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Abstract:

During the Fall Quarter of 1982, the researcher conducted an experiment at Montana State University
involving six sections of Math 121, freshman calculus. The purpose of the study was to determine the
effect of formative testing, diagnostic and prescriptive remediation, and retesting on student
performance in calculus in a conventional classroom instructional setting. The experimental treatments
were limited to the use of weekly formative quizzes and did not intrude into lecture time or homework
practices.

The students in the six sections were divided randomly into two groups for the study, an experimental
group and a control group. Experimental and control group students all took the same quizzes and
examinations. The control group students received conventional forms of written feedback on their
quizzes and remedial assistance based on their own perceptions of need and initiative in seeking help.
Experimental group students received a detailed error analysis for each formative quiz and remediation
individualized to address the diagnosed errors.

At the end of the quarter, student performance was evaluated as the sum of the three one hour
examination scores plus the final examination score. Of 500 possible points, the control group had a
mean score of 375.9 and the experimental group had a mean of 402.3 for students finishing the course.
The analysis of variance showed significant main effect differences for the experimental and control
groups. The p-value for the difference in mean performance for entering freshmen was .0186. No
aptitude-treatment interaction was found.

On the basis of this analysis, the researcher concluded that student performance in calculus can be
significantly improved by using formative testing, prescribed remediation, and retesting, procedures
which do not require extensive intrusion into the conventional lecture- discussion format of college
calculus.
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ABSTRACT

During the Fall Quarter of 1982, the researcher conducted an
experiment at Montana State University involving six sectioms of Math
121, freshman calculus. ‘The purpose of the study was to determine the
effect of formative testing, diagnostic and prescriptive remediation,
and retesting on student performance in calculus in a conventional
classroom instructional setting. The experimental treatments wvere
limited to the use of weekly formative quizzes and did not intrude
into lecture time or homework practices.

The students in the six sections were divided randomly into two
groups for the study, an experimental group and a control group.
Exper1menta1 ‘and control group students all took the same quizzes and
examinations. The control group students received conventional forms
of written feedback on their quizzes and remedial assistance based on
their own perceptions of need and initiative in seeking help.
Experimental group students received a detailed error analysis for
each formative quiz and remedlatlon 1nd1v1duallzed to address the
diagnosed errors.

At the end of the quarter, student performance was evaluated as
the sum of the three one hour examination scores plus the final -
examination score. Of 500 possible points, the control group had a
mean score of 375.2 and the experimental group had a mean of 402.3 for

" gstudents finishing the course. The analysis of variance showed

significant main effect differences for the experimental and control
groups. The p-value for the difference in mean performance for
entering freshmen was .0186. No aptitude-treatment interaction was
found.

On the basis of this analysis, the researcher concluded that
student performance in calculus can be significantly improved by using
formative testing, prescribed remediation, and retesting, procedures
which do not require extensive intrusion into the conventional
lecture- discussion format of college calculus.




CRAPTER OHE
INTRODUCT TON
Introduction

Hathemafics, tﬁe physical sciepceé, engineering in all its forms,
and many other disciplines share a characteristic'oriéntation towafd ‘
sequential, task-oriented‘development., In these disciplines, . a
student progresses from the baQic to the more complex by ma#terlng
increasingly more sophisticated concebts and skills in a well defined
order. Bloom (1976) argues that failure at:any pbint'in such'a‘
sequence to master the task at.hand nof only weakens fhe student’s
understanding at the poin; of faildfe, but also inhibits his ability.
to master subsequent tasks. In light of this characteristic, the
curriculum must provide some way of dealing'with student errors and
misunderstanding. |

At Mpntana 8tate University, the first. quarter of calculus
vas Math i21. The course briefly réviewed algeBréic skills before
beginning differential calculus. Approximately tvo-thirds of the
éuartér vas spent.on this topic, which deals primarily with a Etudy of
thé rate of change of functional values and associated applica;ions fo
science ;nd gngiﬁeering. The last topic introduced.i; the course was
'integfal calculqs,_which is often appliéd to the problem of finding

the area under a given curve. A thorough investigation of integration .

-
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. . o .
vas presented in Math 122 and subsequent course offerings. The problem

of dealing with student. errors and misunderstandings in Math 12lwas
the focus of this study. | |

The Hasteiy Leaminﬁ paradigm proposed By"Bloom (1976) stresses .
large group instruction, ﬁse of‘formative tasks, and re;n'ediati.on to -
achie.ve‘mastery. The giassroom teacher’s role is extended beyond
conventional pa&erns of présentation'- and evaluatioﬁ to includé
diagnosis of student characteristics and.-' prescfiptio'n of
individualized imstruction ;nd remediation.

An&ther systemat.iic .approach'to individuslization is the K_eilner,
.or PSI, Plan. . PSI (Personalized System _ofInstruction) progfams .
stress the use of the written word as the primary véhic;e | of
communication .for course content. Tutors are used extensively ir_n PSI
programs to respond to stﬁdent questions and ad'minisfer unit
quizzes, which must be repeated until mastery is achieved (Keller,
1968). The primary task of cdui:ae lcctures is to motivate the
.students and airect the course of stuay. R.esearch. conducted on PSI
cou;‘sés in psychology (éooper and Greiner, 1971), child development
(Semb, 1974), and pr_e-calc‘ul'ﬁs mat;hemétiés (Havéi:, -1978) indicﬁtés
that the PSI method often r':.esuIts' in highef s.tuc'leﬁt' perfofméﬁt;é t;han'.‘
conventional 1ectufe4recitgtion methods of imstruction. . |

Use of PSI as an instructional format .in college _calculus»has _ .
resulted in seemingly contradictory findings by different re‘s‘eqrchegrs.
Pascarella (1‘9‘77a, 1977b, 1978), Peluso and Baranchik.-(1977), and-

Kulik, Rulik and Smith (1976) found that students in PSI sections of




célculna scored higher on ezams than studemts in éonventionally faught
sections. Klopfénstein (1977) and Thompson (1980) found no
significant“differences betveen exam scﬁres]of PSI and comventionmally -
‘taught students. |

In recent years, research on the nature and»imp§rtance.of
individusl learning styles (Dunn and Dunn, 1978; Gregcirc, 1979) has
led fo the use of these concepts'in the individualization of
instruction (Rusler, 1979). This study makes use of learning styles
research as a vehicle for identifying approprigte mo@és of
remediation for indiﬁiﬂual students.

