-
/

. duced by Whelan (1982), and contained instruction arranged

skill by skill and in the order of "the gkillsa. in the o

. vr, ) L
revlaeihierarqhy (E‘j.gure 5). . Rach skill was introduced
by a q(E;tic repreaentation of that. skill in relation to¢ . e

other ek 118 in the hiererchy. The introductory pages of .

.hierarchy £or dtoichiometric calculations.



A The booklet was then adapted for the three

levels of treatment as, follows:

Treatment A: For:this treatment 1eve1 the

{nstriactional materi%l,fh the basic booklet was rearranged

so that it appeared in the order in~which skillsg’ appeared
//o{Zer of

on the chemistry pre/post tests. The actual:

. items by skill tésted on-the ohem;stry'tests was ‘as fol-

rY -
b ‘

¥ 4

Item Number: 1| 2 3] 4 7| 8 9] 10| 11} 12 13 14
SKill Testea: _ 3 1412 15 235 4 7 & 7 _\6

X N z ~
Thus the order of the skills in the instructional booklet

lowsa: . - o s -

' for treatment A \;rasz 3, I, 4, 2, 5, 7, 6. The numb" of
the gkiils in the’actual booklet Were changed to corres-‘
“,lpond with their oécurrenoe in the‘oooklet. Thus,-for
treatment group A, Skill 3 was renamed $kill 1, Skill L]
was repamed Skill .2, etc. In booklet ‘& the graphic |

repreaentation of the hierarchy at the beginning of each

skill was eliminated, as was the 1ntroductory page outlin- .

ing ‘the hierarchy in detail.

RS _-The reme;;htion which grouo A received was
ASbsentially the same inetrﬁctional content as for.gr hps B
qnd c, Bpt such content was non-hlerarqhically arranged,

d no'ref6qenoeIWas made to a hierarchy or to particuiag
-mfoconceptions.‘ Thio representa the majof difference'

between remediation for group A compared to that for

_groupe B and C._ Instructional booklet A is teproduced in :

Appendix3. o T L
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Treatment B: Por this group, the basic oooklet
was adoptedlwholeaale. The remediation which students in :.
this treatment level received consisted o; a hierarchical
arrangement of instructional. content on each of the ekills
in’the hiekarthy. Booklet B is reproduced in Appendix 4.,

Treatment C: 'Again for é?bup C the basic book-
let was adopted wholesale, except that pages were renum-

,J’Bered B8O that a page could be 1nserted at the beginning of
any or ,each skill. Such a page would identify for the T g
.stuﬁent the particulan misconception(s) which he/ahe exhib-.”
:ited Ain the anawer(a) given for the corresponding item(s) _A:’
‘Aon the cheudstry preteat. ‘Thus subjecta in this treatment
group were algrted to their'preVioqsly.dennnstrated mig~
cdnceptions, in addition to receiving h;etaxchically
arranged instructional'iaptent on the’sk;llet |
) A set of misconception pages wa; prephred for -
each skill, corresponding to the misconceptiops represent-
ed by the distractors in the multiple choice questions l
(Skills 1-5), or to thote misconcepé.ioné“ia;mtiﬂed by - -
| elan (1982) or suggested by. the author for S%J}ls 6. and
7. Each page conaiated of a statenant of the akill being
tested and the particulat error ‘misconception whicn the
student exnioited-on that skill 2; tne.preteat. These
were carefuiiy conatrncted sc as not to includelany-ext?a
* instruction on the skill, but me}ely to point the student
to the particular afen of the skill in whioh the error

occurred. The couplete set of pre—prepared misc‘nception

p ! ’ \‘\ . . . 8

-~
s 1
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pages is reproduced in Appendix 5p

-

From the foregoing discusaion, it is obvious
that the instructional content which made up the remedial
treatment for the three 1evele of remediation was ‘essen-—
tially identical; ﬂowever, significant differences in the

[ =

treatment -groups existed'in the sense that group ‘A re-

.

celved a remedial booklet in which the skills covered were

non-hierarchically sequenced, group B received the same .

'inatructional content but in a hierarchical arrangement |

— 3

and context, and group C. received hierarchically arranged

content plue non—inatructional misconception pages alert—

ing subjects to their previous errora. o o

. / o

‘Procedures - . _ -

. In a'previous section, ity was noted that in the

“coliection of research data, three visits were made to

each clasa in the sample. During the first session, the

‘atudenta were informed that they were taking part in a

study condhcted by the University and that, though their

performénce yould not count towurd their.final grade,

.

their pqrticipation could prove to be qoite beneficial to

-

.them in their understanding of stoichiometry. 'FollOWing

‘ ‘thia, .the chemiatry preteat waa adminiatered and completed

by the etudente during that same clase sessi&h

- \

~"

t

. were later scored and coded for particular miaconceptiona

each 1ncorrect answer. For the mnltiple'choice items,

v

. this\was done quite eaaiiy alnce each incorreqt choice

The tests were collected by the reeearcher and



_'incorreét‘answer was obtained,
‘correcu'answer was arrived at by an incorrect method.

;Every effort was made to ensure an objective assessment of
"-Qpinions -of the majorlty were. adopted

:were identified for aLl subjects 1n order ‘to- determ

,frequency of occurrence and in order to facilitete,cgﬂpar—

_student's name and the skills which that student failed 1 ‘

e - RN . " A A
. N v,
/ ' . . . .o ot o L

. : N ‘ ‘ .
' S

For the freeire-

<

represented a particular mlsconception.
‘Sponse test items, student calculations were studied care-

fully to determbne the student's misconception(s) where am - T

~—

or to detérmine whether a
N

student responses on these questions, and uncertaln items - -

were“reviewed by a panel of ‘science eduoators and the .

Though miscon e;:\\\\\ o

tions were uged in only one of the treatment levels. t ey < 3 1{

T

isons.

Students in each clasa were assigned to one,of

the three treatment levels by stratified random
}

on the basis of pretest scores, as described 1n

assignment - _
a. previous

section‘ Once the clags was dxvlded up in this manner, an

appropriate instructional booklet was prepared for each

£ . N

student. - For subjects in groups A and B, this preparation

consisted of recording 1n the £ront of each- booklet the .
the pretest. The booklets would prOvide remediation on
those skills, booklet A containing non-hierarchf&ally ' )

: arranged content and booklet B containlng hierarchlcally

anewered at least one of the two test items on“that skill, :

arranged content on the skillsvtested by the pretest. A

skill was coneidered 'falled' if the student incorrectly

except where Lt was obvious that an incorrect pnsqer,was
{ \ ’ -

L ::‘h



obtained through a simple arithmetic error.

For érouo C, in addition to recording 1n}each

\\ ‘7 oklet the skills requiring remediation, a misconception
~ Efge was 1nserted at the beginning of each failed skill.
;// ~- ‘A8 indicated ear&ier, each misconception page was 1ntended
to alert the stud;gi to the particular mieconceptions which
he/she exhibited on that akill in the pretest. To this

-end, within the 1nstructiona1 content of each failed

- - CT )
v
.\H’

“'Bkill, those. sections relatlng directly to the student's _

mlaconception(a) in that skill were noted by an asterisk

_The purpoee of the asterisk was explained to the student

-in the misconception page. :

\ o - \ The prescribed renediation for\treatment c maf
. . )

be 1llustrated by examining a hypothetical student reaponsé

to the following test item from the chemdstry pretest:

ekTest Item‘ . Calculate the number of moles in : A{
145 g of butane (CqB1g)
’ -~ ’ ) ‘-—, b . . - ‘/
- a) 2.50 mol S ay R

b)0.400 mol

. St e) 11.2 mol. -
d) 8.41°X 103 ‘mol |
e). 10.4 mol . B .

Calculatioéns: (Bypotheticall

. Molar Mass of C Hig = (4:x 12.0g/mol) + (10 X
1.0g/mol) = S8. 3g/mo .~ ..

Moles = Molar Mass = 58.0g/nb} ' ?
Mass - . - 1459 )

W o : ) a 0.400 mol ' Aﬁhwe‘; ‘ b

52
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e .
Distractor 'b' in the example above repreaents ‘a parET!B

" lar student misconceptlon. The student in treatment gfoup
" ]
C who chose this answer would receive thRe following infor-

mation lnserted immediately before the instr&ctional con~

L
tent on the skill in question:- T

) Skill 2. Convertin%Maas e - Moles - X ‘_ .
On 2 previous test, you were asked to change a
giyen nass of a compound to itp-corresponding ﬁhmber.‘
- of moles. -The answer yod selécted‘in&icates that yoe
used an incorrect method for changing mass to moies.
Instead'of divxding‘the given mass by the molar mass
of the -compound, you reversed the operation and
divided the mdlar mase by the given me;s;
* + The folloﬁing pages contain a review-of mass to
' moles'calculation. Please pay careful attention ti
the sections mar&ed * ag you readlthrough this skili;
as these appe;r to be thelareéq where yourlerrors
- occurred. - . o

As the student read through the instrictional content of

skill 2, he would find'eectlons merked by an-asterisk as.

indicated on the misconception page. A‘section from'bdok—

let C containing instruction on Skill 2 80 marked is
‘. S .
iné{:ded in Agpendix 6. T e oAl :
Where more than one misconcept&n ‘r skill was

identified for a student, two misconception pages were

included or the contents of, one page were-hand written

. onto the other. Where no particular misconceptgon.coﬁTd’

Ol

e N T
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be identified‘for q.qkill.la general misconception pége
was included. In cases where new.misc0nce tions were
inentified nt the- time-of scoring the‘pregist, a new mis-
conchtion page was greoared at that time.

The students were given their individualized

booklets during/the‘next visit ofs the researcher to the ~

-class, one to-three days later. The§'were given some

‘.simple directions in using the booklets and Mere directed

- ~ .
to work individually on the ‘sections of the booklet indif‘

’

cated. Students were required to read the prescribed o T e—

<

sections of the’ Qggklet and to do the eLpropriate sample

questions. The fact that the booklets\were individualizegd
) . v .

was stressed, and comparison of bookletsiwas_discouragedL‘

The auojects were .not told that three versions of the

booklet were in use in the class at the same time;(
o

At the end of the class period. the booklets

"were collected by the researcher. The chemiatry posttest

was'administered dnﬁing the final class session. It was
scored and coded as for the preteat,:and the pretest and
posttest scores were subjected to the enalysia described

below,~

Analysis of ‘the Results
" The mean acores.for preteet and poattest‘per-
formance were calculated’ for each of' the treatnent groups. » ) (
4

One 'way analysis ‘ff covariance was used to determine

.whether or not there was a significant difference between

4

treatment groups with resaspect td’postteat performance.
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ﬂ?ﬁquency_tabulations were also made with -
reapect to the occurrence of misconceptions in students’
answers- on thg pretest and posttest. Conparisone between

the three treatment groups with regard to changes in mis- -

.'J L
conception frequencies following remediation were‘xlso .
conducted. - ’
. . 7 ' -
, - . et . . . . , . - .
Summary : . '

.
.(4.4- . ‘

A complete breakdown of Lhe stages involved in

this study has been presented in this Chapter, 1ncluding }

- 1Y

- diécﬁsaion 6f the sample, the research design, the instru- B
ments anﬁ §tﬁek ;;terials used, tﬁe.pr&éedures émpléyed in |
.Ccollecting the data, and the analysés applied to the

results. The next chapter focuses on the‘anal&sia of ;hq

data éélleéted aécording to the experimental design out-

lined above. .



i CAAPTER 4

i ‘ . "Results -

‘_, _ Pest Reliability ‘ | : .

: *e ' :

L ) This chapter deals with the statistical analy-

‘ gis of the data obtained on the chemistry pretest and

posttest. éihce these tes -represent thelcﬁief instru;

@ . ' ments through which data on the dependent'variable was
;‘m . ' collected, so;e_eeasure‘ggﬁthe‘reliabilitY.of the tests is

o - appropriate. " The measure chosen was the Eplit—talf esgti-
“‘“wémate of reliability, especially relevant to these instru-—

v o Amente because of t eir parallel construction. Each te t

(pre- and poat ) conebste of 14 items, 2 items testing -
each of 7 differg&t skills ikyﬁ hierarchy for stoichiometr
ric calculations. The split-half of each test was
obtained by selecting one test item for each skill for

. each half, Particular attention was paid to the order of
itern\on the test so thﬁpweach split-half contained a
‘balance of earlier -and later test items. The split-half

o ’ ’
" separation with test item 'sequence and skills ?ested are

preeented'in~Table 1. The separatidn was_ identical for

?ﬂi- | ' both the pretest and the posttest.'

%f ' * In t s .application ‘of the split-half relia-

%‘ Co bility measute, t f correlation coefficieet (r) between

“; the - scorea on’each half of the teat ia first calculated. *
éi T .Since thia estimate of reliability represents the relia-
‘;' _pility of a test only half ashlpng as the original test, a
ﬁ-_,' | correctieh fermula.is applied to the coefficient to esti-

i mate the reliability of the actual test. The formula used

- S 56
.-'_ ) ) N N -l'_;;__
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TABLE 1

>

Test Item éplit fon«fplit-half Estimate of Reliability

Skill
Tested

' Half

Test ' Item Numbers

test I Half

b

) -Q~Ng&
test II.

1
2

5
4
1

10

2.
7

14 ¢

13 "1
. )
i
R o
L]
A <
L]
{
LN
. N
\ / ) \ )
A\
V4 v
™
. ,
iy
-v‘ '
- y "‘ . .
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: estimatea\of reliability or the chemistry pretest and

Ty 58

‘'was the Spearmn-B{oyn forn.u‘la! Txx = rh—;rl}hr . ..
The correlat‘:ion coefficients and -correcr.ed.
LA/
posttest are presented in Table 2. A split-half esti.mate
of reiiability" .84 was obtained fqr- the pretest and a
correaponding.ﬁlue of + 36 for the postteat. 'I'hese valuea

auggeat a high degree of lnternal conaiatency for the

» . r

g inan'uments in this study. S B

Stattstical Analxsi |
| ancriptive stati.atics on the data éolieﬁd in KR

L
@

~
’ .

this atudy were obtained using the SPSS stati&«cal pack- .

age. A comparison c}f. r.pe‘three treatment groups A, %, and

. c on aeveral deacriptive .measures 13 aumarized 1n 'I‘able

‘N
3. 'l‘hia table lndicates that all groups gained from pre-‘

test to poatr.est and that wj‘i&corea shbw a qradual

a

increase Lghrough-‘groups ‘A £0 C; _The aignificance of this .

difference was inv"éstigated ag followu.

l - —
y»

An meortant aspect of the research design 1n

L3

the present¢tudy wag th atragified random assignment of

subjects to three treatment: groupa based oa {anked pretest‘ |

40rea.' ‘I'hia was destgned to create three groups with :_:. -
- S TN

oqual preteat means. Bowever, because of &ttrttion the

pneta,at maane were not ideqtical, though thqy were. simt\-

lar, Ad:rition occurred because certain subjecta misﬂ/d \\

gno or both of the 1n-c1asa sessions £ollowing the. Lnitial

uulon in whlch_rhn_.pftehast was aﬂministerqd 'rhe thrge . °
L . ‘/ . / .
v

\‘_A} )

-y
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R . . " ] " X ’ : ‘TABLE 2 Y o " l,
- Co;tglat_ion cﬂ:fficie'nta (r) ana Split-half. Estimates of
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v at, the .05 level of significance. “Phe analysis of. covari-

.. between students who receive dlagnostic—prescriptivé re
. - . ' co

* similar lremed tion non-hierarchi’cally arranged. These

.two condition

“that ‘there was nt}*significant difference between poettest

\
_,signiff/ant difference haa been demonatra;ed in! the
r‘e»f'f’ect

“ o v L ey
61 L

- -

4

) s ) ’
treatment groups were established immediately £ollowing
this initial‘ session. 'rhua any aub’ject absent for subae—

quent session(s) had to be dropped from the sample’with

.censequent effects on the, pretest mean of the group ‘from

which he/‘she was _eliminated. Lot ’
/ \ ‘
. The effect of attrigion on the pretest means

wag not algn*fi‘cant; however, a statistital procedure was

,employed o allow for these initial differe‘nceai_ An

analysis of covariance with pretest mean . as covariate and oo -

. poettest mean as the dependent variable, waB carried out

. ‘to determine whether there was. a significant difference

between the adjusted means of the ‘three treatment groupe,

;ance data is reported in Table 4:

‘ - fypothesis 1 of this study states that there

will be: no aigrﬁfi_cant. difference in achievement gaina

diation hierarchically. 'arr_anged'and students who receive

T~ s

>t remedial instructian are reprasented by

G,

‘treatments B and A respectively. The. analysia of covari—

ance of the adjusted means of all treatment groups shows

means of ‘any of the .groups (p - .42). On the _basi.s Qf
,,/ -
this apalysi.s null hypotheeis 1 13 acoepted Thus ,no !

\

r-
£ hierarchical versus non-hietarchicul

. -\ . [y
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hnalysis of Covariance by Treatment Groups A,
B,and C With Pretest -Nean as Covariate

TABLE 4 .

——
~ v

Source of.
. Variation , | 4f

-

SS & MS

F-value

SO covariate 1

» ,ii : . treatment 2

863,48 863.48
7.09 3.54

1

210.47
0.86

[l

0.00
0.42
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remedi.ation Procedures

The 'secénd hypothesis investigated in this
study. was that there would be no significant difference in

A .
achievement gai'na between students who received diagnags- -

tic-prescriptive remediation iR which speci fic student

p misconceptions were identxfied and students who received/’\n .

- / .\
similar remediation in which misconcepti.ona were not i:’en-

tified. 'I‘hese two remedial conditions are represented by

‘_‘t:reatments C and B respectively. -Oh the bagis of the

'_ analys 8 of .c‘:rovﬁriance of postteat means of all tteatment
‘:gg-oupa ’ WOnd null hypothea&g is to be accepted ‘
~also. namely, that ‘No aignificant difference has been

'demonatrated in the effects of remediation involvinq 1den-

o .“ tiﬂed misconcepti.ona versus remediation not employlﬁ;

! '.of' designing the study it was felt that treayment C (r

ldentified miscohceptions. ' o i s

In retroapect several possible reasons for the

;o

. .absence of an éxpected ai fference ‘between the groups may

be" 1dent1f1ed. ’rhe first oE theae relates to the differ-.

ence :Ln treatmenl?‘trefween the three, gtoups. At the tilp\_
e

. v o ¢
diation hierarchically arranged and incorporating -diag-

nosed student miaconcepti.one) would be more advantageouﬂ
to the subjects than either of the other two treatments,
especially try’tment A. Hdwever, because for treatmnt C

>3
gsome - students’ miaconceptlons could not be diagnosed by

. the Iwrjttep aqswgra. the&aubmitted, and ,»hencz_‘cou_ld not ba

"addressed directly in remediation, some of the sgbjoéts in

P R
e - T T
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e --to be retained.
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group C in fact represent a subset which parallels group B

(remediation hierarchicallyrranged,but without reference

to misconceptions). This wou

1d ‘tend

'  potential effect of treatment C,

"A second reason relates to the nature of ,the

material chosen f£qr the study.

to decrease the

- 3

.In‘ many cases where mathe-

"mti'cal formixlae ate'involved, students may simply'manipu-—

late varlables and plug in® valuea to obtain the desired

teault, while nekther truly understanding nor misunder-

4

standi ng .

Thus. misconceptions 1denti£ied may not bée con- >

eidered relevmt ‘by  some students.

Hence the re medial

1nstruction given such students in any/of the three groups

may - not%e ‘as dlscriminating as was antlcipated.

3

’It muat. ‘be noted clearly,. however, that the

. B
-research design is such that .the effeci:s of extraneoua

‘ varieblef‘auch aa thoee(described above are mini.mizea.

A

'rhe three groups were’ equal with regard to all variables

9ther than

a.ssignment .

2treatmen_t, within the limitations of random

Hence i.f no siéﬁificant difference i.'s reco'rd-

ed through statistical analysia, the null hypothesea are

tent for each: ‘treatment group was similar,

,.

A third point ‘18 that, though the remedial con-

"L"n\gn.:\ndial procedures may have genetated different

. demands on stude_nts ln the different treatment groupa.

the d i fferences

Iin

traatagent A skills wera reviewed Ln the order that corres-

pondi._ng test ltema appeare‘d on the pretest. In effect

[}
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this parallels the typical’ teecning aituat.ion and thus
repr;Bents very little‘departurz. from grdcedures to which

B .\ ' students are generally aécustomed. In treatment B, stu-'

‘ dents encounter.ed not en;y the remedial material but also“ 'V

a learning hierarchy around which the remedial content- was

focused. This ‘may constitute a greater informational

. . demand on students in this treatment as . compared with oo Ty

treatment A. 'I‘reatment C may repreeent an even greater

s

'infonnational demgnd with the addition of spegj.ﬁic miscon— ) =

ceptiona :Ldenti.fied for each akill remedi.ated cOnVerse- _ g

since appropriate sectLons of the remedial content of

. \ 1 .

'treatment c were annotated by an asterisk to point‘ out the R

student 8" area(s) of wedknesa ag diagnosed by the preteat»

subjects in this treatment level emay havetgiven £o0 little _‘

. s
" attention to the careful rea.ding of the remedial material,
) 3

_ perhaps opting €o attend only. to those sections marked by
f the - asterisk. The net effect of ‘these confounding fact:ors

'may have been to decrease the effectiveness of treatmenta ‘

i
Y

B and C. ke . “ B T
r:{ o .o . .
J Post Hoc Analysis

-

As indicated above, natural\pttrition resulted
_ ‘in elimination of some of the origindl subjects from the’ -/ ‘_
\ ‘ ; ' flnal sample in this study. 'rhe/nuTer eliminated by ‘ )
) attrition from each treatment qr')xp &tas similar:, as Lndi-
~cated by the number pEf subjects in each group in the final
':. aample 1Group A:_ n = 69; Group _B: n = 773 Group_ C: n - '
I74.-) . T!;e' group n's were origfl.nlall_'}'equall. :I‘nose eub’jects
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. but did complete a pretest and a posttest.

h)

. <
.groupa and the nonremediated group yielded a aignificant

.onlpairs of adjusted ‘means as foll

. 66
lost through attrition feii'inﬁb*one of two categories.
Certain subjects missed one of the t@sts ?pre—_or post-i‘
and so a measure of achievement gaih could'not be obtained

for these. However, her subjects missed only the reme~

dial aeésion, and were present for the writing of the pre—.-

‘\est and poattest. It was realkized post hoc that this

latter group represented a nonremediated control droup’

1'whosenaohievementﬁgeins could be compared with those of

N

.the established.treatment groups. Accordingly, a furtlier

32 subjecta were identified‘wno received no remediation,

<

This nonremediated group (group D) was added ‘to

A

the analysis for the other three groups. As Table 5 indi-

[ 3

cates, it was found to be equivalent to the\remediated

groups with regard to pretest mean, but‘showed consider-'

A-ably less gein from pretest to posttest The significance

of this difference in. mean gain was investigated by apply—

ing the same covariance procedure that was employed

.earlier with the experimental groups only. .

difference between poattest means ab the .05 level of
significance (Table 6). To determine the source of “this

difference, aeparate analyaes of czéariance;were performed

'AD; Group B with Group D; Groud C with Group D The

"resulte of these analyses are a‘esented in Teble 7. In

ol

e Analysis of covariance of the three ‘treatment |

Q?x Group A with Group ~

[ e
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. TABLE 5
Test Means, Standard Dév‘i;tior_'né: a‘nd Méa_nl Gai;{a _.f_or )
Treatment Groups A, B,  and C and Pgst hoc Group D
’,' ' - S . ™.
. Pretest posttest, - . ) )
Treatment - VT D Mean Gain
Group N Mean (X,)® SD  Mean .(fo LS00 (% - X)) 3
. . : N -l . . I‘ . I CRN A. ,"-i'—. ‘ , . 7,
~ A .69 . .8.49  2.89 10,17, .2.65 ° 1.68
8 77 8.16 = "2.93° . 9.90 .2.94 . 1.74
c . 74 . 8.43 281,  010.49 © 2,90 2,06 .7
-~ * b 32 .8.56  3.16 9.3 3.7 - . 0.75
. ’ - i '
-8 Total poasible score = 14. ]
™
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TABLE 6 4 h
_ /\T - Analysis of Covariance.by Group Including Post Hoc
S Nonremedlated Group .
¢ : .
- " Source of v . S 3 ’
@ - variation af 58 MS ‘F-value P
T - ' — 7

Covariate - *_1 -  1029.76  1029.76  250.69. 0.00
' Treatment 3 38,35 © 12,78, 3.11° 0.027
‘ “\
r
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" TABLE 7

Analysis of Covariance for each Treatment Group With
Post Hoc Nonremediafed Group

Source of - . -

Variation " af S8 - M8  p-value P

. Covariate ° 1 ' .368.63.. 366.63 . 96.99

" Treatment : 1 19071 871 4.4 . 0,028 1 -

Groups B & D- _ N .
Covarlate ~ | 506.25 506.25  121.38  0.00 |
Treatment 1 19.38 13,38 4.65 0.033 -

e

Groups C & D : 7 ’
_Covariate . 1 474.54 © 47T4.54 112,38 0.60"
-nreatme_n}_;' 1. ' 38.68 ° -38.68 9,16 ‘0.003
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. each case, there was a Nignificant ai fhfer:nccla' betw;en the

posttest mean of the treatment group and the ~poattest mean

. of the post hoc nonreunediéted group, The magnitude of the
difference ;vaa greatest between Groups C and D {p = .003)

while the differences for the other twc; pairs were similar

(for Groups A and D, p = .028; for 'Groups B and D, 'p a

.033). These results suggest that diagnoatic-presc'riptlive

. )
, \ ‘_ _ remediatiodl significantly enhances student achievement. .

