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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.




13-

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.
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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
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ability. This clasoification information was used by the researcher

in the analysis and interpretation of the data gathered in this study.

The information was not supplied to the instructors nor to fhe

ﬁ,students'in the stﬁdy;

' Treatmentg

The treatments under investigation in this study were

'adminiqtered in class and at the instructors” offices beginning the

third veek of class. The experimental group received the following

treatments:

1.

2,

During the third veek of class, a Learning Styles

Delineator (Gregorc, 1982) was administered to all

students in the experimental group with the exception

of instructor M2°s students. This omission was not part
of the experimental design, but came about because of
instructor M2°s characteristic procrastination and

inspite of the researcher’s promptings.

Beginning with the third veek, a veekly formative
task was assigned. These tasks (Appendix A) took the
form of a quiz to be coﬁpleted iﬁ class, Each task was

a reviey of the previous week’s classroom lectures.

Each instructor administered the formative quizzes
in class and collected the paﬁers at the.end_of the

allotted time. These papers were graded by the
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instructor outside of class and the scores entered in

the grade book as part of the student”s overall grade.

A table of specifications (Appendix B) was then marked

for éach student, indicating which problems ﬁad been
missed. The table of .Bpecifications digsplayed the
problem numbers in an array that crossed the skill or
cbncept_ bei.ng'test-ed with the level of difficulty of
the i:robllem. |

When a problem was missed on a formative quiz, ‘the
instructor circledlthe problem ﬁum‘be’r on the table of
specifications for that quiz. Each problem was
characterized in two ways by its location in the table.
The rov heading identified the learning objective for
the 'problem by citing a section number in the
remediation mat;erials (Appendix D). This séction number

'consisted of three digits separated by periods. The

first digit corresponded to the chapter numBer in the

Swokowski (1979) text where the learning o,bjecfive was

.presented. The second digit gave the section number in- .

tﬁe chapter. The third digit served as a counter for
objectives from the' same chapter and section. For
exampie, on quiz #1 (Appendix 4), problem 11 appeared on
a rov with heading 2.{&.3 « The textbook reference was
chapter 2, section 4. The remedial examl;les for the

objective tested in ﬁroblem 11 were found in the
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-remediation materials (Appendix D):

2.4.3 Use. 1imits in curve sketching.
The column heading identified the level of
difficulty of the problem. The four levels used in this

study were Definition and Notation [ Def/Not(l) 1,

Direct Application [ App[(2).], Synthesis With Other

Concepts [ Syn(3) ], and Abstraction [ Abs(4) 1. The
parenthetical numbers associated with the levels of
difficulty éere printed in the remediation materials
beside each example. The instructor at:t:ac'hed a marked

table of specifications to,eaéﬁ student”s graded quiz

.paper.

To get their quiz papers back, the students went to

their instructor’s office the day after taking the quiz,

When a student from the experimental group reported to

his/her instructor’s office, the instructor briefly
reviewed the student’s table of specifications and

sqmmarized the student”s performance. For‘examplg,

failure to study definitions and notation showed up as a

series of missed problems in the Def/Not(l) column.

Before beginning remediation on the indicated

topics, with the exception of‘inétrgctor M2 who failed

to administer the Gregorc instrument, the instructors

‘logked up the student’s .learning style profile and
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identified an appropriate strategy for remediating the
student in harmony with the student”s lecarning style.

The instructors in the study vere trained im the

identification of appropriate remediation strategies

during the first two weeks of class and prior to the
introduction of the experimental grdup treatments. The
_training Qas.accomplished in tvo stages. First, ail
fou; instrﬁttors Qnd the fesearcher met as a group to
discuss the resear@h oﬁjectives and procedures. Second,
the researcher met privately with each instructor a few
days later to reviev procedures, discuss the use of th;
various research instiumenta, and ansver queﬁtions.__
The ﬁrofile the Gregorc instrument provided was used
as a point of departure fér the instrﬁctors in the
individualization of remediation strategies. Based on

the indications the Learning Style Delineator provided

concerning a student’s preferences for processing

cognitive information, the instructor proceeded with one

of the.four folloving remedial formats (Appendix E).
Concreﬁe-dequential learners received a teacher-led
step~by-step review of the pfinciples and procedures
rglevant to the problems missed on thé quiz.'Inqthig
reviev, the emphasis was placed on use of ;oncrete
examples and an inductive approach. Abstract-sequential

learners received a review based on a deductive analysis
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of the pfinciples at work in the given problems.
Leading questions were used to prompt deductive
fhinking. For these fifat tvo types of individusls, the
remediation was concluded in one session with the
instructor. Concrete-random learners received a revj.éw
that provided a -basis of several examples and then sent
the student off to consider-a fev leading questions away
from the imstructor. When these studentg had‘
synthesized a solution to the_problems in question, the}
returned to the inetfuctof to report their conclusions
and continue the remé@iatiom,Abstract;random‘learnerq
received a review that included § discussion af the
relevant principles involved and a fev leading questions
to éiscuss wvith others in the class also remediating.
Following time for reflection-and synthesis, these
students returned to complete the’remediatigﬁ.

The remeéiationAst;ategy relied on the Gregorc
instrument to indicate a learning style préference.
However, the instructors were not bound to coniiﬁué witﬁ
ahy strategy that the student disliked or found
incohvenien;; If a student requested a different format
for the remediation, the instructor attemptea fo satisfy
fhe student”s present fe1t'need for information and

remediation in whatever format seemed most productive.
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Once the instructor had decided which remedial
. format to use with a student, the sﬁbstancé of the
remediation was addressed using a set of remedial
examples prepared to address all the learning objectives -
for the.éourse (Appendix D). Each quisz p;oblem ﬁas
keyed t.o a specific iearning objective ip.t'he'table of
specifications (Appendix B). Thus, when a given problem
wvas missed on a stﬁdent'quiz, circling the problem.
" number on the table of specifications immediately
identified. which learning objéctivg had to be reviewed
and vhere the appropriate remedial examples could be

found in the remediation materials.

5. After the student completed the remediationm, the.
instructor verified that the student had mastered the
objectives of,the.formative task using a vritten

~retest. This retest was in the form of a take home
quiz to be completed and returned within a few days. |
A posted‘ﬁnswer key ser&ed to inform the student of
the corrgét responses to the retest problemg.l Fu?thér
assistance was available #t the request of the
student. |
Thé control groﬁp received essentially the some treatment that
all students have received in class for several years, that is,

written evaluation of quizzes and assistance on homework problems. In
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Qddition, instrucfors Ml and F2, the split-section instructors,
.admini;tered the Learning Styles Delineator to their control group
studentﬁgt This data was not us?d,_howeQef? in the tréatment the
control!group s&udentg received. In the classroom, vhen the
experimental group stﬁdents received the weekly formati§e task, the
control group students réceived an ideﬁtical quiz or worksheet which

vas completed within the same time limitations as the task given

the experimental group students. This paper was graded bj the teacher

in the conventional manner and returnmed to the students the next day

at the instructor’s office. No systematic diagnosis of student errors
or prescribed remediation was offered the control group students.

They were free to seek unlimited asaisténce in the .conventional

manner. But they did not have access to éhé‘m$térials used'by the *

experimental group.
Content Validity of the Degértmgnfal Exsminations

‘During the Sprinquuarter of 1982,’the researcher prepared‘a list
of course objectives fo? Math 121. This list was sent to the Math 121
instructors in the'fo£m of a questionﬁairé. The pufpose~of.the
questionnaire w;s _to' identify the course objectives that the
instrqctors were'concerned with testing 6n the final exam. The
instrﬁctors indicgted the objecti&es thag should aﬁéea: on ali Math
121 finals,'the objectives that shpuid never be teateé,‘and the
objectives wﬁiéh could be iqcluded‘of left éut at the discretion of

‘the committee preparing the examination. Additions to the list were
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vritten in by the instructors at the end of the queétioﬂnaires

The ;ésults of this quéstionnaire vere uaéd as a gui&eline for
the construction of the final exam for Fall quarfer, 1982. Because a
calculus exzamination embhgsizes problem solving, and because problem
aolviné isltimé cqnsuming, it is typicaily not possible for the final
exam to address all the course objeétivehp Folloving the‘procedure.
just outlined, the final éonsisted of tesftitems covering all the
topics considgred necessary and as many of the optional topics as
could be included given the time limitatioms of the exam.

As a result 6f this item selection process, thelexagination_
questions reflected the course objectiveé and the instructors’
priorities. Since the;function of thé exam in»this study vas to
quantify student feﬁponse to the treatments under stﬁdy, a high
contené validity made the interpretgtion of any differences iq
performﬁnce'between the groups more meaningful. It should be noted
here thét the formative tests addressed ali the course objectivés, not-
just those which appeﬁred on the final.

Thtee' one hour departmental unit exams '(Appendix F)
vere administered Fall quarter in addition to the'fin#l exam. The
results of the course objectives questionnaire were used in the
construction of these exams also. |

The selection process for the unit exams allowed for evaluation
of course objectives which were not measured on the final exam. Such a
procedﬁre broadened the scope of thezéveralllevalﬁation pfocess; This

contributed to the overall content validity of the evaluations.




42
Examination Reliability

fhe reliéBility; or érecision of measureﬁent; of an individual’s
performance 1evé1 on a test is often quantified by u;ing a reliability
coefficient. A perfectly reliable test would have a reliability .
coefficient of 1.0 and wﬁuld always indicate the true léyel of

performance of an individuzl. A totally unreliable test would have a

- reliability coefficient of 0.0 and would reveal nothing about an

individnal’é true level of performance ( Hopkins & Stanley, 1981).
Davis (1964, p 24) made the fbllowing statement regarding reliability
coefficients in studies of group behaQior:
fof measuring the average characteristics of groupé of
the size of many classes, say twventy-five to fifty,
scores with reliability coefficients as low as .50 may
often be highly sexviceable. '
The same cénclusion is found in Kelley’s (1927) analisis of the’
reliability requirements for groupAstudieﬁ.‘

' The problem of determining the reliability of scores fﬁr college
level mathematics problem solvingAexémiﬁatidns vas investigaged by
Bill (1976). Using equivalent form examiﬁations, Hill found th;t the
reliabilify coefficients for the tﬁree-hoﬁr exams in his study lay
within the range.SS'to.Bﬁ, that error variance was independent of
student ability, and that scérer reliability léy vithin the range .90
to .95. Thus, most of the unreliability lay wvith the instrﬁment,
itself and not with the scoring procedures. |

Other studies dealing specifically with student performance in‘

calculus have reported similar reiiability coefficients. Pascarella




43

reported reliabilities of .72 (1977, b).and .75 (1978). Thompson‘
. (1-9:80) reported Chronmbach reliabili'ty estimates of .85 and .80 on
departmenfally written calculus final exams.

This study used departmemtally written exam-inatio.ns as
ingtruments ‘for measuring student achieveme.nt. Partial c-:redi,t vas
given on test items involving problem solving. In order to estimate
reliability coefficients for ex_aminatiéns used during the '81-’82.
school year, the resegrcher examined tw:'ro MSU departmental exams used
dﬁring Fall and Spring quarters. |

The 30 item final ezam used Fall quarter for Hat.h 121.w'as
evaluated on the basis of 20 student papers sclected at randpm from
the researcher’s 68 studemts. The exomimation was worth 200 points, .-
with a sample mean of 142, variance 585, and a standard exrror of the
mean qf 5.4. In order to estimate the reiiabi;l ity using the Kuder;
Richardson formula #20 (sax, 1980) the papers, which had been scored
giving partial credit on problem solving itemes were rescored giving
either full credit if the item was ansvered 1003 corrre;c.t or no cfedit
if there were any mistakes in the solution. Based on this -procedure,
KR-20 yielded a reliability of .69. Next, using the same scoring
method, a spl:i.t.:-hal.f technique/ and Spearman-Brovn formula (Sex, 1980)
yielded a coefficient of .76‘.. In as much as the item discriﬁimtion'
of the procedure thus defined may have been less than that of a
consistently administered procedure for assigning parfial credit, the =

reliability of the results obtained under the partial credit format
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may have been highef than the coefficients obtainé& by rescoriig
without partial credit. The significant point is that the
coefficients obtained were greater than .30 éﬁd comparable to results
obtained by other researchers already cited.

A s#mple of .30 student papers from a unit examination vas
photocopied prior to scoring.during Spriné quarter, 1982. These
duplicate exams‘were scored twice by the éame instructors
approximately two wéeks apaft. Based on the cérrelbtion'befween the
twvo sets of scores, a scorer reliability of .98 was calculated.

From these observations and from considerations of content
validity of the departmental examinations, the researcher coﬁqluded
that departmental exémingtibns used in the.Fall_Qf 1982 vere
sufficiently reliable to use as measures ofystudent performance in
groups. |

Statistical Hypotheses

Ferguson (1976) states that it is a common convention to usé
: significance levels of .05 ot .01 and that an investigator may adopt,
perhaps arbitrarily, a particular level of significance. lFor the
purposes of this study; all hypotheses were tested at the.OS level.
In some situations a p-value was also reported. The numbering of the
hypotheses reflected the numbering of the-generallqﬁestions asked in
"_Chapter 1. For example, all questions and hypotheseﬁ deaiing with
general q.uestion number 1 beginwithal fovlllowe'd by a.doit (.), such

as hypothesis 1.2 .
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1.1 There was no difference between the experimental and contfol
‘group expected GPA 8.

1.2 There was no difference between tﬂe variance of expected GPA
scores for the expgrimental group and the variance of expected GPA
scores for the comtrol group. | |

| 2.1 There were four instructors, each teaching an egperimental
group and a control group, forming eight inatfuctor sub-groups.
There was no difference in meaﬁ expected GPA for any of-the eight
subgroups.

2,2 There was no differemce in overall exam performance means
between students assignéd to different iﬁstruétors.

2.3 There was no student aptitude‘inatfuctor.inter;ctiﬁn for.
overall examinatign ﬁerformance. |

3.1 On the first examinationm, thefe vas nd difference in mean
pefformance for the exXperimental amnd comtrol. groups for students ;f
known ability.

' 3.2. On fhe Eecomd examination, there was no difference in mean
performance for the'e#perimental and control groups for students of
known ability. '

3.3 .On the third exﬁpin&tion, there was no differenqe in mean
performance forhthe ezperimental and cqntrél groups for students- of
known ability.

3.4 On the final examinatiom, fhere.was‘no difference in mean
performance for_thé experimental énd control groups for students of

known ability.
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"3.5 ' In overall performance ( total of all four examination

- scdres ), there was no difference in mean performance for the
experimental and control groups for students of known'ability,

4,1 On the first examination, there was no aptitude-treatment
interaction for students §f known ability;

4;2' On the second examination, fhére was no aétitude-tréatment
interaction for students of known abilit;y°

4.3 On.the third examination, there was no aptitude-treatment
interaction for students of kmown ability.

4,4 On the final exﬁminﬂtion, there vas no aptitude-treatment
interaction for students of known ability.‘

4,5 1In ovefall performance, there vas no aptitude-treatment
interaction for students of known ability.

