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PREFACE - - LA

*

.
~

This is the second of two reports in thé eva]uat10n of Se]f Paced
Ca}cu]us during the 1975-76 academie year. The first report compared the
self-paced. and conventionally taught\sections of Mathemat1cs 295.tn terms of
student attitudes toward 1nstruction and end of-semester examination achievement.
The f1nd1ngs of - that report ind1cated s1gn1ficant1y more positive attutudes

" toward the course as well as a significantly h1ghér level of examinatxon perform-

ance by students in the self-paced sections. The purpose of the studx out]‘ned

*tn tﬁisvreporr was to extend the investigation of differential examination

achievement by determiningjyhether the:differences noted between the self-paced
and ;onventioné] instructional methods were constant fpr a]T'1eve]s of prior
mathematics prepa;ation. |

The report is divided into two parts. Thé firét'is a capsule summary
of the method employed ahd the major findings. The second part is a fuller and
considerably more detailed version o% the study.

. ad t. ’
. . v '( . ‘
1 . i
N .
. . R
Ay ' \ . .
. 7 v s
., .
0 ' =
. . .
. v, . N J
~ .« - A ~
- . ' L}



~

PART 1

: . CAPSULE SUMMARY OF .
' METHOD AND RESULTS

L .

A considerable boay of research has demonstrated‘the effectjveness of
the Persona11zed System of Instruction (PSI) or the "jellghk Plan" in improving
students attitudes toward a course, as well as in prodlicing statistically-
s1gn1f1cant gains in student achhevement One problem with most of this
research, however, is that it treats compdrative student performance in PSI
and conventional courses g]oba]ly As a resu]t’ the preséﬁzerof 1nteract1ons
between instructional method and 1earner traits and/or aptitudes may be
masked. The purpose of this }nvest1gat1on was: t0 examine the 1nteract1ve
*;effects of prior mathematics preparatioen and instructional method on actieve-

ment in an 1ntroductory ‘calculus course taught by both PSI and coﬁvent1ona1 - :'f
approaches .

METHOD
Course and Treatments , ) N ' - -

The focus of the study was the f1rst semester of a four-semester intro-

" ductory calcylus sequence (Math 295) Jdtended for pdtent1a1 science and ! .

mathematics majors. A number of sections were offered. to- students in a
modified PSI format (ent1t1ed Self-Paced Qa]cu]us) which al]owed for self- "-
" pacing, variab]elcredit, optional attendance at lecture/problem solving sessions,
scheduled tutorials for ¥ndividual help énd,testing, and required mastery of
/ a unit of material before proceeding to subsequent units. The anventlona1

. method consisted of three hours of ]ecture/prob]em solving sessions -per week. p
Apphoximately 24 students were- assigned to each e]ass section. The classes '
were taught by both full-time faculty 'and graduate. teaching assistants.’

Subjects -
) The subjects in the studyrwere 248 students, 60 from the self-paced

method and 188 from. the conventional method. Since all students who took the
final-examination: 1n the se1f—paced method earned a semester grade of C or
.above ( the re{t bgjng "drops" of F's), students receiving a D or ¥ in the
convent1ona1 sections were eTiminated from the analysis.
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Var1ab1es
. In order to study the interaction between student traits and tnstruct1ona1

. methods without confound1ng the effects of the methodr one needs to measure
.0 sQudent traits prior to or at The very beginning of, the “course of 1nstruct1on

- Prior to beg1nn1ng Math 295 each .Student in the study had comp]eted the ‘
.Mathemgtics Placement -Examination (MPE). The MPE is a 33- -item test which
measures prior mathemat1cs prepanatnon, defining this construct as encompass1ng
L both aptitude and achievement. \ ; ¢
The dependent variable- (course achievement) was an eight-item, 132- po1nt,

* ™7 common ehg-of- semester exam1nat10n which covered the equivalent 1n content
//i*> . f the f1rst eight units, or two credit hours, of %@ter1a1 in the se1f~paced
,method The test was constructed jointly by facuﬂty members in both methods and
'scored{by Six Jndependent Jjudges who had no association w1th either the self-
- .“ paced or canventional sections. Each Judge scored only one part of the test
o for each student-and was unaware of wh1ch 1nstruct1ona1 method any part1cu1ar
student was in. Students took the exam1nat1on dur1ng the regular final ™~ '
exam1nat1on period.

