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ABSTRACT

EFFECTIVENESS OF REMEDIAL MATHEMATICS SUPPLEMENTAL

INSTRUCTION: ACOMMUNITY COLLEGE STUDY

Bakary Sagna

The purposef thismixed methodstudy wa to determig if there is a relationship
between characteristics sfipplemental instructadpersonatraits, teaching skills,
subject matter, construcelactive, collaborative learning, effective communication, and
their practicegas judged by studentahdstuder success in #ir remedial mathematics
course.

The college Provost was contacteddogail to request an authorization to conduct
this study in his collegeOnce approved, the investigator contacted face to face his
colleagues to ask their students to ipgoréte in the study because they enrolie@
remedial algebra class where theriastor is assisted by a supplemental instructor (Sl
leader) Sixteen algebra classes were selecadeachwere assisted bsupplemental
instructos. St ud e nt s the metest (aebsginoiny of the semester) and pest
(at the end of the semestavere collected to gaugeein achievement on both tests

Students completed a questionnaire that askedttheir peceptions about their



supplemental instructadpersonaltraits, teaching skills, subject matter,
constructie/active, collaborative leaing, effective communication, and their practices
throughout the semest& t u d en@ahssofedifferenceon the postestwerehighe in
62.5% of the sectiorthan onthe pretest.

The evaluation fbachievement on both testhe responses to the gtieanaire
and comments from studersish o we d t h acharaStéristicseassatiateddos
effective communication/active learnirtgaching skills, and personal tractuld be
contributor to score achievemeni$e linear regression in the stuslyows that the three
factors did not significantly predict the pdest scoreHowever, the pré¢est did
significantly predict the pogest score in a remedial Math 20 at thd ehthe semester
(Beta=.47,t(197) 6.56, p 8t Y. In addition,the comments in the questionnaire
found that studentscknowledgedheir supplemental instructor role in the classroom and

during the SI1 6s weekly sessions.
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Chapterl

INTRODUCTION

Background for the Sudy

Only 28%of communitycollege students who take a developmental education
course go on to earn a degree within eight yeardgB&i009), and many students
assigned to developmental courses drop out before completing their sequence and
enrolling n collegelevel courses (Bagly; Cho& Jeong 2010.

The number of unprepared students who enter colldgghsOnly 23% of those
who graduged from high schooln 2009metthe standard score on four ACT benchmarks
in English, mathematics, reading, and science (ACT, 2009), suggadtnkg of
preparednes®r facing the ballenges of higher educatiofsccording to Bautsch, Senior
Policy Specialist of théNational Conferencef States Legislaturd2013) the number of
high school students who enroll in college after graduation is on thamdgenany of
them are unequipped with the knowledge and skills to succeed in kigjineation
Bautsch noted thagtates are working tieelpthese studentvoid remedial education
through beker preparation in high schodlhe number ostudents who enter college and
leave without graduating shows the importance of equipping students cognitively and
constructively to face the challengdshigher education and prepare therméd only

passcolleggs entr ance e xcaursesnwih traditionally tigh withdrawal o



rates Across the country, higher education institutions are determined tovempuzcess
rates in mathematics and Hisg to increase retention and graduationsgparticularly
community collegesA number ofstudies(Comfort, 2011; Flek et al., 201Baritsky &
Toce, 200 havebeen undertaken to assess the extent to whichati¢idnal system of
developmental edutian helps students into and through collégsel courseworkOne
effort to address the problem is the implementation of supplementary instruction (SI).

The City University of New YorKCUNY)i s t he naurbaopublis | eadi n
university. Founded ifNNew York City in 1847, the University comprises 24 institutions:
11 senior colleges, seven community colleges, the William E. Macaulay Honors College
at CUNY, the CUNY School of Medicine, the CUNY Graduate School andddsity
Center, the CUNY Graduate [8wl of Journalism, the CUNY School of Law, the CUNY
School of Professional Studjesdthe CUNY School of Public Health and Health Policy
(CUNY Office of Institutional Research, 2018JUNY servesmore tlan 274000 degee
seeking studentss well a260,000 adults and continuing education studé€ifiege
Now, t he Hoademieeanrichnteryt pregram offered at CUNY campuses and
more than 300 high schools throughout the five boroughs of New York @ity
Office ofInstitutional Research, 2017

According to thdntegrated Postseconddgglucation Data Systermhich is run
by the National Center for Education Statistfceshman enrollment at the City
University of New Yorkrose substantially at the commiyncollegesd from 24,217 in
20012002 to 34,340 in 2012012(NCESDAS, 2012) Community college students
represent 33% of the total CUNY student population, with most coming from New York

Public schoolsOf these students, nearly®Qare required to takatleast one remedial



English or mathematics course as determined b¢ityeUniversity of New York

placement examation services (CEAFEAt Hostos Community College, for instance,

the Office of Institutional Research revealed that thisyear City Lhiversity College

had over7,000 degreeseekersn 2017 It has been receivinipe most diverse and

wealest students in the CUNYystemaccording to the Office of the Presidenhree

guarters othe studentsequired at least one remedmbthematics cours@hese data are

the result of the mgopdoragitetd geopte ovimorhavé ment t o
traditionally been xcluded from higher education.