5.1 On the first examination, thefe vas no difference in'meaﬁ-
performance for the experimental and control group§ for students of
unknown ability. . ' S _ .

5.2 On the second examination, there was no difference in.mean
perfqrmance for the experimental and comtrol groups for students of
.unknown ability.

5.3 On the third examination, there was no difference imean
performance for the experimental and control groups for stu@ents of .
* unknown abiiity. ’

5.4 On the final examinationm, there was no différence in mgaﬁ-
performance for the:;xperimental and control groups,foi students of

unknown ability.
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5.5 In overall performance, there.vas no difference in mean
performance for fhe experimental and control groups for students on
unknown ability. |

6.1 For the low ability group, there was no différence in
standard deviations for the experimental and control groups on each of
the four exmminations. | | |

6.2 For the middle ability gréup, there 6&5 no difference in
standard deviatioﬁs for the experimental ané control groups on each of’
the four examinations. |

6.3 For the high ability group, there was no diffefénce in -
standard deviations for the experimental and coﬁ;rol groups oﬁ each of
the four examinatioms.

6.4 Neither the standard deviation of the exzperimental group
nor the standard deviation of the control group was consisteptly less
than the other for students of ﬁnown ability.-

6.5 For the unknown ability group, there was no diffefence in
standard deviations for the egperimental and control groups on each of
the four examinations.

6.6 Heither the standard deviation of the experimental group nor
thestandard devzatlon of the comntrol group wvas con31stent1y less than |

the other for students of unknown ability.

7.1 There was no relationship between the amount of time spent

in remediation and overall -examination performance.
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8.1 There was no relationghip bétweep expected GRA and o§eraii-
examination performance for the experimental group.

8.2 There was no :elatiohship bétween ex@eéted GPA and overall
exsmination pe:fofmance‘for the control group.

8.3 There was no difference between the strengths of the
relationships obtained in the tests of hypotheses 8.land 8.2 .

9.1 There was no difference in errall performance for students
with a sequential learning style and students with a random learning
stj}g for stﬁdenés of known ability.

9.2 There was no.difference in overall performance'for‘studepté,
with a concrete learning sfyle and stqdeuts with an abatréc: learning .
style for students'of known ability. | |

9.3 There was no difference in pveréll performance for students’
with a aeqﬁential learning style and students with a random learning
style for students of unknown ability. |

9.4 There Was_no'differepce in overall performance for students'
with a concrete learning style énd students with an abatraét learning

style for students of unknown ability.

Statistical Procedures

1

All the hypotﬁesea involving crossed vafiables‘were analyzed
using é 2X3 analysis of variance. Mendenhall and Reinmuth (1982) -
étate that AN6VA is an afproﬁriate téchnique fo identify import#nt‘
_ independent variables and to determine their interactions and affect

on the dependent varisble. The MSUSTAT program AVHMF was used for
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these calculations. This program can be used with unequal nﬁmbefs of
.obéeivations per cell. For the students of unknown ability, AVMF was
used as a 6ne;way ANOVA with two levels to ad&ress the hYpotheges.
Least significant differences, D, for'éomparing cell means were
calculated using the Q table discussed by Snedecor and Cochran (1980).
The formula used (p. 235) was |

where nj, was the harmonic mean

Cell counts are shown in the Tables found in Chapter 4. The éell '
-count associated with each cell mean appears in.parénthesis following
the cell mean.

The hypofhesgs dealing with the strength of a rélationshié vere
tested by computing the‘indicated Pearson correlation coefficienté
using the MSUSTAT program SUMSTAT. Lindner (1979) states éhat
correlation is the ﬁost useful measure of reldtiongﬂip between
variables. A test of the null hypotheses that r = 0 Qere

performed at the .05 level.

Precautions Taken for Accuracy

The original documents ffom whiﬁh data was derived were the
formative tests, the list of expected GPA Scores generated by Montana
State Dniversify; and:tﬁe departmen;al-eﬁaminations which serve as the
dependent variable in this sfﬁdy. Student scores on the'depaitmentél

- examinations were obtained by photocopying each Math 121 instructor’s
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grade book at the end of the quarter. Folloving remediatiom, each
. instructor retained the top portion‘of each student’s formative test
in a file box. The contents of these boxes ﬁefe collected
_periodically by the researcher.

All data peftaining to a given student in the study was then
put on a comﬁﬁter'file and rechecked f?r accﬁracy.‘ All stafistical
hypotheséé vere tested using the CP§ éompugef,. '

Summary

In the FaIlvof 1982 at Hontana:S;ate‘ﬁniversity, 6 sections of
freshman calculus, Math 121,M were selected at réﬁdom to paftiéipété
in this study. BHalf the students in the selected sections vere
assigned to the experimental group and half to the control group using .
a random assignment procedure. The assignment procedure used regulted_
in each instructor teaching roughly eqﬁal numbers of ezperimentél.aﬁd
control group students. This controlled for téacher differences;

Using the expected GPA, a university generated statistic for
entering freshmen,‘as a measure of ability or. aptitude for college
work, all the enteriﬁg freshmen in the'selécted sections Qere ranked
-by the researcher onitﬁe basis of the exzpected GPA. The top third of
this rénking vas labeled the high ab:i.iity group. The bottom third
was labeled the low ability group. The third group was labgléd the
middle'ability-group.‘ This information'waa not used as the basiS'of:
or part of any treatment in this study nor was the iﬁformaﬁionlnade

available to the instructors. It was used, howevef, by -the researcher




51

in analysis and interpretation of the data:gafhered.

Beginning with the third week of class, the classroom teachers
administered formative tasks. The instructors evaluated student
performance on the fasks, prescribed remediation, and retested the
experimental group students as they cgme in to pick up their tests.
Remediation was individualized to accommodate each student’s learning
style as determined by the Gregorc (1982) Learning‘Styles Delineator
administered the third wgek of class. The control gfoup students
received fhe conventional written evaluation of quizzes and assistance
on homework, etc. tﬁat has been the practice in the past.

At the end of the qﬁarter, the data gathered in the study was
entered into a data file on the CP6 computer at Hontana State
University. An anal&sis of the data was conducted using the softw#re
statistical package MSUSTAT (Lund, 1978). Two way analysis of
variance was used to identify significant variables and interactionms.
Pearson correlatiqns vere used to;examiﬁe the stréngths of

relationships.
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CHAPTER FOUR
RESULTS
Introduction

The data reported in this chapter are arranged into the following.
categories: effectiveness of sampling procedures, main treatment
effecfs, incomplete data sets, hjéothéses suggesfed by examination-of
the collected data, and selected descriptive tabular data. Cell

counts are shown in parenthesis in the tables.

Effectiveness of Sampling Procedures

An underlying assumption of the experimental design was that the
students were randomly assigned to various sections of Math 121 at
registration and that the distribution of ability or talent with

respect to calculus would be the same from section to section and for

the experimental'(Exﬁt) and control (Ctrl) groups. In éssesging'the

strength of'thiq assumptidn, the following Questions were answered.
Question 1.1: Was the mean expected GPA ( EGPA ) the same for the
experimental and control groups?

Hypothesis 1l.1: There was no difference between the

.experimental and control group expected GPA.

‘Test: The mean EGPA for the experiﬁental group was 2.783.°

The mean EGPA for the control group was 2.692. A t-test failed to
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reject hypothesis 1.1 at the .05 levellwitﬁ 110 df. The p-value
obtained was :2413. |

Resuit 1l.1: There vas no’difference between the
éxperimental and control group expected GPA. |

Question i.2: Was the'Qariance in EGPA scores the same for the
experimental and control. groups?

Hypothesis 1.2: There was‘no difference-betweenlfhe
variance of expécted GPA scores for the experimental group and the
variance of expected GPA scores for the comtrol. group.

"Test: The expérimental‘group EGPA variance was .1570. The
coﬁt;ol group EGPA variance was .174l. An F test failed to rejeét
hypothesis 1.2 for alpha = .05. The p~value was .6968.

Result 1.2: There was no difference in the EGPA variances
for the experimentél and control groups.

Question 2.1: With four instructors (F2, M1, Fl, and M2) each
teaching an experimental and control group, there were eight
treatment-inst;uctor subgroups. Were the mean EGPAfg the same for
these éubgroups?

Hypothesis 2.1: There were four instructors, each teaching'
an expefimental and a control group, forming eight inétructor sub-
groups. There was no difference in mean EGPA for any two of the eight

sub-groups.

Table 1 shows the mean EGPA”s for the sub-groups.
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Table 1

EGPA Means for Instructor Subgroups

Instructors
F2 ’ M1 . - F1 . M2
Expt 2.70 (11) 2.79 (16) - 2.82 (27) 2.64 (29)

Ctrl - 2.73 (14) 2.66 (17) 2.63 (25) 2.70 (29)

Test: For alpha = .05, the least significant difference
for the means shown in Table 1 wﬁs 409. No pair of means has a
difference as large as .409. Thus, the tést failed to reject
h&pothésis 2.1. |

Result 2.1: There was no difference in mean EGPA’s among
the eight teacher sub-groups. -

Question 2.2: The experimental design fe;ied on random
assignment of students to sections of Math 121 to distribute ability
equally among the sections. Was overall student perfarmance on-all
four gxaminations the same between instructors?

Hypothesis 2;2: There was no difference in overall exam
performance means between students assigned to different~inqt¥uctors
(F2,M1,F1,M2).

Hypothesis 2.3: There was no student aptitude-instructor
interaction for overall examination performance.

Overall student performancg means are showﬁ by ipptruétor in
Table 2. Table 3 shows the results of the ANOVA for the data

summarized in Table 2.




55

Table 2

Overall Student Performance by Ability Level'and Instructbr

Instructors ’
F2 - M1 . F1 M2
L - 337.2 (6) 365 (4) 335.3 (11) - 331.8 (14)
M " 394.4 (9) 371.1 (9)  390.3 (13)  421.6 (8)
B 442.3 (10)  423.1 (7)  465.6 (12) © 426.3 (9)
Table 3

ANOVA for Overall Student Performance by Ability Level and Instructor

Source | af | F 4 p-value
Ability level 2 22.88 .000
Instructor 3 _ . 1425 .9336
Interaction 6 1.195 .3148
Residual 100

Test: At the .05 level, the ANOVA test failed to reject
hypotheses 2.2 and 2.3.

Result 2.2: There was no difference in overall exam
performance ﬁeanq between students assigned to différent-instructdrs.

‘Result 2.3: There was no student aptitude-instructor

interaction for overall examination performance.
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Main Treatment Effects '

Every stﬂdenﬁ,in this study assigned an EGPA was a first-quarter
freshman. The students of unknown ability did not all share this
unique entry-level characteristic. Some were second, third, or fourth

quarter students. Some had previously failed Math 121 and were

retaking the course. Because of the many potential differences

be;ween the students gfiknown ability and the students of unknown
ability, this.study analyzed data ffom these two groupé separately.
séparate hypothe;es are stated and separated statistical tests carried
out. Questions 3.1 - 4.5 dealt with the students of knéwn ability as
measured by their EGPA. |
Question 3.1: On the first exam, did experimental group students
and control group students perform at the same level?
Hypothesis 3.1: On the first examination, there was no
difference in mean performance for the experimental and control
Hypothesis 4.1: On the first examination, there was no
aptitude-tre;tmenf interaction for sfudents of known‘abiligy.
. Group means for the first exam for students of~known‘ability
are shown in Table 4. A summary of the ANOVA for t.he.first_ exam for

students of known ability is shown in Table 5.
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Table 4
Firet Exam Means: Students of Known Ability‘

Ability Level
L . M H.
Expt 71.94 (16)  76.62 (21)  92.45 (22)
Ctrl 66.26 (19)  75.72 (18)  82.69 (16)

( least significant difference = 3.02 )

Table 5

ANOVA for First Exam: Students of Known Ability ‘

Source - df . FE . p=value’
Expt/Ctrl 1 . 4.4 03739
L/ME 2 ©17.35  .000
interaction i 2 .98&3 .3788
Residualj 106 |

Test: The ANOVA test-rejected.hypothesis 3.1 at ‘the .05
level. Hypothesis 4.1 was ﬁot rejected. |

Result 3.l: On the first examination, the experimental
group performed at a higﬁe: level. than the control group fér students
of known ability.

Result 4.1: Ihere was no stﬁdent aptitude-treatment

interaction on the first exam for students of known ability.
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duestio; 3.2: On the second exam, did experimental group

students and control group students perform at the same level? |

Hypothesis 3.2: On the secon& examination, there was no
difference in mean performance for the experimental and control groups
for students of known ability.

Hypothesis 4,2: On the second examination, there was ho'
aptitude—treatment interaction for students of known ability.

Group means for the second exam for students of known°®
ability are shown in Table 6. A sumﬁa:y of the ANOVA for the éxaﬁ for

students of known ability is shown in Table 7.

Table 6
Sééond Exam Means: Students of Known Ability
Ability Level
L M H
Expt . ©75.19 (16) 83.86 (21) 93.73 (22) .
Ctrl 72.68 (19) 80.11 (18)  88.06 (16)

( least significant difference = 2.53 )
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Table 7
ANOVA for Second Exam: Students of Known Ability

Sou;cg daf g. p—xaige
Expt /Ctrl 1 3.389 .06843
L/M/B 2 20.62° 0,000
.Interaction 2 .1817 .8354
Residual 106 '

Test: ..This test failed to reject hypothesis 3.2 at
the .05 1eve1.. The p-value vas ¢06843.Hy§othesis 4.2 vas ret#ined;
Result 3.2: On the secoﬁd egaﬁ, there was no'différence in
mean performance for the experimgntal and control groups for students
of known ability. |
Result 4.2: On the ;econd exam, there was no aptitudé-
treatment interaction fof students of known ability.
. Question 3.3: 6h the third exam, did experimental group students-
and control group students perform at thé‘same 1evg1?

. Hypothesis 3.3: On the third examination,.there was no
differenée in mean perfp;ﬁance for the‘experimental and control groups
for students of known ability.

Hypothesis 4.3: On the ;hir@ examination, there was no.
aptitude-treatment inferaction for.students of known abilify.

"~ Group ‘means fof the~£ﬁird'exam for students of knownlability

are shown in Table 8. A summary,of-the ANOVA for the exam is shown in

Table 9.
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Table 8

Third Exam Means: Students of Known Ability

Ability Level .
L M H
Expt 65.81 (16)  76.48 (21) . 88.91 (22)
Cerl 61.11 (19)  73.94 (18)  80.91 (16)

- ( least significant difference = 3.46 )

Table 9

ANOVA fprJThird Exam: Students of Known Ability

Source 4af E -+ p-value
Expt /Ctrl 1 3.138 . - .07935
L/M/E 2 . 17.23  0.000
Interaction 2~ .3445 . .7145
Residual 106

Test: The test failed to reject ﬁypothesis 3.3 at the .05
lével. The p-value was .07935. Hypothesis 4.3 was retained.