"' E cylated - for the three treatment: groups in the present

&, +:. %" strategies when compared’'with instructional strategies

\ ':_ While t.hese achievement gaina are somewhat less tha.n the

This is "éonaiptent'with othe} recent studies on the N

";_ effects of similar temediation strategies. -
Lo J' ‘ ‘. Yeaney and Hiller ((1983) coffiucted a meta-anal— e
o L ysis oE diagnastic—remeaial studiea in which an effect ’
r aize in. standard déviation units was calculated for each |
J " ' study. The avevr‘age _e‘ffe‘%‘s size .for‘diagﬁostic-remedial

without di,agnosis or remeéilatign' was réported to be 0.55

.atandard deviation units. _' Similar effect 3izes were cal—.

v .,° +. stidy using adjusted posttest means. Comparisons were

) ' L '”tn'adéjwith' nonrepediated\group D. Values of 0.30,}0.-?29, p

L L 'and 0.42 were obtain’iad for groups‘ A, B and C respectively.

avernge gain reported by Yeaney and Mi.ller, there 15 ample'-

evidence of a poaitlve lnfluence dn student achievement by

' diagnpstic-preaotlptive remedi.atiorr in an treatmént
lavels, with a‘mre: pz‘onounced effect in the miaconcep-
P l - '4'.. : tiona~ re_mediate_d' grqup c. The additional"teedback on

. -4
2 o, . ) " N P s . S
no ] . » - . . .
B . . - -~ ¢ LN . - .
‘e Vot s . - T PRSI . . N . e
. M . . . - \ R
~ . . . .
! - . . . 1 . . A !
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ined critically for types oﬁ conceptt}al errors. . Ht}bre ng
~ specific miconceptloh could be identified, the data were =~
:'coded gﬁcordingly. ' '

‘ v .
‘learnlng hierarchy Sor stoiﬁt)‘lometric calculations, Por ——
_ each aklll the miaconceptions are described and thon g y -

L PR R RS B - N T W . 4 Ly et e T R e T
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’ L}
misconceptions which characterized treatment ¢ may have -

influenced- the effect size for thisngr‘oﬁp', ¢onsistent wfth
the finding of Yeanay and Miller that the min ,impact on"
the achievement appeared to be diaQnoetic £ebdback rather )

. .

thad® remediation itself. '

r

Subjecta\' Mieﬂconc‘eptions
*; The final discussion in this 8ectioff=Toncerns

the identifieation and pArevalehce of misconceptions' . >

ohgserved e;mong the au'ﬁj'ecba in this atudy'- This éart of

tha analysis does not relate directly to the h }theses

stated in Chapter One. ~However, it was perfoznieé 1n an - ,;

att:empt to uncover the particular- difflculties encountered

-by subjects within and betweén experimentab groupa.‘ Ag-

in‘dlc;tted}arllher-\ the pretest and \§oat'te3t vere coAmpoa‘egl _' . .

of two types of i:est items: itetns tes’t(ng akilla 1-5, ‘of' X -

i

the hierarchy fd® stoichiometric calculationa were Ain a /ﬂ'_'_"“

multiple choice format where altecnativéa other than the '

v

correct one’ represented speciflc miecdncep\g.ions relating
to- the skill involved; items te8ting ski.,l_.,la 6 and 7 were
in a free-reeponse -format. When those latter f.t:em;\were

scored by the i.nvestigator, 1ncorcect solutiona were exqm—

¥

L)

Firat to be exaninéd are the E’raquencies of - ', 4

A

'.gpeciflc misconcep{:ions on each of the sklllm in the ) .



g

requenc}ea -of misconcep

While comparisons

' -
be attributed to the confounding effects of (a) subjects

’ exhibitlng different misconceptions on the posttest. than /
were e_hibited on the pretest for a given qkill /ﬁnd Qb{/

decteaae from pretest to posttest in the nugber o} sub-

J A -~

. Jects for. whom no sﬁécific miatonceptton could be identi-

. fled on lncorrect answers. Some subjects for whom no mipf

. S
conceéption(a) could be identified on a particular skill opn

.the pretest exhibited identifiable misconception(s) on the

posttest, thus infiating posttest misconception’ frequencies.:
. - . ‘ .

In any case, the present spmmagy istintehded to describe

the kindi-of\misconceptiohé exhlbited by subjects, and to

highlight any notable changee in raw frequenciea from pre-

test tq posttesc. A more e;leci!ic analyalf of_.mtsconcep-

tiona by treatm&q&kgroupa iaqsound latet in this chapter.

It must. be noted that aince there were tuo

quut:i.cmad per .kmr on each of the tests, it i.l pouible

‘that _any. .ubjecc may have exhibited more than one miscon-

coption-por nkill. Purthermordﬁ whon the same uusconcop~

“tion was’ oxhibited by a subject ob both questions testing

a skill on. a tost. that mloconcoptlon was recorded only '

a

onco»tor ‘the uunnarion below. The qeneral paCtornn of

© misconceptions idontltlod by okill tested are exdn&nod in

‘the paraqrapho tolloving.
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_incorrect use of- subscripté in.caliklating the molar mass.

73

-1H15conceptions Ethbited on Each SkiLl

Skill l - szen the ohemzaal formula of-a campaund, oalau-

Zate ¢he molar maas of ‘the” aompound
. 9
_ Only;a small percentage of subjecty exhibited

misconceptiona on thia skill.-fwhose test item diatractors‘

h
which repreaented misconceptions were rela%/ﬂ to the .

) .

Subjécta either ignored subscripts ltogether, or other-

wise applied them incorrgctly, such as by adding them.

. The frequencies of this miaéonceptiAn on the prétest and.

posttest are presented in Table B.
. ' , |
Skill 2 - Given the Agea'ghd formula of a,cqmpouqd, calou-

~ - .
late the number of moleg present. - S,
¥ *;\‘

Three miscpncéptiona were identibied-in rela4'

. -~ "
tion to thia skill., Two of ‘these’ arose frqp the inco;rect '

recall or application of the required algorithm. Insteaq
of d;viding the given maps by the mglar mass q£ the com- ;
pqhnd, ;Bme,subjects:tevérsgd ﬁhe dl&islgn operation,
dividing theﬂmolﬁr mass by the given.maas, while others
multipllll the given mass by the molar mass. This sug-

gestn the rote memorization‘gf the algorithm ulthout an

"undqrstandlng of its components. A third misconception

‘baguoon,thd’psotcne ’nd the posttasg.

.

‘was tha‘incorrect calculation of molar mass. The tJLqucn-,

cies. of ‘misconceptions idantified Edrlokill 2 A(olpresent-

-I ) v
ed {n'Table 9."xc might be noted that tho two mlsdoncop-

tions relatcd to the alqorlthm for convortlng mas‘ to .

moles were reduced ln freguency by appro:&mato{ijwbl
{

\
®
o
(."
-
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Frequencies of HisFoncéptionq Exhibited on. Skill 1
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< ‘Raw Frequency Frequency (%)

CR A TABLE 8

t. u }
T .Miaconception Pretest  Posttest Pretest Poattéqt'
: . . . \"I '

! Used subscripts 19 1 . 8.6 5.0
S incorrectly . » ‘ -
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x ' _TABLE 9
O

Prequencies of Miscodceptqgﬂg Bxhibited on Skill 2°

: —
o’ Raw Prequency . Prequency (%)

\ ’

4

Misconception P:eteaﬁl"fosttest . Pretest Posttest
] S L.

1. Divided molar : ' ‘ ~ oo : s
mass by mass.. - 27 . 14 12.3° 6.4

2. Multiplied mol- | ‘
ar mass by mass. 13 6 - * 5.9 - 2.7

3. Incorrectly cal-

culated molar _ _ . R - e,
mass. " - . 8 5.0 .. 7 3.6




' Another misconception exhibited was the incorrect calcula-

: preaen}ed in Table 10.

. . 76
Skill 3 - Given the number'of ;lles and the férmula of a

: N
compound,. calculate the maas greeent

B

- As in the previous skill, a number of subjects {’ ,
.

‘recalled or agglied the required algorithm incofrectly
bad of multiplying bhe given number of doles of the

-,named compound by its molar mass, some subjects divided

either_the given number of moles by\the,molar mass, or -

vice.versa. . Again, this suggepté an in 5le§e under-

~ -

' standing of the algorithm for converting moles to mese.

tion of the molar mdas of the named compound. The miscon- »

'ceptions identified and their frequencies for skill 3 are

. v
.« epr of moles of one aubatancé Q;§onlate the
““*\I_J

ngpber of molea of one other reactaanor pro-

Skill 4 - Given a balanced chemical.equdtioﬁ and the;jijﬁ;; .

‘duot. ‘o : ‘ . . - “

Most of the miaconceptions exhibited~on this :

akill related to the incorrect use of the st , iometric

relationships in the balnncod'chemical»equation. Some ’
eubjects tried to employ the molar'hass of one ot mor; of
tho gubstancos represented in the equation, either quoting
a molar’;aaa as the answer or manipulating the molar 3:53

with stoichiometric ra ios. Others wippiy muitiplied or

'dividod\the given number of moles by‘the coetticient of

R .
the ‘required' substance. 8till others ignored the

stoichiometric relationohip and(ainply quoted tho numbe‘

of moles given in the problem as the’ answer, or - )

:Q

n

-\
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- aiternatively quoted the coefficient of‘thgl‘required*.sub{

*fled for skill 4 are presented in Table 11.. Notable

R Y

Ko

¢

r .

.

,/

' thie skill. C s

S

. . t "
“basic misunderstanding of the‘relationships a

~7

_etange ags the answer. These migconceptions ind;cate a

ng the:

C e coefficiente in a balanced chemical equation and their

‘application to the calculation of, the actual numbers‘pf

moles of the substances involved in complete ‘reaction. .

" The frequenciee of the miaconceptions identi-

reductions in the total’frequenciee of all misconce

%

between'the pretest and the posttest were observed for

?

AN

ptions

78

e

.

of one substance, calculata the mass of one

other reactant or product.

pretatlon of the stoich& metric ratios in the equation. ot~ '

sy

Skzll 5 - szen Q. baZancad ohemﬁgal equatzon and the mas 8.,

- Tha muaconceptlons 1déntified on this ‘akill

J: again were generally related fo the inappropriate inter-'

to fallure to use these ratio}; SOme.eubjecteigombinedt .

|

mass and mole quantities in forming a proportion; aaeuming

that the coefficients in the. balanced chemical

equation

L

repreaent mass amounte.. Thus etudenta used a correct mole

ratio from the equation but equated 1t with a ratio of the’

}maaaea‘pf 'glven' and ‘required' substances. Other “sub-

jecta correactly calculated the aolai.maea of the -
. » ‘ \

‘“required’ lubatance and almply qu

\

the anawer, or multiplied the molaq

4 this quantity as

g8 by the coeffic-

ient of that uubstance in the equafton. Ho reference to

v e



.. Prequencies of

-

STABLE 11 . o
Miscondeptions Exhibited on Skill 4..

AN

e '
S |

*——’\ ’ y

" . Misconception '

RawAFréngpcy - Frequehcy.(i)
— S

Pretest Posttest -Pretast Posttest '

-
Used molar mass
. to .calculate
.+ . answer. | v
Hultipiied'br
. divided given
doles by agoef-.

— ey

. t22 15

: * ficient of . 3
“'‘required‘ sub- . L . . o . ‘
atance. .16 . 7. 1.3 3.2 .-/ T
"3. Quoted given no. . : A e :
- 'of moles as ‘ ' | l’! c
anawer. 12 D 575 1.8
r. . « f . : - .
4. Quoted coef-. ' : 7 '
. ficient of 're- ‘ 5 o
quired’ substance : o <
' as answer. 10 g 1 4.5 0.5
. ‘ 5 ; -.A.‘
v v '\\‘ '/' [}
VN ; ' ’
s - :
. /
—_— ——— - Q L/ ’) . )
. ! .o
» \ . ;(\Z P .
. - b
f A >
‘ \ . S
. ¢ i . l‘,‘ h"';}
-— 3 9 'y Y o o
I! A '.. ’ \,\\ . .,'r..
’ - \ ‘ Py ..5.. L KN -.‘ v "



| ‘80

the. giyen snss was made. . ~ , .

L ]
‘ Lo L Another misconception identified was the

_.the mass oE the 'req

' convért ‘this quantity §o a mase amount, perhaps indiceting>‘

assumption of a 1 1 ratio of masses in the chemical equa—3

-

tion. Subjects quoted the mass‘givEn as -the - answer for

' substance, without performing a
‘y-l
msss—to—moles conversion and without reference to the

‘-_Astoichiometric ratios. Othen‘subjects correctly calculdt-

‘ed-the mole amount -of ?required"substance but fsiled-to.

an oversight or a slight misreading of the question.g

' Stiil others correctly changed the given mass to a mole

' quantity but then multiplied, this mole quantity by thel

. molar msss of the 'required' substsnce without referende '

to the stoichionetric ratio. Finally, some subjects

. exhibited misconteptions related to. skills 1,2, 0or 3,
P :

either calculating the molar mags incsrrectly or using an'

incorrect algorithm for converting mass to moles or moles

i to mass. These udsconceptions and their frequencies'sre

«

presented %P Table 12,

Several notsble differences between the pretest AN

and posttest £requencies are-evident here. There were_.

' signiﬁicsnt reductions in the Erequencies of misconcep-\

L

[

tions | ana 2' sndbthe comgLete extinction of misconception
3 ('Assumed a 1:; rsﬁio of mssses’). Bowever, the;a wam :
also a notable incresse fn the frequencies of misconcep-
“tions 4,°'S, and 6. . Onle; possible explsnation for this i?
that soms subjsctslmho previously held misconceptions i, Q

). ' A ! TN . ' +* ’ VI
' ‘\’ *

. - . ) » . . .
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e ¢ A "' N~ . in, V. '. D

: +. s et . '
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‘.FreqoencfquofluigﬁénceptibﬁafBxhsblted qn'Sktil‘SHA e

' Raw ‘Frequency"

érequency (§)-:‘

<

‘.\J‘ ‘ Pretest ' Posttest Pretest Poﬁptést“

1]

_ Combined mass and .
mole gupantities. .-. 47

. 14
Did not_ use mole-

ratios-calculation
on 'required‘ ‘sub-

stance only. /. 29 .

Assumed a Y:t .
ratio of massed. -9
Correct mole

quantity not
changed to mass. . S

Multiplied or

. divided molar mass
-0f 'required® .sub-
. stance by calcu-~

lated moles of

-'given' substance. 12 .

- Incorrectly cal-~ ‘_
. ~culated molar
"‘mass.

\

o A-ﬂ;ﬂ,,»\?.

27

21

18

e 30

13,2

4.1

5.5

7.7

12.3

-
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2, or 3 on the pretest, were exhibiting miscoﬁceptions 4,

"5, or 6 on the poetteat. This. seems reasonable since

ﬂreagent.. Some aubjegts chose one reuctanc (usudally the

- SkaZ 6'- szen a balanaed ahemtoal dquatton and’ the numb-__ . {

R ' . ’ .
there was only.a slight increase-(12.3%) in thelnumber of

'.subjgcta'ﬁho'corgectiy answered questions on skill 5 on
NP . . Lo

the“boattéet as compared with the pretest.

-

er of. molea of two. veaotante, one of which ie in

excass, calculate the number of moles of a p;;-
: / ) .o Con

vduet.
) Hiaconceptions*ldentified on this skill related

L |
to a mtsunderstanding of the concept of the limiting

_firat appearing in .the reaction, or ‘the one for which the

greater or leeaer mole quantity was given) and calculated

- an amount of product based on this choice. There was no

evidence of manipulation of the stoichiometric ratio o - f

‘between the two given' subatances. For some of the sub-

~ Jects in thia catAry the errora may indicate failure to

- titles to arrive at an answer, or calculated two' mole

recognize an 'excess -type problem. s o | ‘;’I
Another 3/2“P'°f subjects converted the given

mole quantities to mass and then combined maas-tn\\mole

quantitiea in a propor:ion. A aimilar.misconception was

noted {n skill 4. Others added the two given mole quan-

quantitieu ‘of pé%duct and either added these quantities or

quoteq t}p_answers. Pinally some’ subjects dhose the wrong
\ . Vg, s

rdaoﬁaqt as thé“l*mitlng teagent,.Anappropriately



g

\'manipulating the stoichiometvic satio be tween~the two B

.misconceptiqn 1 Failed to determine limiting reagent“l .':_."‘ Eh

'Skill 7 - Given a‘alanoed chemical equatzon and the mass-

ing of the concep; of ggé'limiting reggent.L ' L {!ﬂb.

s ) ¢

‘reactants. ‘These miaconceptions and their frequenciea for

skil#IS are reported 0y Table 13. N o ;:f*

A significant reduction in the frequency of

waa noted. between pretest and‘poattest. quever, there a:;
was a corresponding increase in the frequency o£ miscon-

ception 4 (" §elected wrong sub€tance as limiting

' reagent') ~ Apparently a nunber of aubjecta’recognized the

need to use stolichiometric ratios to determindfthe limit-

‘ing reagent, but were unsuccessful in pegﬁorming the cal—

Y .‘ j
culation correctly.

-

a8 of two reactante, one of w}noh t8 in e:cceaa L [‘

caleulate the maes of a product. <L S

A, variety of miaoonceptiod!.aas:exhibited on’
this skill, many similar to those identified on thé two-
previous sk‘}ls (skill 5 and skill 6). A prevalent mﬁs-

conception was_;h! selection of one reactant (usually the

LY

firat or the reactant for which the greater mass was

given) as the limiting reagent without performing any car?

culations related to the sﬁoichiouatric ratio Between the'
¢ v

.reactants.’ ‘As in skill 6, this error. may stem from an

. h f‘ : ' N

incorrect reading of the problem, failure to recognize the < 4

‘qheStion as an exceu'-type problem, or a misunderstand*

A
2

- ’ » B ‘ oL R Y
M o . LI >
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?réquepcy'(%)

: - Raw Prequency N
£ Misconceptions " .Pretest Poatteat " Pretest Posttest
N . .- ° ~v 3 . -
5 : 1. Calculated peruct ' ,
s \\ . ., ‘baséd on one re- ‘&‘
E . actant -~ failed to o
L - determine limiting A ; i ~
P .- reagent. . - . 56 1 - 25,5 5.0
o 2:\pon£uned mass . and -
o 3. ,’Maed ’mole quan- o -
. titiea of ‘reagents,
§reoet _ - or ptoduct. ‘ 12 5.9
fe 4. Selected wrdng -
S e " - substance as lim- »
) iting reagent. of 15.0 |
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o o
. .umounta Some aubjects found two maas amountu or<two mole .

Ty B s N S L S LT P
, - . L

% S e ’ / . 85"
. \ . 7 '
Ot:her sub'jects added the given° mass amunts in

d& effort to arrlve at an, answer, or eonvetted the gLven

masaea to moles and then added the calculgted mole’ oo
C e .
amountd}of product and, then added ‘8till others incqer
rectly manipulatea the atoichiometric ratio- between the .
» R ‘

two neactanta and thus chose the wrong reactant as the.

' 0
11mitmg reagent. A small nurgber of aubjects talled to /

use any 1n£otﬁntiqn ftom the nced chemical equation ‘dn .

subjects lncbrporated
R .

"'mass apd ‘mole ""\ tog / inapptoprlatel.y in a propor- -

‘ tfon, while others

EN

used an anorrect algorlth@ for ;nass-to-mo).ea or - t

B

molea-to-masa convorsions. 6ecnuae correct performance of

akill 7 ‘involves a complex procedure. conbénntlons of sev-

, eral misconceptiona in studenrt answers were’ fairly comdn..

. The frequencies of t:lje misconceptlonswiﬁtitied tor ukL 1

» ) L] - - v ,-

7 are presented in ‘rLb}e 14. ' ‘» - T

‘A8 with akill 6, there was a’ signilicant raduc—u e . ‘.

’tion in the .freque'ncy ,of m.lscopceptlon Fn Palled to - ‘
determine limiting reagent‘) bét;ween the pretést and the 3

posttest, but there wu also an incraue Lr;. he Lrequeney,

g '~. “of miscon%epti.on 4 (9 Belecce( wronq substance as unttlnq

reagont").. 'rhe explpr‘tion £or t)hlo pat:oxn m{ty bn t-hat a*"‘ .
number of aubj}cth Attqr temdiatbon tocoqnud tha need to.

“use stoichiomet.{!.c mwn in doternninq the unittnq e

raagent,, but were unab).o to yse thum auccoutuhly.

"GCﬂY calculated ’fnolar masa or - -
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TABLE 14 .
N " Frequences of Misconceptions Exhib®ted on Skill 7
-~ R ' :
\ L )
. ) )
- S S " Raw Frequency Frgqpency (%)
[y 2 . . . e . . o \ ‘: ~. .
Misconceptions Pretest Posttest Pretest Posttest
. 1.'Calcu15ted product BN
" -based on'one re- - . - -
actant - failed to .
determine. limiting . o ’ Tt . .
) 'reagent._> . - 86 19 39.1 8.6
2. Added mass or - . ’
" .mole amounts of - ‘
. reagents. . 29 17 13.2 7:8
(S .
3.' Added mass or mole - 4 .
. amounts of pro— : °
ducb. : 5 D4 2.3 i.8
) » ’ % ! ’
4. Selected wrong | -~ )
© substance as lim- { .
iting reagent. 15 l 5.8 23.2
5. Failed to use o
" balanced chemical . \
‘equation. - 6 . 2 2.7 0.9
‘ \ < e . <\, - .
b Confuaed mass and* . v . T .
mole quantxties. 13 15 5.9 6.8
1. Incorrectly cal- ‘
culated molar, : = . .
. mass, : 29 - 30 13.2 13.6
- T j_
) ) o o
' %)
. 1 86
3
. ot \' | '
LT ' w. - o )

NN

PR ]



<’ It should be noted also that for skills 6 and

& . ,
7, because of the free—iesﬁgnse nature of the test items

on these skills, specific misconteétions could not .be "

" identified for a substantial number of subjects. Some
é—"s_'/—‘ ‘o . N '

subjects showed no-paldulations whatsoever and'merely‘

-7 . Quoted an answer, while others had'ind%&lphe;ablé workings .
.;\‘;_' : 'fgr the problems. Still others had nelither éuicu;@tioﬁs : f\\\\<

. . ! nor answers. , oo yoo v ) o ) o
Tfﬁﬁﬁg\' T N = lThe nunmer of aubjects for whom no misconceujf\\\\>:§>§§\\
'H,A ‘ . _f'::z‘ions could be identified was srgn{}icantly reduced L .
bet;een the pretest and the posttest: ng/ﬁl 4% of sub—':
jects, ﬂb\specific misconceptions coﬁid/te identified on,
‘, ‘ " one or both of the questions for 'skill 6 on the pretest,
- | ag. compared to 34.1% on the posttest IFor skilL 7 the
figures were 55.0% on the pretest and 30% on the poéttest.
| ‘Thesge decreases may be accounted for in the fact that stu-
- dents writing the posttest knew what to expect in te!ﬂh of
\ teat/items and couid allot their tine accordlngly. Also,
‘ it is possible that‘becauae.of remediation, subjects were
K - ub;e-to conpiete earlier testvitegd.more‘Quickly unq;hencé K
.ﬁi' o uould have more time und posaibly more pretequisite khow}-
édée'to attempt the test itema on skills‘é'and'7.l Rs* S
~ noted earlier, this ma have contributed to increased fre-
>\;uencies of mﬁe&bnceptions/pn the‘posttest.

\

Analysis of Hiaconceptions by. Treatnnnt Group DR

~N

e - {' ' A second analysia 1nveat£gated the effective-

)

ness, oﬁ various remedggl treatments in reducing the.

\ ' - ’



: , . ‘ -.' . .-' 88 .
requencies of specific ndsconceptions from pretest to .
posttest. Subjects who exhibited a particular misconceé-
tion on the ptetest were selected, by tueatment group, @nd
" the frequencies of that misconception .on the post;eet were

determined for the subsamples. Tabulations were made for

N . .. . N . N
~

each ﬁisconcept%en‘oc each gskill, but in most cases th%q,
frequencies were togo emallrfe;.meaqinéful‘;emperisone.

. However, comﬁinicg the,freduéncies go calculated for all‘
: musconceptibne on a giveh'akiiiAfielded humbers more suit-, ;': ;“'
eble.fof;comparison. The‘;esc}te of‘th@aﬂepalysl%_are~\ |
’ presented in Table 15 _ ﬁ !