In infroductory calculus, the probleﬁ of dealing with student
misuqderstanding is complicated by the wide range of abilities and
degrees of preparation in the student popnlation; In pi;tial ansver
to this proflem, the Montana State University Department of
Mathematical Sciences operates a Ledrning-Cenier every school iay from
8 am to 5 pm.‘ At the learning center, students have access to
tutorial help from qualified staff members and graduate students.
Students may seek assiétance on homework problems, clarificationiof
topics presented in class, or reviev in preparation.for an
examination. This service has beeﬁ'offered since 1977 and was
originally provided to provide students with assistance yhen‘their'

instructors were unasvailable (Tiahrt, 1982).




Statement of the Problem

Student failure in introductory calculus has created problems

both for the student personally and for college departments faced with

scﬁeduling trailer sections for students who have delayed taking_

' course work'in their'major area because of failure in prerequisiéé
‘calculus courses. The purpose of this stﬁdy'was to.dqtermine the
effect of formative festing, prescribed remediation,.and retesting on
student performance in freshman calculus vhen remediation is adjusted

to accommodate individual learning styles.

Need for the $tudy

In 1981, approximately 30%Z of the students enrolled in -

introductory calculus at Hontana State University received a grade of

D or F. This was typical of failure rates in comparable courses

across the cduntry ( 8truik and Flexer, 1977). ‘Additionally, this

failure rate created of cousiderablé personal disapfointmeﬁt to both
students and parents. When the effect of such failures was seen in
‘the broader pefspective ofvthe uniQersity disciplines for which
mathem;tics is a4foundation, thé failures tbqk éﬁ £ur:hér
significance. Student failures created a need for trailer sections of

Math 121 and other courses seguenced with,Hafh 121 in other

departments. As an example, comsider the impact of student feilure im

" Math 121 on course scheduling in the Engineering Mechanics Department.

With enroliments in engineering groving every year, the university was




facing shortages in qualified staffing amd facilities. Ultimately,
engineering studeate who failed calculus and had to re?eat the course

added to the burdem of the engineéring dephrtments by cfeating

scheduling problems when mathematics prerequisites were not cdmpleted'

" ahead of speéified engineering courses as planned (Williams, 1982).

The same type of scheduling problems occurred in other departments as

‘well. Thus, in order to deal with student failures both as a personal
problem and as a uhiversity problem, there was a need for rééééich
addressing the improvamgnt of imstruction in introductory calculus.

A feview of the literagure reQéaled studies which éupport-the use
of Maptéry Learning and PSI strategies as effective approaﬁheé to
improving student performance in calculus ( Pascarella, 1977a and

Peluso and Bafanchik; 1977 ). The reviev also revealed studies which

concluded that the Mastery Learning and PSI strategies made no’

difference in student performance when'compared to conventional

methods of imstructiom ( Klopfenstein, 1977). The variety-of.

instructional formats and procedures employed in the studies cited

above and in other s;udies discussed in Chapter Two of this paper

ranged from moderate modifications of comventional classroom procedure

‘to major diversions from traditional procedures. This study tested

the effectiveness of certain Hastetﬁ'Learning and PSI strategies in an

instructional setting that ﬁas'cloge'to conventional classroom

procedures.
Finally, the solution to the problem of failures in calculus does

not lie in college pre-calculus remedial courses. Whitesitt ( 1980 )




shoved that pré-calcglus courses such as college algebra and‘
trigonome;ry offered at Montana State University were not effective in
preparing students for éalculus.‘ Thus, the problem of studenfverror;‘
aﬁd misunderstanding in calculus_muqt be'déalt with as a part of the

calculus curriculum. -

Questions Ansvered

This study gpsweged nine questions. .

1. Dpid the'ranﬁom essignment 6? stﬁdents,to treatment groupa.
result in an experimental and control group of équal ébility?

2. Did the random assignment of students to imstructors.result
"in the instructors teaching groups of,equﬁl ability? | | |

3. Fof students of known ability, did theé experimental group
‘students perform at a different level than the control group étudentsf_

4, Uas there an aptitude-treatmenf interaction? Im particular,
wvhen the difference in exam petfotﬁénge of control gro;ﬁ and
experimental group‘studenps‘of rélatively low ability was compared to
the difference,in performance of.conérol and experimental group
. students of,relativeiy higﬁ-ability,'were';he differences constant or .
did one treatmentlbenefit students of One.abi1ity level more than
students of anbthe; ébility level? - | |

5. For studentslbf unknown ability, did the expérimental group
students pefform at a &ifferent level than the control éfonp students?

6. Was the standard deviation of the experimental group scores

different than the standard deviation of the control group scores for




each of the four examinations?
7. Vas there any relationship between the amount of~fime_a‘
student sfeht in reﬁediation with:his/her instructor and hia/her_
overall performance on examinations?
8. VUas there an& relationship between a student’s expecﬁed GPA
and his/her overall examination performamce?
9. Was there any felationship between a studeﬁt's learning style
and his/her overall examiﬁation perfoimancé? '
.These-nine questions were restated dperationally_iﬁ Chapters 3

and 4.