Result 3.3: "On the third examination, there vas nb
differencg in mean performance for ;he experimentai an& control

groups for students of known ability.
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Result 4.3: On the third'éxamiﬁation, there'w;s né
aptitude-treatment interaction for students of ﬁnown ability.
Question 3.4: On the final exam, did experimental group'students
and control group students perform at the same level?
| Hypothesis 3.4: On the final examina;ion, there was no
differencé in mean performange for thé experimental and control
groups for students of known ability. _
Hypothesié‘4.4f Oﬁ the final examination, there was no
aptitude-interaction for.students of known ability.
Group means’for the final exam for students of known abili;y
are shown in Table 10. A ;ummary of the ANOVA for the exam is shown

in Table 11.

Table 10
Final Exam Means: Students of Known Ability

Ability Level
L M ‘H

Expt . 136.8 (16) 163.8 (21)  184.0 (22)
ctrl . 127.3 (19) 154.8 (18)  168.2 (16)

( ‘least significant difference = 6.73 )
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Table 11

ANOVA for Final Exam: Students of Known Ability

§gg;gg daf F p-value
Expt/Ctrl 1 3.947 .04955
L/M/H 2 , 19.81 0.000
Interaction 2 .1440 .8664
Residual 106

Test: The test rejected hyfothesis 3.4 at the .05 level.
Hypothesis 4.4 was retained. |

Result 3.4: Oﬁ the finalhexaminatiéﬁ, the experimental
group performed at a higher level than the control group for students
of known ability.

Result 4.4: On the final examination, thefe was no
aptitude—tréatment interaction for students of known ability.

Queﬁtion 3.5: 1In overall points earned on all four exams, did

experimental group .students and control group students perform at the
same level? | |

Bypothésié 3.5: In overall performance ( to;hl of all
four exahinatiqns ), . there Qas no difference in mégn bveral}
performance for the experimental and control groups‘for students of

known abilify;
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Hypothesis 4.5: In overall performance, there was no

aptitude-treatment interaction for students of known ability.
Group means for overall performance for students of known
.abiiity are shown in Table 12. A summary of the ANOVA for overall

ﬁerformance is shown in Table 13,

Table 12
Overall Performance Means: Students of Known Ability :
Abiiity Level
L M . .H
Expt 349.7 (16)  400.7 (21)  458.9 (22)
Ctrl 327.4 (19)  384.6 (18)  419.4 (16)

( least significant difference = 12.77 )

Table 13

ANOVA for Overall Performance Means: Students of Known Ability

Source af E p—vaiue
Expt /Ctrl 1 5.714 ' .0186°
L/M/H 2 28.44 0.000
Interaction 2 - .4159 .6666:

.Residual " 106

L]
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Test: Bypothesis 3.5 was rejected at the .05 level. The
p-value was .0186. Hypothesis 4.5 was retained. ‘

Result 3.5: In overall points earned, the experimental
group performed at a higher level ihan the_control éroﬁp for students
of known ability. |

Result 4.5: In overall points earned, there was no
aptitude-treatment interaction for students of known ability. |

Questions 5.1 - 5.5 dealt with the performance of the students
of unknown ability. No EGPA was available for the students addressed .
in the following questions. ‘

Question 5.1: On the first exam, did the experimental and
control group students perform at the same.level? |

Hybothesis 5.1: On'the fitdtvexamination,.there vas no
difference in.méan performance fog the experimental and control.
groups fof students of unknown ability.

fhe group means for the first exam for students of unknown

ability are shown in table lé.

Table 14

First Exam Heans: Students of Unknown Ability:

 Expt  73.08 (24) |

ctrl  74.41 (32)
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. Tesf: A t-test failed to reject hypothesis 5.1 at the .05
.level with 54 df. The p-value was .7422.

Result 5.1: On the first examination, there waé no
difference in mean performance for the experimental and control groups
for students of unknown ability.

Question 5.2: On the second exam, did the experimental and
control groups perform at the same level?

Hypothesis 5;25 On the second examination, there was no
difference in mean performance for the experimental and controll
groups for students of unknown ability.

Group means for the second examination for students of

unknown ability are shown in Table 15.

Table 15

Second Exam Means: Students of Unknown Ability

Expt  85.92 (24)
ctrl  80.50 (32)

Test: A t-test failed to reject hypothesis 5.2 at the .05
level with 54 df. The p~value was ,2604. | |

Result 5.2: On the second examination, there was no
difference in mean performance for the expérimentél and control

groups for students of unknown ability.
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Question 5.3: On the third exam, did the experimental and’
control groups perform at the same level?

Hypothesis 5.3: On the‘third examination, there was no
difference in mean performance for tye experiméntal and contrél
groués fqr students of ﬁnknown ability.

.Group means for the third examination for students of

unknown ability are_shown.ip Table 16.

Table 16

Third Exam Means: Students of Unknown Ability

Expt  71.08 (24)

Ctrl 74.58 (32)-

Test: A t-test failed té reject hypothesis 5.3 at the .05 '
| level with 54 df. The p-value was .5383. | |
RésultA5.3: On the third examination, there was no

difference in mean performance for the experimental and control groups
for students of unknown ability. |

Question 5.4: On the final exam, did the'experimentai and
con;rol groups pe;form'atnthe same,level?' |

| Hyﬁothesis 5.4:', On the final examinatipn, there wagnno
difference in mean perforﬁance‘for the experimental and control

groups for students of unknownrability.




67

Group means for the final exam for students of unknown

ability are shown in Table 17.

Table 17

Final Exam Means: Students of Unknown Ability

Expt  156.7 (24)

Ctrl ~ 148.7 (32)

Test: A tA:-test failed to reject hypothesis 5.4 at the .05
level with 54 df. The p-value was .3548.

Result 5.4: On the fiﬁai exaﬁination,'thgre was no
difference in mean performance for the experiméntal and control groups
for students of'unknown ability. |

Question 5.5: 1In overall points earned, did the experimental an&
control groups perform at the same level?

Hypothesis 5.5¢ In overall performance, there was no

" difference in mean overall performance for the experimental and -

control groups for students of unknown ability.
- Group means for overall performance for students of unknown

ability are shown in Table 18.
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Table 18

Overall Student Performance Means: Students .of Unknown Ability

Expt 386.8 (24)

ctrl 378.2 (32)

Test: A t-test failed to reject hypothesis 5.5 at the .05

level with 54 df. The p-value was 6685,

Result 5.5: 1In overall performance, there was no difference

in mean performance for the experimep;ai and control groups for
students of unknown ability.

Questions 6.1 - 6.5 dealt with the standard déviatibns of fhe
mean exam scores for the iow, middle, high, and.ynknéwﬁ ability
groups.

Question‘6.1E For the low aBility group; was there a difference
in standard deviations for the experimental and control groups on the
four exams? | |
| Hypothesis 6.1: For the low ability-group, there was no
difference in standard deviations for the experiﬁentai and control
groups oﬁ each of the foﬁr examinatioqs. |

| fﬁe sténdgfd deviations.for the low group afe shown in Table

19.
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Table 19

' Examination Standard Deviations: Low Ability Group

Expt (16) ctrl (19) -~ p-value

EXAM 1 12.61 16.65 .2825
EXAM 2 17.05 11.62 .1226
EXAM 3 ©17.94 ' 20.78 .5698

EXAM 4 34.41 38.22 .6870

Test: An F test was used to compare the varianées. This
test failed to reject hypothesis 6.1 a?vthe..OS level.

Result 6.1t For the low ability group, there was no
difference in standard deviations fof the experimental and control
groups for the foﬁr examinations. »

Question 6.2: For the middlg ability‘group; wvas there a
difference in sténdard deviations for the experimental and control
groups on the four exams? |

Hypothesis 6.2: for students in the middle ability group,
there was no difference iq standard deQiation'for the experimental an&
control groups on each of'ihe four exams.

| The standdrd deviations for the middle ability group are

shown in Table 20.
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Table 20

Examination Standard ngia;ions: ‘Middle Ability Group

Expt (21) ctrl (13) : p—value
EXAM ; 15.39 13.23 - | N 5324
EXAM 2 -7.786 - 11.8% .075
EXAM 3 riQ.67 13.00 ‘ .3962
EXAM 4 23.51 28.35 4199

Test: An F test was used to compare thé vériances. This
test failed to reject hypothesis 6.2 at the .05 level.

‘Résult 6.2: For the middle ability group, there was no
difference in standard.deviafions for the experimental and control
groups.on each of the four exams.

Question 6.3: For the students of high ability, was there any
difference in spandard deviation for the exéerimental and control
grouﬁs on_the four exams?

Hypothesis 6.3: Fof the high ability group, there was no
:difference ip standard .deviations for the experimenfaland control
groups for eaéh of the four exams;

The staﬁdard deviations for the high ability grodp are shown

in Table 21.
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Table 21

Examination Standard Deviations: High'Ability.Groupf

Expt (22) ctrl (16) p-value
EXAM 1 1 7.469 14.73 - - .00525
EXAM 2 6.504 12,47 .00717
'EXAM 3 12.95 . 16.89 .2575

EXAM 4 20.40 35.62 .01968

Test: An F test was used to compare variances. This test
rejected hypothesis 6.3 for every éxam except EXAM 3 at the 05 level.

VResuiE 6.3: '.With fhe exception of EXAM 3, the standard
deviations of the experimental gfoup vere less than the standard
deviations of the control group on the examinations.

Question 6.4: For the_students of known ability, was the
experimental grdup standard deviation the same as the ;ontrol group
stgndard deviation?

ﬁypotheéis 6.4& Neithef éhe éiperimental_ groﬁp
stan&ard deviation nor the control group standard deviation wﬁs
consistently less than the other.

The greaf?r and lesser stand;rd deviations fd? the

examinations are shown in Table 22.
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Table 22
Signs Comparison of Examination Standard Deviation Magnitude:

Students of Known Ability

Abllity Level L M H

Exami} 123% 123F " 123°F
Expt -4 - - ' - - - - - - -
Ctrl . -4+ A R

Test: For fhe tvelve pairs of data shown, the signs
indicate which.group had the greater (+) or lesser (-)‘stgndafd
deviation for eac#'exam. The signs test rejected hypothesis 6.4 at
the .05 level vith a p;value of .039.

Result 6.4: For students of known ability, the gtandhrd
deviation of the experimental group was consistently less than that of
the comntrol group. |

Qgestion 6.5: For students of unknown apility, was the standard'

deviation of the experimental group the same as the standard deviation

1
'

of the control gfdupf
| Hypothesis 6.5: For the unknown ability group, ;here was no
difference in standard deviations for'the experimental and control -

groups on each of thé four exams.
The standar& deviations for the unknown abi1ity group are

shown in Table 23.
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Table 23
Examination Standard Deviations: Unkmown Ability Group

-

Expt (24) ctrl (32) p-value

ERAM 1 13.66 15.62 5095
EXAY 2 955 21,90 .00018
EXaH 3 18.02 L. 22095 0 .23
EXAM 4 28.13  34.38 . 3234

Test: An F test was used to compare variances. This test
.rejected hypothesis 6.5Ifor EXAE 2 at the.DS level. - Hypothesis 6.5
vas retained for all the other exams. | | |

Result 6.5: PFor the unknown ability group, othef than EXAM
2, there was no_difference in standard deviations for the expgrimental
and control groups.

Question 6.6: For the unknown abi1ity group, Qas the stand#rd
deviation of the éxperimental group ponsistently less than that of the
control group? ‘

HBypothesis 6.6: Neither the standard deviation of the
experimental group nor the standard deviation of.the control group was
consistently less than the other for students of unknown ability.

The greater and lesser.standar#Ideviatioﬁs fof student; of

unknown ability are shown in Table 24.
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Table 24

Signs Comparison of Examination Standard Deviatiom Magn1tude'
Studenta of Unknown Ab111ty -

Exam# . 1237p
Expt | ===
Ctrl - + 4+ 4+

Test: The signs test failed to reject hypothesis 6.6 at
the .05 leQel. The p-value is .0625 and is the lowest p-value
obtainable with only four pairs of data points. |

Result 6.6: For the unknown'abilitj'group, the standard
dgviatiqn of'the experimental grouﬁ was bonsistently less than that of

the control group, but not at the .05 level.
Incomplete Data Sets

In the original propbsal for this study, the experimental design
called for the iﬁstructors to keep an hccuréte record of the amount of
time spent remédiatiﬁg each student. . Tﬁe relatipnéhip between student

‘performance on the exams and time sﬁent in remédiatiop was to have
beeq'examiﬁed‘using correlatioﬁ..,Hith‘the~ex¢eption of one
instructor; F2, this‘data was nét géthered';s planned. The other
three inatructors_gathered this data occasionélly but not in such a
manner as to bé statistically valuable. Récoggiging that the data

from instructor F2 is limited to only ome éplit-seétion and that the .
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number of students involved is small, the following information is
presented.’

Question 7.1: ‘Was.there-any rélationship'between the amount of
time spent in remediétion and overall performance?

Hypothesi§A7JJ There is no relationship between the amount
of time spent in remediation and exam performance for experimental énd
control group students.

| Test: A Pearson correlation coefficient was calculated for
both the experimental and control groups. For the exﬁerimental group,_-
‘the value r= =.09 wds obtained. For the control gr&up, the value
r= 006 was oﬁtained.’ ﬁeither of these values is sufficiently large
to reject hypothesis 7.1 at the .05 level.

Result 7.1: There was no rélationship‘between the aﬁoﬁnt of
time spent in remediation and overall performance for either the
experimental or control groups.

Another proposed hypothesis which was not tested dealt with the
relationship of formative test scores to exam performance. Although
all the formative quizzes were given in each section, the relative
timing between the formative tests.and the summative exéms_differed

.greatly from éection to section and from exam to exam. ~Because of
this iﬁconsistency, the researcher elected'ﬁot‘to address this
hypothesis in the data analisis.

Another hypothesis-hot tested dealt with the relationship
between the gain in formative test points'on retesting and summative

exam performance. As with the remediation time hypothesis, the
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instructors failed to gather the data as planned, making this test

'impossible.
Hypotheses Suggested By Examination Of The Collected Data

Question 8.1: For the experimental gfoup. vas the EGPA :él&ted
to overall performance on the exams? |
Hypothesis S.i; There is'no.relgtionéhip‘bétween EGPA and
overa}l exam perf&rmance for the ekperimental grouf.
fest: The Pearson correlafion coefficient bbfainéd vas
r = .7654. This rejected hypothééﬁs 8}1 at the .05 level. "The p-
value was .0l.
Result 8.1: Far the experimental group, the EGPA was
related to overall exam perférménce.‘ | |
Question 8.2: For thé-éonfrél group, was there any relatiﬁnship
between EGPA and overall exam performance?
ﬁypothesis 8.2;‘ There was no relationship'bétﬁeen the EGPA
and overali exam performance for gheféontrol group. |
| Test: The Pearson co;relafion coefficient obtained was
r = .4653. - This rejected hypothesis 8t2 at tﬁe .05'1evei. The p-
value ﬁas.dl. ' ‘
Result 8.2: Fér the control group, EGPA was’related to”
bverall exam‘performance. »
Question 8;3: Were the tvo correlations between EG?A_and overall:
performance significantly differént for the éiperiﬁentnl and control

groups?
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Hypothes@s 8.3: There‘is no difference betéeen the
correlations of -the experimental and coﬁtrdl grodps with EGPA.