] In 4 of the 7 skills in the hiera:chy for
stlochiometric calculations,‘including the top 3 skills,
_ the greate;t’décrease in the frequency of misconceptions - - A  <
among subjects who exhibited ;heee miscoﬁceptlonbfpn the’ R
 pretest was {n treatment C. "In two ekilia (akilia 3 and
4)'treatment A showeé'the greatest decrease in the fre-
quency of, mdsconceptions. In the final skill fskill 1) ' ;

- the frequencies are quite small but .in both treatments A

and C there was a 100% decrease in the frequency’ of. nds- - y;f.
'conceptiona on this skill, | Totalling- all of ‘the pretest
and posttest frequencies for each treatuent group reveals
that the overall effect in dlminishing the- frequencies of -
.ndsconceptions favors treatment C;(BB.O%), followed by
treatments B (82.0%) ané A (79.0%). The ateéieticEL sig;
nificance of the dlffe}ences Bet&ﬁep brepesc and poét?eiﬁ

",probo 1053 (Ferguson,.1973, p. 174) was tested for each
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TABLE 15 ) »
Frequencies of Total Hisconceptions by Skill for
. Selected Subjects Bxhibiting Specific
- Misconceptions on Pretest .
v N \
g . ? o Frequency
Treatment ' - :
.8kill =~ Group Pretest. Posgttest - 8. decreaﬁe
' Y . " . ' . ’ -\‘\
1 A 6 0 \ 100
. \ "B . . 9. 2 . 77.8
o . 6 =\, 4. 0.' , 100 -
= T . . . o }
2 i \ 19. 5 S13i7
- B 20 4 80.0
N c - 12 1. . 91.7
3 A 15 3 80.0
B 25 . 6 76.0 .
c .~ 19 D 2 '63.2
4. A 15 o - . 100
' B 22 2, ' 0.0
C 22 -3 6 4
\ 5 A 40. N ' 80.0
‘ B’ " 44 11 75.0
. C 3. - .4 ''89.5
o 6. A 29 -7 75.9
o B - 35 - 4 . 88,6
;;\.A c 37 4 . < 89.2
LTl A Yos2 o g 73,1
. . B 13 12 .7 V83,6
- T C T, 47 6 ‘ 87.2
TOTAL A 176 37 79.0 .
N B . 228 41" 82,0,
C 179 -7 25 - 86.0
\ % | ‘
;‘; . . . \
B 'IE:j N -sl p N ‘ - . '
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"*"skill and for' the totals, butﬂ&o significant differences

were found at the .05 level of significance.

. As noted above, the subjects eghibiting a given

misconception‘on the pretest were selected for anaiysis by

treatment group. - Thé extent to which the fzequencies

decreased on the posttest for, these selecteff;ubjects was

v

exandned A number of these misconceptioﬁs and their cor-
i}

respdnding frequencies by treatment group are reported in

" Table 16. Only m.isconceptions which were exhibi,ted wn:hg

an average pretest frequency of nine or greater per treat—

ment group are presented here, since smaller £requenoﬁes"
LN .
make comparisons less meaningful.

-

t For‘fivs,of the nine misconceptions reporteefin

‘ T&ble*ls, the greitest percentage decrease in'frequendy on .

the posttest was found for the treatment of group. For two

othera/(misconceptions 6a and 7b), treatments ‘B and C.

showed virtuallyvequal percentage decrease, both greater’

N

than that .for treatment XK. For the final two’misconcep-'

: utions (3 and Sa), redyctions were greatest fot treatment A

and treatments A and B respectively, though only for the

S

_former mdsconception is the distinction between the treat#.

ment_groups.notable. Tests of significance of the differ-

encesﬁbetween pretest and poettest prOportions for each

; udsconeeption revealed that the diﬁferences were not sta--

/
tistically significant for any of the misconceptions (p)- ,05) .

/7

'Improvement on Failed Skills - - U o /

»
’
)

A Einal analysis of the data concerns the

'

L S



’,\’ ) '-°I‘//.'.. "
:4;( ‘{. T.‘ . I,‘/ ' | 91
L to . )
0 ’ . TABLE 16
f“ . Pretest and Posttest Frequencies for Most
. =3 Frequent Misconceptionsa
(1 . h ]
o — _ 3
/ A ' " Prequency
H!‘ . L. \ - «-: ,‘, X .
- Miaconception Group Preteat,K Poattest Q}Decrease
o -, N R . . \ "
:‘f: ] - -'J'g,“.-' . ) , e N\, / .
. Skill 2 '~ Divided A-S0 100 4 ... '60.0
L molarfmaaa-by masa,; ‘B 10 A 4 ot 60.0
| | LR e By X7 85.7
. . ) . -.A.,‘.’_- L "-" . I:‘::’.E ‘ Y ‘ a
~ sxin '3 - Divided © 0 ST v N 2 183.3
: moles by molar mAss,, B™ 185~ 6 66,7
or vice versa. . i H.QZ; ‘13 Yo S :%_%- 61.5"°
" skill 5(a) - Did not A 7 0 100
, use mole ratios - B - 10 . 0.. " » jg“fpo
ooy calculation.bn ‘re- © C. 12 a1 W T 100
- . "quired’ aubatance . ' Eg [,&f - ’3_¢m
~ R | M
noo skill 5(b) -~ Com A 18 -3 . 66.7
bined mass and mole B 16 - 7 56.2 -
B} quantities._ c 13 3 76.9
] skill 6(a) = Chose A . .15 37 780.0
one reactant without “B/’ 24 1 95.8
‘- using atoichiometric c . 17 - 1 94.1
ratios. ) ‘ ~— A
A f, i . , N
Skill 6(b) - Con- A 2.7 .2 71.4
. fused mads and mole B, 8 .3 62.5
: ‘quantities. C 12 L2 83.3 :
3 skill 7(a) - Added A 12 5 58,3,
‘ ‘mass or mole quarn- B 9 © 12 .77.8
. titles of reagents. . C R: SR - 87.5
. Skill 7(b) - Chose A “ a1, 5 76.5
. . one¥reactant without B . 34 3 91.2
. using stoichiometric ¢ 22 L2 90.9
' -ratioa. ' TN :
- - T S
K . Skill 7(c) - Incor- A 7 2 Y, ,71 4
v ‘rectly calculated B 14 T Yo L 7.4
3 . molar mass.. ¢ 7 0 100
i}, : 55 for selected subjects exhibiting specific misconcep-
% ' ‘tiona on the preteat. ‘
i ' |
AL s ~
L f -, ) :



"fThe number of subjects is also: small for skills 2=~ 4, and Lo

, . . ) . N * Ky N
' ’ 92 |

. posttest performance of subjects who answered incorrectly
3 . -

both guestions for ,a given skill on‘ﬁne pretest. These

subjects were selected for comparisons between the three
trgétment groubs w}th regard to correct pérformance of the:

skill iﬁ%questfon on the posttest. For this analyede, . \

correct performance of‘alskill-is defined as anawefing‘

correctly bbth questions for a given skill. | A summary of _ j :

lthe data is presented in Table 17. - AR <L

\
,./

First to he noted is that. data on . Skill I 15?‘”

v -

.jnot included in the summary since only 3 aubjects answered }

both questions on this skill‘incorrECtly o the pretest~

thus’ any generalizations based on' these skills may not be‘
——l
meaningful. For, skills 5-7,. however, ‘the nunmers of sﬁb-,

—_— AN

Table 17 shows that for each of skLlla 5~74 the highest-

' and subaequently passed the skill on the poettest waa 1n )

.

'treatment C Though the differences are only slight in

':_each case and are not Btatistically significant, the data

.with remediation ‘of specific ndsconceptions) .-toved

jects are relatively large. - The percentage column of

percentage of aubjects who failed a: skill on the pretest

'fsuggest that students who were remediated according to

: treatment C (hierhrchical arrangement of remedi‘ ntent

a2,

Aslightly more than students in either of the other two - \“1

treatment leVela. A sim&lar general trend in favor of

t?eatment C was noted in. earlier analyses.



-

© 4
' TAgLE A7

Percéntages of Subjects Who Failed Pretest Sk1113
-and Passed Posttest Skills by, Group

' K B
. R 3 a’ ) ) b U - .. ’ .
S Failed L Passed. "~ % of change .
Skill  Group I'Pretgst‘fnl) - Posttest (n2)< ' (Ri,x 1008)°
2" A T 7 " 63.6,
-~ B "2 . - 58.3
. 1 6 /) 85.7
3 a 8 6 S 75.00
‘B 8 4 50.0
. c 11 6 54.5
4 A 9- 7 77.8 ¢
B 9 3 ©33.3
- c 13 g .’  61.5
5 A 22 5 22,7
B 27 4 14.8
c 26 8 30.8"
‘6 A 56 c 12 . o 21,4
B . 56 16 ‘ 28,6
.c .52 - . 16 30.8
7. " .a .58 R S 19,0
B 72 13 °. . 18.1
c U857 — 12 C21.1
A ' st . S ’ . L e
" \ K
T
4 Answered both questi&ﬁa on a skiil iﬁcorréctly;- )

v .
.. - c=

P Answered both questions.-on a skill cOrrecEly;
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SUMMARY
This chapter has described éhe‘resulhs of this
'study‘w#th regard|/to the reliability of thé 1nstrumenté,

the atatiaficgl signlflcance of the datahﬁndithg implica-

AN

tiona for the hypotheées under study, ané the patterns of

. \'__
pretest and pos&%eat performance with regard to misconcep-
.tions. and overall improvement on sk}lla. The next and

! . ' - . -
. final chapter will include a sumfary of the study, its
-1mplicatipna, and \a. 1ist of reqommendgtlona Eof fu;ther"

. 2 . g

research ariaing.fﬁpm the present study.
[ A .o

-
l
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‘ -Summary, Implications and Recommendations

ummary

This study haa'investigated the efriCacy of
three different levels of remedial treatment in addreas1ng .
.atudent ndaconceptions in the- correct performance of o

., 8kills in a learning hierarchy for stoichiometric caf@hla—

tions. This particular topic in .chemistry is probleuatic

for many high achool students, so that remedial instruc~

tion ig often required following reqular teaching of the © -

~

topic. '
. ~ The three levelg of treatment explored in tnis
study were as follows:

co _ ‘ Treatment A ~ remediation of failed skills with

o - . remedial instrcction presented in the.same sequence as ‘
\ questione teating these skille appeared on a pretest
(non-hierarchical arrangement)
\ ‘ Treatuent B - remediation of. failed skills with
o remedial instruction seguenced according to the order of .
fi . " & these skills in a learning hierarchy. |
) | | Treatment C - remediation of failed skills with
:l - ' renedial instruction presented in the order that akills' ';
! - :l: appear in a learning hierarchy, along with reference to. '
| individual atudent misconceptions throughout the renedial

materihl. The study- was carried out in a modified indi- .

.. ' Qiduaii;ed format wherein all students in all treatment
’ ' ' : ' 7

. grodps reéceived the same remedial contenti byt. each

\ -

e T A
]
’
a o

N
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treatmentyéroup was charpcterized by a unique‘arrangeuént

and/or feature of the instructional content, and each

student in each group was provided with.a unique prescrip-

tion based on his/her performance on_a preteat
. /

// A validated learning hiererchy Eor atoichiomet-

ric caiculations CBhelan, ggaz) served as the basis for
“the stydy _sscribed herein. A pretest and a parallel

, posttest were composed to. test each of seven akilla in.the

hierarchy. nf:;ﬁﬂ?ast contained two items periakill ind -

guestions o F of the seven skilla vere’ keyed to .
)

specific studen misconceptions through multiple choice

distractors. The chemistry pretest was- adnuniat;;ed o d
all subject during a normal class period, following which
the prete7z{écores Bere rank ordered and students were
randon&i/assigned to treatuent levels tn order of decreas-

ing pretest scores.’ This effected a matching of groups

‘wfth regard to pretest perfornnnce and allowed the inveat-.

: 127 or to use intact classes_of students with the three

vels of treatment represented in each class. In scoring

P}

- ’ . N
the pretest (and later the pgsttest) individual 'student

<

misconceptiona on each .8kill were identified and recorded.

During a later class session, each student was

..given a version of an individualized remedial booklet con-

3

taining remedial-iggtruction on. all geven skills in the -
hierarchy. Which version of the booklet a student’

received'depended %pon which treatment group he/she'h}d

been. assigned to following the preteat., Bach student's

——

L
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booklet was annotated so that the student could. identify

those skills on,whieh he/she aequired remediation. 1In

addltion,

for treatment C an annotation was made for weach

’

subject for each failed &kill which:identified the stu-

dent's specific misconceptibn(a) on. that akill in the pre-

.test.

Subjects ‘were exposed to the remedial booklets for

P

\

one class perioé, and during a later class session a post-

test was .adnministered to detefhine ﬁhether,signfficant.

ga&nelin achievement had oceurred in any .of the, treatment

groups.

of covariance but this statistical analysis revealed that

Posttest gpbrej were aéjusted through

the‘%reatmént'groups following remediatjon.

Thus',

N,
analysds

two

. null hypotheges were accepted - one relating to hierar-

chical versus non-hier&rchical-arrangement of remedial

there were no significant differences in achievement among

content, and'one relating to renediation with reference to

\

migconceptions veraus remediation with no. reference to

misconceptions.

Post hoc comparison with‘an equivalent

nonremediated group of subjects yielded a aignificant dif—

each of the three tbeatment gtoups. Co

evident on pretest and posttest ansvena were also investf1”

'gated.

Sone~general differences in- the.frequency of mig~.

b

ference between posttest means of the post hoc_group ani

The petterne of misconceptions which,uere

conceptiona between the preteat anJ the poattest were

, : noted, but no consistent patterna relating 4o vspecific

.

<4
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treatment groups could be identified. However, aeveral
analyses of pretest and posttest - responsea favored treat—

‘ment C over the other treatment Q&oups T -

Implications

.

1. Diagnostic—prescriptlve remediation (DPR) in this

toplc (stOichiometry) has been shown to be significantly

v NN
effective in 1mproving student achievement Furthermore e
DPR in all levels ‘was shown to’ have a positive effect in
decreaaing tnefgrequency of student misconceptions relat—?

ing to the skills in question. Thts implies’ that DPR is

potentially an important tool in increasing student " -
achievement S ) T ) . : E :
- l/ . '

4
IS

_ significant-effect on student achievement. Thougn‘a;genL

eral trend-in fabor of treatment Cc was'noted in the data

analysea, the implication for educational pracgkce-is that v

the additional effort required for diagnoais of 3tqdenb'_

I

misconceptions and for subsequent rémediation baaed on

LI ]

these misconceptions may not translate into inqreased
atudept;achievement. . I o
. ‘ ‘ ' LI

L 3 . ' cel

3. The method of misconceptlona identification through -
-1

keyed diatractors in multiple choice questions has implir

cations for the diagnosia o£°difficulties in a learning

-sequenhe as well as forxﬁr\baration “of instructional ot

and/or remedial materials. The prasent study illuattatea,;

the feasibility of this. ' L .

s 4

2. The method of remediation has not been shown to have a

v

¥
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Recommendations

While the uethod'of remedfation has not been
shown to have a significant effect on student performance
following remediation, several recommendations for further

study in this area are suggested below. '

1. The basic. remédial content of. the individualized stu-\\

dent booklet used in the present’ study should be feViaed
-somewhat fh format. A lﬁhger period of time ehould be .

'-fallowed for test!hg -and for the remedial seesxon. @u

-'ureplication study incorporating these changea could prove

~ -

-'f, ;ﬁruitful. o I »lff; ‘ ) o o -L; A
' R . . , ' R -_‘ ",,,‘ ' t .I -/ ." ~

. s Diagncsis and remediatlon should be incorporated

a~

-'together in a computerﬂprogram to anestigate various )

rimedial treatuents. Following a response to a diagnostic

_rq&estion, the student ‘would receive immediate remediation

' in various forms corresponding to the treatment levels

o

investigated’ in this study. The effect of mastery of

earlier skills on subsequent performance of later skills

' in a learning hiecarchy could also be studied in a 3imilar

format. ' _ ’ R

N

3. The nﬁeconceptions relating to- stoichiometric calcula—
ool

tions identified hcrein should be considered in curriculum. .

. . . Nae - e,
. - ’ '

deaign related tq this topic..

-

‘ﬂ,.

"4, A 'uusconceptione feedchk" treatment should be inves- .

1

tigated wherein feedbaok coneiatina of the identification

y o ( ‘ . ‘ ’.'\ . w

4



of a nﬂsconceptibn% Bgt no°remedial content, is provided.

This could be compared with other levels of feedback

and/or remedial treatments- in order to investigate the
condxtlons ‘for most effective use of feedback for improv-

ing student achievement (Yeaney and Miller, 1983) 1y

5 ]

. _ )
5. Any study investigating the effegts of remediation

should strive td ensure control over tbe‘remediation; per-.

haps through computeriza;ion, so that the inveatigator can -

be confident that subjects are~actually being remediated

according to prescriptioq.

. 100
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APPENDIX 1

NAME
SCROOL

]
g

Please do not write im this epace. ;| | '

8 ~
3
- . .

‘CHEMISTRY TEST - .

CIWE

This is a test of your ability to do certam kinds of
problems in chemistry. - Please work through the test as

directed.

\ ]

. v L .
For the multiple choice guestions, first solve the problem

- using the space prdvided for calculations, then pick the corre-\‘

sponding answer  from the choices provided and write its letter

in the answer space. Choose only one answer in each question.

. : ] . , ,
In the chez‘pes of guestions, PLEASE SHOW ALL OF YOUR

CALCULA’I‘IONS ON THE 'PAPER. YOU WILL NOT BE GIVEN ANY CREDIT

FOR CORRECT ANSWERS FOR.THESE QUESTIONS IF CALCULATIONS ARE

NOT SHOW- " . -

If ybbu haye‘difficulty with any one item, don't spend too

_y much ‘time on it; go on to the next item. Attempt as many
o questions as you can e\llenA‘if you cannot complete' the. whole: test.
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" Table of Atomic Molar, Masses

L 4

bromine (Br) ° . 7 8040
casbon () 12.0.
caleiuw (Ca). =~ T 4000
¢hlorine (C1)° ' 35.5
cheomium (Cr) - 52.0-

‘copper (Cu) ' ' 63.5

fluorine (F) = s ©19.0

- ..iron- (Fe) + 56,0
" hydrogen (8) SR ©1.00

lithium (L1) ~ 7.00
nitrogen (N) | | +14.0

oxygen (@ - . . - e . 16.0-

potassiun (K) L 39.0

© sodium (Na) 23,0

sulfur’ (S) K o .32.0

_silver (Ag) S 108

zinc '(2n). - S . 65.5

 alumimm (AL): ' . 210
. boron (B). - - h ‘1.0

NJt o

Element |  Atomic Molar Mass (g/mol)

-
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How many grams of aluminum oxide (A

a)

)

c)

d)

e)

"0.025 g

}2.50 mol of Al203?

) <
255 g

108 g
. o

40.8 g

525 g

The molar mass

a)
b)
c)
Q)

e)

'34.0 g/mol

4.00 g/mol
17.0 g/mol

~ «

" 108

1203) are present 'in

of hyérdgen perox (H202) is:

-

36.0 g/mol )

‘68.0'g/m01

Answer:

Boron (B) reacts with hydrdchloric acid (HC1) apcordipé'

~

to the reaction:

2B + 6HCL——>2BCly + 3H,

6.00 mol of boron (B) are completéely reacted?

a)

‘b)

c)
d)
e)
f)

12.0 mol
0. 333 mol
18.0 mol
9,00 mol
2.00 mol
6.00 mol

4

Answer:

. How many moles, of hydrogen (Hy) will be produced if




-

-
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Calculate the number of moles in 126 g of nitric

acid (HNO3); )
a) 1.35 mol R /
'b) " 0.500 mol - A ,/
‘c) '7.94 X 10° mol \ C -

L3 a ’ 4 ) @
d) 2.00 mol - L
e) 4.06 mol - -

« - , © * Answer:

The mass of one mole of calcium éarbonate'(CaC03Y is: ™+

La) 204 g B
| b) 100 g o
c) 5.00 g |
d) 68.0 g T

e) 124 g

Answer:

Sulfuric acid (HZSQ4)'and sodium hydroxide . (NaOH) -
)

-

. XYeact accor&ing to’.the equation:

H,S0, + ’2Naf)}i__>2H20 + Na, S0,

s

what mass of sodium sulfate (Nazso4) will be produced

¢
¢ ,
if 160 g of NaOH are completely rqacted?
a) 2849 .
b) 142 g
c) 160 g’ .
. N Qo ’
d) 35.5 g ‘ ,
e) 4.00 g -

£) 80.0g Answer:-
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- 3 - R
(4] ~
7.  Calculate the numher ©f moles in 145 g of butane
:;:—5-\((: aHlOJ : ~
o :
"4AY - 2,50 mol v
b) 0.400 mol ) )
c) 11.2 mol :
7D, 841 X 10° mol
e -
(e) 10.4 mol
. ' Answer: T
8. "~ How many grams of hydrogen sulfide (HZS) are contained . °
in 2.00 mol of st?.
- a) 17.0 g
b) 66.0 g
c) 68.0 g : a
d) . 0.059 g . <
e) 132 g . ° )
' Answer:
9. Sodium peroxide dNaZOZ) réacts with water (HZO)
according to the equation: ° * oo -

(-/QNazoz- + 2H20 ———»4NaOH + O2

If~312 g of Na202 are completely reacted, what mass of
sodium hydroxide (NaOH) Would be produced?

“a) 400 g
b) 8.00 g
c) 32g |
a 320 g .
e) 160 g o o ‘ ] |
£) 624 g - '- : - : S

[

Answer:

-7
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!

For the reaction: N,H, + 2H,0,——>N, + 4H,0
How many moles of H202 would be required in order
to’ completely react 0.500 mol of N2H4? ‘
oo e, _ . ,
a)” 68.0 mol \ "
b) .4.00 mol . A
¢y 17.0 mol . S . oLt
d)  0.500 mol | B
¢ © g - - - _
g) ~ 1.00 .mol ' '
£)  2.00 mol . y

‘ Answer: -

Carbon disulfide (CS,) reacts with chlorine gas

. (612) according to the eguation:

.

CS‘2 + 3_C12 > CCl

4

+ 32C12

If 228 g of.CS, and 426 g of Cl, are mixed and

‘ailowgd to ‘react until no further reaction occurs,

what mass of carbon t;etrach‘lo_r‘it.ie (CC14) will" be.

pi‘oduced? )

*PLEASE SHOW ALL OF YOUR CALCULATIONS IN THE SPACE. PROVIDED

N\
|

.
i
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12, Zinc sulfide (2nS) reacts with oxygen (02) acoording

to the equation: - =t
- LT K

. 22nS + 30,— '>22n0 + 250,
- If 5.00 mol of ZnS-and 6.00 mol pf. 02 are m;xed
together and allowed to react until no further re—

action occurs {jﬂé\ny rnoles of sulfur’ dn.ox.Lde :

(502) w111 be produced? - _ .

*PLEASE SHOW ALL OF YOUR CALCULATIONS IN THE SPACE;PROVIDED

-

- a.

- o0
. . . -

. A . . # :

Answer:. a

.

.
, ‘ -

13. Ammonia (NH,4) and oxygen (O,) react to produce nitric

oxide (NO) and water (H 0% accordlng to the equatid¥n:

4NH3 + 502—————54NQ + 6H

r‘

What mass, of nitrlc oxxde (NO) will be produced from

a reaction betwedn 85.0 g of NH, and 128 g ‘of 02

*PLEASE SHOW ALL OF YOUR éALCULATIONS IN THE SPACE PROVIDED

et e T DT

EGS
o
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14, Consider the reaction between lithium fluoride
\é (LiF) énd sodium sulfide {Na,S). aecording to the
equation:
~mazs + 2LiF'_>'Lizs + 2NaF

If 4. 00 mol of Nazs and 6.00 mol of LlF are mlxed
together, and aklowed to react until no further
_reaction occurs, how many méles of llthlum sulfide

(Lx S) xmll be produced?

.J

© *PLEASE SHOW,—_ALL OF'YOUR\CALCULATIONS IN THE SPACE PliQY,IDED

-

I B | o
) . S . R
I \ l“
; g
. - - I
rl
L
. I
P J.j;" )
By ) —~
- L .
' Ansgwer &
, -
4 .
7, ‘ .
.\‘
K =4
. [¢
» 1
- ) .
. 2 v
\
,
Ay ' ~ . \-
. - ‘:
A N ” \
s '.‘
™
A} AY
[}
: <
1
‘ v
v &
Y.
et &
' . ‘ v ‘
; Lo 2 , -
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NAME ’
SCHOOL. ‘
. CLASS « ‘
‘DATE |
;x
N <
. N . e v_}r 1 A
Please do not Afrite’ in t¥ﬁs space,
B )
N\ /. ] < )
‘ ' 'f
> . ] 1
™~ -~ CHEMISTRY TEST ' )

wThis is a .test of'your‘ability to do certain kinds of
problems in ohemistry. Please work through the test as
directed. o ) . ’ R Sy

For the multlple choice questlons, flrst solve the ¢

: problem uszng the space provided for calculations; then pibk .
tpe corresponding answer from the choices provided and write
its letter in the answer fpace. Choosgfonly one answer in '
" each. question: . . f ’ ‘ ‘ "‘Q

R _In the other types of questions, PLEASE SHOW ALL OF YOUR, ,7
ICALCULATIONS ON' THE RAPER. YOU ‘WILL NOT BE GIVEN ANY CREDIT

FOR CORRECT . Auswsns FOR THESE QUESTIONS IF_CALCULATIONS ARE,
- NOT 'sHoWN. = N . ¥ A

‘1f you have d;ffmculty with any one item, don t spend
too. much time on it; go on to the next items Attempt as
many quest;ons as you can even if you canno: complete the:
whole test. , -'i', . ' !



Table of Atomic Molar Magsses

Element

"aluminun (AL)
boron (B)
bromine (Br)
carhon (C) " .
~calcium (Ca) ‘

. qhiorine 1) N /
chiomium (Cr) -
coppef” (Cu)
fluorine (F) .
iron (Fe)
biydrogen . (8)

" lithium (1d)
_nttrogen (N)

. oxygen (0f -

potass‘imnf (K) ' ‘\‘,

sodium (Na)"

© gulfur (8)
silver (Ag)

\ zinc (zn)|‘

IS

Atonic Molar Mass (g/mol)

i 7.0
1.0,
80,0
SRR B
" 40.0 '
35.5 ;
52,0
63.5 ’
19.0
56.0
1.00
7.00
14,0
" 16.0
- 39.0
3.0 .
32,0
108
' 65.5

\

115
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. What.mass of carbon.tetrachloride (CCly) is present in

.40 mol of CC1,?

equation: .