The challenge now is to develop curriculum and put in place programs that will
help new ad returning studentsnprove their grades and graduageickly. One way to
support students i s t hrSopplgnhentd isstryctoh e ment al
programsaretakingplace in some of the seven community colleges and eleven senior
colleges inthe CUNY system Accordng to the respectiveollegewebsites, LaGuardia
Community Collegentroduced is SI programin 1993,LehmanCollegein 2007 Hostos
Community College in 2012nd Borough Manhattan Community College in 2013.
Supplemental Instructiort iehmanCollege for instancewasa learning support
program that foclexd on improving student confidence and performance in historically
difficult classesThemajorintertion of the supplementatstruction at CUNYnhow isto
increase retention argtaduation rates and psomote excellence in undergraduate
education, ggecially in remedial coursd €UNY Newswire 2015.

The termiisupplemental instructioprograno is defined as onthat aids in the
growth of studenacademi@achievement through théilization of informal,regularly

scheduledand peesassisted review seigns (Zaritsky & Toce, 2006Bupplemental



instruction can be conducted in small groups;omene interaction, asynchronous email
communication, discussion boarénd hangon pratical application envonmentssuch
asopen laboratoes learning centes andtutoring centes. Supplemental instruction (SI)
was originally developed by Deanna Martin at the University of Miss&amsas City
(UMKC) in 1973 (Lazari & Simosg 2003. Through apeer collaboratin componenit
provides students the option to continue the learning that begins in the classraomm and
take ample time to grapple with concepts and ideas, work through difficult material,
develop effective thinking angrocessing strategies, and ben&bm the synergy of the
group working together to solve problerits overall goal is to allow studentseagage
more effectively with difficult course content

Thethree closelyrelated traditional goals of supplemeritedtruction are
improvement of sident course grades, reduction of attrition rates in hestibyidifficult
college courses, arehhancement aftudent persistence toward graduation
Supplemental instructoegtempt to accomplistihese purposes by usitige processsof
cooperative andollaborative learning to integrate instruction in learning and reasoning
skills with the cours contentFor exampleat LaGuardia Community Collegéhe first
CUNY Collegeto implementsupplemental instructigrsuch instuction has been credited
with improving grades and reducing failure in higbk courses (Zaritsky et aR006)
The success of éhLaGuardigorogram was made possible bgllaboration among the
supplemental instructor supervisors, the supplemental atistnieades, the faculties,
andthe college administratiothe fifour pillars &ince 2012Hostos Community
Collegea CUNY collegehasdesignedh supplemental instruction program which

attempsto focus on increasing the passing liat&ath 010 (prealgebra), Mdt 015



(introduction b algebra), and Mhat020 (elementary algebra)s aell asn City
University Basic Skills mathematiesd theElementaryAlgebraExamination (EAFE),
which aremandatory forbothregistration inany college credit mathematiceurseandto
graduate
Researhershaveprovided supportfor the viewthat peefassisted supplemental
instrudion is successfulCooper (1999) argued that
€ positive outcomes demand rigorouamination of goals, intelligent and
informed planning of an implementatistrategyfor acomplishing planned
goals, an alert eye to dynamics of the process, and a means of evaluating
outcomes clearly and without prejudidéne stance of the instructortwin the

process, the design and maintenance of the classroom environment, and the
choice oftask and dialogues stand as pivotal in the work of creating a match

between goals and an implementation strategy that make possible the attainment

of these goalsThe characteristics of instruction that can promote-teghl
discourse must be a naturaépursor to peer group activities, not a standalone

lesson that has little apparent connection to the information to be used and learned

when students work togethgp. 215)

Instruction must focus on the cognitive and metacognitive strategies that stoaenitse

in pursuit of learning he | es s on6s (Melth et al,t139) A supptementaln t

instruction leader has a limited role because he ocaheot effectively assess or
implement learning ski#lor competencies a®ulda professional insuctor while
teaching Such leaders atteained in proactive learning and study strategies, and are
consideredacilitatorswho assist during class lecturasd povide study session

structures.