Test: A Z-transformation Q§s used to compare thg tvo
correlations. The Z vaiue obtained waé 2;589,.which is signiiiéant’at'
the. 0l level. Thus, hypothesis 8.3 ‘was rejected. |

Result 8.3: The correlation between 6vera11 performance and
EGPA wvas strbnger for the experimental éroup thap for the cént;ol
group. | | |

’ Quesfion 9.1: Among students of k_nown.ﬁbility, vas a student’s
learning st&le related to his/her overall exam performance?

.Hypothesis 9.1: There wﬁs ﬁo différencé'in ove¥a11
performance for studenta:with a sequential stylé_énd students with a
random learning sty1e for students of kmown ability. |

Hypothesis. 9.2: There vas no difference in overall
performance for studéﬂté:with a concrete learning stylé and étudents
vith an abstract legrnipg style for students of known ébility.‘

Group means for students of known ability are shown in.Table .

25. A sﬁmmary of the AROVA is shown in Table 2.

Table 25

Learning Styles and Overall Performance: Students of Known»Ability

Concrete . Abstract
Sequential - 409.5 (31) © 413.6 (8)
Random 382.9 (11) 377.3 (14)
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Table 26

AHO%ZA for Keg’rning Styles and Overall Performance: Students . .
' " of Known Ability s

Souxce af E ~yalw
Sequential/Rsndom 1 2.738 L1032
Concrete/Abstract 1 | .0016 .9684
Interaction 1 .065 7990
Résidual ' 60

Test: Neither hypothesis 9.1 nor 9.2 vas 'rejécte& at -
the .05 level. There was no interaction. -
Result 9.1: Sequential and ,rénqlom learners perfor.;med at the
same level. | |
Result 9.2: Concrete and Abstract learners performed at the
same level.’ | o
Question 9.3: Among studgnts of unknown Qbili_ty, was a student’s

learning style related to his/her exam performance?

Hypo_thesis' 9.3: There was no difference in overall.

performance for students with a sequential learning style and students

with a random learning style for students of unknown ability.

Hypothesis 9.4: There was no difference in overall:

performance for studentsvith a concrete leiarning_ style and students
with an abstract learning style for students of unkmown ability.
Group means for students of unknown ability are shown in

Table 27. A summary of the ANOVA is shown in Table 28.
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Table 27

Learning Styles and Overall Performance: Students
of Unknown Ability

_ Concrete . Abstract
Sequential 399.5 (11) . 324.0 (1)
Random 379.3 (3) 377.0 (2)

Table 28

ANOVA for Learning Styles and Overall Performance: Unknown
’ Ability Students ‘

Source a8 F ~ p-value
Sequenfial/Random 1 .0707 <7944
Concrete/Abstract 1 .3992 «5384
Interaction 1 3528 .5627

Residual - 13

Test: The test failed to reject both hypotheses 9.3 and 9.4 at
the .65 level. No interaction was presezl:'t. The reader is cautioned
to note the small ceil sizes before accepting'thé folloving results.

Result 9.3: Sequential and random learners performed at the
same level for students of unknown ability.
Result 9.4: Concrete and Abst:act learners performed at thé

same level for students of unknown ability.




80 -

Selected Descriptive Tabular Dats

The folloéing tables are presented as incidental information. -

The majority of students taking Math 121 in the Fall of 1982 at

Montana State University were not involved with this study. A few

_ comparisons gre_therefore.offered between the students in the study
and those not in the study. Table.29 shows a breakdown of final
letter grades. Table 30 shows the dropout rates for the course.

Table 31 shows the final percent averages.

Table 29
Grade Distribution On The Final Exam

Ctrl "Expt Expt & Ctrl All Other

Group Only Group Only Groups Math 121 Students
A. 17.4% 2707% 22.352 14.79%

B 32.6% 3133 28.82%  32.39%

c  15.1%. 18.1% 21,183 29.81%

D 17.4% 18.1% 17.062 16.19%

F'o17.4% - S 10.59%. 6.81%
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Table 30

Dropout Rates

Experimental group students 10.88%

Control group students 12.79%

All other students 10.8%
Table 31

Overall Averages

Experimental group students ~ 80.332

Control group students 75.28%

All other students 77.53%
Sqﬁmgrz

The results of the data analysis and statistical hypothesis
testing are as follows: |

ﬁypotheses retained at the .05 level: 1.1,‘192,‘2.1, 2,2, 2.3,
3.2, 3.3, 4.1, 4.2, 4.3, 4.6, 4.5, 5.1, 5.2, 5.3, 5.4, 5.5, 6.1, 6.2,
6.5, 7.1, 9.1, 9.2, 9.3, 9.4

Hypotheses rejectedvat_the .05 level: 3.1, 3.4, 3.5, 6;3; 6.4,
6.6, 8.1, 8.2, 8.3 |
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The following results and p-values were most influential in

reaching the conclusions drawn in Chapter 5:

1. Result 1.1 There vwas no differeﬁce in the experimental
and control group EGPA"s. p= .2413 |

2. Result 1.2 There was no difference iﬁ ‘tﬁe EGPA
variances for the ’experimental and’ control groups. |

3. Result 3.5 In overall points earned, the experimentél :
group perfoﬁed at a higher level than the control group for students
of known ability. p= .0186 |

4. Result 4.5 1In overall pointa'earned, there was no
aptitude-treatment interaction for students of known ability. |
p = .6666 | |

5. Result 5.5 In overall points earned, there was no
difference in mean performance for the experimental and control groups
of unknown abi...].ityv., P = ..6685

6..' Result 6._4 For students of kmown ability, the standard
deviation of the experimental group was..conais’téntly less than thhat of
the control group. p = .03%9. This must be seen4in tﬁe context of the
other tests which showed the magnitude of the differences to be noﬁ-
significant at the .05 level.

7. Result 7.1 ;l?here vas no 'relationship between the

amount of time spent in remediation and overall performance.

8. Result 8.3 The correlation of EGPA with overall

performance for the experimental group vas ‘aignifi,cantly higher than
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‘the correlation of EGPA with overallAperformance for the control

group. p = .01

9. Result 9.1 Sequential and random learnefs performed at -

the same level for students of known ability . p = .1032

10. Result 9.2 Concrete and random learnefs performed_at
the same level for students of kﬁown ability. p = .9684
| The interp:e;ation'of these resultélélearly showedthat for
. first quarter fréshmen,’forma;ive.tesfing, prescribed remedjation, and
retesting resulted in higher levels of performqn?e th§n did

conventional methods of feedback. fable 12 on page 64 illustrated

this fact. .Récalling that there were 500 points possible, a

difference in pbints earned of 5 points répresented a grade
difference of 1%..  Thus, the experimental group students of low

ability performed at a level approximately 4.5% higher than students

of comparable ability in the control group. Similarly, the students

in the experimental group of middle‘abi}ity performed at a level

approximately 4% higher than comparable control group students.

Finally, the students of high ability in the experimental group
performed at a level approximatelj 8% higher thanlcbmparable control
group students. The variance scores for the experiﬁental group were
systematically less ﬁhan those of the gontiol group. This is in
agreement with the Mﬁstery Learnipg4Paradigm.‘
The:mean perfprmancé'levels féf qtudents.whq'were'not'enteriug

freshmen were disﬁlayed'in Table 18. The experimental group students

did perform at a élightly higher level, but the difference was not

'y
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statistically significant. The reasons for the limited differences
observed for this group were not addressed formally in this study

other than noting that the students of unknown ability were a much

more heterogeneous group in terms of academic background. Variance -

scores for the experimental group students vere consistently less than

the scﬁres for - the cbnt;ol group students for studenfs’of unknown
‘ ability. . |

As reported in result 7.1, tﬁe rélatioﬁship of time spent with an
" instructor in reﬁediation to perfqrmaﬁqe‘wad‘sd weak that the
explanétioh of the performance différences for the expérimenéal and

control groups could ﬁot be reduced:to_bimply a case of giving the

experimental group'a greater quantity of help. The difference in

performance rested on a quality of help.

_ Finally, for entering freshmep, Table 25 indicated that students

with a sequenti#l learning style performe& between 5% and 7Z-higher'.

than students with random learning styles, depending on whether they

favored concrete or abstract learning styles.




CHAPTER FIVE
CONCLUSIONS

Introduction

The purp'c.»s'e of this study, the‘s_ampvle chosen, the expe‘ri:m"entai
prqéedures used, and the results obtained are briefly reviewe-d. in
this chapter. The conclﬁsions reached are'- then discussed. Finally,
reéomméndat.ioﬁs for furthe_r study. and action are brééented. |

 Summary of the Study

Bioom‘s (1976) Magte’ry Learning paradigm suggested that student
performance could be imcreased by individualizing remgdiat_:ion
following large group instruction and formative testing. . The model
~ also suggesteé that as étud,ent per_fo‘x"n;'an;:é increased, variance scores
‘would decrease. Hassett and HMcCoy (‘197‘9)-“testle{d the -effect of
presc‘z'ibed remediation following cIA'sB §uizzes in a st‘udyof college
'algebra stuaents. The resu‘ltsi.of their study showed impz.'oved
l;erférn;ance and smaller variance scores on the fiﬁal exam for s'tudents‘
re'.t:eiving the preacribed:remediation. |

' Struik and Flexer (1977) compared pekrformanée .of students in a
self-paced Hasferj app-roach calculus course to performaﬁce of stﬁudents

in a traditional lecture based calculus course. Repeated retesting
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' was a main element in the study. The results showed that the students.

using the Mastery approach performed at a higher level than the

students using the conventional approach.

sémb (1974) investigated the effect of unit length on student

performance in a child development course using the Mastery Learning

approach. The results of the study showed that the use of short units

with a high criterion.for mastery produced greater student performance -

on examinationms.

| The fecognition'that:individualh:procgss information using a
vafiety of learning styles vas used by éfegorc (1982) to develop an
instrument suitable for the identification of stﬁdént'Learning_atylés.
The "intent of tﬁe-indeﬁtificafion of an individual’s learﬁing,style is

to provide the student and educator with data useful in the

individualization of instruction. The extent to which a learning

process accommodates an individual’s learning style may be seen as

one measure of the quality of inétructiqn_spoken of by Bloom in the

Mastery Learning paradigm.

The purpose of this study was to determine the effect of

formative testing, prescribed remédiatibn, and retesting onm student
perfdrmance in freshman calculus when remediation is adjusted to

accommodate individual learning styles. The setting for the experiment

was Montana State University, located in Bozeman, Hontana. The

experiment took place during Fall Quarter, 1983. Of the 21 sections

of Math 121, freshman calculus, offered in the Fall of 1983, six vere

qélected as the sampie:for this study. At the time of registrationm,:

L&
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this involved approximgtelj 200 students.
The study designated the group of students receiving veekly,
formative testing (Appendix A), diagnostic error analysis (Appendix

B), prescribed and individualized remediation (Appendix D), and

'retesting (Appendix C) the experimental group. Each of these students

received an error analysis based on ;he use of a table of
specifications and remediation structurgd to accommodate his/her
individual learning style (Appendix EL

The control group students took the samé weekly quizzes as tﬁe
experimental group. The feedback these sgudents rgdeived:cpnsiétgd of
written notes on their papers and any verbal comments the iﬁstructors‘
cared to make. This has been the conventional form of feedback iﬁ
math-classes for many years. Stuaents vere free to ask as many
questions‘as they wished and had essenéially:unlimited help available.
in the Math Learniné Center.

All students toék the same summative examinations (A@pendix F).
There were three one hogr exams and a ;wo hour final exam, making'a

total of 500 points poséible. All examination papers were scored by a

~ committee of instructors.

The six sections selected were taught ﬁy four instructors. Two
of the instruqtors, a male and a female, ‘taughf_two sections each of
Math 121. The other two instruétofs,.a male and.a female, taught one
section each. To control for teacher differqncgs,'each instructor
randomly assigqed half of his/ﬁer students to the experimental group

and half to the control group. The instructors who taught one section
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~of Math 121 partitioned the section into two groups. The instructors
who taught two sections assigned one section to the experimental group
and the other section to the control group. for both instructors,
these secéiong met af consecutive hours of the day. |

In addition to the data collected on the examinations, the
students” learning style was obtained upipg a Gregorc Learning Styles
Delineator and the expected GPA"for incoming students was obtained
from the ﬁniversity. This information'was used in the statistical
analysis to look for any interaction of the freatments with éither.
learning style or ability.
| The statistical analysis was carried out using the statistical'
software:package'MSUSIAT on the CP6 computer at,MQﬁtana State
University. Use was made of the following procedures: analysis of
variance, Pearson correlations and z-transformations, F-tests, and
‘sign tests.

For students of known abilify, the main effects test COﬁparing the
overall performances of the experiﬁentalﬂgroup and control group
réiected the null hypothesis at the .05 1eve1y.yié1ding a p-value’
of .0186. The null hypothesié ﬁesting for interaction between ability
and ;reatmeﬁt wvas retaineq, yielding a p-value of .6666. |

For studénts'of unknown ability, étﬁdénts who were mnot entering
freshmen, the null hypotheéis comparing_éxperimental and control group
overall performance was retained. | \

The correlations between time spent in remediation and o#erall

performance were nonsignificant. The correlations between expected
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GPA and'overalinperformaﬁce vere significgnt.
Finally, the null hypotheses dealing Qith lea;qing styles and -

performance were retained, althqugh the_p-valﬁe'fbr’the

seqqential/randbm'learning style trait—as a fécto; in overall

performahce was approximately .10 .
Conclusions

Thé researcher has reached the folléﬁing éonclusionsAbased on an
ana;ysis of tﬁe data collected in this study.

1, -The random aésignment of .students to treatménf groups
resulted in groups of equﬁl ability.’

2.‘ The random assignment of students to Math 121-sectioﬁs
resulted in the four instructors peaching gfoups of equal ability,

3. For entering frgéﬁmen,'students receiving formative testing,
prescribed rémédiation'aqd retesting earned more total.points on
exami#ations during the‘courée thén did the students receiviﬁé
conventional formé of feedback. - Thus, fﬁe'éxpérimental treatment wag"
a superior method éf instruction;to,the conventiongl aéproach for
entering ffeshmen. - |

4. Far gntering freshﬁen, there was no aptitude~treatment
interaction. That .is, the experimeﬁtél treatment produCed‘cénsistent
gains in performance over the éontrél grdup‘fqr students of all
abilities represented in the study. | .
5. For studenfs who were not éntering freshmen; students

receiving formative testing, prescribed re@ediatiod, and retesting
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performed at the same level as similar students recéiving-tonventional
forms of remediation.

6.' for entering freshmeﬁ, the variance in examination scores
for students receiving formative testing, prescribed remediation, and.
retesting vas less tﬁan that for students receiving conventional forms
of feedback. This is in agreement with the theoretical expectations
of the Mastery Learning paradigm.