Design and Statistical Apalysis, ‘

By

A Because the self-paced alternative presented students with.a dramatically.

different learning format from conventional methods, facu]ty were opposed to ’
students being ass1gned to.it on the basis of chance. This prevented the
random assignment of subjects to treatments and led to the adoption of a quasi-
experimenta1 approach. Quasi- exper1menta1 designs do not permit the same
: "debree bf causa1 inference as true exper1ments The present design was con- .

\ s1derab1y streng/hened however, by the demonstration of pre-treatment equ1va1ence

between the tw65§nstruct1ona1 methods in MPE scores and a range of persona]vty
., dimensions wh1c/'1nc1uded level of personal motivation.

A . " Subsequent to a pre11m1nary analysis which indicated that the relationship

. between MPE scores and semester examination scores for eqch instructional

. method was Tinear in nature, a multiple regréssion ana1ys1s was performed with,- l
e . semester examination scores as the predicted variable. The predictor variables-

were instructiona1 methdd, MPE scores, and aniTnteraction vector credted by
multiplying each-student's instructional method by his or her MPE scdre. , The
. critical level of significance for all statistical tests was set at the .01 .
L]
' Jevel. |
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' g RESULTS < . -

The resuits of thd muitipie regression- anainis indjcated significant v

effects due to both 1eve1 of prior mathematics preparation and instructionai
method. The mean semester examination scdre for the seif-paced method was
99.72/as compared to 82.28 for.the conventiopal method.” Firthermore, a
significant prior mathematics preparation i ihstructionai method intgraction
was also indicated. This latter finding suggests that, whiie the self-paced
‘method demonstrated a Signifncant overall improvement’ in examination achieve-

. ~vment over the conventjonal methods the—effects were not constant across all

levels of prior mathematics preparation Investigation of the slopes of
the regreSSion lines for each instructional method indicated that the effects '
of the self-paced method were most pronounced for students at thk reiativeTy
Towest levels of mathematics preparation and tended to diminish in magnitude
- as 1eve1 of maghematics preparation-increased. - *
’ A suppiementary anaiysis indicated that the range of MPE_ scores for
which statistically Significant différeaces in achievement scores existed .
between the two instructional methods was from 5 to 18 This- represented ‘
approximate}y 81.9% of the distribution of subjects' MPE scores Aboye a
score of.is on the MPE the overall mean achievement score_for the self-paced
method was still somewhat higher (9.44 points) than that for the conventional;

- however, the) mean difference was hot large enough to be conSidered statistically

Significant at the 01 level.* .
Another way of regardingxthis interaction is by conSidering the .‘ .
differences in mean examination scores between‘Ehe two ihstructionai methods

. for dﬁfferent ranges of the MPE. For an MPE 'range of 5 - 12" (below ‘one ’
* standard deviation below the dveral] mean) the mean examination score ~  °
. difference was 29 41 points in fa or of the seif-paced method for an MPE

range of ]3/~ 18 (one;standard devnaiuon on either side of the overall mean)