1) 216 g
b) 110 g .
¢) 9.00 x 1073 ¢ S
d) 266 g y R > j
e) 66.5 g | B |
2. The molar-mass of sulfuric acid (H,S0,) is::
; a) 4§.O‘g/m51‘ - , L ' '
b) 7.00 g/mol ‘ ‘
¢) 196 g/mol ) '
d) 98.0 g/mol’
Qg_é) 200 g/mol
f) '8.00 g/mol . E ‘ o Answer
3.

| Ag + ZHNO; —— NO, + AgNO; + 11,0

116

Silver (Ag) reacts with nitric acid (HNO3) according to the

How many. mdles of Qucer (HZO) would“be produced by this reaction

if 4,00 mol of HNOy are completely Teacted?

a)
b)
c)
d)
e)

)

72.0 mol

2,00 mol

4.00 mol o
1 mol o

50 -
.00 mol B . ’ |
\ .

36.0 maol .
‘ 4 Answer:




-

potassium‘ hydroxide (KOH):

' . 117

“ 8 . .
How many moles of sodium sulfate (NayS0,) are contained in

[N

" 284 g of Na,S0,?

‘l 4.03 x 104 mol

b} O. SOO mol

¥

c) 4.00 mol
d) 1.00 mol
. s o
e) - 2.00 mol
" Answer: - :

The mass of one mole of ammonia (NH3) is: , LT
'a) 450 g,

-'. \
b) 17.0 g -
c) 4.00 g

. | o

d) 15.0 g B
e) S1.0¢g

° : » Answer:

Consider the reaction bet_wée_n hydrogenesulfide (}128) and

ST HyS % 2KOH —— 2H0 + KyS

7. ]

If 102 g of H,S are'completely reacted, what mass of water . . ° i

(11,0). would be' produced?

- a) -6.00.g
b). 18,0 g ' P . |
c) 108 g S ' ’
d) S4.0 g

o) 204p - B L

f) s1og | o Nosver
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‘How many moleé of calcium bromide (Caarz) are contained

in 100 g of CaBrz?A

a)‘ 2,00 mol .

b) 0.500 mol

c) 2.00 x 104 mol
d) - 0.833 mol

e) 1.20‘mol

Answer: .

- e ] A
.What mass of calciuom fluorlde (CaF ) is preaent in

3. 00 Rol of CaF2

A) 26.0 g

b) 354 g

c) 177 g

d) . 234 g . “ ) ,
e) 0.038 g

Answer: <.

Butene (C,Hg) rgacts with oxygen (O,) accérding, to

the equation: . =~ - . 4 ’
. : . ( . T e

L

If 28.0 g of C4H8 are completely reacted, what mass of

oxygen (0,) would be required (consumed)?

e
1

a) 192'g -, . , .

b) 96.0'9\ o | ’)
t) 48.0 g ) )

d) 3.00 g ' ' "

e) 16.0 g

f£) 168 g . hnswer:
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10. Copper (Cu) reacts with silver nitrate (AgNO,)
according to the equation:

Cu ¢ 2AgNO3

>2Ag + Cu (NOj),
How many moles of silver (Ag) would be produced if

0.800 mol of copper (Cu) undergoeés complete reaction?

a). 1.60 mol

b) °05809 mol -
c) éé.4 mo;'; : . . ¢
) 135 mol . | |
e) 0.400 mol . = - RN .y

£)  2.00 mol o~

> Answer: .’ R

1l1. Iron (Fe) reacts with hydrogen chloride (HCl) according
. RN /, .
to:the{équation:_ .

Fe +-2Hc1-————>1=‘ec12 + HZ

.If 168 g of Fe and 146 g of-HCl are mixed and allowed :
to react until o further'reaction'occurs bhat mass’
of iron (II) chloride (FeCl ) would be produced?

*PLEASE SHOW ALL .OF YOUR CALCULATIONS IN THE SPACE PROVIDED

L

.

Answer:




12. Hydrogen gas (H,) and chromium chldride (CrCl,) react
according to the equation: ‘ -
2C1:C13 j— 31-! —>2Cr + GHCJ.
I1f' 6.00 mol of chromium chloride (CrClB) .and_8.00
mol of hydrogen (HZ) arelallowed to react anil no -’

-further'reéction occﬁrs, ‘how ‘many moles of hydr._'ogen

chlorlde (HCY) w:.ll be produced? R -

T *PLEASE SHOW I\LL OF YOUR CALCULATIONS IN THE SPACE PROVIDED

Answer: . .

> " ’ 120

~'ll3. The' reaction for the oxldation of pentane (C 12)

is as follows:

+ 80 —>5C0,,

CsHy 2 2
If -144 gramg of pentane (Csi-llz)'_ and 128 grams of

+ 6H20

. ¥

oxygen -(02) .are mixed and allowed to react until no,

further. reaction occﬁ.rs, ‘what mass of carbon dioxide

’

(CO,) will be. produced?

*PLEASE SHOW ALL OF YOUR CALCULATIONS IN THE SPACE PROVIDED

P |

rd

\

nswer:




e

' 121

14. The formation of ammonia (NH3) may be represented by

A

the——eﬁuétion:
—

. ‘ N2 + 3H2 ———————>2NH3

.

If 3.00 mol of nitrogen (N,) and 6.00 mol of hydrogen
(Hz‘) ~are mixed a}md allowed .to react until no furtheyr

reaction occurs, how mahy moles of ammonia (NH,)

will be produced?

v

. : : .
*PLEASE SHOW ALL OF YOUR CALCULATIONS IN THE SPACE PROVIDED . °

i ' . Answer:

{)

.
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Introduccion:

The macdrial covered in this booklet is related to the use qf

the mole concept in determining reactlng amounts of unknow) substances.
This aspect of chemiﬁgxy {8 known as stoichiometry. Here, as in the test
you wrote a.ahoft while ago, the amounts of gubstances will bé expressed

in moles or in mags unirsd (grams).
\' \b' s .
Purpoae of this Booklec* v .. o _ . S

~ You have already dealt with stoichoimetric calculations in’

g clusﬂ; you alao uro:e a test of atoichiome:ric problems a shdt: while ago.

1Your test resulte indica:e that yon are having difficulty with some of

«

‘the types of problems on the tést. ‘This inscructionad booklet is intend-

-ed to help you»overqepe :hese difficulties.

~) .
This booklec consists 6f a dumber of "lessons R or skills,

/

—

which review :he,:ypeq,of problems which wére represented on the tedt.

Ihe'lesaons are arramged in the order in which -the problems apSeared on
. . 1 . .

the test, Plemse turn the page for further diractions on how to use this

bobkle:.

-3
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&

Directions y

Note carefully the chart below. The first column indicates
those skills that you had difficulty with. It is necessary for
you to do only those sections of the booklet which deal with
‘these difficulties. Beginning at the lowest skill for which you
have an (X) mark, turn to the appropriate page ‘and: ;ead through
“the" instructlonal material -for that skill. Once you have
oonplet:ed a skill, please turn back to this page to see which
skill you "should do next. ¢ '

If each skill that you do, please follow the steps carefully '
" and do all of the exerczses suggested. Remember, your success in

overcoming yolr weaknesses will depend upon how much effort you
are willing to put in. ‘Remember also €hat a thorough

under§tandinnj of stoichiometry is necessary for any further work

i \

in chemistry.

—Do- These Skill _

Skills Number ‘ Pages
) ~

1 , s

, 2 9

3 12

4 18

. - 5 22

’ 6 28

7 35




Element

Aluminum (Al)

Boron (B)

Carbon. (C)

" Calcium (Ca)

Chlorine (Cl)
iro‘n 'EPe)
Hydrogen (H)
Maénesium (l;i.g‘)
Nitrogen (N)
Oxygen (0)
Sodium (Na)

Silicon (5i)

‘Sulfur (S)

Table of Atomic Molar Masses

A

h 3

Atomic Molar Mass (g/mol)

24.{_‘

27.0 .

11.0 SN

12,0
40.0
35.5 "
56.0

1.00

14.0
16.0
23.0 - .
28.0

32.0

125
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» s a \ . . .
o . . Py

MJ_HQLISMSS Giveni:bcmmbetof moles aod the : B .
o fomulaof aca:pamd,calculate i e
>0 the mass present. A o '
~ - AN . ‘
If you are given ?&ichmcai formia' of ‘a compound, you-
s 6hould be sble to convert any' given himber of ‘moles of the
campound to its corresponding mass.. This sK{11' involves the Lse A
oft&motthe'canpmnd'(&mlinthedugrm-M).: : . ¢

A'Ihemasofmemﬁleofaoaupomducanedthemmm. S \
It:fonowsthenthatnmolesbfacdwpomdhnveauasotntim v :

the molar mass. 'In other words, thegivenmmbe:otmlu of the
cmmmmmmwmemmmtogivethem o
present. This may be sm:ized as £oncws Ay . ‘ 1 T
Hass‘ﬁese'n: (g) = Moles present (ml) x Hoh_z‘ mass (g/mol) ]
_ - . )
A Sdgmple problem and its sglution are given below. . 4
. - . A
. ' =
. - 2 | .} .
Oy ) -« )
N \ ~ ~
. . -
i




o ¢ - ¢

2 B w - /

EXAMPLE:

Before the mid 1800's the two most comon anaesthetics used
by dentists were whiskey and a blow on thé bead. u!_'.a': nitrous
B oxmmmt'eamemxyum : < .

1‘1 a dental patient inhaled 6. 50 moles of NZO» sdnt mass of

xo\mm hehave inhaled?

~

.(‘ -,
. [to tind the mass of
one mole (molu h.sa) of nzo. and theﬂ mltiply that mass: by the -

kN g m::berof molea given (6. SOmol). .
¢ _ -
». : " o ’ . . . C T -
T ;T STER s Galcul&tethémlumsso{tbecoupwm. M
’ . . L I -

-‘\ .- Q: ’ '. ‘ i . .’ .
" 1 . fﬂ' 6/ ‘ ; co. A' . .,
: e (a) = 2 mol N+ 1mol of O« S
l‘: . - o } - w’ .

' ; T ; .. . . : - . . b .‘v ,
' (b) _fram Table p. 4, atomic molar pass of: ‘

: : C N—»i‘t‘.oéﬁml
Yo N o 0 —>16.0 ¢/ml

» T (e) **~{ ‘Molar mass of N O ' L -
S Co - -(2m1x14.0q/ﬁn1)+(1mlx160q/ml)
- © 7 =28,0'g+16.0: gy - - L

Sl - ' ‘-MOQ/mlotnzo_' - S

£ v
. N
,:' ) - = . :
o A
P ' »N_
- \\
V. L \
o/, . '
Fr . .
{ : N
den
ol R t
" .
W\
N
\‘> I‘._. ,
;‘\“ a0 3 <
e
A | 'hi:b 6y BN 1 k
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STEP 2: Multiply given mumber of moles by the molar mass ‘

) . Mass present = Moles present x Molar mass
= 6.50 mol x 44.0 g/mol \
= 286 g

(

‘1
. ' - -

¢ - The déntal patient would have-inhaled 286 g of nitrous oxide.

L] -

~

. : L .
, }UI'E TIE the given ’rﬁpgr of moles is grea&: than 1,.the mass
preseft is‘greater than the. molar miss. ' If the given number of
" moles is less than 1, the mass present_ is less than the molar
mass, : : o

1} T . o

L}
)

Moles 5 1, Mass >-Molar Mass B
Moles < 1, Mass < Molar Mass —
You can use this "nile® to. check your answer to sqe'.whether it is
% logical one.-. e

-

»

N
EXERCISES; ot . S

', L. Calculate the mass present 4n one half mole of propane

\ (C3Bé)¢ \\ | . ‘ \ .A . : L L ..

. . B
v . . ;

- STEP 1: Molar mass of C3Bai ' ‘ .

, \‘-' - . . ' ﬂ'
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'STEP 2: Mass present-=—joles present x Molar mass.

Chek: 277 Holes presant < 1, Hass < Molar mass. C
© ‘Moles present > 1, Ma.ss)bblarn'ass

v‘l'

~,

2. Bow ma.ny grams of sodium nitrate’ (Nama) are preeent 1n 5. 00 - '

mol of Nama? : .

‘Turn to page 42tn youransmra.

\.‘ A

Once you are satuﬂed that you understand this skill. return to

page 3 and follow the direcuons there., . A
) " . . . ) ’ '

) ., - ~

l.'
v X ; ~
v o
.8
; 4
’ ' ‘ o S ) ‘
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W Given the chemical formia of a compound,
calculate the molar mass of the cmpm.nd

mlafm;égof'a conpapdin the mss of one mle (6.02 x
10 molecules) of a compound, If you know the chemical formula 1
of a compound, you should be sble to calculate its molar mass.

r

Inordert:ocalauntemmmsyouneedto_kmw:

A. The mmber of moles“of sach elefent in one ‘mole of the
. compound. . ) _ .
o This information is imediately avallahle from the chemical
- formila. The gubscript directly following the chemical symbol
" for each element in the formula mdicaua the number of moles of
“that olmt‘in/oﬂie mole of the campound.n

- Thif . information can ‘ba .cotained from a standard periodic
' table. In ;his booklet a table of atomic molar masses of

. _selected elements fn' provided (see page 4). o,
' & ' -
' " The stepl invol in the calculation of molar mass are .

- , autlined in the exanple following. _ .
/ -
] —

9



EXAMPLE ¢

- Nicotine, a poisonous substance.found in tobacco leaves, and thus

131

-~

in cigarettes, has the chemical forrula C B_’N. What is the molar

mass of ns.cotine?

STEP 1:°

STEP 2‘=

SI'EP3:

Dl

G

g

/“".'
Wtite the nurber of xroles of each element’ in one mole of
the* compound . - ‘ \

2 v

C B_N

»

~e

m.‘ltiply each nunber from SrE:P 1 by the cor::esponding
atomic, rnos.ar mass (see ‘Page 4).

mcan: . ' - -

57 S -

for ¢ — S mol x 12.0 g/mol = 60.0 g
for H~—» 7 mol x 1.00 g/mol = 7.00 'g“

for N Imol x 14.0 g/pol = 14.0 g

+*

233 together the total msses of t'.he etements in the
compound (the answers in STEP 2)

Molar mass of CSB7N = 60.0g + 7.00g + 14.0 g = 81.0 g/l

L}
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EXERCISE:

1. Calculate the molar mass of aluminum qxide (A1203) .

STEP 1: Write the number of moles of eachvélement in one mole of
the cofpound + .
A forAl-L : ‘_.'o:‘O-__‘

.SI'EB-Q m.tt:iply each number in SI‘EP 1 by the atomic mla: mags
of the element concerned (see table page 4).

for Al —
foro\\—» .
. ..
STEP 3: Add the answers in STEP 2to £1rdtbemolarm.sso£
AlO3o ‘ % R . LT
Molar mags of A1 O = , .

23 P

~

2‘. Calculate the moh:\mss of each of the following

i

a) - sodium sulfide (Na S)

b mqneai\m chloride (HgClz) \ L \
‘ ,. ' . " "‘ A N l' //
‘) glucose (CSBHOG) e _

Turn to page 42 to check your answers. Onea'ym aze .
satisfied that you understand this skin, :atum to page 3 and
follow the directions there, : -

*
¥

11
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-~ Given a balanked chentcal equation and

calculate the ' of moles of ohe
other reactant kr product. . )

N \ * . “{

The caléulations involved in this type of problem require the
‘use of the halanced chemical equation for the reaction. All
further' skills' in. this booklet will also require that .you
mmmmumle&mmd%mlmeqﬁum.

,

Consider the following situatiob involving a chemical
reaction: ‘ ‘ ' '

L . Two waste gases produced by hﬂmt:ij'al Pprocesses *are.aulfu:

| % ~ @doride (S0,) apd bydrogen sulfide (A.5)) One way to deal with
T ]

. P usapl‘a form, SOZ and 8 S, may be recovered in  the forme«of

\ _ elemental sulfur (S) according to the equation:

, |
- S
- N

S+ —»3S+ 280 .
2 2 ‘ 2 ’
- 3
A .
L 12
\ ! _,r
f“ - A ]
rv';' " x
- : ),
¢ )
o . )
g Y .

" the number of-moles of one substance,

on caused by such wastes is to recover them in a

133

(/
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o

Such a balanced chemical equ&tion contains i{important :
information' sbout the relative amounts of substances involved in . v
‘the reaction. - The numerical coefficient (the nugber directly in
front of ‘the formula of each substance in the reaction) indicates ,
the :elative nurber. of ‘gnled of that substance involved in the
:eactim. The cbefficients give the. wxm
between reactants and products. = These relationships may be-
written. in tbe form of rat,ioa. S
For exa:rple; in the equation below, the mole rati.o of st to S
will always be: ' ~ T

T

" R B PN ..
. to 3. mol of S
28 S+ S0. —+38+280
L2, 2 /232\ _ IR
to 2mldAQ - ; _——
”~ 1 .
Similarly, the ratio of 902 to H O (water) will almys be 1:2, o
indicated above. :

/
y
.2 « N
‘ [y

Such mole relationshipa can be written in the fom’ of fractional

:atios In the exanples abovez ' o, .
2 mol of H S
(1 ‘ 2 ~ 2
3 mol of S 3 i

»
c

!'his means that for each 2 mol of 825 :eacted, 3 mol of S wnl be
p:bduced in this reaction. e ‘

13
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[ . -
(11) 1 mol of SO2 1
2‘ mol of 320 . 2

’

This means that for each mol of 50, reacted, 2 mol of H,0 will be
produced in this reaction. A
‘Thig information can be used to solve prablems of the. : givén_ .
below. ' ' \\ . J .

: [

\Inth‘e rection: < 28,8 + S0, —> 35 + 280

[ " . bow many moles of sulfur dicxide (SO_). ‘would be required to
- _ completely react with 16 mol of hydrogen sulfide (HES)?

‘ PR .
The so;ution to this type of problem involves three stepe.

STEP 1t - Determine from the equation the mole relationship of
. Known. to Unknown and write.this as a ratioc.

* . NOTE: Kiown \ = Substance for which in.fo&_mtim is given, -,
* | Unknown =. Substance for which information.is required.

A}

-Indxeprob;mabov_e: Enosn = 928 : F

o | i . Unkngen = SO,
. 'v R . i o ' o . ' . ) a

e Prom the equation we see that the ratio of Rnown to Unknown is:
' 2mol of BS 2

- 1 ool of '802 )

A A)I.. R
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STEP 21 Let X = the required number of moles of Unknown®
(mz)c N T (

- Write a second ratio using. the given number of moles
of Known and using X for the Unknown amount.

' 7/
" Known (given) ' 16 mol of st 16
" Unkngien (X) (¥ ool of 80, -
STEP 31, Write the two ratios in a ptq;ortion and solive.for X. ‘_
"

. +

" §ince the mole ratio of any tuo‘mbgtancea in a
reaction will alvays be the same in a complete
reaction, the two ratios above are equal.

=
2 mol of BS (from equation) —""™~ 16 ml of B S (given)
N ~ - ] ad . )
1 ol of S0, (from equation) X ml of 902 (zequited)
. ' [
. Thus: 2 = 16
1 X

Solve for X by cross multiplying: 2 = 16
- 1l X

(‘

‘ X = 16
- x-‘BmolofSO

We can now conclude that 8 mol of 802 are required to ccupletely
react vwith 16 mol' of st in this reaction. N

NOTE: _'Ihet:wétatioeareeqml.-

Z (from equation) = 16 (from calculation)’
1 B : 8. .

136
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Y

'mestepsin aﬁg].g_:.g_&plecalauatim may be mmmrizedas
followa:

STEP 1: Detemmine the mole relationship of Known to Unknown
from the balanced chepical equation, and write this
" as a ratio. ~ :

STEP ;!.' 'Wribe a secmd ratio.-of Known to Unknown using the
" given nmber of moles of Rnown and using Xto -
:eptesent the :equized mmbez of moles of Unknown ,

STEP 3: Write tbe two ratios in a p‘:opo:_tion and solve for X.

v

v ) "

EXERCIES: &

Alumintm oxfBe (Alzoz) reacts with carbon (C) to produce aluminum
(Al) and carbon dioxide (CO ) aecording to the :eaction.

mo X+ X0

: 1. Calcum:e the mnrbe: of moles of Al produced by 6 moles of-

Al_0-.
.23

STEP 1:  Ratio of Known mzo 3) to Unknown (Al) from equation.

. . ‘ \ . .
STEP 2: Ratio opxnown (given} to Unknown (required - X).

.
L3

. ‘ | |
STEP 3: - Write as a proportion and solve for X.

16,



1 38
2. Calculate the number of ®les of C02 produced by-l2 moles of
C in the reaction: .-
. . h N / .

200 O + 3C —> 4Al + 300
23 ‘ 2°

§ E

Turn to page 42 to check/')ifg.ur answers.

Once .you are satisfied that you mwderaf:and this gkill, return to

page 3 and follow the ditections there. ’ -

<
. “b
.0
. .
‘ e
-
. N
\‘}
' ’
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]
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.
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by
1
' a1
\
] (/'

! ' ;
m.u_wz Givmthemsamdfo of a
ecnpo-.md ‘calculate . number

of ml& p:esent.

L
Izyoua:egiventhe &:enicalfomﬂaotaconpwtﬂyou

ghould be able to convert mygivenmssof thecaupound to its
corresponding number of ~moles, This skm 1nvoivm _the use of
q the molr' masg of the compound, /
'nsemla:mansotacoupamd udefimaasthemssofone
’ mle of the cotpound, It follows then that-fny given mass can be
coverted to ‘moles by dividing the given mass. by the molar mass
‘This may be sumarized as follews:
N . Number of Moles Present = ?gsir?resgnﬂ“g(mo
. . ‘-( N . . * 3 - . i
R A - ’ -t . .
/ , | A 'sample problem and its sQlution are given below.
o ‘ 7
’ . ‘,’ \

7
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Silicosis (s a lung . disease contractad by inhaling ~ dust

tomdinsmblasﬁngormsiliconmining. The dust conadsts
of a ccupomd of ailicon and o:!ygen nJ.;.ed ni.ucon dioxide

(SiO) . )

2 :

.1If a maninhales 180 gram of 8102. howtmymles of Sioz
has he inhaled? = . S N

The approach to this type of problem is to calculate the mass
of one mole (mhrmss)'ottbew;amu\entodlvidem

givenmsbygbemla.rm%.\

STEP 1: Calculate the molar mass of tha dompound.

J - 4
« -

. . N
o (a) . In S10, + v .
/‘ -\ ’ . .
, Lana.L&i*-mLQLQ.
L_/ (b) From Table ‘p. 4, atomic molac mass of:
! 7 84— 2800 ¢/mol N
. ~ " | ‘ » '
(c) ) RS - -
- (eol £ 26.0 g/ml) + (2 moi x 16.0 g/mod)
/ - =.280q +32.0 g &
' ! s g \ ' -
. 60.0 ¢/mol of 8102 ¢ |
. \ w (4 ‘
A \
_ ’ 19
‘ A
v \

.\‘
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. >
'STEP 21 Divide the given mass of the compound by the-molar mass.
Mass Preserit
Moles Present = -
Molar Mass
s . .
N o

1

_ 180 £
ECT 60.Q g/mol

= 3.00 mol

| | . N .
. .The man irkales 3.00 mol of S0, .
’
‘ . _l } s ) ) .
\ U ‘ . N
A USEFOL, CHECK: .o P
}’ttbagivmmssisgxeaterthanthemlaxmss.themm
ofmluusnbeg:&tezmnx.'\umgimmulmm
themlu,ma_,themmbeﬂofmluwulbelessmanl. -
. A
:. Coa Givgnmass)molumss,mla';l -

| _ ;Gimmss<mhzms,mles(l . '
® L 4

’ ..'\~‘ . q

You cen use this Wtocbed:ﬂm:mmztosee.uhetheritia

uogimém

-

.o -
B I
_"'» -
“‘.' . ’ a
- N ,
. g E . - ,
. N ' ©
o 20 \
L ' »
Lo ’
ot )
T R i ,
A " u
- . . .
Iy et '
" \ .". AL ]
g “ﬂ:’f i ‘L:,T‘ 1y y . e.®
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EXERCISES:

1. Calculate the mumper 'of noles of sodiun oxide (Ra O) inl24 g

Of‘m o. . * *
2 _ ) . o
-7 - : ’ ,
. , N " Y - (\.
1: Molar mass of Ma O:
' i l ;.. e ' ’
N ‘ Gimm -
. /§TEP 2: Moles present := . Molar mash
' ’ 4 ) N A
CHECX3 22?2 Given-mass > molar miss; mlgs »l.
/\ Given mass < folar mass; noles <1 | :
L) y C ' T3 ’
&.
$
- . . : - 1

2. Calculate the number of - moles present in 162 g of nitrogen
pentoxide (NZOS). ‘ ’ ‘ : -

[ . .o )

Mtbpageu to check your answers. Once you are satisfied
that you understand thi® skill, :gtufn to .page 3 and 'tonw.the'
directions there. - . coe O . ‘

_——

sl .

