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' Effects of Class.Size Upon.Aptitude and
Attitude of Pre-Algebra Undergraduate Students
Introduction

"John, Bill decided not to accept the instruétorship we of-
fered. How about combining a éouple of his classes with yours?
They meet at the same time. We'll arrange fof a class reduction
in thé Spring.". "John, the budget is tight and there's no way,
except by adubiing up, to meet the Fall‘schedule; Would you mind
taking'é combination of three ciasses to help shqulder the load?
We;li tréaejqff in the Spring‘with é reducea teaching load."-
"qohn, you've been wanting some time to pursue other interests.
How about teaching a couple of extra large classes instead of
“"three regular classes?" "“John, dhring registration the course
demand was incred%ble, In order.to:try to meet the demané we
opened up a couble'ofvlarge sectidns. We need someone desperately
to teach them. ﬁow about a two for three t}ade?" These and other
excuses similar tojthese have been used in the process of devi-
~ating from traditiénal class sizes.

On fhe other hand, rarely does oﬁe hear, "John,.we want to
start offering large classes since it is well established that
students are more successful." "John, we would like to offér a
coupléféf extra large classes on an experimental'baéis. We would
like to know how this may influence stﬁdent learning. Also, we're
inferested in hdw,this may. influences basic‘teacher concerns. "

Too often imbortant educatioﬁal decisions'are‘based upén
gut level feelings of'the’persons inyolved gnd ;eldom is there

much of an effort to gather unbiased evidence relative
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to these decisions. Basically decisions fo"deviate from
traditional class sizes have been more é function of admin-
istrative concerns or faculty ccnvenience, rather than based upon
quality educational considerations. A review of the literature
and the épparent scarity of available research on this issue may
farther indicate a certain reluctance to investigate these con-

/

cerns.

General Purpose

The purpose of this study was to investigate the difference,

if any, in.student aptitude and attitude that may bené result of

L

deviating from traditional class size in . remedial mathématics

classes.

Backgrcund

This university, similar to ﬁany of the state universities,
has virtually an open door policy for admitting students. The
majori;y of students admitted have merely met'minimal state ﬁathe-‘
matiqs requirements and are ﬁnable to successfhlly'complete.college'
algebfa.. Consequently, the Mathematics Department offers a reme-
dial course in topics and skills which are prerequisite to ideas
andlgkills of algebra. The course is basically’geared to bridge
the gap between a poor mathematics éreparation and success in col-
lege algebra or technical coufses.

For many years the department has been able to resist . the
temptation to expand class sizes. ‘Class sizeé, until recently,

at the freshman level, have average about thirty students. Facil-
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ities were constructed with capacity of forty students per class.

Each class is equipped with maximum blackboard space avai}able"bn

.each of the walls. Because of recent budget urgency and sometimes

inflated course demands the average class size has increased to

classroom capacity.

Typical instruction in the remedial mathematics class, under
ordinary circumstances, consists of a few minﬁtes of lecture.
The bulk of fhe class time is spent in closeiy supervised student
work on problems at fhé-blackboards. Assignments arerusually dis-
cussed in class and student hbmewqu is graded in detail by the
instructor or étudent graders. Exams are‘generally'responded ﬁb
by étudents_recording details of solutions ahd'tﬁeSe solﬁtions are
graded in detail by the ihstructof. ;Ihstructors are generally
half-time graduate students.

Most recently, for regsons.éimilar to the introductory state-

ments, the departmefit' decided to offer two large classes of reme-

dial mathematics.

Experimental Classes

One of the large classes was formed during registration in

+

an effort by.the department to meet student demand for a class.

although the course is rémedial, the_course(is required, directly

.or indirectly, in a substantial number of degree programs. Typi-

cally, a sizeable crowd of students waits until the junior or sen-
ior level before trying to satisfy the mathematics requirements;
The department senses a responsiblilty to try and provide students

with a class, particularly for those students whose degree program
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is at a critical sfagef With sufficient s*tudent demand, the depart-
ment succumbed, after offered classés»were'filled, by opening an
additional,class; This class was announced to be open ended on
size. After the add/drop period the class ended up with 129\students.
| The other class formed sfter the fgct. That-is;there'was an
anticipated instructor who didn't materialize. Yet the department
was obligated to the scheduled classes. Consequently three classes
that were schéduled at the same time were combined to form a.claés.
These students were not aware that they had registered for a larée
>class. Class size was 121 students.
In neither case was the decision bssed upon substantial evi-

dence the the_students would recsive essentiélly the same educa-

tional benefits. Nor were'the classes. formed on an experimental

basis, This was an individual concern after the decisions had been.

executed.