‘. the mean difference was 13.41 points in favor of the self-paced; for an MPE

_range of 19 - 26 %above one standhrd deviation above the overall mean) the
- mean difference was 9.44 points in favor of the self-paced method
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"* The reader is referred to the Cautionary\Note beginning on
.- page 10 of the fu]i report
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S ., PARTII oo
. Based on the avai]abi]itj of an extensive body of research evidence,
there-appearsvto'beal}tfie doubt about the effectiveness -of the Personalized
System of Instructidn (PSI) or thei?Ke]]er Plan" (Ke11er, 1968) in improving
both students attigudes toward a course and their performance ®on a variety of
course, ach1evement measures.’ The basic features.of PSI courses include the
fo11owfng (a) individual ‘student pac1ng, (b) stery of a ynit of material
prlor to proceed1ng to thernext unit; (c) utilization of student tutors; oo
v (d) use of study guides tp tmpart critical information; and {e) lectures for ‘\"
" motiVation and stimulation rather tHan~ﬁor inmparting information (Ku]ik; Kulik
and Carmichael, 1974). Various modifications of these basic characteristics
have been made in 1mpfementing PSI courses in diverse content areas.
" Born and Davis (1974); Born, GleghiTl and Davis (1972); €ooper and
Greneir (1971); Green (1971) Riner (1972); Roth (]973) Shepard and MacDermot
(1970) and Witters &nd Keii (1972) are all representat1ve studies or reports
which indicate that, when“tompared to conventional lecture approaches, the
general ‘PSI model produces significantly more positive student att1tudes toward
a course and/or sign1f1cant1y h1gher achievement. The results of these
studies are from a.vgriety bf d1sc1p]1nes 1nc1ud1ng psychoTogy, bhysics, mathe-
matics and engineering. A comprehensive review of PSI in science tgpching is
k .prov1ded by Kulik,-Kulik and Carmichael (1974).
‘ One potential problem with the studies cited above, and 1ndeed with most
PSI investigations, 1s that they treat comparat1ve student performance in PSI
- and convent1ona1 courses globally. As a result..they -may mask the presence of
interactions between d1stinct1ve 1nstructiona1 treatmentsfonthe one hand, and
different 1earner traits and/or apt1tudes, on the other. It may be ‘that the
effects of PSI, or any individualized instructional system for that matter, are
not homogeheous across the full range of aptitudes or personality orientations
which the student brings to the course. Thus, PSI may be most effect1ve for -
a subgroup of students at certain levels of a part1cu1ar traft, whi]e convent1ona1
A . methods may be more appropriate with another subgroup of students at different -
' levels: of the same trait. For still another subgroup, ach1evement‘may be
unaffected by 1nstruct10na] treatment. ° .
Unfortunaxely, it 1s on]y recent]y that researchers have attempted to
d1saggregate the global effects of PSI (Ferpald, et a] » 1975) or to relate
.:performance 1n PSI courses to ]earner tra1ts and/or ab111t1es (e. g. ,Johnson‘\ k:
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. ( .
v and €roff, 1975; Born, Gledhill and Davis,§1972; Morr1s and- KimBre11, 1972; .
Aust1n and Gilbert, 1973 and Kulik, Kulik and -Milholland, 1974). The tesu]ts
, of this research are not palticuﬂaffy conctusive. ,Some studies indicate that
lower abi]ity students behefit most, in terms of achievement, from the Keller
Plan; others ,suggest that the greater benefits accrue to higher ability
students, and still others suggest that” students in BSI courses improve a
constant amount in achievement regard1ess of abi?ity level. Desp1te their
equivocal nature, however, the f1nd1ngs of these studies clear]y sugge

that there may be a significant re1at1onsh1p between pr1or student agtitudes
and achievement, and the effectiveness of the PSI 1nstructiona1 methdd. The

. purpose of the present. 1nvest1gat1on was to examine the effects of the
interaction of prior mathemat1cs preparation and 1nstruct1ona1 methdd on
achievement in an introductory calculus course taught by b%th PSI and conven-

tional approaches.
Fa

. METHOD ) »

. Course and Treatments i L /.. S : R
The. focus of the study was the irst semester of a four-semester

' 'imtroductory calculus sequence (Math 295) intended for potential science and
mathematwcs gajors. The course typ1ca11y enrolls over 300 students -4n the
f1rst semester. " A number of sections were offered t8 students in a modified,
PSI format (entitled Self-Paced Calculus) which allowed for self-pacing,
optional attendance at lecture/prdblem solving sessions, scheduled tutorials
for individual help and testing, and required mastery of a unit of material
before proceeding to subsequent units. An additional feature of.the course
was variable credit. Students were required to-earn .a‘minifum of 2 credit
. hours during the semester (in lieu of the traditiona] 3 credit hours). " No
spec1f1c limit was sat on the maX imum number of credit .hours. that could bé