Need for the study

Educators and policymakers alike recognizat algebra is an important
gatekeeper course, not only failege preparation but also pieparation for the world
of work (Temba & Bassoppo, 2010)o prepare students for future success, many school
districts and state legislatures now make algalgeaduation requirement for all high
school students (Choike, 200Qnfortunately, surveys of American high school students
have reported that many havéfidulties with mathematical problems involving
algebraic knowledge (National Council Béacher®f Mathematics, 2000 he City
University of New York Office of Institutional Research and Assessment (OIRA CUNY,
2012) recommends that students enrollednn CUNY Elementary Algebra
developmental course, wahop or other interventiomlemonstrate reaukess for college
level courses in mathematics by: 1) passing the univevdiy ElementaryAlgebra
Final Exam (CEAFE) with a score of &5 higher and 2) eaing an overall average of a
74 or higher irthat course omtervention.

The City University ofNew York (CUNY) placement test has five sections: pre
algebra, elementaigebratrigonometry, readingand essay writingJnlike some
exaninationssuch aghe ScholasticAchievement Test (SAT) dhe GraduateRecord
Exam (GRE), the CUNYestis notdesgned to predict success; rather, this testeant
to bea diagnostic instrument used to detect deficiencies in basic skills that may impede
collegestudy peformance The City University of New York systers not the only state
educational system whicmdrese s s t readmesdorscdllege For example, imn

attempt to deal with the issue of ungeeparedness for collegespecially in



mathematicsthe Napavalley College of Californialeveloped a 4#minuteAlgebra
Readiness Diagnostic teghich places studenis one offive different remedial
mathematis courses (Nap&alley College of California2011); at Kean College of New
Jersey students are placed in either remedial mathematics Mat B@® 0902 if they
fail the mathematics entrance exaation (Kean University, 2016and Borough
Manhattan Commuty Collegestudents are placed in Math 08, 012, 051, 04056 if
they fail the CUNY entrance examination (BMCC Mathematics Deparira@mn)

According to he OIRA (2012), in all 1CUNY senia, comprehensiveard
community colleges, 25,039 studentsre registered and tested in Elementary Algebra
and Algebra in the fall and sprireg 2014 and 14001 registered in elementary algebra in
2015 Due to the higher enrollment and the lower passatg in the CUNY mathematics
entrance examination, each cgieis finding ways to increase student retention and
achievementparticularly in pe-algebra and algebra, where studemts performing
poorly.

Ma r t $I mauled proposed irthe 18 0,avas valdated as an exemplary
program by the United Stat@epartment of Educatiomnd its success continuesaas
solid intervention used in colleges and higher institutions around the world (Martin,
Arendale &Associate, 1992 Supplemental instructionanyield strong results in terms
of student learning, higindinal course gradeand lower DFW (drop, fail, and withdraw)
rates across disciplines, types of colleges, and ethniflitr@sersity of MissourKansas
City, 2004) Eachparticipatingeducational instution implemented this progm based

on its studenneedsAt the University of Georgia system, supplemental instructiag

adoptednresponsé o st udent sé f aiinintradgctony leveleciefcg,0 %

t

(0]



technology, engineering@nd mathematiocsourses (Shaw et a014) Supplemental
instructon was one of the alternativé®e College has implemented since 2012 to help
students succeed in their collegeedialmathematics courses.

Supplemental instruction is designed to assist students tenngscourse
concepts and, at the same time, waase student competency in reading, reasoning, and
study skills Joyce and Andi (2006) determined that by encouraging all students to attend,
the model removes the stigma that students may feel whearth@gsigned to an
academic support program; itrpats all students, even those already doing,wel|
improve their grades and performanBesupplemental instructpor Sl leaderis
required to attend all classes assigned, take rantdsasist studats and the professor in
or outside the classroom.

The supplemental instructors are typically students who are mathematics or
engineering majors, kiapreviously completed the course {@ve takernhigherlevel
mathematicscourses)and favea good mathenties recordFlek, 2012) They are
selected byhe Mathematics Bpartment and undergo extensive training in workshops
that emphasize active learnirfighe supplemental instructors are taught to regard
themselves as facilitators or coaches, not as instgje®defined byia principles and
methodologyof collaborative and cooperative learni@ypplemental instructors assist in
al remedial mathematics coussat the college

Naidoo and Paidey#2015), in the context dheir Univerdty in South Africa,
describedsupplemental instructiorsdbased on thprinciples of peer learning,
encouraging contact between student and faculty, developing reciprocity, caoupanati

collaboratingamongst students, encouraging active learning, and prombéng t



developmenof sudy skills Naidooa n d P afindirgswearé designewith the intent
of improving the current mathematics and scienceipgsates A supplemental
instruction program anothercollege provided many benefits to tinstitution,
including to faalty, stdf, and the students who receivie S| services (Stout &
McDaniel,2006) A comparative success analysis over threesygaHeriye Kaan and
Selda(2014) revealed an increase in the academicesso@te of the participants.