21
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SKILL § ~ MASS TO MASS: Given the balanced chemical equation for
e ‘ a reaction. and the  mass of one

. . . . . . .. . .., . . - ;‘
In gkill you are required to calanlate the mass of one

8 .in a reaction if you are given the mass of one other

substance and the balanced chemical equation for the reaction.
Thid skill is a caubimtion of th?ee other ski.us

\

Bere'is a sample problem iiw_qlvi:ng a dase t-.o' mass calculation,

One of the p:cblem of apace t:avel 13 the buud up of carbon
dioxide (00 ) p:oduoed by the astronauts in,tbe space vehic],e.

One pr for solving this ptoblem was to tme sodium hydroxide

(Wm:mwzumthermctiMx )
: . ) ¢+ — " ‘
Ao 002 mzco3 7.0

If the average hmmn body diacharges 924 g of m2 per day, what
msotmwu.ldbe :equi:edtormvetm lyoutputofcoz
by one utromm:? '

|
‘..

.. 143

.. fubstance, calculate  the mass of one

N

-~
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The spproach to solving this type of problem is to {first
N convert the given mass to moles. Then using the mole
. relationship from. the balanced chemlcal equation, determine the
mmber of moles. of Unknown mbstance producede({Males to Moles
calculation). This calculated number of moles is then converted
to masas, ’
J
’
_ Ve ! : - )
) STEP 13 Convertglmmasstoml‘ea, '
, Given mass = 924 g of _602
v ‘A' i . . ) '
To convert mass to moles, divide mass by molar mass. .
- - _ .
. Mass Present
. < Moles present =  Molar mass .
o : . R
a) ' Holar mass of oo_.
(lmlxDOg/ml) + (2 mol % 16. cg/m;.f
. - -“Oq/ml oL ; :
: 924g ” ‘ _
b} Holesp:esem:-—'-—-———- 210ma1 » : v
' 44, 0g/mol :
. '& A ' Y -~ ¢
¢ ) . ! ‘ > ':‘
3 '
oo
.
‘.’ [ " hd 4
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o~ STEP 21 Calculate the number of moles of Unknown substance

(NaOR) that are required -to react with the niftber of
"moles of Known substance 'calculated above (21 mol of

\

Q).
2) A )
& ) J ‘
This is a Moles tb Moles calculatigg involving these three stepds
(a) Determine the ratio of Known (CO ) to Unknown (Nz'\OH) from.,
the equation. :
A ] - -
. . .
‘2Na0H  + CO _> CO +.80
- B 3 2
/ R . Known = Substance for which infomtion is given.
e | Unknown = Substance for vd:ich information id required.:
Rnown 1 mol of co, 1 ‘
0 - I‘ - \
. . Unknown 2 mol 'of MaCH "~ 2
SO ‘ ‘ A ,
- . {b) Write a second ratio using the calculated nurber of moles of
) Known from Step-1 and using X to repzesent: the‘“ requized ‘
.\.\ _ nnber of moles of Unknown. ©
' - ~ J [ . !
. Rnown (given) 21 ol of co,. 2
‘ : ] = o
Unknom;(reaned) X mol of NaOR X
" “(e) Write the two ratios from (a) and (b) ina propéa on and
Bolve for X.
| - . : '
. A 1 mol of CO 21 mol of CO
" Y ‘ 2 2

o .

2 mol of NaOH X mol of NaOR

145
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STEP 1t

© X = 42 mol of NaOH

R
A )

Convert calculated number of moles of unknown (42 mol of

MaQH) to mass.

To cha.nge from Mol;s to Mass, wquultiply as follows:

a)

.Mass present = Moles Presefit x !olar rass

13

ar mass of NaE)Bz

9 )

"= (1 mol x 23.0°g/ml) +'(1 mol x 16.0 g/mol)

"+ + (1 mol x 1.00 g/mol) y v

= 40.0 g/mol

b) Mass present (NaOH) = 42 mol x 40.0 g/mol

Thus 1.68 x 10 g pf Naod would be required to remove the daily

v

. 3
-16@043-1.68::10 g

outout of 00O of one astronaut.

2 - :
A.review of “the Steps in this Skill reveal that a Massg to Mass

calculation is essentially a combination of three skills.

.
‘.

146

STEP 1)

STEP 2

STEP 3t

Convert given nmass of Rnown substance to its cor:espond-
ing'n r of moles. :

.~ (Masg to Moles) / o '

| 4

Calculate _the:

corresponding to the culated nurber of moleés of Rnow

from STEP 1.
T (Moles to Moles)

‘

Convert calculated nurber of moles of Unknown subsEihce

(STEP 2) todts cocresponding fass ,
(Moles to Mass)

) R .
2.

i
!
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1, Mathane (d‘) reacts with oxygen gag (02_) acoording to the
\ equations , ' ‘
. ——>C0 $ 200

ca, + 2, 0, t 2,

If 8.00'g of <8, are reacted, what mass of water (8,0) would be

_ produced?
STEP 13 Convert given mass of Known (CB4) to moles.’ '
" a)  Molar mass of Known substance: - 5 o
“ oL : _"'«l - ) .
- . S o - Mags )
‘ : S b) Moles = Molar Maas.
B ‘/
B'IEP 2: Calculate moles &f Unknown (820) produced by calculated
‘ mlesofxmwn(_mlofci) ‘ :
‘. . . . .‘ . ' [
: (a) . Write the ratio of Known to Unknown f;.‘an the equation:
Known (CH ) -
. . .
L Unknosn (52'0) :
" (b) ‘Write a ratio using thercalculated number of moles ;af
" from Step 1, and using x to tepzeaent the mcpired mumber of
molesa of Unknovn. _ :
. : ' \
_ "~ Rnown {given)
- | A _ .
' "Unknown (required) .
j_“" le) Write the two ratics in a proportion and solve for X.
I ' 26 -
I..
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STEP 3: Comert moles of Unknown from STEP 2 (___ml of 820) to
its co:tespmding mass, o

. N
F . a) Molar mass of Unknown substance %

b) Mass present = Moles x Molar mass

N - R . ’ \ .
. ‘mintopage.u’todmed(your‘answers.‘\ o R

- Once you are’ sati.sfied that you tmde:stand this ski.ll. tetu:n
to page 3 and follow the directiom -there,
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\ S
‘ N .// . ,
s
I
A .
ay-- - .
=¥ 1 Given a balanced chemjcal .
- " equation and the masses |
s of two reactants, ' ane ot

I ' - which is  in excess,
R o --calculate the mss of a.
: ‘ product. - a

e “In some -problems (and in some chemists® actual‘ situations)

N the mass of each of two reactants is Known, but one.of them may

" be in excess, The question ig: How mich product will be

e produced if the given amounts of reactagts are mixed and allowed
to:eact? meexpectedmt ofprodnctcanbecalmhtedusi.ng
a embination of Beve:al skills."

An .exm:ple_ of this type of problem and the p:oce&xe*for'
working 1t out are given bqloin ‘ '
- mummmmablastfumcetheminreactlonwbich'
« . ocours is: | ~ v

' Fe.0_ ,+ 300 — 2Pe + 300

’ €2y TEerTsy
If 320 g of iron (I) oxide (e 0,) and 252 g of carbon
mnoxir!e (CO) are ‘present in the T on chamber of the blast
.fuxnnco. what mass of iryp (Fe) would result according to the

roaction above?

" 28
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The approdch to this type of prpblpm {s to convett the given
masses to moles, then using the Moj.es to Moles (Exceea)

calculation the number of moles of pm&ct can be determined

This mole quantity of product :ls t:hen converted to mass,

! 1
The. STEPS in a mass v mass y - (excess) calculation’ may be
summarized as follows' .

Y

A

150

hd .

STEP A: Convert given masses of reactants to moles.

NN

‘STEP B: Do a moles to moles (Excess) calculation,

1. Find the nutber of moles of Unknown <(in this case, Fe)

which  might be produced by the calculated number of moles of
Rnown'A (Fe 0.) énd the number of moles of Unknown which might be
produced by the calculated nurnber of moles of Knoun B (m) .

’

2. Det;enfdne the Li.m.tting' Reagent.,

3.. Write the nmrbez of moles of Unkno'.m produced by Limiting
Reageflt. '

s : ;
. . v

STEP C: Convert calculated moles ot‘ Un?mwn (ftom SI'EIP B~3) to

its cor:esponding mass, _ ) .
f

29 7
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Back to tho original ptoblﬁm

For the reaction: F6203 4+ 3CQ0 —=—n 2Po + 3002

/

" we want to answer the qtiestiou:

/ .

320 g of

\

-

y

STEP'A: Convert given masses to mles

L)

l-‘ezo3 +252gof QO = __2 _gofFe

’ .
¢

Moles Present =

-/

‘Maga Present

Milac Hass

- Rocem Az Pe‘263 = [ass pteéem: = 320 g

. Kol

Moles Present =

)

Molar mzs8 = (2 x 56.0) + (3 x 16.0)

= 160 g/mo)

~

160 g/mol = 2.00 pol

Engm Rt CO ~ Mass present = 252 g

Holar mags = (1 x 12,0) + (1'x 16.0)

¢

= 28.0 ¢/mol

.*'”

2829 .
28-¢/m0l = 9.00 mol

151



STEP B: Moles to Moles (EXCESS) Calculation

1. a)

Rat:io of "(Fe 0 to P :
E;m e 3) Urﬂcmh (Fe} from
equation.
Rnom A lmolofFed - 1. o
‘ [ P n

Unknown =~ 2 mol of Pe 2

" b) Ratio of calculated number of moles of Knowri A (Step

A) to required number of moles of Unknown (X) .

Known A (given-calculated) 2 mol of 1’«'9203 2
Unknown (required - X) X mol of Fe X
c) Write ratios {n (a) and (b) as a proportion and solve

'for x.

l = 2
, 2 X
me_n_@sn_mmm
d) Ratio of Known B (CO) to Unkmwn from equation.
"EDgwn B = 3_m1,.nf._cn -\
Unknown 2 o) of Fe 2
e) Ratio of Known . B (moles calculated in Step A) to
required number of moles of Unknown (y).
_Knowm B (given—calculated) | 9 mol of 0O 9
Unknown (required-y) - y ool of Fe Yy

F\ < 31

152



‘' £) Write ratios in (d) and (e) in a proportion and solve

for y. _ . B ¢
=2 3y o= 18y = 6 mlof Fe could be produced
2y - L e ’
SN

2. Daumim Lim{ting Reagent (see dimsiqn on page 55) .
~ . .

Limiting Reagent is8 Fe O because the given amount of Pe203
will yield fewer moles of ptoduct {Fe) than the given amount of
0, if poth waré\funy reacted. ' 7
- ]

[}

Note that in STEP ; - 1, two poasible amounts of product (Pe)

were calculated. But the actual amount of product which could

fomisdete.minedbytbezeagentuhichiausedupfirat in the

reaction - Pe 0. Once this reagent - the limiting reagent -~ is

used up, no %uthet reaction can occur. The other reagent (CO)

was in excegs; there will be ‘some CO0 remaining after the reaction
3. Joles of Onknown (Fe) actually produced = gymol

320 g (2 mol) of \sezo3 4+ 252 (9 mol) of 0O —» 4 ol of-Fe

\
]

srspc: Q:nvvgm]nﬂatedmles ofUnkmwntoﬂus

P:eaent = Moles Present x Molar Mass

-

Hola.ruassofs‘e-SSOg/ml

Hnu?tumt-l.oo moleSOg/mol
-22490£Pe

'hcannowea\clndethatt}nructimotﬂOgofFeos and 252 g

of 0 widl yield 224 g of Pe, ‘
e

- 32
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EXERCISE: - Consider the reaction between acetylene (Czﬂz)

oxygen (0) according to the equatibn
zc252+so —nco +ZBO‘ ot

HSZOgof Czﬂand320 gof O uemixedtd;ethuuﬂ
a].lowedto:ed&mtilnofurthe:m onocmrs,\batmaotm
carbon dioxide (m)willbep:omced?

»

>
\ R
.

-

STEP A: Co;'avert given masges to moles. - A,
'52.0 g of C B lof CH
go .5, = mol O A
¢ . : ; .
32gof0 = mol of O _ .
gotSy " — 2
[ . \ . -\‘
v ro ' ‘
STEP B: Mdles to moles (ﬂ(CESS)'onJ.culatim- S '

. , _
1. a) xnam_A_m:umle _ " Koown A (caloulatad in Step A)
' tnknown (Bation) — Onknown (required-X) °

»
- 1 o
x (
L
: 1
X = ’
/5 l»
b) Eooen B (Bquation) - Kncwn B (calculated Step A) .°

-
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e
i
AN
\'h
£

-

A Rea __q.wldmz

_'m 8
;
2. Limiting Reagent:

22

¢ ‘
»

A

.“";‘ - o . ~.

£

,.'n.sm C: Change moles of Unknown (STEP B-3) to mass.

g of

-~

i CH +32.0g08 0 ==y
52.0 9 £ C8, §of0, =

v . - : . C

&

: A
mmtopngeubocbtd\mmm : \

ﬁ\

¢ . z }':
3\. 482,0 g (__mol) 6£ CH +32.0g (__ mol) otoz—)

(N o . . ' . -
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sn*'l_-nm_m_amz Given a balanced chemical .
S S equation™ and the rumifer of'

. moles of two :eactmts,
X | - of vhich 1s in ‘excess,
o N . mladutathoumerotmlm
| | -ofapmmct-. -

¥ .

)Inthisdcmywuegimthem\&mleaofm

_?:mu,anofuhid:nybemmm:muemedm

156

4

'ulmhtethounberoﬁ,mluotapzo&:ctintbezm When

=mmtso£m:mtlucgiminaprm1m.:hunam
Ithatmm—typemlmhtimhﬁmlwd -

Bi:ntyouhnvehodecideuhicbotm:eactmuhmm

.}uawuchofuumu:benmmm ut'smrtwitha
':Mmmtme : .

»

i - .. . ) . ‘ (:
{‘mewceptofthe‘limiummaqmtmybemwtoﬂn
£on.ow1ng aituauom - . _ AR . £ -

N e,
0 [ . 4



P nxma.nmun: of dowel that will be left over after the 4 stools
are completed., ' : ' '

\the :eactions leading to the formation of water was:

LR .
«

v

A craftsman needs 2 metres of wooden dowel ‘and 5 metres

Of plastic binding in order to make cne footstool. ©
I£ the craftsman. receives'a shipment containing 10
met_rea of dowel and 20 metres of. plastic binding, how

many footstools can he make from these materials? -

. With 10 metres of dowel he can make 10 + 2 = 5 stools
With 20 metres of binding he can pake 20 + 5 = 4 gtools
N . .

7

(bviéu’eiy vith the material in Ehe shipment he can make only 4

157

compléte - stools. The -amount Of binding limits the mumber of ” .

gtools thatchnbemde. Itisthenmnng_nem; 'Ihete:lsgn

»

at

Fow does this apply. to a moles to nnl; (excess) problem? An‘

exmrple of ‘this type of ptoblem a.nq the- procedure for solvi.ng it

are given be&ow. .

.

EXAMPLE;

The fue].‘ -oxidizer combination used in the Apollo 11 lunat
mcdule was as follows: L

I
3

’ ' 1 '
The - tqel.was Aemzine 50, ppproximately half of which was

hydrazine (N‘zﬂ4). vhile the oxidizer ‘was uitzogen tetroxide

(N 0 )- . The principal exhaust product was water (E 0) One of

A : ,i/’,, . —
2N R’ +NO—-—?N+4BO
24 24 12 .2

mtide (N 0) were’ reacted together in the

runtll no’ fur o reaction occu:‘zed, how manx moles of water

(H ) would be produced?



" |

. <

In this type of- problem you are given amounts of two
substancess

Known A=NE

“Known B=NO
24

°

’me procedure is to determine \vbic.h of hhe given qunntitiea
(12 mol of N B or 10 mol of ‘N O ) produces * tbeleeaermuntof

_ Unknown mbstance(in thisme/BO). Whichever produces the

lesser amount of product wm be the .

Itlsnecessarythmtodo:mﬂoletobblecalmhtiamto'

answer thess- two questions: '

A

Por.the reactions 2N H + N 0: —=> 38 + 4H 0 :

or.the r '°m~24._24) ) 2 I‘
(1) How many moles of B0 could be produced by 12 mol-
) o£n237 : .

4
(i1) Bow:r&nymlesofﬂt)couldbe prodaoedbymml ,

£N0 2
°C %

mm:ofﬁbe\\:wms istheleasezwmbetbeanw
theorigiml prcblem,

-

. . .
b} 1 ’ ) w

Y ’ K
(1) Rado of Known'A to Unknown from Euation:

(-4

Knowvy A° 2 mol of NE -2
S . ] ' —;- I
¢ . N
' " Unknown’ 4 ol of B0 4 -
. ! . ‘ . . N
3?7

158




1) wx-m:&mluotmmtmldbeptomeed
byqimmmtotxmunh. ' - v

Ratio of Known A (given) to Onknown (required):

12 wat of g
ml of N B

X mol of azo ‘

X
ii1) write the w.{n a proportion axﬂ‘oolée‘fo:. ) S
- K ) ' ) . -y
2 ' 1l of N H
=0l 9‘.’,‘234, 12 xl o 8

leotazo X mol of 8'20"

-—-2.12
4. X
xXad8
L X¢ 24 mol of 8,0
b) Pop B (NO )

1) Ratio from equation: Know B ° 1 mol of‘nzo‘

il

. )
Unknown 4 wmol of 820

i) Let y = mumber of mlea & Dnknown which could be
' produced by given amount of Known B.

Ratio of given to required: I0 mol of N O

24
, - ymI82820 /
ui)wiuunpmpottimandsolvatory. K
P - 10
_ 4 y .
y = 40 mlof HO
. 2.
38
. A .



v . a

' Prom t.t7 two mo].e to mole ca.l.q.uatims we £ind:

lzmlofua prodices 24 mol of ao
- 10 ml of Nzo 4 p:oduca Ag,ml. of 820

Whiich of these two amounts (24.mol or.40.mol) is correct?
: - 'S
[}

‘Only one amunt of product will be produced from the reacticn
otnmlofna‘uﬁmmlotuo. Once one of the reactants
is all used up, itdoesn'tmturfaownxhottheoﬂwruldt
=~ it will have nothing left to react with. The anount of

NS .

160

'p\:mtwwmm::muntmpmu)elmt I
~ amount 8¢ product. muucmedmmmm.nm e

In the problem shove, the NE, w1y ba used up:_-'ﬂx/stj it is .

therefore the limiting reagent. There isn't enough Nzﬁ to react

with all'10'moles of NO . The amunt of product is by .

the quantity of 828‘ present; the other reactant (Nzo‘) is in
excess. E ! o ’ N '

Wa can conclude that 'limlotua‘mdlo mlo'tuzo‘pro&:c‘ed

when. the ré mmccnpleted Allotr.hej

N B musedup. but:samottmnzo4munructed

24
s \
Wmmmmm
;»‘/ : 9

kﬂdmmz Recognizmg an EXCESS problem..

VN

mig':' _Mole quantities of two Do steps in’

»  Reactants Given —> "EXCESS"-type

) Oy L problem.

N : - : .
~ Mole quantity of only " Do straight
Qon substancg given  ~—> ' Holes to Holes

s . Cumh:ion (SkinB )
r .39 F \. \

v
.

.;J R

Salan .
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FURTHER STEPS!:

/ ‘ ' 2
STEP 1; a) Determine numser of moles of Unknown substance which
' might be produced by given amount of Known A. v |/

b) - Determine number of moles of Unknown substance vhich
might be p:o:hoed by given amount of Xnown B. N

\ . .
| STEP 2: Datermine which reactant (Known A or Known B) is the
. .I A; , " . s ) . .0
. | STEP 31 Prom 9!‘:‘.? 1 write fite nmber of moles of Unknown
D prodt.\cedbythemmw\gaeagmtasyou:mr. ».
. (HEBCISE: '

: Ccm*de: the reaction betwem almir\tm ox:lde (Al O) and
hyd:ogen gas . (B ) aceonplng to the equation .. ) R

-~ . A].'OJ{-SH —b2h1+3ﬂo
I£2ml of A1l O and? mol of Hzaremb:ed togethe:and

a.nouod to t&ct:um:il no further te&ction ocouts, how mnnymles
of water (5.0) will bep:o&xced? A

N W Inthman'zxcess prablém?

'Mk Younelfa ' Ate amunts of jan :eactanta given?
Mnswer ' Yes;
Conclusion: - ' I'mi&cw.ld be an "exceas” pmblem. _
: \}\ ' | Do stege in "excess'-type calculatiod.
g
~ . >
4o
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" Turn o page &2'to check ‘your answers.

, )
STEP 1l: a) Moles of Onknown (5201‘ produced by given moles of
 fomA@mlomon. ‘

b) Moles of Unknown ('azo ) produced by given moles of
Known B (7 mol of 82).

2

162

Y

m?-mtifthetwoanswam in a) and b) aboveare the ume?‘u",-

No probleml . e '

prodict’ will be mp‘ you .have calculated in a) or b). Both
amounts 'Qf reactants will be completely consumed, .
'’ S y

. STEP 2: Detérmine Limiting Reagent ‘ .
{ % -vhich given amount of Known - A or B - produces the

!

{ smller amunt of Unknown?
‘ [

-,

STEP 3 2mol of ALO +7m0l of B~ ___ mol of HO

3 2 2
. (given amount of

%

.
PR N
«

Y s

Youh;ve mmmdmumummmmm
. difficulty on your previous test. If you have any time laft, .
plmcmmtopaqeumdvozkontboaddium«n:wu
.there. roeltznt:odomyotth-othe: ﬂ:uhinthilboduct
ut'.l.mp.miu.

4

'mmmmtthereiamMMtbattbemmtof"

¢ . : . v

e

-V B
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Page Exercigse No. Answer
—
- 8 D1 22.0 ¢
. , a ? '2 25 g
s X
11 bl 102 g/mol
> pe! 2 ) 78.0 g/mol
b) 95.3q/mol-
; c) 180 g/mol .
16 1 12 ol of Al
17 2 12 mol of
_ 2
, »”” s ‘
, . , A
‘ 21. 2.00 mol
' 2y 2 " 1.50 mol
I
I R
29 1 - 18.0 g of H 2o
f;‘ . E 7 - !
34 1 | 35.2g of ooz
ot RN
- b bi 1 R 6 000 m1 \°£ 02 ‘
7_:.:,' | . Wt '
-
] ‘ b2
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"\ T Add4tiofin) Exerciges’
I. Bow many moles of hydrogen chloride (HC1) are there in 80.3 g
of K:l?

2, Calculate the molar mass of each of the following:
o ad carbon monoxide (CO) .
b) hydrogen borate (B3w3)

3. Inthe resctiop 28 + 6HCL — 251 +3 o
Row mny,moles of BCl would be required to completely react 5
moles of boron (B)?

r ' L 4 ' .
4. What s the mass present in 4.5 mgl« of sodium chloride
. (NaCl)? . L . _ oA

5. Nitr'ogen gas (Nz) reacts with water (820)_. according to the
react ion 2N + 6H20 o MB + 30 ‘

What mass of oxygen gas: (O ) would be produded £rom 54 g of H20?

6. In the reactionZNaCl + BSO — Na S0 +ZBCI

If 234g of NaCl and 245 g of ° HZS)4 are mixed and allowed to

react until no-further reaction occirs, what mass of HCl will be

produced? . ' | ~

7. 2071 of grmonia (NA.) and 20 mol .of Oxygen (0,) are mixed

and allowed to react until no further reaction' occurs, the

reaction which takes place is ‘
ANH + 502.— 4D + 6520

"How many moles of water (8’2)_ will be produced?.

Turn the page to check your answers.
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f

4 ' 263 g of NaCl™

No. Answer
1 n c 2,2 ol of KCl

- \
A

2 a) i . 28.0 g/mol

b} ; . 62.0 g/mol

L3 L 15.0 ol of B1 ./

—n . \
G

(3°significant figu}:es.i

r ,

5 , _ 48.0 g of 0-2
, 4
f .
6 ‘ 146 g of BCl

e . Y

3 24.0 mol of nzo

. | >

44 b ’

165
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Irelationshlp ko, each other are, summarized in"the: - diagra:mxed"

167

m;m

The material covered \in this tnstruction t::ooklet’ is related‘

nnlmom_aumangea This aspect of chemistry is 'knoa.rn as'
stoichiometry, Here, as in the test you wrote a short while’ ago,*
.the amounts of substances will oe mtpressed in moles or gn mass
: units (grams) . . ’
" In orJer to -do stoichiometric calculatlons you need o
' develop ‘basic skills and then build 'ﬁpdn these as you encounter

~

more and more complmt problems. The skills involved and their

flowchart ‘on. the foll\owing page (page 2).

" Note that skills 1, 2 and 3 are concerned with chemical

compounds alche, * and that the rerralnmg skills 4-7, deal with
chemical .reactions and the reactants and/or products in these
reactions. : _ .