,ethed The number of cred1t hours earned was tied to the number of unit
tests passed. : ' . ’

The conventional method of 1nstruction consisted, of three hours of
lecturefproblem solving sessions per week Approximately 24 students were
assignejgto each class section The c]asses were taught by both fu]]-time

faculty and graduate teaching ass1stants Both the ¢onventional and self-
peced methods covered esseht1a11y the same ‘content and both .methods used the
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sameAprimary textbookzp Analytic Geometry anqttheuCaicuius, 3rd Edition, by
A. U. Goodman. Co ) - . .

.

~ ., . -

Sub;ect L ’ — . \‘ '
The subJects Sin the study were 248 -students, 60 frqm the self- qged 'é

method and 188 from the conventional method. Since all students who took .

the final examination in the self-paced method earned a semester grade of ‘ili

,q or above (the rest being "drops" or F' s), students receiving a D oy F in
the conventiphal sections wera eliminated frém the analysis. The'drops or

F grades for the selfﬁgaced method were 28.6%. Th1S compared to 22:1% of the -
conventional method receiv1ng a grade of D, F or incomplete. " Of the 60
studefits in the.self-paced method, 43 earned two credit hours and 17 earnéd
three or more credit hours. /| ' C o

Variables , -

In prder to study the interaction between student traits and instructional .

methods without_confoundihg the effects of the met d, one needs to measureh
student traits prior ‘to, or at the very beginning gi, the course of instruction.
Prior to beginning'Math 295 each student in the ‘study had completed the
Mathematics Placement Examination (MPE) (Myerberg and Ke]]y, 1972). The MﬁE
was validated on a- ~sample ‘of 1422 students in eleyen undergraduate mathematics
courses at Syracuse University It- was found.to corre}ite .48 with first-
. semester’ grades in Math.295. This® compared with a corrklation of .45 between
first semester Math 295’ grades and the Mathematics score of the Scho]astic
-Aptitude Test. . The 'MPE was used in place of the MSAT because scores on the
-latter measure were not available for all subJects in the study )
While the MPE osten51b1y measures & student S prTor—ievel of achievement

in .mathematics skills, its corre]atiqn of .53 w1th the MSAT suggests that it is -

quite probab]y also a measure of mathematics aptitude. For this reason it win
be regarded in the present study as a measuxe of prior mathematics preparation.
defin;pg this construct as encompassing both aptitude and athievement \Ihe
computed Kuder-Richardson 20 (interna] conSistency) reliability coefficient

for the MPE is .84. T “ _ )

The dependent variable (course achievement) was an e1ght-1tem. 132-
point, common end-of-semester examination which ‘covered the equjva]ent n
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content of the first &Tght units, or two credit hours;.of mater?d1 in the:
selfipaced mthod. T test was constructed go1nt1y by faculty. members in
both.methods and scored by six 4ndependent judges who had no association with
either the se]f paced or conventional sect1ons "Each Judge 'scored on]y one
part of the testcfor each studen;ﬂ and was unaware of wh1ch 1nstructiona1 method
any particular student was in e split- ha]f re11ab111ty of the egpm1nat1on

adjusted by the Spearman Brown formu]a was 72
y

) Des1gn and Statistical Analysis ' . ’ }
Becau‘e the self-paced alternative presented students with a drfmatica?}y ,

d1fferent ]earn1ng format from convent1ona1 methods, faculty were .opposed
to students being ass1gned to .it-on the basis of chance.. This prevented the’
random assignment of SubJeCtS to treatments and Ted to thexadoption ofia
quas1 exper1menta1 approach The quasi- experwmental design- emp]oyed was a
. pre-post, non-equivalent control group design (Campbell and Stanley; 1963)
in which the subJécts could elect to take the seTf-pacedébpt1on Since thé
primary threat to internal va]1dity in th1s design stems from possible self-
seélection bias ﬁe g. students w1th h1gher mathemat1cs prepa;at!on electing