General Procedures

Arrangements weré m;de thfough tﬁg chairman of the. Department of
. Mathematical Sciences at‘ﬁontana Stgte University for four Math lzf
instrucfo:g to partiéipate in the study. These individuals taught a
total of éix sections of introductory calculus. One of the
insf:uctors wés a visiting prafessor with many years teaching
. experience at the university level. ihe'other three instrpctﬁra vere
Graduate Teaching Assistants in the Mathematics Department with
varying.degreea of exzperience at the’secon&éry and'col;ege ievel°

To control for differences betwéep instfuéto;s, eaéh insgrﬁctor'
taught roughiy the same ngmﬁer of experimental aﬁd control.group
students. Two instructoié;tahgh; oniy one séction éach of Math 121.
The students in each of‘theae sectioga vere randomly éssigned

membership in either the experimental group or control group, thus




splittiig the students in each section.. Two instructors taught two
sections each of 'Hath 121. 1In both ca‘ses., these sections met at
consecufive houz"s. For each of these instructér-s, one sgctio"n_ was
assigned to the experim,entalglroup aﬁd.orﬁe section to the control
group. The 'assignments were all made the second ‘v'zeek of glass“ af;er
the last ‘dgy.to add.a ‘class had passed.

The researcher used the expected GPA, a statistic generated by

. the university for entering freshmen, as & measure of aptitude or

‘ability to do college work. All the entering freshmen in the Math 121

sections in the 'stud'y were ranked by the r'eéearcher on the 'basis of
their cxzpected GPA scores. ‘The top fhird of the ranmking vas labéled
the high ability group, the low third the low ability .g_‘roup, and éﬁe
middle of the list was t':he’middle ability group. This information was

used in the data analysis to look for interactions of treatment with

_ abilitj, but it was not made available to the instructors or students.

Thus, this classification had'no bearing ‘on the treatments given.
During thev third week of class, Gregorc’s Learning Styles
Delineator (Gregorc, 1982) was administered to the students. At the
end of the third ﬁeek of claés, studen_ts in the six sections beéan a
series of veeﬁly formative tasks (A_ppendix‘A)e- These tasks took the
form of quizges taken‘i’.n class. In.structors graded the qu’izzes of
the experimental group students and marked a table of specif‘icétions
(Apbendix B) for each stgdent characterizing t.he student’s errors both
by subject matter and level of diffic_:ulty. When the student reported

to the instructor’s office the next day to pick up his quiz, the
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instfuctor discussed the student’s error analysi? and remediated
(Appendix D) the student om the indicate4 objectives, taking into
account tﬁe student’s preferred learning style (Appemdix E).
Following the remediation; a retest (Appendix C) was given to the
student to complete within a few days and return to the instfuctor.
.For the experimental group, the inﬁtructpf direcfed-the.student's
attention to thé diagnosed areas of concern. |

The control group students received identiqal quizzesat the
same time as fhe experimental group students. The classroom teachers
evaluated these papers in the conventional manner and returned them to
the studeﬁts vith written feedback but without a systematic error
analysis. Students reéofted to the instructor iﬁ the same maﬁnef as
the experimental group students to claim their quizzes. At all times,
students iﬂ the control group were free to seek help from their
instructors and initiateiany discussion concerning fheir prqgregs or
perceived problems. For the control group, the student initiated
remediation by requesting help;‘

_Fér both groups, the measurerf performance was a series of three
one ho;r exams and a two hour final exam (Appendix’F). All students
fook the same exams at the same time and had their papers scored by
the same committee of instructors. All sfudents had equal access to
help in £he Math Learning Center. ‘The tfeatmentp and procedures
described here'appliéd only to the uée.of remedial procedures relevant
to the formative'taéké. All ﬁuestions afising from classroom

discussions, homework assignments, etc. were handled by the
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instructors in a conventional manmer without reference to the
strategies outlined in this study. |

Analysis of.tﬁe.da;a wvas accomplishéd using computer facilities
at Montana State University. The statistical software pa;kage.HSUSTAT

(Lund, 1978) wvas used . For each of the three hour exams and the two

hour final, the mean performance levels for the_éonttdl and

experimental groups wefg'compared gsing a 2X3 ANOVA in Vhich-the
interaction of treatment with ability was examined. Hendenhali' and
 Reinmuth (1982) state that the AﬁOVA is an appropriate technique for
identifying important independent vari;blés in a study and hov they
interact and gffect the dependent variable. For ident;fying the

strengtﬁ of a relationship betveen variables, Linder (1979) states

that the correlation coefficient is most useful. Thus, Pearson.

correlation goefficients were‘calcuiated for the relationships between
overall performance on examinations aﬁd student ability level as
measured by~the expected GPA and between overall examination
performance and the amount of time spent in remediation. The effect
of student learning style té overall performance was examined using

ANOVA.

Limitations and Delimitations

This study was limited to students enrolled in Mafh 121 at

Montana State Univérsity during Fali,quarter, 1982,
The study was delimited to addressing the'ins;ructibnal value of

formative testing, prescribed remediation, and retesting in calculus
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vith regard to examination performance. No questions were asked
regarding affective aspects of the instructiomal procedures or other .

possible &ependent variables or outcomes.