" You have ‘already. dealt' with these skills .in class; you also

wote a test of these skills a short while ago. Your est
results indicate that you are having difficulty with, sone of the

‘types of problems. listed in the flowchart on the following page.
. 'This ‘instructional booklet is intended to lelp you overcome these

dlfflcultlese
After you. have studied tﬁe flowchart. on the next page, please

“turn t0 pade 3 -and note cazefully the directions you are to

~follaw in using this bookﬁlet: B L

Cy
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BST IO MASY (EXCPES) ! ‘ J -
Given a.balanced chamical eguation ‘
7.| and the mases'of b resctants, ' b
tne of shich ia in exqess, caloulate ) .
the sass of & prodsce ! ' )
i o
' ~
Given a balanced cheaical equation N,
6. meh-u-@:ofnunocmm, .o
one of Wich s {n evcess, calcnlete T
mmdmd.m ) R

7/ -
SN
’ ’, -
. R . E
o
 [atven the meee ma focmia [ |Given the ocebeb o€ soles amd| Y “\\.
‘2| of a compourd, calaulate | .| the foomla of A cosound, | v _ - .
the puwber of mlss preset| calcalats the mss fresent | . i
h ‘l\. V! / '
- .
BXAR Y - ' , ,
Given the chesical foomila of a . . <
1. ¢ospoand, caloulats the solar sass . -
of a cospaund '
v k)
- PN / . ) ‘v R . .
LS « !
: : .t
Pigure 1- .
wozum Iovolved (n §toichiomstric Caloutations .
4 ¢ ‘.’> s
) ! 2 oo S
"' ;.l' o ,:
" . 'y N . . ‘I.:.d_lb;:?
R a9 : . N
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__the ingtructional material for that® skill. Once

(,.g{\{.rvﬁk Pg 70 ANNECIE AL Tty !

w
Q)te carefu.uy the chart below, . 'm{e first colum indicates
. those skills\that you " had difﬂculty with. It ig necessary for
you to do only those sections of the booklet which deal with
- these difficulcies. Beginning at the lowest skill for which.you

have an (X)\ mark, ‘turn to the appropri.ate page and read through

completed a skill, plea'ée_turn back to this page to see which
skill you should do next. -

In each skill’ ‘that you do, please follow the dtepa /carefully o

and do an of the exercises suggested.- Remstber', your "Buccess in

overcoming yout weaknesses will deperﬁrupai'tnw'wch effort ycu
.are willing fo put 1n. ‘ Remember also that a thorough

urdemtamn.ng of stoichiometny is necessary for anyl furthey work

incheniatxy.. . ]
‘ DoThese [ . =il
skilla Nmber ¥ _Ppages
. ‘ - . \ . .
) .‘ 1 S 5
. X
N »_'_ N
2 . 8
p . ‘ &tﬁ‘
LU . .3 12 ,
‘fll R o
Ty B Y R ki R -~ 4
i K =% B U
/ N — —'l
. ) .
/ ’f - 5 22
oy, . 7 b ) )y
\
S ' / w6 . . 28
A R
=
:. , , b ;‘ : i
3 '
“\ I “ .(70 s

ou Have -




7

o>

]
\
\

‘ ~
i «
[ 4
" Element
: , ‘-
- ' mdaminump (A1)
Boron (B).‘f
‘ \

Carban (C)

Calcium (Ca)
\—' y
Chlorine' (C1)
Iron (Fe). /"r
Hydrogen (H),
Magnesium (M)
Nitrogen (N)
“oxyaen (0)
Sodium (Na)-~
-
8ilicon (5§)

\Sulfur (S)

LV

Table of Atomic Molar Masses

/

-

s ! )
. .

Atomic n!'llohar Mass_(g/mol)

Y2100
' . " \
.11.01'»

~

A | 12 .’0‘
40‘0
35.5

56.0

4
A L

v 1,00
’ 1\.\

T 24,3

” .
. 16.0
. 23.0 :
. 28,0
.‘ .
.32,0
o 1
K
R | ~
> \
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EKILL,I_MQLAB_MBSS Given the chemical formila of a coupound{

calculate the molar mass of. the compound,
The molar mass of a ‘compound is the mass of one mole (6.02 x
10 mole#ules).of a compound. If you know the chemical formula
of a compound, you should be able to calculate its molar mass,

pra

In order to calculate molar mass you need to know:

This information is immediately av able from the chemical
formula, The subacript directly following the chemical symbol
for each element in the formula indicates the nunber of moles of

that elmé"_ one mole of the campound.!

Bs an;mmm_xmm

This information can be' cbtained from a .standard periodic
table. In this booklet a table of atcmic!.‘ molar masses of
selected :lemmt:n i8 provided (sée page 4).

. The steps involved in the calculation of molar mass are

outlined in the example following.

Ll

w, - 5

: 171
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EXAMPLE : | _ L \
.‘ P . . ‘ '. ' Y.

ticotine, a poisonous substance found in tobacco leaves, a.nd'thus
in cigarettes, has the chemical fon@la C a N What is the molar

S7
mass of i\icotine? L Sy , ¢
Y ’ N . . . . .
'SI'E'.P 1: w:ite t'.he nunber of moles of each elemen‘t in.one mole of .
" the conpound SN

SmlofC + ImlofH + lmol of N
‘ Y

N "] (

STER 21 Multiply each n}mbez from STEP 1 by the co:respond!.ng

atah'i\c/mlqr mass (see page 4),

for C — 5 rol x 12.0 g/mol = 60,0 g
‘ ¢
for B — 7 mol % 1.00 g/mol = 7.00 g
for N — 1 mol x 14.0 g¢/ml = 14.0 g B R

(S

STEP 33 Add together the total msuof I'.heeletrents Lnthe

’Aconpound (t:he ansvers in STEP 2) .

”~

Molar mass of 0587}! =\60.0 g + 7,00 g+ 14.0 g = 81.0 g/mol
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 EXERCISE: _ . \ . a
L ]
1. Calculate the molar mass of alminumjoxide. (.0, |
A {"~. *
. P Vo “ S,
ST 15 ﬂritethemmberofmleaof eache.ta&nt inonemoleof
 the compound « . .
for Al = . » . ﬁgrO L S -
. . v ot
STEP 2: Multiply each mumber in STEP 1 qég}.e atomic molar mass
of the element concerned (see \table page 4). , o
: . Y
for Al — :
f
. for 0 —
v ™ o,
'
| §TEP 3: Add tbe answers in STEP 2to fuﬁthemlums'éf
- Al 04 . ’ T~ .
23 - , (‘““" "
Molar masa of A1 O = __» -t
v v 23 r,
2. Calculate the molar mass of each of the followirg: -
‘a) sodiun sulfide (ka8 e
. A - . ' ? _m.'\
B) magnesium chloride (HgC.l‘z) .
l e luccee (C 8 O
/ ) ¢ ( §'12 6) |
Turn to page 42 fto check your answexrs. 'Once you are
‘Batisfied that you understand this skul, return to page 3 and
follow the directions t-.horo. _ o, -t
. A
/ E )
» { 1.
'-> . ' ‘ ‘ ” ‘ .
. L S g
T . 4 3
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K 3‘ of mlea present,
;

. If you are given the &\mlcal formla of a compound  you
should be able to convert any givep/rass of the couéov.m‘to"its
corresponding nurber of moles.. This skill involves the use of

- the mlana of the conpdund,

The molar mass of a compound is defined as the mass of one

,mleottheconpumd Itfonmthentmtanygivenmscanbe

eovertedtomolesbydiﬂﬂmﬂngimmssbytmmlar

-mu maybe atmm.rized as £ouowa: :

¢ I " ) ’ ’ ' .A“,
v - ' \

Number of Moles Presont H:e:rp ”::\;mg Bl

. é ,a?ple problem and ita nolution are giw‘mfav.i

& s

.‘:T, R ST L.
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sutc'oc_fs; is a lung . disease contracted by {nhaling dust , .
formed in sandblasting or in silicon mining. The dust. consists

" of a. compound of silicon and oxygen called silicon dioxide .
‘(SiO). "

n'amni.nhnla 180 grams otsw, anym_lzg‘_f sm
bashemrnled? ¢

)}

m'aﬁptoachtothutypedptbblmu to.éalashu the gass

“of cne’ mole (molar mass) ottbeocq:omd mdthentodividethe

gimmsbythomlarm \,

STEP 1 Calmh&ﬂwux;h:nuotthempoum. S ,

() -“xn)\/s}-"zvk' o !
;#n_a:_;hz_m_ar_q T
(b) From Table p. 4, atonlc molar mass of;

ﬁ (9 .
b 81 — 20,0 g/l :
0 — 16,0 ¢/mol o~

(o) co ) - : y - .
(;.iol:za.og/mn +(2 mf_x 16.0 g/uol) o

“28.0g+32.0¢

. .= 60,0 g/ml of 8i0, o
. S e | I f
S ﬂk :
~ } ¢
A/ e
c ~ /4
\ ‘ -
- . Y
3 s N
il o} N ' .
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STEP 2: Divide the given mass &f the comgound by the molar mass.
‘ : Kass Present-
, Moles Present = - :
s R o © Moler Mass
: o L9
‘o s =2E g
' , 60.0 g/mol - ) .
’ ‘-/'
. . ’ -d ’ N ) X
Cn | | The maninhales-3,00 mo) of 3102
v ‘ ‘ N N - B \
) »
. A o
* ’ ' . “
' - um_mm: :
- . Itttngivenmssisq:eate:tbanthemola:mn,themmbu
*. .’ of moles will be greater than 1, If the given fags is less than
‘ " the molar mass, the number of moles will be legs than 1, '
¢ ! ' o | A .‘ ' :
o *.Given mass > molar mass, moles > 1 )
~ ' Given ms ‘¢ molar ms', moles. < 1
You mmthh ‘RULB' to check your answertomvﬂntho: it is
a logica.l one.
‘ Py o e
\ 3 .
‘ L § ’ - ‘ .‘i \ ' .(\ '
. ' ’ , s /.
h y *‘_/ . lq
- : '
3 ‘ 4'.
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‘o s

1. Calculate the m.mber of mola of aodiwn oxide (Na O) in 124 g
‘ °£ m 0. : . ’ '
2 : /‘

STEP 1: Molar mass of Nazq :

. . LY
| CHBECK: 2?2 Given mass > molar msss; moles > 1
‘ - . ‘Given mass < molar mass) moles < 1

L . - . _'r

o0 e 2, Caleulate the mumber of mles presentinlszgof nitrogen
o ) pentaxlde(NO).,

.T',.'... ‘ ' } - la’\

‘.. . - . - " ‘ !
St . Mtopbge&?todmck’dmms.Onuywucuudied
‘ that you mda;st:and éun nkﬁl return. to pugo 3 and £ollow the

, dizections t.bere ‘ : , . ‘ o

( <
Ryl e . R R
LY ‘ . Ve LY . N v

ica
-t
®
s,
5
\,

’ ¢
.‘\o 4 ‘
- ' v
n ’ o ; - . p
i L . " »
o , J
. Y A 3. K .
4 N -
. . 11
-y ) 14 ) [ *
l./ ¥ o -
L e Y " oa
II . . “ oo ﬁ "‘i ' . ‘\,\ . . *
Lie L Co, N . a v 1
!l‘,"_ . \'S y. . o
b . \ . »
. N .
" . f h . e [
ooy ‘ : : PR N
vis CL PO PR o .

\'l?
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2. .

’\f
mz_m_m_uass Giventhenmberotmlesandthe

© formula of acammd calcuhte

DU ., the mass present.

-

' ’ ’ ’ »

¢ youxaze given the chemical - tormla of a ccnpoum , you
shouldbeabletomvertmygivenmmbé:ot moles of the

‘compound. to {ts oo:respmding mags. This skill involves the use
-oftbemhr_manoftheooupouﬂ. - o

: L
L 4

Emmmotau'mleo:acmmnadUcaHedﬂmemmm
Itfollowathenthatnmlesofaouwsdhmeamhofnum
the molar mass. Inotmrwords,tbeqivennwber otmoIesort:he

cmpanﬂhwbym‘m}umstogivemm
present. This may be summrized as follows: . )

o | Mass present (ghg= Moles present (iuoi) x Molar sasa (g/mol)

A ,umple problguuaﬁ its solution are given below.,

178
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EXAMPLE:

BetouthemidlBOO'sthetmmetemammheucsused ‘.

by. dmtim were whiskey and a-.blow on tbe*bead Later nitrous-

~oxide (820) became widely used.. o

If a. dmtalpatimtinbaledGSOmlea ofnzo,wbntmass of
NOwwldhelnvethued? .
-

/ ) )
- The appl_:oadx to tiis type of problem' is to find the mass of
one mole (molar mass) of N O, andthen multiply that mags by the _
nmber of moles given (({.S mol). '

STEP 1: Calculate the molar mess of the compound.

o -

(a) 3 2‘mlm;11ofo | o »

d

_(b) ts‘pﬂ:lo P. 4, atomic molar mass of:.
N —» 14,0 g/ml , rd
0 — 16.0 ¢/mol e

[

(e) Molar masa oftlo
= (2 mol x 14.0 g/mol) + (1 hal x 16.0 g/ml)
=28.0 g +16.0 g

= 44,0 g/mol of nzo

3
LA
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STEP 21 Multiply given mumber of moles by the molar mass |

\ ) . . . . B ’ ‘
’ A;resent = Moles present x Molar .mass

“ 6,50 mol x 44.0 ¢/mol .. - A
=286 g - ' o ‘
- ,

The dental paéient would have i.n’.adled 286 g of nitrous axide.

. ’ ~
NOTE: If the given number of mples is greater than 1, the mass
_ present is greater ‘than the molqr mass. If the given number of
moles is less ‘than 1, the 159 present is less than the molar
" ‘ . -
Moles > 1, Mass > Molar Maas ‘
Moles < 1, Masg < Molar Mass

. \ [} .
‘qucanuaethjl.s 'mlg'todxed(youra'lurtommmer it is
a logical one.
»
t . . . ot N
EXERCISES: o,
. Yo X
1. Calculate the mass present in one half mole of propane '
CH). t ' '
€8 : | .
> ¢ g I ‘ ' )
i h vy »
* ) L
» »5TEP 1t Molar maas of C3882 ’ ‘ye
.. ot ' Ea
A J n . , ) , )
N* 1 o
§.
' )
¢ \ . _
ot ‘ ,A) N ! l); - '1
5 [ » L -, } ] v
( . ) ' " . . l‘/- .. ' ,‘.‘ \.- I' ! h
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¢

. ) sy L . R K N . s ‘ ‘ l A . . o
. . . ‘ o . f
\ R ’ "‘IN i . , ’ i
- Checks ???  Moles ptesent < 1. Mass < Molar msa A e T Y
o Holesptesent)l, Hass)lbmmss : - : ‘.
‘(- ’
N i - . L /'.o “ .
2. ‘Bow many gréms of sodium nitrate (NaND.) ere preseht in 8,00
mol of NaNdD ?
8 3 iy
.. \ "’ 2 N .

‘ . . ' \\ ‘ : ., )

Turn to page 42 to clieck your amweu‘. ' i

Once, you are utﬁtied that you understand this skill, return to
page 3 and ionou the directions there. ' {K *

. . i : y
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- A o . .
o 6. | vores o moixs : \
< 1 s - .
: — i : o
5. ' |MASS TO MASS " . . . .
3 .»} . I, i a4 . '
7 v " *\b‘ ’ . / N B
20T (N vouss 1o vouss | .
3. {MDLES TO MASS .
| 3 v
A . ‘ a ‘@II
m.ﬁ_m_'m_m ,Given a balanced cbemical equation and * o
~ the furber. of moles of ane substance, - . L
\ ' calculate the ‘nuber of -moles of one . L
other reactant or p:oguct. ) .
’ . L] I . . . . . v ﬂl L . \ ‘.
The calculatiors.invélved in, this type ot prpblem require ;e o
use 6f the halanced (;M.lm for the *reaction. :ié' . :
. further skills in this booklet will also .require that you ¥ .
, wde:s};a:;d ‘and be. able to use balanced as'emical équations. - L' § -
} ' o,
Consider the £ollowing situation anol?lng a chonical“
reaction ¢ e . . -
s ' J: / LN ]
\ 4 v ‘)‘_\
ST Twe waate gages prod;cid by ﬁﬂwtzial p:ocqlm ace suuut 2 ]
© dioxide-(50,) and hy&ogm sulfide (A S)." One way ‘to deal with * - ° R
. ﬁnpollutoncnuudbymchmtuistozecoverduina. ' L
I £ ugpble £om. ’&)5 and'H S’ uy be recovered in' the form ,of '
| - _ ' elmnul sulfut: (B’ aocord!nq to the equatiom 5 \'
} '. v A / b ’ . . ’ . ‘ f .
\ E | . |
' ! . + —--b TS . L a e e T
) n w- , , is so 38 \ ?ﬂzo . ] R
. N » ] . ~ , . "" o n . - . . ) ' N \4“
] . ‘ . k " ‘_ s A’ “," I. . " N
’ - 16 f{' N 3 : Sy ‘; | -
. , - ; ‘ b S | LA
;\, '. ‘ - sy, y ‘ . ' . 1. .
A ' IV ot I I I
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. Such a balanced chemical equatfon contains impottant-
information about the- relative amounts of: su@ames i.nvol\/red in.

N the reaction. The humerical - coefficient (the nimber directly in

front of the’ fonmla of each substance in the reaction) indicates-

t:he relative number _of mles of - that m:bstame involved in.the
o rehction. ‘The, coefficients give the ﬂimleah_mle_:m:lmﬂhim
betueen‘ reactants and- products. | These relationshfpa may be
o B .written_ in the’ £o_rm of ratioa.g. oo
= Q ‘ S ,\;
- _ :For example, in the equation belou, the mole ratio of 828 to S
PR willalwaysbez ~ ‘ v e T

2H 5+ 50 —» 384 20 -
2 2
, -__L_of_azz,l‘m, to m::_gf.HéQ

. similarly, the ratio of so2 to B0 (uater) will alsnya be - 1:2,
' T indicated ,above.

\ " ratios. In. thé exanples above: -

2molof BS - - . ot
\ ‘ (1) .t LT~ 2

el smﬁs3§
This means that for each 2 ml of st :eacted 3 ml of S will be.
produced 1n this reaction. S . @ N
. Y o
N

N N . R . N R AN
- - . N ) . . N
- . N . ‘
: - s . ) . .
~ . . .
: . - ) 2 : - . .
' - , , o -
» ] - .
. . . . X . . a N
. - . - . : 1 . : . :
~ . » : . f ! et
- . S . ]
L " ' ‘ '

< such mole rehtionsh.ipa can be written\i.n the fori'n of: f:actdonal

SO > - e . '/ 183° , .

. . - ' . . .
- . . . . . N . . oo . /

R P
o -7
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‘ Tbiﬂ infomtion “can be used to solve pcoblems of the type given

.. T . ., .‘ - ‘o . . . “ "

. ’ -
. . - - .
S N ’ DI
- - - - Al
.o \\_ ‘e . . *
.

(i1) | 1 mol of .502 B

. v2mol of B0 -2 _
[ o 2 ‘ o~ ' .

- — . . MU

'Ihis mans that for each \ of 802 reacted, 2 ml.of_azd"y.i;} be.

Produced inthiareaction. - ', . s o T :

belw. \".\\ \ “ . [ ‘ AN . ) j Y

'n_\ the :eactior‘{:". . ?.sti + .302 —> . +7 2820'

: how many moles of sulfur- dioxide\(so ) would be required to

completaly react with 16 mol of hﬁrulen sulfide (K S)?

N R — .\ \\'

: Tbe solution to'\thia type'of prablem irmlvefﬁhrée.\ht_:epe,

: N
. STEP i'-_ Determine fran\ the equation the mile relationship of
‘ Mtoﬂr*nwnuﬂw}t{thisasamtio. 0

}UIB: Rmun - s.\bsta.me for which infomptim is given. ‘
] Traknown - Substame fclf which hfomtion is required

‘)

" In-the prob).emabovez m '--st \‘

\-

~
\

Fromﬂnequatimweseetrmttherauookamntounkmm iss

S d

, .2mo_1ofnzs: 2

- 1'mol of S0, 1

18 . " A ; ' N

184
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~81'EP‘2: :

Let X = the required number of moles of Unknown L ;
(00 - _ v

¢ L}
v

\

w:ite a second ratio us:l.ng the given nunber of moles ' ‘ -
‘ofltnounandusingx&:thethlmownanmnt. : '

. Ny - A N ¢ R
Knoyn‘ (given) . 16, m.‘L‘-of gzs A 16

= ... - . =

Unknawn. (X) . »lxmoll‘ofsoz\\' X S
Write the two ratios in aipiqpbr@:_iod and sonl‘(e. for X..

\.\ ’ ‘4 : 4 ‘

. Si.nce ‘the - mole ratio of any /two substances in a
" reaction uill aluays be the thme in - aleorrplete
‘ reactim, the two ratios above are eqhal.

2 ml of BS (from egu'atitbni S 1€ ‘mol of B.S (given)

1 mol of SO, (from equation) X mol of S0, (requited)

Thus: ™ 2. a 16 . S
.1 x/. - T Y SR

Solve for X by cross multiplying: 2 = 1§ h - o k8 ,\

1y
2(- 16
L X = 8:::1)].o£502

We can now conclude that 8. mol of S0 - ye requi:ed to coupletely
react with 16 mol of R S in this re/aéﬁion. - :

NOTE:

) . K .
’ . . -\
/2 A : ) N .

)'l‘rxetwdrgtioaa‘;eeq;gl;« S R .

N

2 (f.rou} equation) = iﬂ ( rom calculation) - ' ., -
1 : B ‘ »

s . CL e
. .f . A . o o
C . . ‘ /‘- . ' C .
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'mestepsinawcalmlatimmybesmmizedas

_'Sml?lx .

,touowa - -
. STEP 11 Dete the mle relatiomh:lpﬂof Krmn to Unknown:
, from the ‘ chemical eqaation, and write this
) asaratj}.o.A o S :
STEP 2: . Write a seemd :at.to *‘of Known. t:o Unkmn\using the
. \:'givenmmberofmleeofmnwnmdusmgxm
s represent -the :equired nunber - of moles of Unlmom
- _ \_ )
STEP- 3: Write the two ratios m a PrOpOttion and solvé‘ for X. + - A
mm: \

[}

Aluminm m:ide 7&1203) reacts with carbon (C) to produce almnj.mm
(M) and carbon dioxide (CO ) aoootding o thé reaction:

1 Calculate the mmbet of moles of - pmdncea by 6 moles of

AlO
23

- sTER 23

£

»

mo +'3c» -—> Al + 3c0‘
23 2

- - - - IS
T N » < ‘
.
[} - - : -

Ratio of Known (Alaoa') to Unknown (Al) from'equation.

Ratio of Rnown (given)  to Unknown (required —-X). -

Write a_é, a p'zq:brtim and solve for X.. A

.20
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< ) ’ ' ‘ \
,Q Calanate the nutber of molee of (.'.o2 produced by 12 moles of N
C in the reactiom

2.1 0 +3C —4A + 300
23 -2

) . | . S :
'm:nt:o pége.ﬁtocheck youransuers._ o ’Q,-—/ ) Ny

N
v .

Once you are satiafied that you understand tth akin, return to -
page 3 and ‘follow the directiOns there. B o
.~‘x ". T > ‘ A . ‘\_“

21



A wss omass| ' ' }

/(EKCESS) \\

‘ 7.

” o | . S 6 |moues To mss| )"'
' i @mss omss| . LB .
. y; '.‘/ —- s ' . o ."' . . I . ,’_l_.
o /
- | Wk Given the balanced chem.ical squation for
SRR " .. a reaction and _the mass of one’
N~ T, /_\ . e
RN ~ o - .gubstance, . calc.xlate the msof one
SN - other substance, oo :
/ - —
/ In this skill you ue‘requited to cal&llate t‘;be; 788 of Ohe .
g stbstanoe in a reaction if you are given the xass of one otber 2
/ o substnnoe and the balanced ‘chemical equation for. the teaction.
N Mskmisaeabimtionof th:ee other- akills .
E ‘ _.Here'is a-wrple prcblem imiolving"a mass to imgs ca.-la.:iation.
© 'One of the problems Of space travel is the baild- .up of w.bm'
N " dioxide’ (cn) prodiced by the afbronasts in the space vehicle. ‘
oo " One pmpouf for solving this ptoblem was to use sodium hydroxide
) (moa) tormoozu Lnthe toactim: e
B '.M+oo —> Na,GD *52°,
| It tho aveugo human bodydischarges 924 q o£ (02) day, what
-mass of NaOH would be _toquired fo remove the daily-odtput of CO-Z '
- byomutromut? T
't . ‘I. , l . | . ‘ .. 22 H:I . . '\"_'_ . L )



- - . I - . . [ ’ ]
‘The sapproach to solving this type of preblem is to first
convert--the given mass. to moles. Then using’ the “mole’

) relationship from the Balanced chemical equation, determine the
‘number of moles of Unknown substance produced (Moles to Moles
calculation). This calculited mumber of moles {s then converted -
to m. r% ’ . . . v

N . . . o
© STEP 14 Convett given mass t6 moles. :
. Given mass - 924 g of mz‘. ' . .".\ :
To convert mass to moles, divide mass by molar mass.
Moles present = - Molar mass

a) Molar maas of QO
.

¥
N

-(lmlxIZOg/ml) +(2molx160g/m1)
- -MOg/mol

. -~_ \ ) ‘ , >. . .I ‘ } " ) .. -A .

. A ‘ . . .. ) 92“8 - \
o . b) Holeap:esunt- -uOmx‘ A
o S o . M&.Og/mol .
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‘.BI'EP 2: Calculate the mnbe: o>)\mles of Unknown substance
' (NaOf) that are .required, to react -with the number of
aoles of Known substance calculated above' (21 mol of

0) ) -

5

J‘ .

\ - This is a Holes to Moles calculation mvolving theee three steps

N

“a) Determine the . ratio of Known (co 2) to Unknown (Na0A) from
L the equation. T, K A - A
- > 2 232

.0 . . . . N > N Y .( g y
* -Rnown = Substance for which information, is given. - g
. Unknown- Substance for which information” i{s required.’