- to take ‘the gelf-paced method) the design 1s considerably strengthened i
equ1va1ence can, be demonstrated on pre- treatment variablesswhich may haveﬁ\
s1gn1f1cant correlation with the dependent variable (Campbell and Stanley, 1963)

D1fferences between the conventional and self-paced students in the means -

and variances of the MPE were both non-significant. The F ratio for the .
‘différence between MPE means was 1.15 with 1 and 246 degrees of freedom
(p > 30). while the ratic>of ‘the group variances fell within the(upper and
lower rejection regions of the F distribution at p > .25 (Hays, 1963).

(Note by stat1st1;a] convention a.difference jis.considered non-significant o

-orunreliable if it has a greater than .UB5™peobability of being due to change.)
Addﬁtiona]]y, pre-enrol Iment scores on the Activities Index'(AI), a
\\ 12-dimension measure of personality needs were available for 132 students"_f
from the convent1ona1 method and 47 students from the self-paced method
. The AI is a widely used persona11ty ir@entory cons1st1ng of the fo]]ow1ng
subscales: Self- Assert1on Audacity-Timidity, ;ntel]ectual_ nterests,
Motivation, Applied Interests, Orderliness, Submiss1veness,<;40seness,
Friendliness, Express1Veness-Constra1nt} Egoism-Diffidencé and Sensuousness.
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h multivariate. ana]ysis of variance yieided non- signﬁficant differences between -
the se]f—paced and- convent1ona1 groups a]ong all twelve personality need.
scales of the Al, ‘For both mates and females the multivariate test was
* non- significant. The mu]tivariate F-ratio for males was .360 with .12~ and
124 degrees of freedom (p > 60}.ﬁh11e the muTtivarjate F for fema]es was
.911 with 12 and 29 degrees of freedom (p > .60). Thus, even though strict
exper1menta1 controls were not’ poss1b1e in the: study, the self-paced and
conventional groups, nevertheless, appear to be qu1te s1m11ar in terms of
both prior mathematics preparation and a range of persona11ty d1mens1ons
Demonstrating such pre-treatment equvva]ence between groups in quasi-
exper1menta1 des1gns does not perm1t the same kinds of causa] 1nferences as
do true experiments 1n which subjects can be random] ass1gned Clearly self-_
.selection colld Have created pre-treatment bias in uikeasured var1ab1;§ which
" may affect ach1evement--an unequ1voca1 limitation of the present study. However,
the above\ev1dence strongly suggests that se]f-se]ect1on did not create pre- ,
treatment bias across a wide range of Tearner _characteristics, 1nc1ud7ng levels
of prigr mathemattcs - preparat1on and persona] ‘motivation. . .
“Multiple regression analysis with semester eggmination score$ as the
predicted variable was the mode of stat1st1ca1 analysis emp]oyed The predictor
var1ab1ea,were.1nstruct1ona1 method, Mathematics Placement Exam scores’ and an
1nteract1on vector created by mu1t1p1y1ng each student 3 mnstructiona] method
by . his or her wPE score. Instructiona] method was effei} coded according to
.~ Kerlinger, and Pedhazur 1973 Students in the se]f—paced method were -coded
1 and students in the conventional method were coded. -1 In computing the
Mu1t1p1e regression the ‘effects of instructional method were'computed whi]e
controlling for MPE scores, the effects ‘of the MPE wefe computed while '
controlling for 1nstruct1ona1 method and the effects of the MPE ; instruc-
tional method 1nteract10n wére uted while contro]11ng for both instruc-
tional method and MPE scores. The ¢ 1t1ca] level of sign1f1cance for.all
statistical tests was set at the .0? ]eve] S ] :
L . ® T A
' [ ‘ .

. " RESULTS ¢ .