Definitioms

Terms defined for this study:

‘1. " Ability '91 Ag-ility Level referred to a student”s
" relative positipn with regard to all the other students in the study
in a ranking based on expected MSU grade point average. Students
ranked in the top third of this listing were designatéd as being of
- "yigh" ability. Students ranked in the bottom third of this listing
vere degignated as being of "low"® ability. The fémaining t_hird vas

designated "average™
2. Formative Testing or Eveluation is a form of criteripn

based testing used to diagnose student errors and misunderstandings

for the purpose of identifying instructional strategies appropriate

to the student’s needs. In this study, students receiving formative

testing vere remediated -on the basis of their individual learning

styles. Thus, two students who ansvered the same problems incorrectly

on a formative task were remediacted over the same content

" material. However, if the students had different learning styles, the
format for the remediation was different for the two students.
3. A mathematics Lesrning Center was a room or group of

rooms vwhere students went for tutorial help or evaluation. At Montana
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State University, studént;.enrolled in pre-célcuius classes went to a
different room than students enrolled in calculus or more advanced
courses. The MSU learnimg center wasbstaffg& by instructofs, graduate
teaching assiétants, and advanced undergraduates with a strong
background in mathematics.

4, Learning Style in this study :efers‘fo.the range:of
cognitive behaviors by which individuals perceive an& process
information in a legrning-environment. The fourlorienfations tovards
ipformﬁtion processing.used in this study gre‘identified.as
concrete/sequeﬁtial, abstract/random, ébstfact/sequential, and
concrete/random (.Gregorc,"1982 ). |

5. Mastery Learning refers to a tﬁeory of instruction
developed by Bloom ( 1976 ). The essential features of mastery
. learning fequire tﬁe instructor to provide tﬁe student several
specific services.. First, directions, demonstrations,.an§.
explandtions are provided in large group instruction. Second, fhe
studeﬁt’s time is utilized in such a vay és to provide sufficient time
on task‘practice of each topic to be mastered. Third, individualized
corrective feedback and reinforcement ;re ﬁsed to'develop both mastery
of each topic and a positive attitude toward learning. |

6. In this study, Prgscribgd.ngmgdiggign refers to a
pfocess whereby the tutor uses the diagnosis provided by tﬁe formative .
test to determine.the conteﬁt and difficulty }evel of the materials

used for remediation.
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7. PSI or PérsonalizedLst;em‘gi insérucéion is a theory of
instruction developeé by Reller ( 1968 ). The mﬁat distinctive
features of‘the system are as follows: self-pacing, a unit'perfectiop
requirement, use of lectures as vehicles of motivation rather than
. sources 6f critical info;mation, dependence upon vritten student-
feacher~pommunication, and the use of pfoctors in‘evaluation,
feedbéck, and.rginforcemeht. |
| 8. Retesting refers to the practice of evaluating a
student”s knowledge after reme¢iation using a parallel form of the
unit test. | | |

9, A Summative "Ezalgatign. vas used to establish a gradé or

ranking and was not used in a formative sense.

10. A Table of Specifications is a diagnostic report form

used to classify errors on a test. In this study, the table listed
all the learning objectives for a unit down the left margin and the

headings "

notation/definition, direct application, ?yn;hesis. and
abstract" across the top; Inserted in this'matrix vas a list of fhé
problem numbers ffom fhe formative:quiz. By inserting the proflem
nunber in the correct row and column, fhé'content of the problem and
its level bf.difficulty vere characterized. |

11. A Tutor in this study was the gemeral term used to
denote learning center persomnnel. These individuals were either
instructors, graduate teaching assistants, or advanced undergraduates

with a strong background in mathematics.




14

12. Unstructured Help refers to informal student-tutor
interaction in which the student determines the substance of the

discussion or problems to be addressed.

Summary

Student failure ( grade of D or F ) rates in college and
university introductory calculus courses in the United States are
;fpically iﬁ the range of 30%Z - 35% of course enrollment. The
bercentage of failures.in freshman calculus at Montana State
University has also fypically fallen in this range. A study of the
pre-calculus cgurses offered at MSU hasAshown'that they are géenerally -
not effective in frepafing.a student for success in calculus
(Whitesitt, 1980). The purpose of this study was to éxamine the
effect of formative testing, prescribed remediation, and reteafing on
student performance in‘introductory calculus wvhen remediation is
adjusted to accommodate a étudent's.preferred learqing style.

The data for this study was collected during the Fall\quarter,
1982 at Montana State.gniversity. A samplé of approximately 200
students was randomly selected from the stﬁdents'enrolled in the
course ( 700 - 800 ). These subjecté were divided into a control and
an experimental group for treatment. The experimental group received
formative testing, prescribed remediation, and retest;ng with
remediation individualized to accommodate the student;s learningstyle

as indicated by Gregorc’s Learning Styles Delineator (Appendix F).
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The control group students took the same quizzes but did ﬁot receive
the diagndstic treétments‘offered the éxperimental group. Feedback
vas in conveﬁtional form, written commeﬁts on the quizzes, etc.

At the end of the quarter, tﬁe data was analyzed using the
softvare statistical package MSUSTAT (ﬁund, 1978) on the CP6 computer
at Hontéﬁa State University. The analysis made use of one and two wéy'
analysis of variance to compare examination performance for the
‘experimental and control groups,-Péarson correlations to measure the
strengths of relationships betveen variables, and F tests to compare

examination variance scores.
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CHAPTER TWO

REVIEY OF THE LITERATURE

; Introduction

- For the purpose of this study, the 11terature was revieved with
regard to the followzng maJor top1cs: the theoretical frameworks of
Mastery Learning and Personalized Syatemg of,Instrﬁction (p8I1),
Learning Styles, feedback, remediation; and'retestiﬁg as instrugfional
practiceq, affective aspects of testing and evaluation p;ocedutés;
interaction effecés of vérigus instructioﬁgl'practices with aptitude,'
preparation or readinesg, and motivation, "no-difference™ studies, and
organizatioﬁal and manaéerial practices in PSI and Learning Center

environments.