7. There was no relationship betéeen the amount of iime epent in
remediation and overall performance

8.’ The relationship between expected GPA'aqd overall performance
was stronger for the experimental groﬁﬁ than fer the control\gioﬁp.
Thus, the experimental treatment was a more effective developer of
student talent than the conventional approach.

9. For entering freshmen, stedents with sequential learning
styles perforﬁed at a higher level than students with random learning
styles. The statistical test addressing this trait vas not
significant at the .05 level, but the trait itself is not defined as a
fixed or invariant behavior. Comsequently, this researcher concluded
that the observed difference in overall perforeance'between sequential
and random style learners was significantly related to thie trait.

'It was also concluded that the concrete/abstract treit was not a
factor related to perforﬁance for eniering freshmen. Neither the
sequential/random trait nor the concrete/abstract trait was relaeed,to

performance for the non-entering freshmen.
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Recommendations for Action

Based on the findings of this study, the résegrcher recommends
that the Department of Mathematical Scienges of Monfana State
University take the following actions:

1. Make formative tasks, prescribed’;emédiation, and refegting
materials availaﬁle to Math 121 students. |

2. Train all Learniﬁg Center ?taff in the'use of such materialg
s0 that motivated studentq‘can monitbr_tﬁeir progre;s in a systematic
manner.

3. Train all Math 121 instrhc;ors in the usé of such materials

and encourage their use as an element of the instructional process.

Recommendations for Further Studx'

The researcher recommends the following additional ?esearch:

1. A study should be conductéd extending the treatments and
hypotheses of this paper to include the second and third quarters of
calculus, Math 122 énd Math 123. Additional hypotheses addressing'fhe
longitudinal aspects of the main tregtmént effectg should be iﬁcluded.

2., A study should be coﬁducted to exhgine.more cloéely the
element 6f_1earﬁing'stylep as a factor in achievement in calculus. -
Interaction of student 1earﬁing style with iﬁstructor tgaching style
might be considered. |

3. A study should'bé condueted tB identify the significantA

differences in characteristics of the entering freshmen enrolled in




92

Math 121 and those labeled "unknown ability" in this study. An
attempt should be made t‘ollearn wﬁy the experimental treatment was not.

éff_ective in raising the performance of this "unknown" group.
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T Mi21 Quiz #1 2.1-2,5 .

NAME, - SEC # __________

DATE

For office use omly:

‘Time: start

Total score

Al1 polfnomials are continuous on [0,1].

2. (5) T F If £(x)=x2-4 is defined on [-2,2], then £'(x)=0
somewhere in the interval.

Multiple Choice '
. (100 a b ¢ d  The lim x%-25 is
' X>5 x5
a 0
b) 5
c) 10
d) o

4. (10) a b ¢ d £(x)= 2x/(x2-1) is continuous

a) at 0,1,-1

b) at 1,-1

¢) for all reals except 1,-1
d) for all reals except 0,1,-1

5. (10) a b ¢ d The lim x2-9x is
e X+4

a) =20
) -1
c) -28
‘d) o0
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——————— S e e e

6. (10) State the definition of a 1limit. .

7. (10) State the three comditions for comtinuity at a point.

8. (10) Show that lim 7x+3 = 10

x+1
9. (10) Show that 1im | =+8| doe‘s'not exist..
x> 8 x+8 :

10. (10) Find 1im | x+2|
x5 2t T3

: <0
11. (10) Sketch the graph of f(x)=( x if 0 ¢x <3
. x> 3
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Mi21 Quiz #2. - 3,1 ~-3.3

NALE SEC #

DATE

For office use oanly:

Time: start : stop

Total score

If a function £ is continuous at a point a, then it
is differentiable at a. ' : -

2. (6) T F Dy =dyldx

3. (6) T F 1lim £(a+h) — £(a) = lim £(z+a) - £(z)
hs0 h ‘ X8 -8

Short Answer

—— e et .

4. (8) State the definition of the derivative.

5. (8) State the power rule for finding the derivative of f(x)=x".

6. (8) State the product rule for a function with two factors,
£ and g. : ..
(fg) =

7. (8) State the quotient rule for a function. (£/g)’ =




Problems
8. (10)
9. (10)'
10. (10)
1. (10
12. (10)

103

A stone is dropped from an altitude of 1600 ft. The
stone’s position gbove the ground is givenm by

P(t) = 1600 - 16t2

How long does the stone fall and with what speed does

it strike the ground?

Using the definition of the derivative, find £'(z) if
£(x) =\fx | 3

£(x) = 6x3 - 222+ 1 ' Find £'(x)

f(x) x/ (x-2) Find f'(x)

£(z) = ( x2 41 )(/x )  Find £'(x)
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| Mi21 Quiz #3 3.4 - 3.6

NAME ' : SEC #

DATE

For office use only:

Time: start___ stop

Total score

Circle T or E ‘ ’
i. (1) T F D,y =D,y: D.u
2. (10)T F dy= £''(x) dx

3. (10) T F x%+ y2 = 1 determines exactly one implicit functiop.

4. (10) State the chain rule using 2 different notations.

5. (10) £(x) = x* -10x2 + x + 2 - Using differentials to
approximate the change in f(x) as x changes from 2 to 2.005
you should let

dx=1 df= and set x=

6. (10) Uhat expression should you select for u(x) in
differentiating ' ‘
‘ : 4x + 12
f(x) = —————r
' (z2 - 2)3

Problems

7. (10) Find £'(x) if £(x) = ( x2 +2x +1)3 [Don't simplity]
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8. (10) Estimate the change in volume of a cylinder of radius 4cm
and height Scm if the radius increases to 4.0lcm and the

height remains constant. Use differeéntials,

9. (10) Find y' if y* +3y - 4x% =5z +1

i0. (1i0) xy2 = 5y . Find an equation of the tangeat to the curve
at the point (0,0)
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106

3 L] 7 - 4 .' 2
NAME _ SEC #
DATE

For office use
Time: start

Total score

et e e e e ey e et

only:

5. (10) Give

6. | (10) £(x)

The slope of a position-time graph is Qelocity.'

A function can take on a mazimum value exactly once.

A local extrema is a function’s largest or smallest
value.

A critical number for f(x) 1/(x—2) is 2.

3 different notations for the second derivative of
= f(x).

=] x-3] is defined on [2,4]. Does the Mean Value

Theorem apply? Yes or No and why.

Problems
7. (10) £(x)

8. (10) £(x)

= 6x3 + 2x =1 ‘Find the second derivative.s

= 6x2 + 4 Find the critical numbers.
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9. (10) £(x) =z - 1022 + x + 2 Use differentials to
. estimate the change in f'(x) as = changes fzrom 2 to 2.005.

10. (10) Find the critical numbers and sketch the éfaph‘of

f(x) = x2 - 36x
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MI21 Quiz #5 4.3 - 4.6

NAME - : SEC #

DATE

For office use only:
Time:start ' stop

Total score

10) T F A function is concave down at a point ¢ if £''(c) <O.

2. (10) T F The second derivatives on either side of a point of
inflection have different signs.

3. (10) T . F At -local extrema, £''(x) = 0 .

b c d Horizontal asymptotes may be found by
‘ examining a graph's characterist1cs at

.« . a) points of inflection
b) relative maxima or minima
¢) points not in the domain
d) infinity'

5. (10) - a b ¢ d Vertical asymptotes may be found by exam1ning
- @ graph’s characteristics at

a) points of infiection.

b) relative maxima or minima
¢) points not in the domain
d) infinity
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6. (10) a ® ¢ d At g'point a in the domain of f(x) .
lim £'(x) = @ , At point a there is a(n)
X a :
a) relative maxima
“b) zero of the function
c) asymptote
d) vertical tangent
Problems :
7.  (10) Find lim 2x2 — 93 + 1
x> @ Tx* -3 .
8. (10) £(x) = 5/( x2 -~ 4x + 4') Does this function have any
vertical asymptotes? If so, find them. .
9. (10) Sketch the graph of f(x) = 23 + 1022 + 25x\—-50"
10. (10) A farmer has 900 feet of fence to enclose a rectangular

pasture bounded on one side by a stream and on the other
three sides by fencing. What dimensions for the pasture
will enclose the most area?
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ML21 Quiz #6 4.7 - 4.8

NAME o . _ SEC #

DATE

For office use only:

Time: . start___ stop

Total score

Circle T or F o : ,

1. (10) T F If g(t) is a position—time function, then
gt + h) - g(t) is an expression for accelleration

h L.
2. (10T F x+y=4 anddz+dy=0 _ Then dx and dy
' dat - dt dt - dt

are called rglated rates.

Problems

3. . (20) The temperature of a reaction chamber is given by

c(t) = 120t - 6t2 .. Find the average rate.of change of
C(t) during the time interval [1,2] and the 1nstantaneous
rate of charnge at t = 2.

4. (20) P(t) = 8t2 + 14t + 2 is a positionrtime function. Find
expressions for velocity and accelleration. '
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5. (20) Show that the rate of change of volume of a sphere with
’ respect to its radius is numerically equal to the surface
area of the sphere.

6. (20) A metal plate has a square cross section and is 50 times as
long on a side as it is thick. As it is heated it expands,
lengthening 1% in each direction per minute. Find the rate
of change of volume when the sidé of the square is 10cm.
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M121 Quiz # 7 - 5.1 - 5.4

NABE______ .. SEC # -

DATE

For office use only: .

" Time: start - stop_.

Total score

T
T F A= lim 3 f(u)Ax
.Ax 50

2. (5) T F In a Riemann Sum, the rectangles used to estimate the
area under the curve must all be the same width.

3. () T F /2 f(x)dx = 1im 3 £(vp)Ax,

R s 0
4. (5) T F If f is continuous on [a,b], then f is integrable
on [a;b]- . '
Short Answer '
5. (5 S i1c¢=
6. (10 J& f(x)ax =
7. (10) TP koax =
8.° '(10f Write in integral form: .lim ?;1 (3w§ —1-)2Axi ; [0,5]

I EX)

Problems _ :
9. . (5 DIEAPTE LA I
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(10) Compute by graphical interpretation: ffz |}/4 - x2 dx T

1 73 3 dx =

(100 1t S5 fx ax = 2/3, find IRVErg™

(10) f‘g x2 dx = 64/3 Find a number z which satisfies
Mean Value Theorem for this
integral.
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M121 Quiz #8 . 5.5-5,6
NAME - : C SEC #
DATE

For office use only:

Time: start ‘ stop__________

Total score

LY z . '
1. (10) T F 1If F is any antiderivative of f defined on [a,bl],

then'fz f(x)dx =.F(a) - F(ﬁ)

2. (O T F xsfax= _x [v™+ 2™
' r+1 )
3. (10T F [ 253z = x%/2
Problems
4. (10) f% x% dx =
5. (10) [ x+1 ax
u \/5'
6.  (10) ffl dz =

7. (0 - By x+ 1l ax =




10.

(10)

(10)

(10
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J (2z -1)2 dx =
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APPENDIX B

TABLES OF SPECIFICATION
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Quiz #1

Section Def/Not(l). App1(2) * Syn(3)  Abs(4)
2.1.1 3

2.2.1 6

2.2.2 | : 8 9

2.3.1 s

2.4.2 ' 10

2.4.3 - 11

2.5.1 1,7

2.5.2 2

2.5.3 - 4




Section

3.1.1
3.2.1
3.2.2
3.3.1

3.3.2
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Quiz #2

Def/Not (1) . Appl(2) Syn(3)
8

1,2,3,4
9

5.,6,7

10,11,12

Abs(4)
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Quiz #3

Section Def/Not (1) Appi(2)
3.4.1 2

3.5.1 ' 1,4

3.5.3 6

3.5.4

3.5.7 5

3.6.1 3

3.6.4 o “ 9

3.6.5

Syn(3)

10

Abs (4)




3.8.3°
3.8.4
4.1.1
4.1.2

4.2.1

Def/Not (1)

5 .

2,3,4
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‘Quiz #4

Appl(2)  Syn(3)

8,10

Abs(4)
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Quiz #5

Section Def/Not(1)  Appl(2) Syn(3) . Abs(4)
4.4.1 1,2,3 |

4.4.2 . 9

4.5.1 4

4.5.2 5 8

4.5.3 | o 7

4.5.4 . 6

4.6.1 10
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Quiz #6

Section : Def/Not(i)  Appl(2) Syn(3) Abs(4)
4.7.1 1 3 |

4.7.2 4

413 ' : 5

4.8.1 2 6




Section
5.1.1
5.1.2
5.1.3
5.2.1
- 5.2,2
5.2.3
5.2.4
5.3.1
5.3.2

5.4.2

Def/Not (1)

2,3

4.6‘
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Quiz #7

Appl(2) Syn(3) »

9

10

11,12°

‘13

Abs(4)




: Section
5.5.1
5.5.2
5.6.1

5.6.2
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Quiz #8
‘ Def/Not (1) App1(2) Syn(3)
21,2
4,5,6,17
3
8,9,10

Abs(4)
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APPENDIX C

RETESTS
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‘Quiz #1

2.1-2.5

NAME __ : SEC

1. (10)  Show that 1im | 4x+8] = 16
. x>2

2. (10) Give the three conditions for continuity at a point.

) (1 ifx <5
.3, (10) Sketch the graph of f(x)= 2z if 5 { 2 ¢ 8
. oo 3 ifx »8

4. (10) Find 1lim x5-1
X+2

5. (10) Where is f(x) = 22-4 continuous?
x+1 B '

6. (10) Give an example of a function that is continuous over the
' real numbers. :

7. (10) = State the .Mean Value theorem in your own wpfds.




10.

(10)

(10)

(10)
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Find 1lim x2—9.

x+3 x-3

Show that 1im 1/x does not exist.
‘x>0 :

State the definition of a limit.
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Quiz - #2
3.1 - 3.3 . N
NAME | — SEC
DATE
For office use only:
T#tal score . _Time: start L stop

1. (10) Give 2 notations for the first derivative of £(x).

2. (10) State the definition of the derivative.

3. (20) Using the definition of thehﬁerivative. find £'(x) =\ﬁ:

4. (20) £(x)

(Vx +1)(x2 - 9) Find £'(x)

5. (20) £(x) = 2x/( x% -1 ) Find £'(x)

6. (20) £(x) 5 2 +2x Find £'(x)

3x” - 9%x
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. Quiz #3
3.4 - 3.6
NAME SEC #
DATE
For office use only:
Total score___ . ] Time: start stop

1.

(10) State the chain rule.using 2‘different_notatiéns.

(15) £(x) = 2 + 9x -1 U;e differentials to estimate the
change ' in f(x) as x changes from 1 to 1.02

(15) £(x) = x3/(x* +'1)7 Find £'(z) [Don’'t simplify]

(20) y3 + sxf.= 2 +1 Find y'

(20) Find an.equation‘for the tangent to x2y = 5x at (0,0).
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6. (20) Give 2 examples of implicit functions derived from

x2 + y2,= 25
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. ‘ Quiz #4

3.7 - 4.2
NAME SEC #
DATE.
For office use only:
Total score__ - : Time: start__________ stop________

1.  (20) Find the critical numbers for f£(x) = 12x% - 6x .