A preliminary analysis was conducted for each instructional method to
determiffe if the relationship between MPE-scores and semester .examination




scopres was 11near or curvilinear. ln both instructional methods the test

for dev1at10n from Tinearity (Ker]\oger and Pedhazur,.1973) was non signifitant

‘ (p >,.10), This. suggé%ts that ayT{near -‘Watipnship best’ characterized the o
T association between prior mathematics preparation and'examination achievement:

o ¢« Tlable:'l shows the results of the mu]tip]e regression ana1y51s of semester
exanunation scores. The total variance accounted,for by 1nstructiona1 method i
MPE scpres and the MPE X 1nstructionJT ,method 1nteraction was 26.75%" (muTtTpTe R -

.517, F'= 29.70 with 3‘and 244 degrees of freedom, R < .o01).

_As the table

vindicatés-the effects due to Tevel of prnior. mathemafics preparation and .

instructional method wére both statistically significant

The mean semester

L4

]

examination scoré for the se'lf- ed m d was 99.72 as compared to 82 28 . »
for the conventiona]-method ththermore, a significant prior mathematics v
preparation X 1nstructiona1 .method ion was also 1nd+cated--a1though: 31 '
) the magnitude of this effect was re]ativeTy smally as indicated by “the modest . o'
- ' proportign of, variance in examination scores for which it acéhunted. Y
,® .The finding of a significant mathematics preparation-x instru€tignal ' .

method interaction suggests that, even though the se]f-paced meth?d demonstrate&
a significant'overall 1mprovement 1n examination achievement over the conven-
tional method, the -effects’ are not constant across a]] Tevels of prior . ) " ”
-mathematics pr aration Another way of- conceptua]izing thTS interaction is by
con51der1ng the sTopes of the linear regression lines, which, 1n part, represe S
fthe reiationship between the MPE andgekamination achievement for each instrﬂcfpt .

L tfonal method. (The regression lines represent th Teast squares linear fit
to the data. ) If no interaction.is present, fte., if one method is superior g
to the other by a constant amount across ai] Teve]s of prior'mathematics -t

“. preparation, the slopes of the regression Tines will be parallel. On the ' : - -
Other hand, if some interaction is presgnt the effects of 1nstructiona1 method ’_ )
'are not constant across all levels of mathematics preparation and the s]opes “;/

- of the regression lines will deviate significantly from para]Tei . . ST
' The statistically. significant MPE X, instructionai ‘method interaction .
shown in Tab]e 1 1ndicates that the s]opes of the regression Tines representing

. the reTaiionship between prior mathematics preparation and examination. achieve-'

. meyt aré not parallel. Figure 1 depicts the’ least squares regression Tines ' g
fitted to the data from both instructional methods. The regression equatiens
for the two methods are as follows (where X is the score on the MPE and Y. is!
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the score_pn the semester examination):
’ " Conventional:' Y = 2.609X + 43.276 - S

4

.. . Se]f—Paced : Y'= 0, 725X + 88.424

.

A]though the regression line for the self-paced method is higher than
that for the conventiohal method across the full range of MPE scores, there
is a clear 1nd1cation that the lines are.not parallel. The regression 11nes
are furthest apart at the ioWest measured levels of prior mathematics prepara-
_tion and tend to converge as "level of mathematics preparation increases. This
¢ suggeststhat,whiie tn!re is an overa11 s1gn1f1cant 1mprovement in examination
ach‘evement associS%éd with the se]f paced method’ the-effects of that method
in 1mprovfng achievement are o t pronounced for students at’ the re1at1ve1y o
1owest'1evels of mathematics prﬁparation and tend to d1m1n1$h in magnitude '
asv]eve] of mathematics preparation 1ncreases ‘ '“f . ’
Furthermore, as represented in Figure 1, the r!lationship between prior-
mathematic; preparation and scores on the ‘semester examination is considerab]y
- stronger for, the conventional than for the self-paced method.~ For every
Z increase of one point on the MPE there is an average iricrease of: approximateﬁy
) 2.6=examination score points for the conventiondl method. Th rresponded
‘to an average increase of 0.73 points for the self-paced. A further indication
- of this tendency is shown by the respective correlations between the MPE and . °
..examination achievement for the two instructional methods. The correlation
in the conventional method was .434 as compared to .217 1n the se1f-paced
In-terms’ of the variancgyin examination achievement accounted for by prior
‘mathematics preparationi!he percentages were 18.84% in the conventionai and
. 4.73% in the self-paced. (Percentage of variance accounted for ;s determiped (

§

. by squaring the-corre]ation coefficient.) ‘ p

*
v

Regions of Significance and Non- Significance \
A supp]ementary arnalysis was conducted with a technique deve]oped by .