HMastery Learning and Personalized Systems of Instructiom

At the foundation of the Mastery Learning paradigm is a rejection
of the notion that student achievément should be normally distributed:
Bloom (1981) states

There is nothing sacred about the normal curve. It is
the distribution most appropriate .to chance and random
activity. Education is a purposeful activity and ve
seek to have the students learn wvhat we have to teach.
If we are effective in our instructiomn, the
distribution of. achievement should be very ‘different
from the normal curve ( p. 155 ).
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This statement is based in part on Carroll’s (1963) view thataptitu&e
is the amount of time required by a learmer to master a learming task.
Given a group of learners normally distributed with réspect to
aptitude for some subject, and given an instructional strategy that
treats all students alike without'regard for personal differenées,
then the énd result Qili be a‘ﬁormgl distribution on an appropriate
measure of achievement. Bloom (1981) cbﬁcludes,'however, that if
eee the kind an&-@uality 6f instruction and the amount of
time available for learning are made appropriate to the
characteristics and needs of each student, the majority
of students may be expected to achieve mastery of the
subject ( p. 156 ). ‘ '

Bloom (1976) suggests three independent variables that effect
learning: Cognitive Entry Behaviors; Affeétive Entty_dhgracteristicé,
and Quality of.Inséruction. Cognitive Entry Behaviors are
p;erequisite learnings or behavio;s nécehsary for the completion ;f a
learning task; Affective Entry Characteristics are a "compound of
interests and attitudes towards the subject™ ( p. 168 ). Quality of
Instruction refers to ﬁhe extent to wﬁicﬁ a teaéher effectivély
communigates.infdrmgtion to an individual student, engages the student
in practice‘of therlearning task, and reinforces ( positively or
negatively ) the student via feedback. The use of formative.
evaluation over short units lastiné oné or two weeks is recommén&ed
(quom)f as an effective meagb of provi&ing the necessary
reinfo?cement. |

In brief, the Mastery Learning model suggests that the

educational process should be highly individualized. When a teacher.
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faces a class having a wide range of Cognitive Entry Behaviors, the

instructional process may call for several alternative intfoductions

to the learning task} each intrpductien bridging the gap between bome'

students” entry behaviors and the prerequisites for the learning task.
Various methods may be used to motivate the class and prepare the

students affectively to deal with the learning task. Also, feedback

can be given frequently via formative testing and individualized

remediation strategies. Bloom (1981) auggests‘that,‘given such a

program, a much higher percentage of students will perform at a

mastery level ( B+ or A )than in a conventional program of

instruction.

The Peraonalizea System of Instruction (PSI) is characterized by
Kellet'(1968) as differing from cbnven;ional teaehing procedures in
the following waye:~ | | |

l. The go-at-your-own=pace feature, which permits a
~student to move through the course at a speed
‘commensurate with his ability and other demands’ upon

~ his time.

2. The unit-perfection requirement for advance, vhich lets-
the student go ahead to nev material omnly after
demonstrating mastery of that which prececeded.

3. The use of lectures and demonstrations as vehicles of
motivation, rather tham sources of critical
information.

4, The related stress upon the written word in teacher-
student communications; and, finally:

5. The .use of proctors, which permits repeated testing,
immediate scoring, almost unavoidable tutoring, and a
marked enhancement of the personal-social aspect of the
educational process (p. 83). :
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The most essential feature in the PSI paradigm is the comstant use of

reinforcement. Keller (1968) states

The kind of chenge needed in education today is not ome
that will be evaluated in terms of the percentage of .
A’s in a grade distributiom or of differences at the
.01 level of confidence. It is ome that will produce a
reinforcing state of affairs for everyome invelved--- a
state of affairs that has heretofore been reached so
rarely as to be the subject of eulogy in the world’s
literature, and which, unfortunately, has led to the
mystique of the "great teacher™ rather thanm a sober

analysis of the critical contingencies in operation
( p. 86 ).

Learning Styles

Keefe (1979) defines learning style as follows:
Learning styles are characteristic cognitive,
affective, and physiological behaviors that serve as
relatively stable indicators of how learmers perceive,

interact with, and respond to the’learning environment
(p04)._ ’ .

Cognitive styles are habits representing the learner’s preferred or
_ typical mode of perceiving, thinking, problem solving, and
remembering. Gregorc’s (1979) investigations revealed that there is a
, duality in learning preference.

People learm both through comcrete expefienées and

through abstraction. Further, both of these modes have

two subdivisions, sequential and random preference

( p. 20 ). ' '
Gregorc (1979) discovered that these sets of dualities merged to form
four distinct cognitive styles: concrete-sequential, concrete- random,

abstract—-sequential, and abstract—-random. Most people exhibit all four

patterns or styles to some degree. It is common for individuals to
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prefer one or two of these styles and to ﬁse those preferred styles
most of the time.

A concrete—sequentiél learner prefers step by step.directions and
wi}l follow thenﬂ ‘Such individuals like clearly ordered presentations
and a quiet atmosphere.

A concrete-random learner is intuitive and often does not "ghow
his work”.  The§ use trial and error approaches but dislike cut and 
dried procedurés. Such individuals work well independently and may
not respond well to teacher interventiom. |

An abstract-sequential learner is skiliful with symbolic sysfems
and ﬁakes ﬁse of diagramsvor pictures extemsively. 8uch individuals
work well with their teachers . and other authority figures and prefer
logical, sequential'pfesentations. Main ideas or principles are
readily accepted and uéed.

Abstract-random learners are seﬁaitive to hphan interactions and
function well in group activities and busy enviromments. They like to
receive information in an umstructured manner and dialike rﬁieg and
guidelinés. Such learners organize information through a process of
reflection. .