Some Instructional Differences

" The department was caught without adequaﬁe'facilities for‘
teaching large classes. Affer a éoupls of moves the instructor
located ssmewhat minimal facilities for holding cilass; at léast
students qsuld see and hear‘the instructof. A portable blackboafd,
overhead projector and screen wefe available for supplementing lec-
tures and discussions of‘assigned problems with dembnstrations of
examples by the instructor. Objectivé/mutiple choice assignments
énd exams were brienfed to and monitored by scantron eqguipment.

The book, sequence of tdpiCs and probiems-were the same as used
in tﬁe tradiéional classes. However, since there was extréﬁely

limited blackboard space aﬁailable, there was no

. ~
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work on problems Aﬁring class periods. Tutorial/help sessions at
sur&é;ed convenient -times were scheduled. Aiso, office hours were
doubled. 'Tutoriél/help sessions and expanded office hours_were
handled by a student aide. Attendance at tutorial help sessions
or office visits was strictly voluntary on the part of the énrdlled
students. There was very infrequent attendence or participation in
either situation, about on par or less than. interaction with students:
during office hours, Ordinarily.‘ Student interaction, as a group, N
during class meétingS'was also on par or less than ordinary with
a very few sfudents éarrying the loadbof reaéting to'leadiqg ques-
tions, lectqre comments, or demonstrated examples. 'Assignﬁents

were generally selectively sampled during the_first.few minutes
of each class pefiod and the results returned at the end of the
period.  The majo;ity of each instructional pefiod‘involved a dis-
¢ussion of selected assigned problems, lecture over current topics
supplemented by demoﬁStrated examples wifh encouraged studeht inter-

- action. Différences,'as menticned above, while perhaps not a direct
result of classksize, were influenced by the change in class‘size.

Forming the Study

‘The'two classes were perceived by the. instructor as an ex-
periméntal group; Four classes of traditional size were chosen
to sefve as sources of control data. The selection of these classes
was not_random,”howaver; Classes were chosen toAhavé similar‘
factors sudh'as time of day and duration of class meeting. Also
- the control classes were chosen o includé.a variety of instrﬁctors,
incluaing the only instructor with some preyious"dnivérsity teaching

/

/




experience. The 1hstructorslof the remedlal mathematics courses
are generally closely supervised part-time graduate students. .Two
of the three control group instructors fall into this category. ' One
cf these instructors was certified to teach at the secondary' level
and had previous secondary experience. Another of the instructors
had'five previous years of university téaching experience as a
doctoral student at another institution. None of this previous ex-
perience was with a course similar in scope to the course under
"ccnsideraticn. The instructor of the egperimental group was\cer—
tified/with five years Qf.secondary experience and fifteen years

of university expzarience, including tnetteaching of cOurses-similar
in scope to the remedial ccurse. ‘As much as possible, under the

circumstances, the study attempted to negate schedule differences

and instructor differences.

Instruments Used in the Study \

Besides informal observations of the instructor of the experi-
) ) ‘

mental group during the semester, two {nstrumentsvwere de%eloped
and‘applied to help determine what differences, iﬁ any, occurred
with respect to student aptitude and attitude.

The department, during the last decade, had developed a

placement tool to help students dec1de upon approprlate mathematics

coursework. Problems from th1s placement exam comprise the apt1tude
measuring tool for this study. An ttitude instrument, developed

and field-tested»by Grayson Wheatley, Professor?of Mathematics
and-Educaticn at Purdue University, was used asian attitude

measuring device for this study.
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A pretest.composed cf the aptigude and attitude instruments
was administered during a class period of the first weék of class
meetings. Time to administer these toolsnwas less than a class
period in every case.