Johnson and Neyman (1936) which permhts the determination ‘of the range of MPE ,/

scores for which it is reasonable to assume that achievement differences .

S

&
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betwdan the two methods are statisticale reliable or s1gn)f1capt * o 5L2
" The basic statistics necessary %o conduct the Johnson -Neyman analysis
The results of the analysns indicated that the range . -

J

.are shown in Table 2.
of MPE scores for which stat1st1ca]1y sign1f1cant differences in achievement .
. scores existed between the two instructional methods was from 5to 18. This,
/,represqnted approximate]y 81.9% of .the d1strvbution of subJects MPE scores.
Above a score of 18 on the MPE the overall mean ach1evement score for the
self-paced method was still somewhat hfgher *han that for the cenvent10na1,'
however.the mean difference was “not 1arge enough to be considered stat1st1ca11y
s1gn1f1cant at the .01 level. For the purpdses of the study this range of
scores on the MPE above 18 has been termed the region of non-significance, ;;
and is depicted in F1gure 1 by ‘the shaded area. The region of non- s1gh1f1caﬁce
represented on1y 18 1% of the tota] distribution of MPE scores L
Another way of regard1ng this interaction is by considering the mean ¢ ‘
d1fferences in examination 'scores bdtween instructional methods for differenf\ =
ranges of. the ‘MPE. Tab]e 3 shows d1fferences between. examination score means
for the ranges 5- 12 13-18, ‘and 19- 26 on the MPE. The range 5-12 represents
the area below one standard deviation beloy the mean, the range 13-18 '
represents one standard dev1at1on on e1ther sid& of the mean, and the range.
19-26 represents the area ab0ve one standard dev1dt1on above the mean. As
the’ tah]e 1nd1cates, se1f—paped students tended to have h1gher mean‘examination
\ scores across the full ranée of MPE sc6res However, it is-clear that-the ° -
"y most dramatwc d1fferencks were for students who§é MPE scores were below one

standard dev1ation below the mean, i.e., an MPE score range of 5-12. . .
1 R

Caut1onary Note

- While the 11near regression 11nes in F1gure 1 represent the mostiaccurate
.general chﬁracter1zatjon of the overall data, it will pe noted that they are
not extéendéd beyond the‘point of intersectﬁon, which’fa11s‘within the region

) ,

-

’
»