Dunn and Dunn (1978) have identified a set of environmental and
social factors influencing an individual’s ébility to 1e£rn iﬁ-a'given
situation. For instance, some people most readily learn in a well '
ordered room free of distractioms. - Other individugls would be made -
quite uncomfortable by such an environmént.and woﬁld consequently have

difficulty learning.

]
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The intent of the identification of an individual’s learning
style is to provide the.educator with informationm useful in the
individualization of instruction for that student. The extent-to which
a learning process recognizes and ac¢commodates individual differences
in learning sfyles may be seen as o#e measure of thé quality of

instruction offered by the imstructional program.

Feedback, Bemediation, and Retesting

HMany questions remain unanswered, if not unaddressed, concerning

the nature of feedback best zuited to a given imstructiomal task. The
timing of the feedback, relative effectiveness of verbal vs. vritten
feedback, the length ;f the unit being tested, and the criteria for
'passiﬁg each unit all have a bearing on thic study. |

Sturges (1978) compared the effect of iﬁmediate vs. delayed
feedback on retention of learning. Various delays in feedback.
treatments following compute? managed multiple choice tests were
employed in a study of 112 students enrolled iﬁ a child psychology
course. Results confirmed previous studies indicating that retention:
following delayed feedbéck is not degraded by the delay. 1In fact,
feedback delays of 20 minutes to 24 hours had a greater positive
effect on student confidence on subsequent re;ention tests.than did
inmediate feedbacko. As a regult of this study, Sturges hypothesize&
that with a longer delay students 'engage in'a more thﬁrough semantic.

analysis of information presemted at feedback” (1978).
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In another experiment involving 98 introductory psychology

students, Cooper and Greiner (1971) compared student performance in a

traditionally taught lecture section with student perforﬁance in g PSI
section. Feedback in éhe PSI section was provided in the following
" manner: after collecting a weekly quiz, the papers. were redistributed
randomly to the clags,‘no student reéeiving his own paper. The

quizzes were then corrected in class. This provided each student with

‘fast feedback on the correct solutioms. The quizzes]were then turned

in for double-checking and recording by T4&"s. Within two hours, these
papers were available to the students for study. Tutors could then
agsist them in remediation and evaluation. Students failing to meet

the mastery standard retested on equivalent forms of the quiz later in

the week. At the comclusion of the study, it was found that the PSI

students earned higher course grades and had better long-term
retention than students in the comventiomally taught section. Cooper
and Greinmer hypothesized that P8I reinforces'regﬁlarly spacé¢
practice, while conventional methods reinfofce massed practice prior
to exams.and that this is‘the reason for the differences in
performance.

With regard to the effectiveness of written corrective feedback on
quizzes, Belanger (1976) found in a study of 51 undergraduates
enrolled in a PSI psychology course that only 23% took advantage of
the written feedback on theié ﬁuizéea; Observations made during the
study led Belanger tb suggest further :eséarch into the;effect-of

verbal interaction between instructors or TA’s and students.
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Semb (1974) investigated the ecffect of umit length on student

performance in a study of 193 students enrolled in an introductory
child development course. The Mastery Learning method of imstruction

was used. When a student completed a quiz he or she took it to the TA

or proctor for immediate grading.. Ansvers were gfaded either correct,
partially correct or incorrect. If the student could justify or
complete a partially correct énswer the item was marked correct.
Othervige, it was scored incorrect. The effect of various levels of
mastery on final exam performancga vas also studied. The results of
this study indicate that use of a high mastery criterion with sho'rt
aﬁsignments produces better test pefformance than use of a low
mastery criterion on long assignments. |

Summarizing research on the PSI method, Kulik, Rulik, and Smith

' (1976) emphasize the findings of several studies examining th_e.reasons _

for the reported effectiveness of the PSI method. There appear to be 3
key features: small units of instructic;n, effective feedback, and a
unit-mastery requirement. ‘Ot:her aspects of the PSI a}proach seem to
offer less benefit than has been previously gssumed. In c;’.ti._né
research by Calhoun (1976) the authors reported th‘at immediate verbal

feedback from proctors or TA's was superior to written feedback.

In the Mastery Learaning paradigm, the follow-up to feedback is

remediation. Hassett and McCoy (1979) investigated the effect of

post-quiz prescribed remediation on student peformance. in an

introductory college‘algébra course involving 100 studemts. In this

study, the students in the experimental group received remediation
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keyed to their errors on quizzes. The controls were told to go over’
their mistakes, but received no additiomal drill, as did the |
experimental group students. . The results of this study shoved a
significantly smaller variance in final exam scores for the
experimental group then for the control group. Performance was highér
also for the experimentsl group.

In a study of 235 calculus students, Struik and Flexer (1977)
comfared the traditional iecture method with a self-paced mastery
approach. In the mastefy approach students had the option of
retesting up.tp four times, with oply the. best score counting.
Feedback occurred within a day. The results of this study showed that
stuaents in the self-paced, masteryllearning course did substantially

better than those in the traditiomal course.

Affective Aspects of Testing and Ezglugﬁign Proceduxes.

It is not uncommon for students to éxperiénce anxiety in
anticipation of and during an exam. Row does this énxiety'affect‘thé
way students feel abou; a given course or mathematics in generai?
Douthitt (1978) reporfed in a study of 47 students eﬁrolled in a
. course in finiﬁe mathematics that frequent use of informal evaluation
procedures (homework, boardwork, etcf)instead of traditional unit
examinastions resulted in achievement levels on the final exam which
vere not siénificantly'different from a control group taking the.
conventional unit exams. However, @ean scores on thelAiken-ﬁreget

e

Mathematics Attitude Test were higher for the experimental group. In
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" his conclusion, Douthitt recommended that instructors should give more
attention to finding other less anxiety producing methods of

evaluation,

In the previously cited study by Coeoper and Greiner (1971) an .

analysis was 2lso made of student anziety levels. The PSI-taught

students experienced essentially the same levels of anxiety over

quizzes as did the conventionaily taught students overunit exams.