2. (20) £(x) =x3 - 9% + 2x + 5 - Use differentials to
' estimate the change in f'(x) as x changes from 1 to 1.01 .

3. (20) £(x) = 22 + 6x -1 Does the Mean Value Theorem apply
: on the interval [-1,4] ? VWhy or why not.

4, (20) State Roile's The orem.

S.  (20) Find the third derivative of f(x) = x3/5
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Quiz #5
4.3 - 4.6
NAME " _SEC #
DATE '
For office use only:
Total score ___ Time: start ' stop

‘1. (20) Find. lim égf_:_2§
+ 1

Xy ® X

2. (20) Sketch the graph of £(x) = x5 + 3xZ + 3x + 10

3. (20) f(x) = 3/( x2 - 9 ) Find the vertical asymptotes.

4. (20) The sum of two numbers is 60. Their product is to be
as large as possible. Find the two aumbers.




'5'
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(20) f£(x) = (x-2)1/3 4+ 3

vertical tangeant at (2,3).

Show that there is a
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‘ Quiz #6
4.7 - 4.8
NAME _ SEC #
DATE
For office use only:
Total score__ : - ‘Tiﬁe: start stop_________

1.

(25) Find the average velocity over the interval (025) for an
object with & position—time function P(t) = 6t“ - 9t + 1,

Find the object’s instantaneous velocity at t = 2.

(25)  x% + y3 = 1400 if dx = -1
‘_ ‘ dt
find dy when x = 20.
dt

(25) A ladder 13 feet long is leaning against a building. The
~foot of the ladder is 5 feet from the building and is
slipping at 1ft/sec away from the building. How fast is

the top of the ladder slipping down the building?

(25) Show that the rate of change of volume of a cylinder of
constant height but changing zradius is directly
proportional to -the circumference of its base. : -




- 1.

(10)
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Quiz #7
501 - 5.4
' Write in integral form: - For the interval [-1,4],

lim Z(6W§ —2w; +1)2Ax:l

Ipils o

(15)
(15)
(20)

(20)

(20)

FPRLEE RS

9% -1 ax =
/15 ax =

fg x dx = [ Hint: wuse a graphical interpretainn
' " of f(x) =x ] |

Find a number satisfying the Mean Value Theorem for

J8 32? ax = 64
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Quiz #8
5.5 - 5.6 |
NABME - o - SEC #.
DATE
For'office use qnly:
Total score Time: stafé stop_

Evaluate the following integrals:

1. (10) fg xdx =

2. (10) 19 5% +3 ax
X

3. (1o [b5 ax =

4. 200 S, Izl ax =

5.  (20) I QUx _%22 dx =

X

6. (15) J x(5x - 1)% ax =

7. (15) [ x(x? + 5)3 ax =
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APPENDIX D

REMEDIATION MATERIALS
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Remediation Materials

Each learhiﬁg objective is numbered by indicating the location of
the task in the Swokowski (1979) text used at Montana state
University. .The numbers are read as follows: first numbér= chapter,
second number= chapter section, third number= used to caunt objectives
within a given'sgption of a chapter. For example, "1.2.3 indicates the
learning objective. comes from chapter 1, section 2, and that it is the
third task in'the remediation materials from.that section. The level’
of difficnfty (1- 4) is indicated in parenthesis:(1)==defi;ition

or notation, (2) = application, (3) = synthesis, (4) = abstriction.

1.1.1 Evaluate absolute value expressions.

(2) Evaluate | 21 + | 4-7] +.1 -9l

Ans: 14
(2) Evaluate | 4-61. - | 5+71
" Ans: -10

_4_;g Solve inequalities.
(2) 5x-6 >4  Find the solution set.
' Aﬁsi {x:x>2}
(2) 2x-8 < 8x+10 | Find the solution set.
| Ans: {x:x)>-3) |
(3) | 2x-41 > 4 Find the solution set.

Ans: {x:0>x>4)




139

(3) (x+1)/(x-4) < 0 Find the solution set.

Ans: {x:-1<x<4}

2.1 Find the distance between points in the plane.

(2) Find the distance between (-2,4) and (5, -1)
Ans: 741/2
(2) Find the midpoint of the segment joining (3,5) and (1,46)

Ans: (2, 25.5)

1.2.2 Determine thehequa¥ion of a circle in standard form.
(2) Find the cenfer and radius of the circle given by
x2+y2;10x+2y+2220' . '
Ans;‘ center= (5,-1) radius= 2
'(2) Find the equation of the circle wifh centeil(2,4) and radius -

r=5.

Ans:  (x-2)%+(y-4)2 = 25

1.2.3 ° Sketch a curve by plotting a table of points.

(2)  Sketch f(x)= x2
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1.3.1 Determine the siope of a line.
(1) The slope of a line is found by taking the coordinates of -
two ~points on the line and dividing the change in the

coordinates by thg change in the ;__ﬁ_ coordinates.
Ans: y,x
kZ) Find the slope of the line jﬁiﬂing (9,6) and (4, -3).
Ans:  9/5 o
(2) Find the §10pe of a line perpendicnlar to the segment
joining (1,1) and ( 5,9).
Ans: -1/2
(2)  Find the slope of a lime parallel to the lime
2y-éx=4. |
Ans: 2/3 o
(3) Sho& that (2,3), (5,-1), (0,j6), and (~6,2) are vertices of . -
a ;rapezoid. . . - ‘

Ans: Compute all the slopes. Two will be the same.

1.3.2 Determine the equation of a line.
(i) Give the géneral form for the slope—intércept eéuatioﬂ\of'a
line.
‘An§:' y=mx+b
(1) Givé the general form for the point—slope eqnatién ofia

line.

Ans: -y-yy ¥'m(x7x1)
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(2) Fi#d an eqﬁation‘for the line éassing through (1,1)& (3,7)
Ans; y=3x-2 or y-1=3(x-1) or y-3x+2=0
(3) Find an . equation of the line perpendicular to 2y-4x+8+0 that
passes through the poiﬁt'(l.i). |

Ans: y=2x-1

1.4.1 Determine the d&main and range of a function(
(2) Find the domain of f(x)= \/5x—1
Ans: x > 1/5
(2) Find the domain of f£(zx)= =x-1 /(1-x%)1/2
Ans: -1 {zx (1
(2) Fi#d the range of f(z)= 1/x2

Ans: all positive neal‘humberé

1.4.2 State functional notation and terminology.

-(1) The x—intercepts of a function.are called
a) asymftotes
b) zeros
c) range
d) maps

“Ans: b
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(1) The.syﬁbol [x] means______
| a) absolute value
b) minimum value
c) greatest integer
d).none of the abov?
Ans: o
(25 T or F £(x)= x% is one—to—one.
: Ans;‘F
(2) Tor F £(x)=2x° is even.

Ans: F

1.4.3 Graph linear equations.

(2) Graph y= (2/3)x + 1

(2) .Graph y= Ix+1] +1

(2) Graph y= x

(2) Graph y=4
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.1 Evaluate combinations and composites of functions.
(1) . (f+g)(x) equals______
a) £(x) + g(x)

b) £(x)g(x)

Q

c) flg(x)]
d) £+ g + x
Ans: & ‘
(1) (25 (x) oquals_____
8) £(x) + g(x)
b) flg(z)].
¢c) f+g +x
d) none of fhe afove
Ans: 4
(2)  £(x)= x> g(x)= x-1
Find (f+g) (%)
Ans: x2+x—1
Find (£ .8)(2)
‘Ans: 1
Find (f;g)(3)
Aﬁs: 7

Find(i)(fl)
el

" Ans: -1/2
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1.1 Find limits by algebraic manipulation and substitution.

(2) Find 1im x2-49
x->T7 x=7

Ans: 14

(2) Find 1im x341
. x+ =1 zx+1

Ans: 3
(3) Find 1lim (z+h)3-%3
R+ 0 T B

2.1.2 Find the slope of a tangent to a curve using limits.
(2) - Find the slope of the tangent to the curve f(x)=5%2 at the .
point (1,5).

Ans: 10

2.2.1 State the definition of a limit.

(1) Vrite the definition of a limit.

2.2.2 Use the definition of a 1limit to verify that-a 1imit has a
given value of does not exist,

(2) Show that lim 5x-9 = 6
x+3

(3) Show that the limit does not exist: lim I x-5 |
A x5 x-5

(3) Show that the limit does not exist: liﬁ 1/x2
e ’ ' x>0
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3.1 Apply theorems on limits to evﬁluate expressions.
Find the limjts if they exist.
(2)  1lim x2-2z41°
x> 4 ‘
Ans: 9

(2) 1im (x+4)1/3
x *3 )

Ans: 733
(2) lim x—4. N
x >4 -
Vx - 2

Ans: 4

2.3.2 ‘Use the Sahdwichltheorem to evaluate an expiession.
(1) If'f(x) < h(x) £ g(x) for all x in an open interval
containing a, except possibly at a itself, and if

lim £(x) =: L = lim g(x) , then _
x> a © X»> a '

Ans: 1im h(x) = L

x> a

(2) Use the.Sandwich:theorem to prbve that 1im x™ = 0.
' - - z+ 0
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2.4.1 Use_ohe—sided limits notation.

(1) 1lim - ;sz +1 is a

x+>1"

a) right hand 1limit

" b) left hana limit
c) limit |
d) virtual point
Ans: b

(1) A function is defined on [-3,-2]. The limit as x
approa&hes -2 would be,w;itten |

a) 1lim £(x)
x>2

b) 1lim f(x)
—t
X>2

¢) lim f(x)
x+2"

d) 1lim -£(x)
x>r2

Ans: ¢

2.4.2 Evaluate one—sided limits.

'(2) Find the limit if it exists. lim \/x +6 -x
x> 6

Ans: 6

(2) Find the limit if it exists.. lim 1/(x-8)
. x> 8

Ans: DNE
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2.4.3 Use limits in curve sketching.
(2) Sketch .the graph of f(x)= { —1 if x<0
| 2? if 0<x<3
x2 if 3<&x

Then find lim f(x) , lim £(x) , and lim £(x).
x+3 - x»37 x> 3

_;5;1 State tﬁe definition of contihpity and recnlllimporfn;t facts
(1) A function is continuous at a point a if three conditions
aie's;tisfied. Whét are they?
Ans: 1. f is defined on an.épenxinterval containing a

2. 1lim f(x) exists
X>da .

3, 1im f(x)'= f(a):
Y :

(1) A function is continuous on an open interval if f is

- continuous : in the interval.

Ans: at every point




2.5.2

2.5.3
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(1) TorF | If £(x) and g(x) are continuous on.(;.ﬁ). then the
produét f(x)g(x) is continuous on (a,b).
Ans: T
(i) T or F AIllpoiynomials ar; ;ohtinuqus over the entire
set of real numbers.
Ans: T
(1) T or F A rational function is éontinnous at every pojnt.
of its domaih.

Aﬁs: T

" Verify tﬁe Intqrmediate Value Theorem for a function.
(1) Tor F If d.function is qbntinuoﬁs‘on'[a,b] and if
f(a) # £(b) , then f must take on every value between
£(a) and £(b) in the interval [a,b].
Ans: T
(2) Verify the intermediate va1u§ theorem if f(x)= x%-1

on the interval [0,4].

Evaluate the continuity of a function.‘
(2) Find all numbers for which f(xz)= 5/(x%-x3) .
is continuous.
Ans. As a rational expresgion.-f'is continuous qﬂ its
domain. ThusAifvis continuous everywhere except

at x=0 and x=1,
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3.1.1 VUse derivatives in rectilinear motion problemé.

(1) State the definition of the slope of a tangent line to a

graph. _
Ans: m= lim f£(a+h)-f(a)
h~>0 h
(1) . State the definition of instantaneoms velocity of an

object in rectilinear motion.

Ans: v(a)= 1lim f(a+h)—-f(a)
h>0 h

(2)  Find the slope of the tangent to the graph £ (x)=x-x2

at the point (1;0). |
Ans: -1
(2) A stone is dropped from an altitude of 400 ft. The stone's
position above the ground is given by p(t)=§00-16t2. Hoy
long}does it fall before stiiking the ground and howVfas§ i§

it falling on impact?

Ans: t=5 sec v= 160ft/sec

3.2.1 Recali the definition of the derivative and related facfs.
(1) . State the definition of the derivative.

Ans: f'(a)= 1im f£(a+h)-f(a)
h+0 h

/

(1) State the condition(s) necessary for a function to be
differentiable on an open interval.
Ans: must be differentiable at every point in the open

interval.
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(1) Tor F If lim f(a+h)-f(a) = lim f(a+h)-£(a)
+ - : .
h5>0 h hs 0
Then the derivative at a does not exist.

Ans: T

(1) Tor F If a function f is differentiable at a, then f is

(1) Teor F Dox = dy

3.2.2

3.3.1

continuous at a.

(1) Tor F 1lim f£(ath)-f(a) = lim f(x+a)-f(x)
h>0 h X->a -X—-8

Ans: F

Evaluate derivatives by the def inition.

(2) f£(x)= \Jg- Find f'(x) wusing the definition.

Ans: 1/( 2vk )

Sfate ruleg for finding derivatives.
(1) State the power rule for fin&ing the-degivative of f(x)=x"
Ans:'. £ (x)= nx®1 |
(1) State the product rule for a function with two fa;térs; £
and g.

Ans: (fg)’ = f'g + fg’
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(1) State the quotient rule for (£f/g)(x).

Ans: (f/g)'(x) = gf’ - fg'

g2

3.2 Evaluate derivatives.

(2) f(x)=2 x Find f'(x)

(2) f(x) = 3x1/2 Find £’ (x)

Ans: 3/ (24/x)

(2)  f(x)= 6x*-3x3+x-1  Find £'(x)
Ans: 24x3—9x2+1
(2) " f(x)=22-1 = Find £'(x)
5x+2

Ans: 9/(5x+2)2

(2)  £(x)= (3x%-1) (2x+4) Find £'(x)

Ans: 18x2+24x—2’

(2) f(x)=2-1 + 3

Ans: -2x2 + 2x~3 - 9574

(3)  £(x)=(x+1)(2x2-1)( x +2) Find £'(x) [ don’'t simplify]

Ans: (2x2-1)( x  +2)+(x+1) (4x) ( x -+2)+(x+1) (2x2-1) (1/2 x )
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3.4.1 Use.differ;ntial notation.
:(1) Tor F The differential dx of an independant variable x
| is given b& dx = Ax, '
Ans: T
(1) T or F The differential dy of the dependent variable y is
given by.dy= £''(x) dx
Ans: F
(1) Tor F If y=£(x) then y= dy= £'(x)dx
Ans: F

(1) Tor F average error = measured value
: error on measurement

Ans: F (reversed)

3.4.2 Use differentials fo,estimate changes in functiogal v#lues.
(2) f(x)= 3x% +2x +1 Use differentials fo estimate;the change
in f(x) as x-changes from 1 to 1.01 .
Ans: .08. |
(2) The sides of a square are measured as 8 cm +.05 cm. Use
.diffefentials to esfimate the area of the square.