For information;l purposes on factors which may relate to the

L study, an additional set of items\wasdevel&pedfor the post test.
The post'test was composed of the same aptitude and attitude tools
with the additional information items. This was administeréd to
those students who were still enrolled and in attendande during a
class meeting of the last week of the semester. Again, administra-
tion time was less than a class period.

Siﬁce students Qere identified on both the pretest and post

. test records, the scores were paired and records for which there

wese no pairings (enrolled late, absenf, withdraw.from‘class,

/
failure to identify) were discarded. .There were 86 paired student
/ . ’

f

records in the Control Group and on ‘135 paired student records in

the Experimental Group.

Results of Main Faqtor Measures

Students in both,groups changed‘in aptitude, positively and
significantly, at the .05 level, Table 1. \Also, as indicated in

| Table 1, there was no| significant difference in aptitude at the
beginning or end of tﬁe semester or in thevchange in aptitude be-

tween groups. ,




Control Group Experimental Group Between
(n=86) , ' . (n=135) Group

. Standard o Standard

Mean Deviation Mean Deviation
Pretest 9.3605 3.0828" 8.9481 ° 3.3375 z = 0.9385
Post test 12.6860 3.6080 12.2148 . 4.2186 z = (0.8855
Change 3.3256 3.7806 3.2667 3.9022 z = 0.1115
within Group z = 6.4984  z = 7.0560

Table 1 Ap;itude'Measures of Central Téndency and Comparisons.
Students of fhe Control.Group changed in attit&de, Table-ZQ
negatively, but not significantly. Sfudents.in~Experihéhtal_Gr§up
‘fchanged significantly in attitude, Tabie 2, negativeiy, at.the .05
level, however. Tgere was no significant difﬁerence in'measqned
attitude on the pretest. But, there is a sigﬁificant difference
negatively on the post test. Also, as is récofded in Table 2,
‘there is a significant difference in the change of attitude between

the groups. The Experimental Group changed in attitude, negativély

and significantly more so than the Control Group, at the .05 level.

Control Goup Experimental Group. Between
(n=86) - ' (n=135) Group
Standard . Standard ‘
Mean Deviation Mean Deviation
) P
Pretest 55.5814 16.4663. 53.5704 - 13.6576- z = 0.9444
. . \ . N : ’ .
’ Post test ‘ 55.5465 17.5979 . 48.5407 16.3884 oz = 2.9630C
Cﬁange -0.0349 12.1029  -5.0296 '11.3624 z = 3.0627
Within Group: z = -0.0134 Tz = -2.7394

Table 2. Attitude Measures of Central Tendency and CompériSons.
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"Informational Measures

Informational items sought to determine factors,'if any}
which may have biased the results of the study. These items are.

.in Table 3.

'
'

1 Non significant factprs, outlined in Table 3, included sex,
‘age, GPA estimate, CIass'level, number of previous attempts with
the‘cdurse, high school mathematics course, previous university

level mathematics, intentions as.to taking aléebra_and when, out-

side class assistance, estimate of absences, preference for in-

structional modes.
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Control.Group E&p¢¥imﬁnt§l GXOUP  n,tween Grot

Factors | cC  .'sp . ¥ sD 2
sex  1.4070  0.5816 1,032 ¢,5985 0.9074
age . 1,4419  0.9153 1,607 9763 +1.3914
GPA ; 2.7442 1.0196 2 6947 1,0739 0.3334
Class Level 0.9884 0.4199 : lllﬁﬁz 0,7143 x #2.5777%
Grade Expecta= - ‘[ -
tion : . 2.I860°  1.2320 3_954¢ 7.6049 ~2.6495%
Number of Pre-® ' c 7 Lo
vious Attempts  0.9651  0.2400 1_0339 0,614 - -1.4727