However, at the end 6f the course the PSI students rated the value of

their course significantly higher than did the students in. the '

conventionally taught sectionms.

A comparison of student attitudes was conducted by.EHaver (1978).

In the study, 1200 students enrolled in a college intermediate a}geb;a'l

‘course vere divided into various groups, each of which received a
different instructional format. Of the various formats tested, the
Mastery approach produced the highest grades, highest completion rate,

and the highest student opinion rating. The Mastery Learning format

was also significantly more successful in improving initially negative’

attitudes towards mathematics during the course than was any other
approach in the experiment. This reshaping of affective behavior is

consistent with Bloom”s theoretical framework for Mastery Learning.

Interaction Effects

- The application of the-saﬂe-treatm@nt, x?'to sdbjects in an -

experiment often produces varying results or degrees of variability in

the dependent variable, y. If this variability is attributable to
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some othe; variable, z, active in the experiment, then it is said tﬁat
there is an interactiom effect betﬁeeﬁ variables x and z on variable
y. Such is fhe case in a study by Born, Gledhill, and Davis (1972).
. 8ixty students in a Psychology of Learﬁing class were divided into two
groups, one taught By PSI methods and the other by a conventional
approach. At the end of the course student perforﬁance on the f£inal
exam was higher on all test item types from P8I-taught students.‘ This
effect was most promounced for’the students with "poor” to "good”
academic reéords. The greatest differenée in scores occufred on eésay

and fill-in item types rather than on recognritiom type questions.

Thus, the level of student preparation or ability interacted with the

type of instruction to effect the level of studeat performanée;

Similar results are reﬁpfted by Pascarella (1977§5 in a study of

248 students enrolled in calculus. The resﬁlta indicated that
students with the lowest levels of ability and preparation were most
likely to perform better in the PSI sections than in the

conventionally taught' sections. Students of higﬁ ability and

preparation did not perform at significantly different levels when

- taught by different méthods. In addition, it was found that level of
preparation isa more sigﬁificant factor in predicting st;dent
performance when the student is enrolled in a convenfionally;taugﬁt
section than when’in a P8I sectiom. |

Pascarella (1977b) also compared Ehe effeét of moti?afion;on
étudent performance in calculus in a PSI section with performance iﬁ a

: . 1 _
conventionally taught course. This study involved 94 students. It
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was'found that the most dramatic differeﬁces in both achievement and
attitude were indicated at the highest levels of motivation. This
seems to indicate ;hat the greatest benefit of PSI‘in mathematiéa
instfuctioﬁ may go to the most highly motivated students.

A study by Pelusﬁ and Baranchik (1977) involving 395 calculus
students reported similar findings. étudenfs enrolled in & Learning
Center (PSI) course did better than students taught by the trgditional
approach. Based on final exam performance and drop rates of the "top"
students as measured by a calculus readiness tést, it was also‘
suggested that the PSI method may not be appropriate for the best
students. | . |

The study by Kulik; Rulik, and Smith-(19f6) places some restraints
on conclusions concerning aptitude-teaching method interactiomns. The
study poiﬁts out the large differences between Bloom”s theorétical
rélationships concerning aptitude and performance under different
teaching methods and cites research in which the interaction is the
opposite of what Bloom’s Mastery Learning theory would predict;
Clearly, more work needs to be dome in the‘area of interaction effecfé

in Mastery Learning or PSI environments.
P"No-Difference” Studies

As an indication of the mized results reported regarding PSI;
_ Klopfenstein (1977) reported that in a study involving 57 students in
a PST calculus section and an unapecified number of students im a

conventionally taught section, that no difference was observed either
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in student pgrformaﬁcg or attitdde. In this ver;ioﬁ of PSI, no
1ectures'.were given. All flime wvas spent in the PSI section working
Qith the study guides and proctors. ‘

A 'a.tudy by Harris ;a‘nd Liquori (197‘4) AcoAmparing the PSI and
conventional approaches im the teaching of a course in mathematics for
business students found no significant differences in student lear.:ning'
between groups. The. study' involved 1,28: students. ‘

Organizational and Managerial Practices in PSI and L?ea‘rning
Center Environments :

The proctor’s or tutors’s rbie was diécnsaed by ,RomiZOW.ski,
Bajpai, _aﬁd Lewis (1976). In particular,self-marking ‘tv:f quizzes by
students followed by an analysis of student errors by the proctor and
.remedi..ation based on that analysis vas preferred by students. over
grading proéedures in which’ the student”s paper was graded by a tutor.
The reasons given by the students for this preference _wefeh three.
Grading was smoother and less time was lost waiting for the tutor to
correct aA paper. Once graded, students could receive immediate :
feedback and remediation, rather than wait while the tutor graded
someone’s paper. Quizzes Coul.d be graded and somefeedback gi.ven‘. .
regardless of whether or not a tutor was available. The main
disadvantage seen by. students was a wdr‘ry that in grading f"hei;: own
papers. a student might pass himself on a problem that a tutor would
not accépt and that this would lead t6 .trouble on the t;:umxz;ativg or

final exams where students do not grade their own papers. The need
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for detailed marking keys was discussed as a partial remedy for