~Ans: A= 64 +.8 cm

.5.1 State various forms of the cﬂain rule.

(1) Tor F Dyy =D,y - Dyw

Ans: F
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(1) State the chain rule using 2 different notations.
Ans: Dy = Dyy - Dyu

dy = dy . du
dx du dx

'
o
)

State fhe form of the power rule.
(1) | State the power rule using appropriate notation.
Ans: If £(x) = ax®, then £'(x)= nax®1
(3) TorF : If £(x)= 6x%, then £'(x)= 9x

Ans: F

3.5.3 Vhen using the chain rule, select appropriate choices
for p(x). |
(1) Select one aﬁswer as the mo#t appropriate expression for
u(x) in diffgrentiating'f(x)= 4x+9
(x2-3)4
a) 4x+9
b) x2-3
c) 2x
d)_x2

Ans: Db




(1)

(F1]
L3
FN

(1)

(2)

(3)
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[Same instructions] £(x)= (2x-1)3
a) 2x
b) (22-1)3
c) 2 .
d) 2z-1

Ans: d

Jdentify appropriate uses of the product rule in problems
requiring the chain rule.
Tor F If f(x)= (x—l)lelz. the product rule
..(fg)' = f'g + fg' would set f=x-1 and g= x.
 Ans: F |
In which problem(s) could yo; use the product rule in
finding f£'(x) ? |
a) £(x)= (x24+1)1/3
b)) f(x)= x(x-1)

o) f(x)= z-1
x+2

d) f(x)=3
Ans: b & ¢
f(x)= (xzfx+1]1/2)3. Set up an expression for

. f'(x). [ Don't simplify]

Ans: 3(x2[x+111/2)2(2x[x+1]1/2+x2
| - 2lxe11/2




- 155

(4) £f(x)= (x2-9)2(3x)4 Set up an expressioﬁ for

£'(x). [ Don’t simplify 1
Ans:  2(x2-9)(2) (3x)4 + 4(3x)3(3) (x2-9)2

3.5.6 .Apply the chain rule in the solution of problems ‘involving
ptbdncts and quotients of polynomials.
" (2)  h{x)= (4x-1)3(2x2+1)2. Find h'(x) [Don't simplify]

Ans:  3(4x-1)2(4) (2x2+1)2 + (4x-1)3[2(2x2+1) (4x)]

(3)  g(x)= (3x2-1)2(2x+4). Find g’(x) [ Simplify 1

Ans:  90x%-144x3-36x2-48x+2

(2)  h(x)= (4x-1)/(2x2+1)2. Find h'(x) [ Don't simplify]

Ans: 4(2x2+41)"2 + (4x-1)[-2(2x2+1) 3 (4x)]

(3)  m(x)= (x-1)2/(3x%+1). Find m'(x) [ Simplify 1

Ans: (12x~2—8x—4)/(-3x2+1)2

3.5.7 Apply the chain rule to probiems involving differentials.
(1) £f(x)= x4-10x2+x+2 . Using differentials to approximate the
change in f(x) as x changes from 2 to 2.005, you would use

dx= ' o . df=

and you would set x=

Ans: dx= .005, df= 4x3-20x+1, and z= 2
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(2) Use differentials to approximate the change in f(x) as x
changes from 3 to 2.95 if f(x)= 2x34;+1

Ans: df= -2.65

(3) Find the change in volume of a cylinder of radius 4cm and
~ height Scm if the radius increases to 4.01cm and the height
remains constant.

Ans: dV=1.256

3.6.1 State the definition of implicit functions.
(1) A function f(x) is defined implicitly by an equation in x

——mr

and y if and only if Suﬁ#titution of f(x) for leads

to a(n) S

Ans: vy, identity

3.6.3 Identify implicit functions.
2, 2

(1) T or F ¥y +x° =1 detérpines echtiy one implicit
function.
Ans:_F
(2) Circle any equations determining implicit functions.

a) —4y2+312= 12
b) 4x’-y= 6
. c) x2+y2?1

Ans: a,b,c
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(2) Find at least one implicit function determined by the
equation 3x-2y+4=2x2+3y-7Tx

Ans: y = (-2x2+10x+4)/5

3.6.4 Use'implicit differentiation.
(2) y4+3y-4x3=5x+1. Find y'
Ans: y'= (12x%+5)/4y°
(2)  (y2-9)4=(4x%+32-1)2. Find v

“Ans:  y'= 2(4x2+3x-1) (8x+3)/[8y(y2-9)1

(2) (1/x)+(3/y)=1 Find v’

‘Ans: y’=y2/-3x2

3.6.5  Use implicit differentiation to de;ermine fhe equation of
‘ the tangént to a gréph.
(3) xy2=5y Find an equation for the tangent to the graph at
‘ the ‘point (6,0).

Ans: y=0

§¥L§ Use implicit differentiatjoh and differentials to determine‘
approximations to functional values.’
(1) Tor Fooaf=t' (x)dx
| Ans: T
(2) z3+ xy+ y4 =19 Use differrenfials to estimate the
| change in y as x changes from 1 to 1.01 at the point (1,2).

Ans: dy= -5/3300
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.3.6.7 VUse implicit differentiation to find nth order derivatives.

(3) y4+3y-4x3=5x+1 Find y'’

Ans: y'’'= 24x—12y2(y')2

4y3+3
where y'= (12x?+5)/(4y3+3)

.8.1 Notations for the at

h_order derivatives.

(1) - Give 3 notations f;r the second derivative of y=f(x);
Ans: f£'’'(x) ”
a*s
ax?

y

.8.2 Finding nth order derivatives.

(2) f(x)= 6x3+2x-1 Find the second derivative.

Ans: f£'’(x)= 36x
(2) f(x)= (x271)2(3x+2) Find the second derivative.
[ Don't simplifyl
Ans:  (12x%-4) (3x+2)+(4x3-4x) (3)+6(x2-1) (2x)

(2) f(x)=2i/(x2—1) Find the second derivative.

[Don’t simplify]

Ans:  [(x?-1)%(=4x)-(-2x%-2) (2) (x2-1) (22) 1/ (x7-1) 4
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(2) f(x)=22/3 Find the second derivative.

Ans: f'°(x)= —2x_4/3/9

3.8.3° Use higher order derivatives to approximatéAchanges in

functional values.

(3)  f(x)= x%-10x2+x+2 Use differentials to approximate the
change in £’(x) as x changes from 2 to 2.005.

Ans: .140

3.8.4 Interpretafion of the Z‘n-d z;.nd 3""d derivatives of a posiéion—
time graph;
(1) Tor F The slope of a position—time graph is acceleration.
-Ans: F |
(1) P(t)= t?2 is a position—~time graph of an object. P’ (t) is
intérprteted as the A of the projectile. P''(t)
is interpreted as the projectile’'s ._ ..

Ans: velocity, acceleration

4.1.1 State definitions and use notation for loéal extrema.
(1) TorF A fun;tion can také on a maximum value exactly once.,
Ans: F
(1) T or F Another name for absolute maxima and.minima is

local extrema.

Ans: F
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(1) T or F A ioégl extrema is the large;t or smallestl.
.fnnctional val%e on a given interval.
Ans: F
(1) | Tor F If & function has a local extremum at a point c,
‘then either f'(c)= 0 or f'(c) does not exist.
Ans: T
(1) T or F.' A critical number must be in the domain of tﬁe
function.

Ans: T

4,1.2 Findiﬁg critical numbers of fumctionms.
(2) Find the critical numbers for f£(x)= 6x2+4

Ans: - xz=0

(2) Find the critical numbers for f(x) = x2-36x

Ans: x= 18

4.2.1 State Rolle’s Theorem and the Mean Value Theorem.
(1) State Rolle’s Theorem.
Ans: .If a function f is continuous on a pldséd
in£erva1 (a,b] and differentiable on (a,b) and
f(a)=£f(b), then £'(c)=0 for at least one'ﬁumber

in the intervdl.(a,ﬂ).
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(2) T or F Rolle’'s Theorem means that if the endpoints of
some portion of a continuous curve have the same
functional value,'then at'some point in the interval the
curve has~ai;ritica1 point.

Ans: T

(1 Staté the Mean Value Theorem,

‘Ans: If a function is continuous on a closed interval
[a;bj and differentiable on (a,b) then there is a
¢ in (a.b5 such that £(b)-f(a)=£f’(c)(b-a). '

(2) f£(x) = lz~3] is defined on the interval [2,4]. Does
the mean value theorem apply?

Ans: mno, it's not differentiable at x=3

é;i;l State the first derivative test
(1) What does the first derivative reveal about the trend in
functional values over an inferval?

Ans: If £'(x)>0 thén f(z) is increasing
If £'(x)<0 then f(x) is decreasing
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(1) State the first derivative te;t.

Ans: If c‘is a c:iticgl‘nﬁmber-of 8 function f and if
f is continuous and d.ifferentiable 6n t_h(;

iife;val containing ¢, then f(c) is a local
maximum. if f is ipcreasing 6n the'left of ¢ and
. decreasing on the right, a log'al minimum of f is
decréasing on thé'left_of ¢ and incféasing 6n the
right.-and ¢ is meither a 1oca1 maximum or miniﬁum
if the function is either increasing or decreasing

. on both sides of c. -

4.3.2 Use the first derivative test.

(2) . £(x)= 6x2 —9x45 Sketch the graph.

(2) £(x)= x§—8x2+1 Sketch the graph.

4.4.1 = State definitions of concavitf and inflection points.

(1) Tor F A function is concave-up at point ¢ if £''(c)<0.

Ans: F
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(1) T or F At a point of inflection, the second derivative on
either side of the point has the same sign. '
Ans: F |
(1) T or F At a local maximum, f'’(x)>0.

Ans: F

4.4.2 TUse the second derivative test.
(2) f£(x)= x3+10x2+25x-50 Sketch the graph.
Ans: £''(x)= 6x +20 : £''(x) > 0 vhen x > -3.33

£''(x) < 0 when x < -3.33:

(2) Sketch>a graph satisfying all the following criteria:

f(1)=4: £'(x)>0 if x<{1: f’(x)(O if x>1: £''(x)>0 for all x#i
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4.5.1 Identify horizontal a§ymptotes.
(1) Horizontal asymptotes may bé found by examining é'graph's
charaéteri;tics at |

‘a) points of infiection
b) relatiye maxima or ﬁinima
c) points:not in the domain of the function
d) infinity |
Aﬁs: d.

(2) Doeg £(x)= (x2-2x)/(422+9) have any horizontai asymptotes?

If so, find them.

. _ Ans: f(x)= 1/4 , _
(3) Determine the horizontal asymptotes‘and sketch the graph of

y= 2x/ (1+x2)

Ans: horizontal asymptote y = 0

1;542 Identify vertical asymptotes.' _
(1) Verticalhasymptotes méy be fouﬁd by exﬁmining a graph's
characteristics at | ' |
a) points of inflection
b) relative maxima or minima
¢) points not in the domain of the function
d) infinity

Ans: ¢
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(2)  Does f(x)= 5/(x2-4x+4) have any vertical asfmptotes?
If so, find them.
Ans: x=2
(3) Determine the vertical -asymptotes and sketch the graph of
£(x)= 2x%/(x%-x-2) |

Ans: x=-1 , =

"4.5.3 Determine the iimit of an expression.

(1) The statements iim f(x)= - and 1im g(x)= ¢ " imply that
. x> a x> 8

1lim g(x)/f(i) =17
Ans: 0
(2) Find lim (3x3-x2+1)/(6x3+x—7)
e

Ans:  1/2

(3) Find 1im (x2-1)1/24

X > o

Ans: O
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5.4 - Identify vertical fangent linés.

(1) At a péint 'a}'in the domaiﬁ of f(x), lim £'(x) = »
C x> 8
At point a there is a(n)
a) relative maximum
b) zero of the function
¢) asymptote
d) vertical tangent line
Ans: d
(2)‘ Find the vertical tangent points, 'if any exist, for
| £(x)= (x-5)2/3-4

Ans: x=5 or (5, -4) .

4.5.5 Curve sketching involving both vertical and horizomtal
asymptotes.
(2) £(x)= [ 1/(x+3)2 1 43 Sketch the graph.: -

Ans:

(3) f(x)= 1/k(x—2)2 Sketch the graph.
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4.6.1 ‘Applications of the derivative;to word problems.

(3) A farmerhas900 fpét of fence toenclose a rectangular

(3)

(3)

(3).

.pasture bonnded'on one side by a stream anduon the other 3
sides by fencing. What dimensions for the pastuie will
egclbse the most area? ‘ |
Ans: dimégsions are x by 900-2x .
Area=.x(990-x)
A'= 900~-4x=0 so x=215 and length= 450

The sum of two numbers is 40. Their product of to be

maximized. How will you represent the two factors? What

expression will you maximizp?‘ Find the fwé numbers.
Ans: ;, 40—; | |
| P= x(40-x)
x= 20  40-x= 26
The product of gwo positive numpers is éi. Their ;um is to
be minimizqd; Find the two numbers.

‘Ans: x=9 - - »‘Si/x =9

On the sale of a single radio, a compdny ﬁakés a profit of
25 dollars. .If more than one radio is,boughf by a

customer, thé cost per radio is reduced‘by an amount equal

to 25 cents for each radio purchased up to 60 radios. . What
size sale results in the greatest profit for the company.

Ans: 50 rgdios

L3
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4.7.1 Determine average and instantaneous rates of change.
(1) Let g(t) be the position function for a time interval

[t,t+h]l. Then g(t+th)—g(t) is an expression for

h

a) igstahtaneous rate of change of position

b) averagg-fate of change of position |

¢) acceleration

d) none of the a;ove

Ans: b |

(2) The temperature in degrees centegrade,C, is given by

C(t)= 120t-6t2. Find the average rate.of change of C(t)
during the interval (2,3) and the instantaneous r#te of
change at t=3.

Ans: 90, 84

Q%Z;g Finding acceleration and velocity:as derivatiﬁes.
(1) £(¢)= 16t2¥4t—1 is a position—-time function. Find
expressions for velogity ;nd acceleration..
Ans: V= 32t+4 A= 32
(2) A projectile fired straight up with velocity 200f£/sec has
a position given by s(t)=—16t2 + 200t. Find the object's
velocity and acceleration at t=4 sec. h

Ans: V=72 A= -32
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4,7.3 Use the derivatiYe as 8 rate of change in the solution of word
problems.

(4) Show that the'rape of change of a sphere with respect to

its radius is numerically_equal to the surface area of a'

sphere. ' | | |

Ans: take the derivative ofAfhe volume formula with -

respect to r.

4.8.1 Using related rates.
(2) A metal plate has & square cross section and fs 50 times as -
long on a side as it is thiék. It expands as it is heated,
lengthening in.each directianl% per min., You wish to find
the.rate of chanﬁe of volume when the side ofrthe square is
© 10 om in lemgth. What is dV/dt? |
 Mns: ds/dt=.00(10)=.1 -  V=s3/50
av/dt= (3/50)s2ds/dt=.6cn’/min
(3) A ladder 15 feet long is resting against a building. The
foot of the ladder is 54feet from the buildiﬁg and is
slipping et 1 ft/sec awa& frdm-the building( How fast is -
the top of the lgdder slipping down the building? .