Reason for : 7 g 1 .
Taking Course 3.5581 1.6349 3‘0563 1.651 ; 2.0347*

Yrs. of High
- School Math- o P '
ematics 2.7326 1.0784 2_63y3 1.,093% 0.4899

Previous Un-

iversity Math. , 2 ' ”
Courses | 1.1512  0.9142 1, 2h¢d |y 0822 _0.687g
Using Course . : ( g :
for Algebra 2.000 1.1167 2, 00§7. . .y 1857 _0.4234
Outside Class | , ) \ L 5
Assistance 1.5698  0.8759 1. 4%%0 1 o 778 1.14s9
Assignment / ‘ 7 oo ‘
Study Habits 2.4884  0.8911 2. 0741 0 _g60 3.41qg¥
Preferred ’ y
Assignment/Exam : _
Mode 1.4419  0.6251 1.69%¢ 0 _4025 ~2.4694%
.Estimate of ; o i
Number of - " . o .
Asbsences 12.3256  1.1318 ~2.3407 0 9476 1.259
. . ) /

: Preferred X - . , /

,  Class Size 1.3837  0.6356 1.20%5 0 7885 1-0600
Preferred E / f
Instructional \ '
Mode 1.3605  0.6871 1.3037 07152 0.5995

\\ \\ i i
Perceived N\ ‘ | .~ r
Clarity of - : . : -
Objective 1.6512 | 0.6466 1.3774 0,897 5.169g%

» Table 3. Informational Factors, Central t@ﬂeenQY Measure& ang Com~
parisons. ‘ :

| SV
&




P

Absences were recorded 1n one of the control classes and
Jthe Experlmental Group, llsted in Table 4. The number of absences

was not s1gn1f1cantly d1fferent between the groups

-

\ .
Control Class - EXperlmental Group Difference
(n=22) o (n=135)
Standard ‘ . Standard :
Mean ~ Deviation Mean Deviation '
‘ Absences = 2.2609 0.9638  2.1704  0.8244 _ .z = 0.4246

Table 4. Measures of Central Teridency- and Comparison of Absences
‘Between a Control Class and the Experimental Group.

Factors which tended to rndicate the groups - 're significantly‘
'&ifferent at the -05 level are listel in Table 3(*) and will be

d1scussed 1nd1v1dually S ' ' . .
“—— " The s1gn1f1cance of*Class‘Level Snpports how one of the classes

was formed. The Experlmental Group 1ncluded more upper ‘level students

-

than the Control Group LThlS is also somewhat indicated ;n.the Age
factor. ThlS d1fference is -a function'of how onetof the experi-

mental classes was formed during’ reg1stratlon,_rather than prlmarlly

i

S a functlon of class size. How Class Levél affected the aptltude

or attltude measures is. not clear
~
Grade Expectatlon between the groups was s1gn1f1cantly blased

A pOSSlble explanatlon mlght be that upper'level s dents expect
v

\

better grades, but that- 1s not what 1s 1nd1cated in_the- measurES‘oiv

ﬁcentral tendency The Control Group expecﬂEd to earn a grade close

-to a B.J The'Experlmental Group expected about a D. ThlS may 1n+.
dicate a certain lack of'confidence in ability and may be'reflectedd
" in the latency of taklng the coUrse by students of the Experlmentalv— i;
.Group. On the: other hand grade expectancy may be a functlon of |

. the reputat@on~(or lack,of_reputatlon) of the 1nstructor. The "~
.d\\_’ . .x“ ‘.'. ' ‘
"q ’
A
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rumor mlll 1nd1cates that graduate ass1stants have a tendency for
hlgher grades ~ In falrness, the same rumor mlll 1nd1cates that -
}the‘instrUCtor of the Experimental Group has a reasonable Stiff
“~reputation with‘respect to?grades. Although there is no specific
.\*EVidence preSented"here.which demonstrates how grade expectation
.L affects aptitude or attitude, there does seem to be a pb31t1ve |
'correlatlbn between grades and attltude,‘l.e. low grades may be .

associated with low attitude scores.