- inexperienced student graders.
Summary

In summarizing the litératute, the following pqints stand out: 1)
in the Mastery Learning ana fSI‘apprdaChes,_the most significant
features are the use of short units, frequeﬁtqﬁizzes followed by
undelayed feedback and remediation, and the use of a higﬁ:performancé
criterion, 2) in éompériaons of ;he PSI and conveﬁtional appfoaches;
student attitudes were better in PSI courses, 3) sigﬁificant
interaction effects between m;tivatioﬁ and.inatryctional method on
performance and between aptitude and'instruétional method on
performance vere noted, and 4) mixed results are reported in studies
dealing with variéus subject areas at the college level. 1In light of.
" these findiﬁgs, the need for research in the area of individualized
Aiﬁstructional methods involving Mastery Learning or PSI in qollege

mathematics is apparent.
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CHAPTER THREE .
PROCEDURES
Introduction

. The specific agsumpfions and procedures for this Qtudy are
discussed under the following headinés: population deécriptioﬁ and
sampling précedures,_treatments; conteﬁt validity and departmental
examinations, examination reliability, statistical hYpotheseg,

statistical procedures, precautions taken.fof accuracy, and summary.

. Population Description and Sampling Procedure

The:population under study was Montana State Univefsity studénts
enrolled in Math 121, introductory calculus, duriﬁg Fall Quafter,
1982, Neariy 700 students enrol}ed in the course, requiriﬁg 2]
sections éf Math lél. The inferéed population was students at the
college lefel enrolled in introductory calculus courses using the
Swokowski (1979) text and a 1afge group ingtrucfional format.

Based on a sample of 100 Math 121 students” final percentage

scores.in 1980, the researcher estimated the 1980 Hath 121 population

performance standard deviation to be 20.45Z and the mean to be 70.4% .

Using the 1980 standard deviation as an esfimate of the 1982 value,

the following formula ( Snedecor and Cochrﬁn, 1980, pl03) yielded a

-

recommended sample size for each group, control and experimental:
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n=(2, + Z ' )202D /82

B

where = sampie size
o= significance level
B= probability of tyﬁe 2 error
op= population standard deviation
§= true difference to be detected by experiment
Using tables provided By Snedecor and Cochran (1980, pl04) to simplify
calculations, if the pover of a one-tailed t-test is set at .95, the
significance levél at .05, and the'pércentaée difference. to be
detected between the two groups” exdm ééores ét‘éi; then the -
recommended sample size per group was 125. Thus, if the true
. difference between the e#am scores of the two groups was as large as
6Z, there was‘a 952'§robability that the difference would be detectgd
statistically. | |

Initial é}ass enrollments for Math 121 sections were set between
33 and 38 studeﬁts. On the basis of the researcher’s estimates of the
sample size needed to meet statistical requirements'in the
interpretation of the experimental -data, the researcher decided to
seek tﬁe participation of a minimum of six sections of Math 121 in
this study. The selection of the gix sgqtions'took place in almeeting'
.of all Math 121 'iﬁét‘ructofs shortly after thé start of the Fall

Quarter. The researcher explained the purpose of the research and
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experimental procedures to the group and solicited volunteers to
participate in the otudy. From those imstructors offering to

participate, four were selected by the researcher to take part in the

study. Betveen them, these ‘instructors taught 6 ‘sectioms of

calculus. For purposes of identification, these four individuals will
henceforth be referred to as instructors M1, HZ,'FI, and F2,
Instructor Ml vasan experienced, male, <college mathematics

instructor with a PhD and an interest in research on instructional

~questions. Instructor M2 was a male graduate student working on a.

' Masters in mathematics with a teaching assistantship. M2 participated
in the study but did.not manifest any personal intérest in the
questions addressed by the study. Insgructor Fl vas a female graduate
student wvorking on a Masters deéree in mathematics with a teaching
assistantship. Fl was a foreign student, having been ﬁorn, raised and

educated through college in Germany. Inétructo; F2 was a female

graduate student working on a Hasters degree in mathematics with a

teaching assistantship and had a genuine professional interest in the
study.
After the last day to add a class passed in the second‘week of the

quarter, each instructor randomly assigned each of his students to one

of two groups of roughly equal size, a control group and experimental

-group. Instructors M2 and Fl each taught two sections of Math 121.

For both instructors, these two seétions‘me;_at consecutive hours of
the day. EFEach of these two instructors randomly assigned one entire

section to the control group and one entire section to the
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experimental group. Instructors M1 and F2 each taught one section of
Math 121. Each of these two instructors assigned half of his/her
section to the control group and the ofher half to the éxﬁerimental
group using a random process.

The selection procedures outlined above were used to control for
the effect of teacher differences on group performance by having each
teacher make equivalent contributidgs-instrﬁctionally to each group.
In this .way, neither group feceived' the bepefiga or liabilities of a
given teacher’s instruction differently than the other grouﬁ{ Thus,
teachers, students, and treatments were randomly assigned,

Within botﬁ.the experimental and control groups, three subgroupé
were identified by partifioning each group on the basis'of gener#l
academic readiness. The uﬂiversity generates an expected GPA for all
incoming freshmen. This study used that statistic to rank all the
students in each group. Students in the ﬁop third of the list in each
group vere design#ted as being of high ability for the purpose of fhis
study. Students in the lowvest third of the list were designatéd as
being éf lowest ability. The middle third were designated as being of
average ability. This partitioning qf the groups lead to roughly
equal subgroup ﬁizea,'a.useful design element for statistical
purposes. However, it did not partition each Math 121 section
equally. Also, because of transfer étudents ana returning students
that were enrolled in the sections involved iﬁ the study, no expecéed
GPA was available for some individuals. The data for these

individuals vas analyzed in a fourth category for students of unknown




































































































































































































































































































































































































































































