-Known 1 mol oF €0, BRI -

Un!fnoym . 2'mol of NaOB 2

(b} w:ite a' second :gtiQ uaing the calculated nunbez of moles Of

« FKnown from Step'l  and using x to represent the required
nunber of u'ola of Unkmwn o LT
e men.(g_iven) _ _2; mol 'c>£'C02 21

_ Unknown (:equ'ized) X mol of NaOR .- B3

- “le)  Hrite the two ’“103 ‘f£rom (ﬂ) ;nd (b) ina brbporﬁién and
Bolve for x. ! . o

4 ) h
1 mol of CO 21 mol of CO_ °-
_ . - T2 o 2. .
‘ 2ml of NaOH . . X mol of NaOH - - <o



" | - N - 19}
L = 42molofNaOB

QD..;

STEP 3% Convett calcu‘lated number of moles of tmknmm (42 moL of

R twom) fomass. . N
s;» - 1 e
= To change from Ho;gs to Mass. we miltiply as follows: °

Masg p:esent o Moles P;}esent x| Molar mass

a) Molar mass of
. e , - )

-

"m (1Mol x, .o g/ml) +|(1 pol x 16.0 o/ml)
‘(1 mol x 1. 00 g/n'ol) s

o m40.0 ofmol

b) Mass Dresent (NaOH) = 42 mol|x 40.0 g/mol

D o "3 .
- 1680\4'- 1.?8 x10 g
. Y ’

Jhus - 1 68 x 10 g of NacH would be :equired t:o ‘remove the daily
o outmt of ooz of oné aatzonaut.
_4 ‘review of the Steps in this Skill reveal that 2 tass to Mass
calculation is essentially a corii\:inatlon of three .skills, -
| . .

. \

!

STEP 1: Convert.given mass of Knaatn gubstan&e to its éé:respond—
-1 ing nunber }sqplee. . L . e
’ (Mass to T;es) , “ '

PO 4

/ STEP 2: Calcalnte the nlmbgz__nf_l}nles_ot_lln}mm_mm:

' co:{resgonding to the calcu at:ed nurber of moles of Known
NG ' f:anSI'EPl. . \ .
by ’ ~ (Moles to la) ’ D

SIEP}: * Convert- calculated nurber of moles of Unknoun substance
- (SI'EP 2) to\ita cocrespond naa‘ '\
T ' (Moles to )
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-, 3 EXPRCISES: ‘

1., Mathane (CB )} reacts with oxygen gas .(02) qccordiixg to the’
eqmtiom A ' ‘ '

f CH, +20, =—>00 +280 BN
f 4 2 2 2 T
' !
SO | ..Ifa(’(“:!f-)ffll'!4 are reacted, whatmasofwatez (ao)updldbe
e , | P: < ‘ l A / - %
’. STEP 1: Convert given mass of Known (CH 4-),‘!:0‘ moles.

a) Molar mass of Known substance

« ‘\ - - - HI.HE ‘ \

\, A " b) Moles = Molar Mass L
. \\ . o ‘ ’ . ~ . " ) . )
e ' \SI'E:P 2: Calculate molés “of -Unknown (8 0) produced by calculated
' moles of Known ( mol of CH,).

e

(a) Write the ratio of Known to Unknown ffom, the equation:

. Koo (G

. ' ' Orknown (B 0) -
. (b} Write a ratio uaing the.calculated nurber 6f moles;of Known . -
. £ran Step 1, and using X to represent the :equized nunber of
" mles of Unknown ., D

. o " Known (given)

| IR .
. - Unknown (required)

LT e : v

T . (c) Weite the two ratios in a p:opoztion and solve for x. | ;

oLt o | . ' - .
= N e . . . ' ‘s s ‘\ -
¥ 5 . ; I : ‘ I ' 26 ?
" g ) -
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o '
\\ J STEP 3: Cawert moles of Unknown from STEP 2 (,,__ mol of 8,0) to

its correspmdi.ng rrass. 4
- . ‘. 3 - :
o a) thrmssofﬂnkgoms}:bst'ance'. , .\1,._.'
. . . . 7 ) ., - _ 4
AN ‘ -‘ . . /

» »

' v —~J b) mPresent -Holes/ Holar mnss ' . o '
'mmtopage 42 to check 75»9 o e

Once you are satisfied that 4 mderst:am thia sk.tu, retu]:n
to page 3 and follow the directions there. : .
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; By s (EXCESS) _
il 1 // X
S ¢ - o A
:i?"\ A: ' ' ! )
4 - - -
S MOLES TO MOLES| -
i ‘: A | .
(

. _‘ L s R ) " E R .

. " A !.. } " ' C . ’ ’
. ‘I(: b = MOLE ¢ Given a “balanced chemical
- RN AL o o ) equation and the mumber of -

gf In mlgxakill you are given ‘the mnrber of moles of m
“‘:i reactants, one of ‘which may be In Excess, and you are asked to’

calculate the number -of moles of a product in the reaction, ' When
L | amounts of two reactants are given in a i:&lm, this is a. clu‘t
: e‘, that: an excess-type calcilation is anolved.

i", g . 3 - moles of two reactants, one
WU \ o ' o L ‘* which is in. excess,
i e lg {0 © . . calculate the n'nnber of moles
i l .\(J " ' . of a p:oduct. S0
".:‘“'!‘“.‘ili 4 N
4

CNE . . b
: } s
l.i‘g" 1‘ i Pi:st you have to decide vhich of tﬂ\e"' reactanta is In Excess
},;‘ % "‘ 1and which of the two 45 the Limiting Reagent . Let's start with'a

§non-t:hem.tc,a). mample first. ‘ . '

) I
! » .

; o 'me ooncept of the nmltl.ng zeagmmy be nkened to the
“ T ; ﬁollowlng aituut:lom

¢ & . :
- .

Lo L T
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e

. e
A craftsmen needs 2 mt:u of wooden dowel and?metma
‘of ‘plastic bmmg in order to meke one’ footstool. A )
1f- tha craftsman receives A . shipment containing.’ 10 o . - -
, metres of dowel and' 2Q mtres of plast.lc bimnlﬂ, E _
manyfootstoolscanbemke fzomtheoemteriala? - o AC

', Witthmetresof'dowelhecanmkelo-Z-Sntools ﬁ&j
With20mtreaofbirﬂimheunmke20-5ﬁ4stools o7

vaiouslywiththemterialintheahipmntbecanmke only4 BN
! complete stbols. The amount of bindirghmi;athemmbe: of
stoolsthatcanbemde It is the L ader 'Ihereism.
m_mﬁtofdmeltbatwillbeleftoveraﬁ%:thedstoolh N

arecoup}eted. Sl ' .

o

" Bow does. this apply to a moles to molés (exceas) pzoblan? rhn e
example of this type “of ptcblem and the proqedu:e for - solving it -

- .“ LT
N uegivmbelow. g - A

- ) . N
< S R -

m, - . '.,_‘-_ >

R 'mefuel oxidizer coubhutimusedinthehponou lunu,» ©
mdﬂ'évasasfonowa e L '

13
K4

'me fuel was Aerozine 50, approximately ‘half of uhich waa
. hydrazine (Nznd), while -the oxidizer was hifrogen tetzoxide
(N204). The principal exhaudt product: was. water (BO). One of ) B
the reactions leadingtotlmfomtion of water was: - DI

-1

- 'zna'na.o -'~3N~.+4ao .
N -

n
- o -

If 12 moles of hyd:azine (N 84) and 10' molea of nitrogen o ' o i
tetroxide (NO). were teacted together in the comblstion chamber ’ |
until no . r reaction ocau:zed, how - many molés of mtet L
(3,0) yourd-be produced? \ - e o

] . N -
.
[y . . 4 . ¢
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- .. , g
‘3} In this type of problem° you are given amounts of two
¢ V,\ substances: * “ ™
» dike L .
w’%‘ ‘ S Known A = Nz!!4 » _ .
' ' C x.nown B=NO . ) '
‘ C 24" , 8
_ 'Ihe procedure :[3 -to.. determine which of the given quantities \
J, (12 mod oﬁ Nzﬂ or 10 mol of N204) ptoduoes ‘the lesser ¢ of
0 !mknoun * subatance (in this case, . 820) - Whichever pr the
< lesaer anmnt\of product wnl be the .um:j.m_zmgnt .
- [N :. : .; . . " ’ - \; )
It '1?'neceasa:y then to do m HoJ.e to ‘Mole: calcuhtiqns to
“answer these t:woq:estions' o ‘ L " .
- P ' - * . .~ - ” ’

. e
- . , A

.‘Porthefeactidn:‘ZNH +NO —> 3N + 4H'0 !
o 24 24 2 2 T

'(1)‘ Bow many moles of 820 dould be produced by 12 tno].
j o? NE ? T T o .
: {(it) aqw:mymles ofElOcouldbe prodacedbylo ml . !
. 2 -

N L o _pfjnzt)‘? . | .

-

v\ T L L~

_ ﬂucbmtofuwman&wetsisuxelesserumbetheanswe:to
¢ - the original “problen. ’

» .

“ag
\

STEP 1: " Two 'Hole to Mole" calmlab.lms

v ea) wﬂ‘) e
. —_ 1 I:“",'"""

co 0w 4 rattoot Mo A o Unkngwn £rom Equation:

‘o ' FKnomA ‘2»613fnza4‘-. 2

EAT . Unknownr - 4 mol of B O 4 oo
N ’ . Tl 2 v ¢ hd

: . N X R .
(‘: .. ' h : "‘ * ' ' -' ‘ ) ’ . ' .‘ :I ’ b -
v B . N “u 3 * N
s - . < . . - .
[C . ‘ . - L, N B ) " . L N o
ne 3 . e i ' - . - . -
.0 AR €
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y .
L 4) mx-umberofmlmbfmmmunthatmummm
. - by given amount of Known A. - .
<

\

Ratio of Known A (given) to Unknown (required) :

-

12 m0l of N H 5
24

* X ol of B O ‘ “
» 21 " :

i41) Write the two ratios in a prépétt‘iqn and solve for X,

»
Y

H B
.2 mol of Nz.‘ 12 sol °£-'Nz.4

}

. 4.mol of 8.0 X pol of '820-
2 =12 o
‘. X :
= 48
x-24mlo£320

o b) Pog Known B (N 0 ,

'1)‘, Ratio from equation: Known B. 1 mol of N294

- S .
——— hand
- -

m' - 4mo1 of.ﬂz-o

. 11) Let y = mumber Of} moles of Umtmunwhichcwldbe
ptbdwedbygivenammtotnmna.. o

-

-~

Ratio of given to requited:. 10 mol of 8204' :

e e . ymb;ot,azo
) ' '_~m) wriuuapmpocumm.omza:y. o a
l.-m ) 7
oo 4 Yy .
¥ = OmlosBO
R o

A ’



From the two mole to mole calculations we find:

\

12 mol of Nzﬂ‘ produca 24 mol o} 820

10 mol of “204 produces 40 mol of B 20
Which of these, two ambunts (24 mol or 40 mol) is correct?
Only one amount of product will "be produced from the -reaction

of 12 mol of N B, and 10 mol of RO . Once one of tHe reactants
is all used up, it doesn't mtéer how mich of the other is left

198

— it will have nothing left to react with. The amount of . .

. product {s- limited by whichéver .reactant can ‘produce the -least.

amount. of product.  Hence it is called the Limiting Reagent.

In the: problem pbove, the N.E will-be used'up first; it is
therefore the 1limiting reagent. There ien't enough NZH - to react,

with all 10 moles of N.O . The amunt of product is d by
. the quantity of NZH;‘ present; the other ‘reactant (Nzo“)‘is in

excess. . I N

wecancomlude that 12m10£N84anr310 mlo£N204p:o&xced

Q ".when the :eacticn was completed. Anofthe‘

N234 was used up, but some of. the Nzo4 was um:eacted.

. . - .
Emli.mi.mm: Recognizing an m:ms ptcblem\_ ‘

Bule: Mole quantities of fwo | . Do steps {n’

.Reactants Given = . —> "mtcms’-type v
- - ) prcbl_em.
" Mole guantity of only Do Bt:aight L
\ gne substance given = —> ' Moles to Moles ’
| . " Calculation (Skill 4)
- . L [
32 )
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\\ P . . L ; . .
. R N [ .

v_s'muamem'-_:.?s:

L

STEP 1: a) Detemine mmber of moles of Unkrmn substance which
" might be produce® by given amount of xmwn A.
b) Determine nimber of moles of Unknown ‘Bubstance which
might be produced by given amount of lgxmn B, ~-

2o\

_'SI'EE""& From' STEP ) write the nunber of molea ‘of Unkmvm

-

Bl

STEP 2: Determine ' which reactant (Kmm‘)“\: or Known B) is.the -

produced by the I.:Lmiting ReAgent és yom; answer.

“\\i_,
mz

Consider . the reaction between alu:rdnm oxide (AJ. 0) and

hyd.rogen qas (H ) accozd.i.ng to the equation
) A
- Al O + 34 — 2&1 + 3B 0
: 23 T2 2 |
A R & ml of Al203 and 7 ml of H a:e mixed togetkm: and
. allowed to react until no further rea’ction occurs, how many moles
of uater (B O) will be produced? ‘

7

Ezelimimm: Iz this ah "Ehsce:sa' A_p:oblem?

A'r Ask Yourself: Are amnts of j;m teactants given? '
" . answer: " Yes, : .
Conclusions This could be an "excens® problun. >
L - Do sr.epa in "excess"-type calculation.
-
33
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STEP 1i a)- Moles of Unknown- (520) produced by givm molea -of
‘ Kmml\(Zn'olofa.lO). . .

N : 5
b

b) . Holes of tnknown (Hzo ) produced by given moles of
' KnaHnB (7mlofE).

- .
- \ - IS
v . - . a - . N
: .

‘773? wmtumemmrama)mab) abovearethesame?
'Nop:cbleml_\ : : -

This :lndicatestlutthere mmmuﬂﬂmtthemmtof

Pproduct will ‘be what you have ‘calculated in a) or b). Both
amounts of reactants will be cmpletely cmsmd

.S'I‘BP23.Detemlnemmitngeagent Lt

~ Which given amount omem-AorB prbd.lcaatbe
mllerammtofUnk!wm?. ‘

1 ‘ « -

STEP 31 2 tiol of AL O, +7:mol of H, —> ___ mol of B0

»

.
¢

Turn to.page 42 to c&dt your answe;(s).

u\eoyouarautisﬁedtmtymmﬁemtandtmaakin, tumtq
poge' 3 and follow the directions there.

s

Mo



/ | 201
. ) - .> ‘o
@ MASS 70 MASS | \
- L exeess) _
. T4 & |wusmass
' | (EXCESS)

wmm: eivmabslanceacmtcu-A
e R of tvo reactants,
s ‘ which is in excess,
. calculate the mass of a
':proddct. ‘i

In some problems (and in" some ‘cluhiats' actual situations)
.tbemasofachdhmrumu&m,mtmott!unmy
. be ‘in excess. The Qestion is:.
'p:oduau:hmimmmuo:'xmmwmmm

s tp:eact? 'meexpectedmtotproductcanbecalmht using .
:aca:ﬁinationotsavenlsknn -
An example of" this/type }ot-pt.obl"em and thepr e for
working it out are given below. ' —
] i Lo C .- ; ’ . r
Wien iron ‘is made in'a blast furnace the main resction vhich

ocgics is: (
' PeQ +3m-»2?o+3<:0

v

Kzzogotum(n)oxide (Peo)andzszg otca:hm

_ mmnide (C0) are ‘present in the uac:’lon chanber of the _blast
>tutmca, what mass . o£ izon (Fa) would tmn:
reaction above? ‘ . '
T

ane of .~ -

Bow much prodwct will be . -



4
o
it N

| ‘,\

. This mole quantity of product is then converted to mass.

7_202 -

The apptoach to thia type of prcblem is to convert the given
masses to moles, then using the Moles to WMoles (Excess)
calculation the mmber of moles of produdt  can be determined.

o

The STEPS in a mass- to mass (excgss) _calculation may be
summarized as follows: - 0

—

» ~

" which might be - produced by the cdlculated munber .of mles of

‘produced by tge calculated nunber of mdles of Known B ().

2,

<, , _

STEP A:. .Convert given masses of reactants to’moles.
. -‘ @ . N .
¢ ' : \

‘STEP.B:. Do a moles .to moles (Excess) calculation,

1. Find F_hé nunber - f moles of Unknown (in this case,

Fe)

Rnown & (Pe ) ) and the. number of moles of Unknown which might be

-'Det'}eminp the I_f.imiting Rgagent. _

3. w:.lte the nunbet of moles of Unknown produced by mmu.ng
Reagent.

sn-:P C: Convert calculated moles of Unkno\m (f:om S‘I'EP B-3) to
/ its ao:respondhn mads.
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Back to the original problem:
For the reaction: Fe,0,+ 3C0 —» 2Pe # 3CO

we Want to answer the question:

;

32090£Feo +2529°£w—'-' gotk‘e
A ' ’ i /
ER STEP A: Cghvert given masses to moles

. ~ b ¥oles Present =
B " Wolar Mass

4

r

BN

Kogwn At k'\e203 - Mass préenc = 320¢g

Holar mass - (2 x 56.0) + (3 x 16.0)
= 160 g/mol

Moles Present = _.329.9_ : I
160 g/mo)l = 2.00 mol ; ,

Koown B: . CO - Mass present = 252 g

- - Holar mass = (1 x 12.0) +,(1 x 16.0)
\ S . » 28.0 g/mol -
. | , |

\ | : Moles Ptesont = 23249 ) _
- ' )g/ml - 9,00 ml .. . o
a i K - .. . a i I \ ) i o ' _.»

«37'



STEP B: Moles to Moles (EXCESS) Caldxlation’

1, a) Ratio of M A (Pe 0) to Unknown (Fe) from
P A equation. ‘- : . '
Known A . 1 mol of Pe203 B S

 Onknown - 2mol of Fe. 2 . 7 -

b) Ratio of calculated mumber: of moles of Known A (Step

A) to required number of moles of Unknown (X).
Khown A (given-calculated) 2 w0l of Fe 0, 2

- = =

Urﬁcnoun‘(requiz'ed-m ' XmolofFe X

c) Write Ar‘at-,ios in {a) and (b) as a ptog;ticn and solve -

for X.

Ll o= 2
2 X

X = 4mls a be -produced. K
o, »" T

‘ ,cf) Ratio of _M_B_ (CO) to Unkmwn from equation, -

Unknown - 2molo£l?e 2

e) ’Ratio of m B (mlea calculated in Step A),
: requized mmber of folesof Unknown (y).
» Known B (qive:x-‘«:a;w;ated) + 9 'mol of CO 9
uﬂmom (réquit_ed-y) ; ' ‘.‘yn'o‘loti‘,.e y

at *

133*'

lmna_mz_o:_cn_a_"' a3

204
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-f) Write ratios in (d) (e) in a prcpori'.ion and solve-
for Yo ’

;=9 °© 3y = 18  y-.= 6 mol 6f Fe could be -produced |
2 Yy o ‘ ll\ \/ ,

Detemine Id.miting Reagent (Bee dislwssim on pqge 35).

o 3 1 c
C Limit!.ng Reagent isﬁ'e o! because - the \given amount. of Pezo

will yield fewer ‘noles of - p:oduct (Fe)
00, if both were fully re&cted '

the given amount of

NotetﬁatinSEPB-}.,tuopoasible ,
were calculated. But the actual amountf ef
form is determined by the reagent which is i.:sedup first inthe
reaction - Fe 0_. Once this reagent - mg_].mnng_:ment is
used up, no.futher Seaction - can occur. 'Ihg,_ot-het resgent (C0)
was in excess; there will be some CO remaining after the reaction
is complete.

, (Fe)

N &
a

3. Moles of Onknown (Fe) aci:ually pto_ti;icéd =4 ml
320 g (2 mol) of e 0 + 252 (9 mol) of 0O < 4 mol Of Fe

] ‘ 1

STEP C: Convert calculated moles of Unkhown to Maas
Mags Present = Moles Present x Molar Mass

Holar H&ss of Fe = 56.0 g/moi

A= L PYPIEN b . - b

‘ HaasPreaent-4.00 mol x 4.0 g/mol ‘ , ,
) -224qo£1’e' o

Wecanmumludeﬁntmrmumofm}g 0190203 andzszg o
of 00 will yield 2259 of Pe,

539



''STEP B: Moles to moles (EXCESS) calculation.

° W '
EXERCISE:  Consider the reaction between aoetylme (c,8) and
'\. oxygen(O)awordingtotbeequat:im

4

»

B +5 — + 280
xzz 502 mz '252

if . 52'.0 g of w‘.‘.zﬂ2 apd- 32,0 g of O_ -are mixed together and
allowed to react untilino further res n occurs, what mass ' of
carbon dicxide (coz) be produced? . __

STEP'\: Convert given o’ moles. -

52, CH = CH
IOgo 28y ___n.pl_of LB,

32900, = , 1 of 0

2

1. a) m.tmm xm_b_tmlmlamd_in.szm
" Onknown (Bquation) Unknom (r:equi:ed-x)

b) Koan B (Bmationl _ Koo B (calenlated Step A .

-, 206
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> e T~ td

4,/13

2. Liniting ng_aﬁmt

o
3. 5209 (__ruol)ofczl‘!2+32 Og(._ml) o£02~—-> .
molo’\}io o . S ‘

]
D
{ . . N . - '
. N ) .

~

\

STEP C: .Change moles of Unknown (STEP B-3) to mass.

gof @

9 OECfy *H090k0, = 2-

2
- e
‘\____,/‘
Turn to page 42 to check your answers.

You havenow cmpleteda.u. of the gkills with which you had
difficulty on your p:evicua test. If you have any time léft,
Pleage tum to page 43 and work on the additioml exercises
there. Feel ftee to doyany of the othet skills in this booklet
as time permits. . X

(_/‘

VM..’
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. Page - —  Exerciss No. Answer
7 1 102 g/mol
7 2e) 3 180 g/ml
. )
] b) . \’- ?5.3 g/mol
| - .c) | 180 g/mol .

11

© 2.00 mo}

11 2 ‘ 1,50 mol *
’ - K 1 A 1 2200 }
\w—-é‘ , N\, 9
) h -
15\, 2 ’ 25 g
. - ]
.20 .- 1 12 mol of AL
21 2 12 mol of wz'
- 27 ) 1, 18.0 g of Hzcj

U

6.00 mol of Bzo

. g ‘! 2

t— 2 .
¢ \ -
“ f
” 7/ \ ‘2
-
P——edp) o
. S, -

N . :')A,-I'n‘.
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1. Bow many moles of 'hydrogen chloride (KC1) are there in 80.3 g
of BC1? -~

2, Calculate the melar mass of each of the~ £ollow1ng '
a) carbon monoxide (CD) oo .
“b) hydrogen borate (53503) _ : .

- A

'3

3. In the reaction 2B + 6BCl — "2ECl_ + 332
How many moles of' BC1 would be réquired to conpletely react 5.
moles of boron (B)? v * ) N

\ . .
4. what is the mass px:esent in 4.5 mol‘ of sodium chloride
(NaCl)? ' . , ‘ ‘o

5, Nitrogen ;jas (N2) reacta with water (H 0) acoordxng to the
react ion 2N2 + 6H20 —_— a‘.lN!!3 + 302
‘Wat mass of oxygen gas (0.) would be ‘produced From 54 g°2’3£iﬂ20?

6. " In thatrbaction 2MNaCl + B SO — Na SO+ 2RCI , .
If 234 gllof NaCl and 245 g of B 0 “are mixed and “alloved to
‘react until no furthef reaction occurs,. what mass of BC1 will be
produced? - B o .

Al

7. 20 ml of armpnia (NE_) and 20 mol of oxygen (O) are mixed
and allowed to react until no further reaction occura, the
reaction which takes place is o
' ) 4NH_ + 50, — 4NO + 6H_O (
How many moles of water (B ) will be producgd?
' « ' \ -
Turn, the 'page to check your answers.

\

43

//
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Answer

2,2 mol of KC1

1

- 28.0 g/ml

62,0 g/ml
© 15,0 mol of HC1 |

263 g'«_-;;\_:gf NaCl )
(3 significant figures)

- . ‘48‘.0'5’9‘ pf O2
' 146 g of KC1

s 24,0 mol of Hzo

"

e
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" APPENDIX 5

“SKILL 1:z. Calculation of Molar Mass - Lo

On a previ . test you were’ asked to calculate
‘of a compound, given the -chemical - formula of the cénpound. The
' answer you chose 1ndicates that you used the subscripts
1ncorrect1y in . calcdlating the. rmlar: maaa. I‘: gpeems that you
Aeither fajled to use the Bubsczipts altogether; or you applied
the: -gubscripts: incorrectly in your calculations.

The following pages contain a. review .of molar mass
‘calculation.
" % ap you read through this skill, as these ag:ear to be the areas

'where your ezrora occuzred. ’

an

the' molar mass

R

211

‘Please pay careful attertjon to the sections marked



SKILL 13. (':alqulaé'ion' of Mqiai:' ‘Mass

. . S . \
,\“ - ) ) - 2 ”

.
.8

On a previous tesE you ‘were asked to calculate the molar ‘Mass
-, of a .compound, given the chemical formula of the 'conpound The
~ angwér ‘you chose indicates ‘that you failed to use the _atomic‘

" molar mass .of each element in calculating the molar mass of the

. -'compound. Molar mass is pot found by  simply adding the

- subscripts in the chemical formula. ' ' '

>

) . \' »

- The following pages contain a review of molar mass
. calculation, Please pay careful attention to the sections marked

* ag you read through'this skill, as theae appear 'to Be the areas
where ypur errors occurted.