Tfhe S1gn1f1cance of Reasons for Taklng the Course may be
better understood by looklng at the avallable responses ‘for this
1nformatlonal factor.' The first response, assoc1ated with a score
of- one, merely 1nd1cated that the individual had been adv1sed to

kfbﬁitake the course after 1n1t1ally enrolllna in algebra, a part of
/ :<the placement program The.second response, associated with a
- score of two, indicated that the course was perceiVedmas academic
foundations requirement The third response 1nd1cated that the
course was a requlred course within the students' ma]or Thé“
u‘fourth_response, four, indicated the course was considered an
.elective.z Thevfifth part,'five,Tindicated-the<course was being
taken because of a poor mathemat1cs background These responses

’do not seem to be mutually exclus1ve and the measures of central

-tendency and the resuItaht comparlson is probably not very
meanlngful A.better presentation oif this information in terms
‘of percentage is presented the Table 5. None the less, it'is

-

",dlfflcult to understand how the 1nd1cated b1as may have influenced

aptitude or attytude.

| Y
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Control Group Experimental Group
Response 1 2 3 4 5 0 1 2'3 4 5 0
% of Group 513 16 14 44 8 82319 535 9’

Table 5. Percentage of Groups Responding to Items of the Reasons
for Taxlng the Course.

The b1modal d1str1butlon of students of the Experlmental Group,
.as lndlcated in Table 5, may be accounted for by the way one of the
experlmental classes was«formed dur1ng reglstrat1on s1nce upper
level students are more llkely to be concerned and consc1ous of the
'academlc foundatlon aspects of taking the coursei | |

The measures of central tendency of Ass1gnment Studx Habits as

stated in Table 2 do not glve many clues about th1s b1as.» Table 6

'1nd1cates that the’ b1as may be attr1butable to the second,experimental

class. ‘The second exper1mental class was the classvformed dur1ng

reglstratlon to meet student demand for a class. There may be- a

- -

relatlonshlp between Ass1gnment Study Habits and apt1tude or

: att1tude. If so, one would _suspect a pos1t1ve relatlonshlp, that 1s,
"1ncreased 1nvolvement of students w1th ass1gnments should be reflectedi“
- with h1gher aptitude -or att1tude scores. Notice that is 1ndeed‘the;

case with respect to aptitude but does not seem to be the case with

o respect to- attitude. On the other hand notice that there does seem

“

to be ajrelationship with attitude. Although attitude is negative,
‘though not“s1gn1f1cantly so with the Control Group, the attitude is
ilower for the Experimental- Group as is the level of 1nvolvement

with respect to assignments.. : - -

|
g



Experimental Group

Assignment

~Study Habits ~ Control Group First Class Second Class
Response’ o 1 2 3 0 1 2 3 0 1 2 3
Frequency 6 4 15 61 8 18 61 48 4 6 38 24

Table 6, Frequency of Responses on A551gnment Study Hablts for
Each Group. , .

As indicated in Table 7 students of both groups seem to prefer:
. : .g

the objective (scantron/multiple choice) mode over the.standard

written mode for assignments and exams. Students in general seem

to express little re51stance to the multiple ch01ce format on math-

matlcs 1nstruments. Since the Control Group used the traditional

written work mode for assignments and exams and have long been

associated with this mode, it is not very surprising to notice the'

_relativel§ even split in responses. - On the other hand, the Experi;

mental Group used the multiple choice mode'exclusiveiy. Apparently

the moaeVWas very agreeable with them, judging from the overwhelming

second choice, Perha=¢ one cduld'make a weak case relating\the bias
to the mafn'effects ¢’ aptitude ana attitude. mﬁﬁty'it'is'doubtful .
that such a relatlonshlp would be negatlve as it appears to be w1th

the att1tude measures.  Without a’ natural explanatlon one suspects

that these factors may be reasonably 1ndependent.