Ans: -5/24 ft/sec
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Use summation notation correctly.

(1) - 2:2;1 8y The letter i is called the

a) iﬁdex of summation
b) summation var{aﬁle'
c) nofation iﬂdiéator
d) sigma

Ans: a
(2) 4,i2+1 =

i=1

_Ans: 2 +5 +10 + 17

Recall algebraic facts for summations

(1) : 2:§=1 c =
Ans: nc
(1) zlil_.___l ( ai‘+ bi ) =.

. n ' n :
Ans: =1 8% i1 by
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1 2i-1 %% =
Ans: k c Z =1 ay.
1 S0, (ay - b; ) =
Ans: i1 e Liabs
(1? Tigio=
Ans: n(n+1)/ 2
1 S, =

Ans: n(n#1)(2n+1)/ 6

(1) ' 21—1i =
Ans: (n(n+1)/2)2

Using a limit of rectangular polygoms, find the area under
a curve.

- . n
(1) T F A= lim Y i=1 flu;)Ax
Ax—> 0

Ans: T
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2 on the

(3) Find the area under tie‘éuzve f(x) =4 - x
interval [0,2] by taking the limit of a -sum of
rectangles. ‘

Ans:  16/3
Use intégral notation correctly.

(i) The largest subdivision of a partition of a closed

interval is called the .

Ans:.horm
(1)) T F In a Riemann Sum; the rectangles_usgd to
"estimate the area under the curve must ‘all be the same
wiath. |
Ans: F .
(1) T F fba f(zx)dx = 1lim E:f(wi)Axi
leils 0

Ans:lT

(1)  For 12 £(x)dx , the symbol b is called the ___

_ Ans: upper limit of integration

LNI.
(3

Recall facts about integral forms.

(1) T F If ¢ >d, then jg f(x)dx = [§ £(x)dx

Ans: F
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(1) [ £(x)dx =

Ans: O
(1) T F If f is continuous on [a,b] then f is
integrable on [a,b].

Ans: T

'_Lg;_ Given an area expressed in 1imit form, write an equivalent

integral form.
(2) lim Y I (2v] - SwyAx , 10,41
et~ o
Ans: fg 2x2 - 5x dx
(2) lim ' 2: (w3 - 1)2Ax [-1,1]
i’ rE
liell> o *

Ans: /E (x3 - 1)2dx
1

Igégéi Compute integrals by graphical interpretation.

(2) fg xdx =

Ans: 8




(1)

(1)

(1)

(1)

(2)

(2)

(1).
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f2 x3 -1dx =
2

Ang: O
f'E/i - x2 dx

Ans: 3.14/2

Recall properties of the definite integral.

fg gdx =

Ans: k(b —‘a)

f° k£(x)ax =

Ans: k fz f(x)dx

P2 g(x) + g(x) dx =

. Ans: fz f(x)dx + fg g(x)dx

fS £(x)ax + [ f(x)dx =

Ans: fg f(x)dx
If f(x) ? g(x) for ail x in [a,bl, then 12 f(x)dx )

~ Ans: - ft g(x)dx -
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Use these properties to evaluate iﬁfegrals;

(2)  f3 7ax =

Ans: 28

(2) It [i\fx dx=14/3 and [} xdx = 15/2
then . fg V2x + 3x dx =

Ans: 14\/5“ /3 + 45/2

(2) 'If fg f(x)dx = 7, then f§3 2f(x)dx + J‘g 2f(x)dx =
Ans: 14

Recall the Mean Value Theorem for definite integrals.
(1) If f is continuous on [a,b] then there is a number z
in (a,b) such that . fg f(x)dz =

Ans: f£(z)(b - a)

Demonstrate the Mean Va;ue Theoren,

(2) fg x? dx = 64/3. Find a number which satisfies

the Mean Value Theorem for this integral.

Ans: 4/\/3-
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.5.1 Recall the Fundamental Theorem of Calculus.
(1) T If F is any antiderivative of f, then

F
P f(x)ax = F(a) - F(b)

Ans: F

(D T F P rxfax=_k [ - o™
r + 1 l :

Ans} T

o

‘5.5.2 Evaluate integrals using the power rule.

(2) f%‘xz dx =
Ans: 1/3

(2) fg x +1 dx =

V= "

Ans: 28/3

(2) f_4_1 dx =
Ans: §

(2). .f32'|x + 1] dx =

Ans: 17/2
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.6.1 Use notation for indefinite integrals correctly.
(1) T F [ 2:3 ax = x4/2'

Ans: ' F

(1) In [ £(x)dx = F(x) + C, C'is cailed the |

Ang: constant of integration

.6.2 Evaluate integrals using a change of'iariable.

(2) [ (2x - 1)2 gx =
 Ans: (1/6)(2x —‘i ¥ +c
(2) [z /4 - 22 az =

Ans: (-1/3)(4 - 22)3/2 L ¢
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APPENDIX E

REMEDIATION STRATEGIES
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CS: Coﬂcrete-Sequential-learners are logical, inductive, structuréd,
. patient, and they like lots gf examples. Lead this learmer thrsuéh a
series of examplés wﬂiqh will illustrgte.tﬁe principle or process in
question. You talk. Let the studgﬂt do the writing and drawing,

it’s an important feature of his learning process.

AS: Abstract—-Sequential learners are analytical and like broad
principles, prefer deductive processes to inductive processes, and
wj.ll accept your "expert" advice without much question. Relate the
problem in question to general principles. Ask leading questions that
point in thé direction of the solution; You do the writing. Get the
student to answver questions. The obje;t is to use deductive

reasoning, which these students prefer over iﬁductive‘proceases.-

AR: Abstract—Random learners are emotiéﬁal, reflective (ﬁot apt to
B accept’ your advice with;ut thinking about it for a while ), and
activity-oriented ( they work better in groups than aloﬁe ). Aﬁk this
person a few leading queqtions that point the way to the solution.
Then send him/her off tojthink about it and discuss the problem with

other students.. Have him/her report back to you for re—evaluation.
' 1

CR:Concrete-Random learners are independent, intuitive ( check for

unsupported conclusions ), and like to vork alone. Do several

examples and ask leading ﬁuestions, then send the student off to work .

for a while -on his own. Recheck his thinking when he returns.
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APPENDIX F

EXAMINATIONS




Part I.

1.
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MATH 121
Exam 1 Name...eeeoeo ceeneos

Multiple Choice. Circle the appropriate answer.

All real nuﬁbers that satisfy | 2-3xl < 8 are

[ .-3v [_1_9', w] (-2, 10). [—2, 10 )

3

(-2, y_] ' . Nome of these
3

A line with. equation 4x — 6y +2 = 0
a) - has slope

4,6, » =3 , Nome of these

2
3 2

b) has y-intercept

l1,3,4,1, None of these

3 4
Suppose points A and B have coordinates A(-5,1) and B(O
Then

a) the midpoint of the line segment AB has coordinates

) 2 (é t4

) , None of these
2 .

(1,3) , @, 3, (@,

2 1
2 2 3 2
b) the length of the line segment AB is

15 ,%175 , 13.5 ,%178 , None of these

:"'8).
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" ¢) the line through the points A and B has slope

9 ., 1, =1 , -9 , None of these
5 5 5 5

4. The equdtion.of the line passing through P(6,-5) and
perpendicular to the line with equatiop 4x ~6y +2 = 0 is
3x + 2y -8=0 : 2x +3y-8=0 : -3z + 2y +8 =0

3x -2y +8 =0 : None of these

Part II. Short ansﬁer questions and problems. Simplify each answer

as much as possible.

5. If £(x) = i and g(x) = 3x +5, find

a). (£ + g)(x)

b) (£ g)(x)

¢) (£/g)(x) =
d) . the domain of f is

e) the range of g is '

6. Find the largeét subset of R that can serve as the domain of

the function f(x) = \fx - 4

o ——————————co——

9 - x
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if

x < -1

-1 <{x <1

If not, tell why not.

If not, tell why not.

Suppose f(z) = -1
2x + 1 if
-3 if
3 if
a) Graph this function
.b)' Find 1lim £(x) if it exists.
x> 1
Find 1im £(x) if it exists.
x> -1
d) Is f continuous at x = -1? Why or why not?
e) is f continuous at x = 1? Why orx why.nof?
By definiéion, a function fis said to be continuous at the
if veenrnnedl complete the defimition )

Using an intuitive approach, find the limit, if it exists, of

a)

b)

c) -

lim - ( 1/t ) -1 =
t - 1 Tt -1

lim | x+h -. \A:

h+ 0 h

lin | x sin (1/(3y/x )}

x>0
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10. Using~thé epsilon-delta definition of a 1imit, prove that

lim- ( 2'- 3z ) = =7
x>+ 3 :
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MATH 121
Exam 2 . Name.oeoesosorenasesosese
In problems 1-4, do not simplify your answers.

1. If glx) = 3x% + A vk +4n% , find g’ (x)
3x . '

2. Find £'(t) when £(t) = (t+3)(t - 4)3

3. For y-= x? + 1 ’ what is y': ?
2x -1

4, Let f(x) = I[(x ; 1)3 + x212 Find £'(x).

5. _Given the following equatibn 522 + 2x2y + yz =8 , find

a) y'  in terms of the variables z and v

b) an equation of the taﬁgent line to.the'grqph ét P(i,1),
6. Find all of the critical nuﬁbers for the function f(x) givep'by

£(x) = 23 . 4x1/3. '

1. fhe radius of a sphérical balloon is estimated to be‘io inches
with a maximum error in measurement'of-OJ“inchés. Use differentials’
to estimate the maximum error in the calculafed.vblume of the sphere.
8. The domain of the fumction £(x) = ( x - 1 )3 is the set of ali
real numbers. For this function, £'(x) = 3( x - 1)2,

a) Determine on which intervgls f(i) is incréasing and on which

intervals f(x) is decreasing.

b) Identify all local maxima -and all local minima of f(x).
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9. Find both the absolute minimum and the absolute maximum value of

the function f(x) = -x3 + 3x - 4 on the interval [—3, i]
' 3

10, In a) and b) below, use the..‘ definition of the derivative of
£f(z) to show that the given f’(x) is the derivative of f(x).
a) f(x) = x% -1 £'(x) = 2x

2

b) f(x) = <2 + ‘\\/; f'(x) = 2x +¢‘ ‘assume >0

11. Stai:e the Mean Value Theorem,
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MATH 121
| Exam 3 NaMeu.eeevensssneeeinnen.
SHOW ALL WORK |
1. Let f(x) = 2x3 + 9x% - 24x + 1. Find the coordinates of the
local maximum and minimum ﬁoints of £f. Describe thgiihte:vals in’

which £ is increasing or decreasing.
2. Given £''(x) = 6x + 2, £'(0) =1, and £(0) = 2, find £(x).

3. . A ball is thrown ﬁpwafd,from”ground,level and has positibn
eqnation s(t) = -16t2 + 144t ( in feet ).
Find a) the accelleration when t = 3.

b) the maximum height of the ball.

4. Given thp‘following information, sketch an accurate graph and

label all extrema and points of inflection.

£(-2) = £(2) = 0 R = (D) =1 £(0) =2
1lim f(x) = '® lin £(x) = @
x> -3 x> 37 i

£'(=2) = £'(0) = £'(2) = 0 only at these points

1im  f(x) = —=  lim £(x) = lim £(x) =0

x >3 x> o X > —~®
£'7(x) >0 on (-=, -3) U (-3,-1) U (1,3)

f''(x) ¢ 0 on ( -l,i) U(3, » )-
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2

'5, Find the area under the graph of f(x) z° from 0 to 1 using

inscribed rectangies. Recall that Z;Ll i a( n+l )
. . 2

and that 231 i2= a(n+1)(2n+1)

6. If a box with a square base and an oi)en top is to have 4 cubic

feet of volume, find the dimensions that require the least material.

7. Point P(x,y) moves on the graph of the equation y = x? +x2 4+ i, -

the x—coord'inate changing at a rate of 2 units per second. Find the

rate at which y is changing when x = 10 units.

8. At 1:00 p.m. , ship A is 25 miles due north of ship B. If ship A

is sailing east at a rate of 16 mi/hr and ship B is sailing north at
a rate of 20 mi/hr , find the rate at which the distance between the

ships is changing at 1:30 p.m.
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MATH 121
Fin#l Ezxem’ Name......cvoevoenconnnn.
SHOW ALL WORK |
1, Line L contains points (1,1) and ( 2,4). Write an equation of the
line M which is perpendicular to line L at the point (6;-2).

2. VWVrite an equation of the lime which is tangent to the curve

x2 + Xy 4,4y2 =6 at the point (1,1).
3. Given F(x) = -x ' , -find:
( 4 - x2)

a) ‘The largest subset of the real numbers that can serve as the
domain of F.
b) F(F(0))

¢) F(3)

Complete the following iimits if they exist. If not, write ndoes

not existm.
4, 1lim %/gxz - 9x + 2
X > 2

5. 1im x(x -1 )" 1/2

x> 1
6. 1lim X~ 4
x> 47 \JGF -2
7. 1lim x+h+1 - x +1
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8. A piece of wire 80 inches long is to be bent-into a rectangular
framé. What dimensions ;hould be chosen so that the area'of the
rectangle enclosed is a maximum ? ( Show all work I )

9. Use the following graph to answer these qpestions. In questions
a~d, find each limit if it exists. |

a). 1lim f(x) =
X5 =2

) 1im  £(x)
x *-1

c) 1im f(x) =
x¥ -1"

d) lim f(x)
X > 2 '

?

I
I
[y

e) Is f continuous at x
£f) Is f continuous at x = 2 ?

2?

g) Is‘f differentiable at x

h) Is f differentiable at x = -2 ?

10. £f(x) = (x2-8)7Y3 Find £'(1)

11. Given F(x) = x5 + 8\/; , find F''’(1)
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12, Suppose x2 + 4xy — y2 =4 implicitly defines y as a function of

a) Find y’ at the point (1,1)

b) Find y'’' at the point (1,1)

13. . Given G(x) = ax3 +bx+1, determine values for a and b such

that G has a local maximum of 7 at x = -1,

14, Two boats, A and B, start from the same point and move awa;; from
each other along paths that are perpendicular.. If boat A travels ‘at 6
miles per hour and boat B travels at 8 miles per hour, at what rate

. are they separating two hours later?

Evaluate the following integrals.

15. I %+ 1)? &z

16 / (1_— x1/4.+ x3/4 ) dx"
17. 2 Syt +s ax

18 /2 L_§3'f2:f + 1‘? . ds

19. S 2w+1 dw
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20. Using tpe formula A= lim -2:i=1 f(ui)A;
ns
with ui being the léft end point of the ith interval, s@ow that the
area under the curve f(x) =1 - x from x = 0 to x =1 is

exactly 1/2. You may need these formulas:

I

Dooi= a(n+1) n 32 = n+1)(2n+ 1)
i=1i i=1 ,

2 6