’ '._‘ \

. 212
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SKILL 2; Converting Mass to Moles

On a previous test you uere asked to ‘change a given mass
of a compound to 1ta cor;esponding number of moles. The:
‘answer you sqlegted indicates that you used an incorrett
method for changing mass - to moles., Instead of dividing
the given mass by the moIar mass of the tompound, you
reversed the operation and dxvidea the molar maas by thé

'

given mass.

T

The following. pagea contain a review of mass to moles
calculation. Please pay careful attention to the aections
n®Bked * as you read thrqugh this skill, as these appeat:

'to be the areas where your errors occurred

1
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. SKILL 2: Converpting Mass to Moles

K

.\_ - ) .

, On a previous test you wére asked .to change a. given

.mass of a compound to its corresponding number of méles. -
/The answer you Selected indicates. that you used an in-

correct method for converting mass to moles. Instead of

-dividing the given mass by the molar mass of the compound
" you multiplied ‘the giVen mass by the molar mass,

Thleullowing pages contain a review of mass- to .moles

- caleulation. Please pay careful at;éntion to the sections .

marked * as.you read through this skill, as these appear

to be the areas where your errors ocaqurred. .
\ -

~l e

, @
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- SKILL 2: Converting Mass to Moles

’

215

On a previous test you were aaked to change ‘a g:lven mass of a

_compound to its corzesponding number of moles. 'me answer you

selected indicates that you incorrectly -calculated the molar ‘mass
of the corrpound The following pages contain a review of a mass
to moles calculation. Please pay careful attention to those
sections marked * as you read through this.skill, as these appear
to be the areas where your errors occurred. . ,

\
© ’
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SKIIL 3t . converting uoles to Mass o ;

r . < ' o -

oh 8 prevloua tesb you were given a cettﬂin nurrber of moles

of a corrpound and were asked to change this’ quantj,ty to mass.

The answer you selected indicates that you d'ivided instead of
multiplying to £ind the answer. ' Once you find the molar ‘mass of e
the compound you must multiply the molar mass by. the given nurber P

of. moles to £find the mass zesent.

The following pages contain a teview of the moles to mass

.dalculation. Please pay careful atteption to the sections marked
\" as you read ‘through thig skill, as these appeaf to be the areas

where gour errors occuzreél. X .
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SKILL 3: Converting moresPto Mass . Tl .
’ . * . . *

On a previous test you were given a ceztain number of moles

of a compound and were asked to .change this quantity to mss.»~
Ehe ariswer you selected indicates that you incorrectly-calculated
the molar mass- of the compound. . ‘The following pages contain a
.review of a moles to mass calculation. Please pay. tareful

attention to the sections marked * as you read through this
skill, as these appear to be the areas where your errors
occurred.

e

14
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SKILL 4: Moles to Moles -
- \ -

a

On" a previous test you were given the balanced che:qical

equation for a reaction, You were also given the nurber of moles

of cne spbstance in the :eactioq} and you wvere, asked to determine
the corresponding nurber of moles of one other substance. ‘The
answer you selected indicates that you used the molar mass of one.
or both of the aubstancea in trying to calculate the required
m:r?ber of molea. This type of calculation does not involve the -
use of mo)ar nhss at.all.

4

218

The following pages contain a review of the moles to moles
calculation. Please read arefuny through this' skil) and note

that molar mass does not enter into any of ﬁhe stepes in the
calculation, ¥

!

~



SKILL 4: Moles to Moles T~ N -
’ ™ ) . o
On a prev;ous test .you were given the balanced chemical
equation for a reaction. You were also given, tbe ‘number
of moles of one aubstance in the reaction, and you were
asked to detern&ne the: correaponding humber of moles

, of one .other: ‘substance. The answer you seletcted- indi-'

cates . that you neglected to consider the relationship

. .between the number of moles of the two substances in 4

question, as’ indicated’ by the numerical coefficients

of these substanceg in the balanced chemical equation.
You assumed a 1:1 ratio between the given- and required
substances in the problem and quoted the given number ~
of moles as your answer. v

The~{pllowing pages contaid’&‘review of the moles to

moles calculation., Please pay°carefu1 attention to the

sections manked *‘as'you read through this skill, as
théy appear to be the areas where your ep ors occurred.-

19 /
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. SKILL  4: Moles to Moles ° S ’

'4\ 5 > 'on a previous test you were. glven the balanced chemical
o ‘equation for ‘a preaction. You were also gimen ‘the’ number
' ' '?o ‘of moles of one substance. in the reaction,’ and you. were
‘ ' ~asked to deterndne the: correaponding number: of .moles '
S .of dne other gubstance. The:afiswer- you selected'indi—
L ‘ “-cates that you neglected to considet the relationship
- between the number of.uplea ofAthe two substances in
question, as indiceted by the nuuerical-cdefficients

A of these aubstancea in thlbbalanced chemical equation.
A ~You simply quoted the coefficient Of the required sub-
i--: o stance. c ’//*-"
. ’ ,(". . ' '
ij‘ B L. The following pages eontain a review of the moles to

moles calculation. Please pay careful attention to the
,sections markéd '* as you read through this skill, as-
these appear to be the areas where your errors occurred.

Ll
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SKILL -4: ' Moles to Moles - \
On a.previous’ tesat you were given the balanced chemical - 5

. oquation for a reaction. You were also given ‘the number
of -moles of one aubstance in the ?eaction. and you were
asked to determine 'the corresponding number of moles -of ‘
one otherféubstance.‘ The answer you selected indicates s

‘9 that you neglected to coqsxder the relatxonship between .

. );be number. of moles of the two substances in question, as

~ . /indicated" by_;ha numerical coefficients of these substanc-
es in the balanced chemical equation. You simply'multi- -
-plied the gived number of moles by the.coefficient of the ‘\\\“‘ :

required substance. .
_ The following pages contain a review of the moles to
moles calculation, Pleaae pay careful attention to the
sections marked * as’you read through this skill, as these

o, appear to be the areas where your errors occurred. oo /

»

-

19 > o .




SKILL 4: Moles to Moles \ - _
A On a previous test you were given the balanced,chemical
aff, L equation for a reaction. You were also given the number S .
,_‘ a of" moles of one- substance in the reaction, and you were -
S ,', agked tp determine the corresponding number .of moles of
B 4 -one other substance. 'I'he answer you selected indicates -
that you negleéted‘to consider the relationship between
the number of moles of the two substances in question, as
' indicated by the numerical coefficients of these substanc-
' es in the balanced chemical equation. You simply divided
the given number of moles by the coefficient of .the '
required substance. ‘
T "~ The following pages contain a review of the molthto

moles calculation. Please pay careful attention to the

sectiona marked * as you read through this skill, as these _ ' >
_ appear to be the areas where your errors cccurred. ! ' o
. . . )




- s"}(ILL 5: Mass to Mass S s

\K =

On a previous "test you weré given the balanced chemical

equation for & reaction and the mass of one . substance .in the‘

reaction, You were Bked to calculate the. mss of one other

Asubstance in the reaction. The answer you ‘selected indicates

> that you did not ﬁse cbrrectly the. infornation from the balanced
chemical -equation i.n your calculations. You ‘simply . found the
molar mass of the desired substance, -or multiplied the molgr masé

‘ of this substance by its coe_fficient, without reference “to" thep,'

given aubatance . A

The following pages. contain . a revied of the fass to mags
_ calculation. Please pay careful dttention to the sgeéions mrked
.* as you r&ad through thig skill, as these app?ar to be the areas
where your errors occurred, N

y - ' .
‘ .

-

26 .



. in your ca%cdlations.

¢ e . : N ’
SKILL 5: Mass to Mass

-
- * -

On a previous test you weTe given the balanced chemical-

. equation for a reaction and the nmssyof one Bubstance

v

» .9 . .
in the reattion. 'You were then asked to calculate the .
mass.of one’other substance™“in the reaction.. The answer.
you selected dndicates that you confused moles and mass:,
: ’i ,'

You set-up a proportion using the correct moie ratio
from the equation, but using a ratio of masses as well.
The coefficients of the substances {n a balanced éhen&cal

. equation do not indicate mass relaﬁionshipss_they'indi-_

cate relative numbers of moles of subétdngeghin,the?
reaction. 33 ' g ‘

The following éagesféontain.a fevieﬁ of the mass to
mass calculation. Please“pay-careful attenﬁion to the
sections marked * as you read through this Ekill,_aa
these appear to be the aé¢a§ whéye‘your errors qccur(ed.

N

-‘! , . o vy

26
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SKILL 5: Mass to Mass

L . ;! .

~ On a previous test you were given the:balanced chemical
. equation for a reaction and the mass of one Substance
'iln the reaction. You were t en,aaked to calculgte the }
-massyof one other sgbsta'nce ﬁ the reactiqn:.'..'nﬁ answer
"ybu'telected indicaée%'that you did not use correctly °
the information.. from the balanqed chemical .equation in
‘yopr caléﬁlations. You assumed a 1:1 ratio between the
masses of the diven and required substances. Thus you

quoted the mass given as your answer,

Tﬁe,fQiiowibg p&gés contain a review of the mass to.
mass calculation. Please péy'carefulxéttention to the
sections marked * as you read through this skill, as
these apﬁeaf to be the aredé'ﬁhege'your errors océurred.

- N ~
~

225
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AR SKILL S: Mass to Mass S

Al

-

' On aAptévlbus test you were given the'balanced.chemicél
equation éor a :reaction and the mass of one substance *
@ in the reaction. You were then asked to calculate the
I mass of one other substance in' the reaction. The answer"'
3 you selected indicates that you confused moles and mass
in your calculations. .Oncé you found the correct ﬁumbér
of moles of required substance, you failed to convert

DU this mole quantity to mass.
L /
The following pages~contaiﬁ a review of the mass to
| ‘: "’ mass calculation. Pleag;,pay careful attention fo the

Ve -sections marked * as you read éhrough this :741/; as
these appear to be the areas where your errqrs occurred.

\
\

a

. - -
' . . N
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' mass of one other substance in the reaction. The answer

227

SKILL 5: Mass to Mass -

Oon_ a prévious test you were given the balanced chemical
equation'fori& reaction and the mass of one substance
in the reaction. You were then asked to calculate the
you selected indicates’ that you did not use correctly )
the information from the balanced chemical equation in
your calculations. Once you converted the given mass
to moles, you simply‘mdltipliéd this @ole quantity by
the molar mass'of the réquired substance. You failed
to conaider‘fhe ratio of giyen and required from the
balanced chemical equation.

- The following pages contain a Teview of ihe mass to

mass calculation. Please pay careful attention to the
®™ions marﬁed * ag you réﬁd through this skill, as

gpese appear to be the areas\where your errogs 6ccurred€

S ‘ | o

e . a
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SKILL 5:, Mass to Mass .,

M
b

On a previous test you were given the balanced chemical ° >‘- .

equation for a reaction and the mass of one substance

in tﬁe reaction. You were‘thén‘aéked to calculate the '
mass of one other substance'in the reaction.. The answer .

" 'you selected indica%es that you did not use correctly

the information from the balanced chemical equation in
your calculations. Once you converted the given mass

to moles, you simply divided the molar’ mass of the re-

quired substance by ‘the calculated number of moles..
You failed to consider the rqtio of given and.required

_from the balanced chemical equation. -

"y
4 [

Qpe following pages contain a review of the mass to
ma%g calculation. Please pay careful: attention to the
sections marked * as you read through this skill, as
these appear to be the areas where your errors occurred.

) 3

. ] . T ) oL ‘ _ . o
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SKILL, 5: Mass to Mass

On a previous test you were given the ‘balanced chemical

equation for a reaction and the mass of one substance in the |

o reaction. You were then asked to calculaté the mass of one other
substance in the reaction.

_°  that you incorrectly calculated the molar masses' of #he
substances involved. The following pages contain a review of the

mass to mass calculation. Please pay careful attention to the

~." sections marked * as you read throuah this skill, as these appear

to be the areas where your errors occurred, -

26

The answer you selected indicates -

vt
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. SKILL 61 Moles to Moles (Excess) ' .

On 'a previous test you were given _’the nurber of moles of two

' reactants- along with the balanced chemical equation for - the

reaction, You were asked to calculate the number of moles of a
product ‘that would result from a reaction invowng the given
quantities of _Egacta_nts. : _ oo o
i
‘Ihe ‘answer that you calculated Uﬂicates that' you confused mass
and mle quantities in your - calculationa. - Note that in a
ight moles to moles calculaticn, in which given quantities
are in’ moles and the answer is. required in moleB, there is no
need to use mass quantities at all, Please note~this as you read
catefully through the following pages which contain a review of
the molea to moles (excess) skill.

230
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SKILL 6: Moles to Moles, (Excess|

e
On a previous test you were given the nunber of moles of two
reactants along--with -the balanced chemical equation for the
reaction. You were asked to calculate' g.he nunber of moles of a

product that would' result from a reaction involving the given
quantities of reactants.

1y

°
7

The answer that you calculated indicates that t _you tried to.add

the given mole quantities in some way, or “converted the mole
quantities to mass and then tried to add. This is incor:ect.

The fonowing pages contain a review of a mles to molee
calculation where one. reactant may be in excess. Please pay

~ careful- attention to the sections marked * as you read thzodgh

thia skill, as these appear to be the areas whete/ your errors
otcurred. - :
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SKILL 6: Moles to Moles (Excess)

On a previous test you were given the number of moles

.of two reactants along with the bilanced chemical equa—

tion for the reaction. You were
number of moles ‘of a product that would result. from a

sked to calculate\\he

reaction involving the given quantlﬁ}es of reactants.

« - .
The answer that you calculated indicatea that you did
‘straight Moles to Moles calculatxon (Skill 4) by choos-
g one of the given amounts of reactants ‘and calculating

. the_corresponding amount of product. You did not indi-
- cate any, rgason for choosing one reactant over the

other. It seems that you did not realize that one of

the reagenta was in excess.

The following pages contain.a review of a moles to
moles calculation where one reactant may be in excess.

. . . 5 . .
- Please pay ca&gful attention to the sections marked * .

as you read through this skill, as these appedr to be'
the areas‘where your errors occurred. /;%
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SKILL 6: Moles to Moles (Excess) .
~. e

Oh a previous test you vere given the number of moles df two

_ reactants along with the balanced chemical equation for the

reaction. You were asked to calculate the number of moles of a
product that would result from a reqction invoiving the given
quantities of reactants. -

~

.

The answer that you calculated indicates that you selected the
wrong substance as the limiting reagent. This then led to your
calculating an incorrect amunt of product. .‘ )

The following pages contain a 'reviéw of a moles to moles
(excess) calculation, - Please pay careful .attention to the
sectjons marked * as you x:éad through this skill, as these appear
to the areas where your errors occurred.

‘

33
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SKILL 6: Moles to Moles (Excess) - \

!
On a prev)ioua test you were given the number of foles of two
reactants along with the balanced. chemical equation £or -the
react:ién. You were aske® to calculate the number of moles of a
product that would result from a reaction involving the given
quantities of reac t} :

\ 7\ The answer that you ealculated indicates that you fajled to

CERCI - el G

choose one of the reagents as the limiting ‘reagent. You gave two
quantities -of product as your answer. This is . incorrect, as

there can be’ only one final amount of a product after a reaction

is complete.

The following pages .contain a review of the molée to moles:

'.(exoess) calgulation. Pleage Qray careful : attention to the

gections marked * as you read through thie skill, as these appear °
t?,be the areas ‘where your errors occurred.
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SKILL 7: "Mass to Mass (Excess)
. On a previous test you were given. the masses of twoé
reactaf:s and the balanbed chemicél equation for a .

reaction. You were asked. to ‘calculate the mass of a
designated product which would result from a react:ion

The ar;swer ‘that you ‘calculated indicates that you aid
a simple Mass to Mass (Skill 5) calculat:.on by choosil‘
one of the given masses of reactants and calculating
the corresponding amount’ of product{/ You did not indi—

cate any reason for choosing one reactant over the
other. It seems that YOu did not realize that one of

_ the teactants was in excess.

-«

'I'he following pages contain a review of the mass to
fass (excess) calculation. Plepse pay careful attention

" to the aections_marked * ag you read through this skill;

as these appear to be th® areas where your errciy-

.occurred.

N .
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SKIIIr7: Mass to Mass (Excess) . /

\

On a previous-test you were given the masses of two réactants
and the balanced -chemical equation for a reaction. You were
askéd to calculate the mass of a deaignated product which would
zeﬂult from a reactlon _involving the given quantities of .

| reactants.

The amwe: t you calculated indicates that you trded to. add
the- given mass quantities in pofne way ‘to nrrive at yohr answer.
'n}is is incozrect as you will notice in the following pages which -
contain a review of the mes to mass (excess) calculation.
'Please pay careful attenficn to the sect ions marked * aB you read

through this ekill, as these appear to be the areas vhere your,
errore occurred. : I




SKR}L '7: Mass te¢.Mass (Excess)
- \-: ' . . . o
On a previous test you were ‘given the masses oP i:yto_
" » reactants and the balanced chemical equation for a '

reaction. You were asked to calculate the mass of a
designated product which would result from a “reaction
s involving the given quantitles of reactants.

™

~

.. The answer that you calculated indicates that you gel-

e ected the wrong substance .as the \ftgting reagent. This
“then led to your calculating an incorrect amount of pro- -
duct. ‘ g ' . '

T The following pages coptain‘a review of thé mass té,

. ¢ mass calculation where'Sne ‘reactant is in excebs. Please
pay careful attention to- the sections marked * as you
'read thréugh this skill, as these appear to be the areas
where your s _ogcurred. o "

- . /l ° -
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SKILL 71 Jass to Mass (Bxcess)
v ‘ . . - . ’ \

On a previous test yob were given the masses of twa’ reactants

_ and ‘the balanced chemical eduation for a reaction. You were

asked to calculate thegass of a deeignated p:oduct which would
result from & :eaction j.nvolving the given quantities of

‘i -

- _— . i

)
< 4
e :
. ©
1

The answer L/hnt you calculatedy j.ndicates thyY you failed to use
important informetion from the balgnced chemical equation in
doirg your calculations, 'Ihis information concerns the mole
Qtnntities of reactants ahd ptoducts involved An the zeaction, ag

indicated by t'.he humrical coefficients.
i & .

}onoving ‘pages .contain a review ofpthe mass  to mads
calculation where one*teactgnt is in excess.’ Please pay careful
attention to the sections marked * as you read through this
skill, as these amear to be the areas where your errots

occu:red.

(3

o
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SKIILL 7: Mass to lﬁa_sé, '{Excess).

-On a previous test: you were ‘given the msses of two reactants
and the balanced themical equation for a reaction.’ You were
asked/ to calculs€ Wpe mas of a designated product which would

t from .a reaction - 1nvolving the given quantities of
Areactants. '

\ / , .
B ~*. | ‘The answer thaé 40u calculgted indicates that y‘ou confuéqd mass
and mole quantities in r calculations. . Note that all glven
_masses are converted to mole,a, and theae mle quantities are used

"" in further calculations. Only in the final step is the mole
 quantity erted to mass to give the answer, )
. - The following es' contain_ a review of the mass to mass
L (excess) calculation. Please pay careful attention to ‘the
- sections marked * as you read through this skill, Zass these appear
. to be the areas where your errors occurred.
R *
—”g_,”\ R . .
* - o 41
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¥ SKILL 7:" Mass to Mass (Excess)

-

e

On a previous test you. were given the masses of two reactants

and, the balanced ¢hemical equation for a rep_ctioh, You were

asked to calculat¢ the mass of a designated product which would
result from a Aeaction involving the given quantities of
reActants. o : |
The ‘answer that you calculated indicates tkyat you ;.ncorrectly
calculated the molar mase of oqe"or'mre-s'lbstahc'gs._ This led to
errors in further caléulations. '

The following pages contain a review of the mass to ma'ss d to
(excess) calculation. Please pay careful attention to the

. sections marked * as_you read th:‘wgh this skill, as these appear

to be the areas where your errors occurred.

"'\.‘
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SRILL 71 Mass to Mass (E:xceaé)

’

. On a previoug- test-you were given: the masses of two reactants .
‘and the. balanced chemical equat:loh for a reaction. You were .

~asked to calculate the mass of a deBi’gnated product whié? would

result from ‘a. reaction involving the given quanéitiea of .

r eactdts .

‘Ihe answer that you calculated indicates that you fajled to. .

choose one of the reagents as the limiting teagent You gave two
- quantities of product as your answer. This is incorrect since

there- can be only one final amount of a product after a reaction
is conplete. :

4

'Ihp following pages contain a zeview of the n‘aas to mass

léxcess) calchlation. Please pay careful a;tention to the
- sections marked * &s you read through this skill, as these amear"‘ '

to be the areas vhere your er:dm occurred. : AR

g
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SKILL __ - ‘J4’

_ . , . o »
From an answer you gave on & previous test, it seems

that you are ‘having some difficulty with this skill in

stoichiometry. Your error could not be identified

clearly. However we haye prepared a lesson that is
designsd td teach you how to do this skill, It consists

242 o

¢

f instructions on the. skill, a representative question

much like the one on the test, end a practice problem.

é
[}

Please turn the page, read the lesson oncﬁhis skill.
and try the praetice problen. _ ‘

?

.
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' APPENDIX 6

SKILL 2: - éonverting Mass ;o,Moles N\

-~ ’
On a previbus test you were asked to change a given mass
of a \_compound to its. corresponding number of moles. The
—-unéﬁe; you selected indicates. that you used an incorrect
nethod for changing mass. to moles. Instead-of dividing
the given mass by the molar mass of the compound, you -
reversed the operation and dxvided ‘the molAr mass by the

given mass:

The following pages contain~a review ¢of maass to moles
calculation. Please pay careful attention to the sections

\marked* as you read ‘through this skill, as these appear
to be the areas where your errors occurred.

.
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'1. m‘m o .. \'

- 0 :'Gi_.vm'themssandfo:mlha_pf;“‘,

“‘ . o ‘ " campotind, calculate the. humber

" of moles present,

If you are given the chemical formla of a compound you
should be able to convert any given mass of the compound to its _
co::espaﬂiné mumber of moles, This skill imyolves the use of
the molar maga of the campound, - B

"n\e. molag mss'_of a compound is defined as the mass of one
mle of the compound. It follows then that any given mass can be

coverted to moles by dividing ithe given mass: by tt‘ge molar mass, %

This my be summarized u follows: ~ -

PYA

-

-

! 'A sample problen and its nolution are given' below.

\ o ; 10

T!umbo; 61"' Moles Present = "““ﬁsﬁrprﬁ_ﬁgmg mo |*



EXAMPLE s

o 245. -

'A 3 - .‘ v\ . ‘ ?
4 . \ :
\ ' ) \

Silicosis is a lung  disease contracted by {nhaling dust
tomedmsandblastinq or innliconnmmg The Aist consisgts *
\of 4 campound of umoon and oxygen called silicon dicxide

(810 )e /\
It a man ﬁ.nhales 180 grams of sioz how mny moles ot 8102~
hasbe inhaled? - ' - N ’

-
P /

The approach to this type pf problem is to calcilats the bass
.~ of one mole (molar mass)’ of.tbaoqupouna amu\entodividcthe*

| givmmsbyﬂxemla:ms

sm' 1:

(e) mmmu:_mf- , o
(1m1:280g/m1)+(2m:1609/m1) : '

Calculate the molac mss of the compourd,

" folar s of 51

(a) m“uoz' ' a" R .

(b) From Table p. 4, atomic molar mass. ot: - .
8i —» 28,0 g/mol ' S .
0—160g/m) . ' R
[ V]

= 28.0 g +32,0.g
= 60.0 g/mol of 8102

b .
LY - . T
. ] -;
g - h
L X /‘\ X 4
- : L
. ! . 1
- : -
. ~ L ol
: v ey, L
\ . Lt
= ~ . L
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7 | | -
STEP 2:'\ Divide the given mass of the compound by the molar mass.
Ve

& Mass Present '

. -Moles Pregent = - S

. . Molar Mass ; -

180 g = 3.00 mol . o P
60.0 g/mol * . : )

The man inhales 3.00 mol of SiO2

A_USEFUL CHECK: . ' A
If the given mss is greater than the molar mass, the number .
of moles will-be greater than 1. If the given mass is less than
the molar mass, the number of moles will be less than 1.
. Givgn mass > molir mass, moles >}
Given-mass < molar ti'ass‘r moles < 1

N

;x‘oucmusethis‘mm}: tocheckyoutanswertoseewhetherﬁia

a loqical one.’ )
. \



EXERCISES:
'Q .

A
v [

°

\

»

1. Calculate the nutber of moles of eodium oxide (mzo)’m 124 g

of Na O.
2
STEP 13- Molar mass of !hzo: )
. . ‘/.-
STEP 2: Moles present = Molar mass

4

P

A%

¥y .

N

‘ .
! !

.

. i . r
CEECK: 7?7 Given mass > molar mass; moles > 1
. Given mass < molar mmss) moles < 1

2. Calculate the number of moles present in' 162 g-of nitrogen

toxide (N O ),
pentox (2‘5),‘

P

" Turn to/page 42 to check your answers. Once you. are satiafied

that you understand this skill, retur

,&:I.:ectims there.

13

n to page 3 m,tol

m .

o
L]
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. : " APPENDIX 7

Test Scores for Skills 1-7 on

the Chemistry Pretest and Posttest
» -

et
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