As51gnment/Exam Mode Control Greup._ - Experimental’ Group
Responses o 1 ‘2 ' -0 1 2/
Freéueney of Responses 6 36 44 : .10 29 96/

Table*?. Frequency of I
Eac¢h. Group. . ; .
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The results on Perceived Clarity.of Course Objective seem
strong. The frequency distribution as listed in Table 8 indicates.
_that students in the Control Group felt that they understood the
objectives of the course while students in the Experimental Group
were split in responses. A_survey of the results of the two experi-
mental classes seems to indicate no difference.between the classes.
One may be able to make a case for relating aptitude or attitude
totperceived.clearness'of course obﬁectives, and the'expected re-

v lationship would be positiVe. The results do not tend to negate
such a expectation with respect to attitude. Notice: that the Con-
trol Group had a more pos1t1ve attitude and seemed to understandp
the course objectives.better‘and vice versa for the Experimental
Group. On-the other hand perceived understanding of course objec--
tives may be subject_to interpretation. Every effort was made in
the experimental classes‘to‘make sure that the course objectives
were clearly stated in detail. Obviously this did not come across.
It may well be that the'opportunity to practice skills under direct
 supervision and to.have written work graded in detail may have a
tendency. to emphaSize some of the spec1fic goals of a course.
-Watching the instructor work examples and not haVing the direct
supervision at boardwork or critical analys1s of written work may
not emphaSize some of the spec1fic skills enough . Thiskmay‘indicate
a need to require problem solving seSSions.in adequate‘facilities in
addition to lecture sessions.. So this bias may be function of the
specifics of the present organization andpfacilities for large group.

“instruction rather than simply class’ size.

v : 3 ' ' . N
. N - ) . ‘ .
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Perceived Clearness of Course Objectives

» Control | Experi- First Second
Group mental Class Class
Response o 1 -2 0o 1 -2 o 1 2 0 11 2

Frequency 9 14 63 22 64 49 10 - 29 24 12 35 25
Table 8. Frequency of Responses on Perceived Clearness of Course
Objectives for Each Group.

Witharawals.from the groups may give some clue as to"stqdents
attitude and class‘siée interaction.‘~Nineteenastudents withdrew
.frcm the Control Group. forty students withdrew from'the'Experi—
mental‘Group.- Twenty five percent of the students withdrawals
of'the Experimental Group referred to class size as a basis for
withdrawing.‘ None of the Control‘Grcup withdrawalsVComplainedv
about class size. Half of the Experimental Group were not aware
that they were registered for a iarge class and the withdrawals
indicated a resentment to_being in a largerclass. Again,'formatioh

of the EXperfﬁental classes may have contributed.a bias to the

negative attitude results.

Conclusions’

_ Apbarently deviation from traditional class size withih‘the“
limitatiohs imposed by the formation of the experimental classes
and the iimitations of the facilities did.nOt cause a significant:
difference in the aptitude of the students- as comoared with the
control classes. _With respect to the attituue facior, there is

some evidence that the at*itude of students in the,experimental

-

ﬂclasses ws:s significantly. affected, negatively. There are, however,

&y

1
4



. 17

factors,_which may also have cohtfibuted to this negative\gpange
iﬁ attitude. The formation of the experimental claeses, instruc-
tional facilities and no assigned laboraéory experiences emerge.
as facters which may have clouded validity of this conclusion.
Attitude is generally eonSidered an important aspect of the
learning situation. Consequently,'one should be aware that the
mathematical attitude of remedial students may‘pe negativelf'
mpdified when deviating in class size (larger). |

Lo .
\» : Seggestions for Furiher Sfudy

Perhaps an initial suggestion,,depenging upon. the pressures
for expanding class size, would be Fo repiifétevthe'study but wiFh
better formation ¢f class strategy, involvmehteof more faculty
with experimental classes to help modiff instructor differences,
.in an educational environment more suited to lerge class instructioﬁ,
inciude laboretory experiences and some moéificdtions of the infor- |
’ﬁational diégnostic tool. An interesting spin off may bek%o fg;ther
inyesfigate the "instructor differences. 6ne eertainlY'mey want to
tr& fo determine if there_may'be”strafegies;#gerculiar'to large
gfoups Of<etudents,uthat may modify their ettitude positively.
Certainly one shouldvbe‘caut?ous'about deviating from treaitiOnal
suecessfdl formats when teaching 'students wifhme,background of
failurefiq mathematics Who need the skilis and ideas for'continuéng'

their educational needs. , , ;
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