If one assumes that the 248 students in th1s study represent the
total population of students in.Math 295 receiving a grade of C or above, then
tests.for statistical sign1fican are net necessary. However, if the students
in this, study are regarded as.a sample generally representative of a population:
of studentsg who have or will be taking Math 295, then inferential tests of
'sign1f1cance are appropr1ate
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BASIC STATISTICS FOR JOH’NSON-NEJYMAN ANALYSIS .
R ' M P ‘ .
. * .- ) . l'o 4 . . ) ) , i-;-"‘ . !
L .. " SELF-PACED * - CONVENTIONAL -
SO . (N=60) . (N=188)
" MATHEMATICS o+ = S s .
PLAGEMENT EXAM - . -
" mean A R 15.58 . 14,95 - '
s.d. . 4.17 s, 3.76
SEMESTER EXAMINATION -* ..~ , Sy :
. 'SCORES , . e e L
mean - .. N 99,72 0t 82287 B
o osadl ‘ v13.90° © - 22,65 ¢ -
INTERCEPT= . . ' . 88,42 a8 L
' ~) n )’ b
SLOPE - - e e . el
- ~ERROR SUM OF S : Ce .
SQUARES , - .. * . ‘ 89079.8.
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‘ of non-sign1f1cance To do so may have been somewhét misleading in thdt it
. . would have indicated ‘that the conventional method begins to become superior
- ', to the se1f-paced (in terms of examination ach1evement) beyond an MPE score of
| ' 24, This is not _supported by the actual data. A1though the two- 1nstruct10na1 .
. - methods do not show statistically s1gn1f1cant mean examinat1on score differences r~
‘ ' for the tota1 range of MPE stores from.18 36, if one cons1ders on1y MPE )
. scores~from 22- 26 the'self-paced method shows a substantia1 mean 1mprovement
V= tin exam;nat1on scores over the conventional. ‘Moreover ,, af one computes the
. separate 1fnear regressions for both instructioral metheds, while restricting ,
the range of 4nterest to MPE scores from 19«26 -the relationship between MPE
'scores and semester examination scores tends to become.  stronge* in the se*f- -
paced method and weaker'in the «onventional method. )
) Because so small a number of cases falls within these restr1cted MPE score
' *  _ranges, however the reliability of such findings is h1gh1y suspect. It
L would be. extreme]y risky, there¥ore, to posit some significant change in the -
overall linear characterization of the data as aep1cted in Figure 1. Never-
" '“xtheiess, this f1nd1ng may suggest that additional investigation is warrarted
to determine the' poss1b1y d1fferent1a] benef1ts of .the two instructional
_methods for students with the h1ghest 1eve1s of prior mathematics preparation .
.+ 1f such an investigation is to provide reliable findings, data will be requ1red
from substantially greater numbers of students with high MPE scores than are

available in this study. . © e ¥ B

. SUMMARY AND CONCLUSIONS ’

|

. ) . ) |

_ When compared to a conventional instructional method, the self-paced method - |

‘ .itwas associated with.a substantial ‘and statistically significant overall improve- i
. ment in mean semester .examination scores even i controlling for leyel of |

prior mathematics preparation.” The effects of se1f-paced method in terms

.- " mathematics preparat1on (as measured by the ‘Mathematics Placement Eﬁam1nat10n)
The effects of the se1f-paced method were most pronounced- for students with the

. lowest levels of prior mathematics preparation and tended to diminish as level
of mathematics preparation increased. Up to, and including an MPE score‘of 18
}the mean eximination performande of self-paced students could be consjdered a
statjst1eg11y significant improvement (g <201) over. the mean exdmination

of improving achievement, however, were not constant across all levels of prior é
: |

4




A
pegformance of conventiomal students.” This region of statistically significant
differences encompassed 81.9% of the total distribution of 248:students. For an
MPE’ score of 19 or above,.differenses in mean examinatiom scores between the
two treatments could not be said to be Statistically significant at p« Oﬂ--
although the mean for the se]f -paced was higher than that for.the conventional.
« _Tha findi also suggest ,that level of prior mathematics preparat1on has
. a sJﬁéwhat stronger association with semester examination achievement in, the
conventional method than in the self-paced. The Mathematics Placement Examina-
tioh accounted for 18. 84% of the variance in semester examination scores for
the conventfonal method. -This compared ‘with 4.73% in the se1f-paced method
‘Two generﬁﬂ ~hypotheses appear to be warranted by *the above f1ndings First,
it would seem that the unique instructional features the self-paced instruc-
tional method--1n particular the requirement 'of demonstrated unmit mastery amd
.the provisigons for self-pacing--act to reduce the assogiation between prior |
mathematics preparation and subsequent course achievement. Second, the analysis
suggests that with the poss1b1e exception mentioned in the Cautionary Note,
as level-of prior mathematics pregarat on decreases the effects of ‘the self-
paced method in 1mprovhnt;chievement over the conventional method tends to

become more pronounced. In short, whi1egthe exam performance of the'self-
t

paced students tends to be higher than t of the conventional students across
the entire range of scores on the MPE, the most dramatic differences exist for:
students at the relatively lowest levels of prior.mathemat1cs preparation.

-
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