In Applying the Seen Principles for Good Practice ldndergraduate Education
(1991)Chickering and Gamsastated:

Student learning is less effective when studeittinertly in classes barely
listening to teachers, passively viewing PowerPoint presentations, memorizing
pre-packaged assignments, and gpgitout answers. Learning is not a spectator
sport. Student learning is optimized when students are actively involved in their
own learning. Students must talk about what they are learning, write about it,

relate it to @st experience, and apply it in thewn lives. They must make what
they learn part of themselvdgp. 6)

The supplemental instruction program could be used to relate the seven
fundamental active and collaborative learngaogls(Encourages Contacts Betere
Students and Facultipevelops Reiprocity and Coopration Among Students Learning,
Uses Active Learning TechniqueSives Prompt Feedbadkmphasizes Time on Task
Communicates High Expectatigri®espect®iverse Talents and Ways of Learnjng

illustrated byChickeringand Gamson

Purposeof the Study

The purpose of this study w#o determine if there is a relationshigtween

characteristicsaf upp |l ement al i sifas judged byt studests) and stuglentt | c e
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success in their remedial mathematiosrses These mathematics coursee keyto

preparingstudens to be successful rollegefor-credit mathematics class Sudents

who registerfor thesecourse have to pass the course as well as the CUNY online

proficiency examination (CAEFE) at tleed of the semestaan indispensablpath to

advance toward college credit mathematics or science courtbedity University of

New YorksystemT he f ocus was on t hethesttespahsemba s 6 per f
guestionnaireegardingtheir suppleme t a | instructoerodsando !l e dur i

duringtheweekly 75minute session.

Research Questions

To achieve its goals, the study seeks to answer the following research questions:
1 How dostudentslescribe the characteristics ofith@upplementalnistructoré
personal traits, teactgrskills, subgct mattercollaborative learimg, effective
communicationand practice®
2 What relationship is there between these characteristics and student achievement test
scores? Are certain factors associatedenwath high achievement and otherghw

lower achievemefit
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Procedure of the Study

The study wasonducted iranurban tweyear college in thgreater New York

City area The supplemental instructors wesguired to attend all classes and take notes

duringlectures Theyoffereda 75minutemandatory supplemental instructor session for

the whole clas and an additional #&inutevoluntary sipplemental instruction session
per week
To accomplish the purpef this studyl carried out the following procedes

1) | provideda pretest at starting of the semester and a-pestatthe end of the school
year. Bothtests werereated by the sisommitteemembes of the remedial
mathematicén which | am memer atthe collegausing the test bank and test
gener#or (TestGen) from PearsoRearsonwas theproviderof developmental
mathematics tebbooks and digital platfornfor mathematics and sciences in
occurrenceMath 20.

2) | provided the praestanswer key and each professor graded his students, then
reportel me their scoredhe posttest was aomputerized anthe professor emailed
me directlythefull grade justfter studentbadcompletedt. lco mpar ed st udent
pre- and postest scores tevaluatehowthe Sl leades 6haracteristics influenced
studend scores

3) A reliable valid instrumet developed by Dolmarad Ginng2005) wasused in tle
guestionnaire to identifgharacteristics of supplemental instrustdihe Dolmans and
Ginns shat questionnairevasbased on the theoretical notions undedyin

contemporary constructivist approaches to learning and instruction on which the
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supplemental instructiobased The alpha coefficient demonstrated acceptable levels
(alpha coefficient above 10). The instrument was based on constructive and active
learnng, seltdirected learning, collaborative learnjramd intrapersonal behavior
which are common factors for evaluation and assessment in social stience
adminigeredat the end of the semestetwelveitem questionnaireleveloped by
DolmansandGinnst o eval uate suppl emenThal I nstruct
instrument representesix main topics: personal traits, teaching skills, subject matter,
constructive/active learning, collaborative laaghand effective communication on
which 198 students ratetheir SI performanceSome studentadded comments ithe
guestionnatk to reflect their opinionabout he 16 supplementainstructos 6
characteristics and practices over the semdst@rder to link student resporsde a
specific supgmental instrucir, students weriglentified by the last thregigits of
their school identificabn numberEach Slleader wasdentified by the ourse section
he or shevas facilitating.

4) A paired sample-test and multiple linear regression using SB&8varewere
conducted to determine the relation betweercti@acteristics which students
identified in thesupplemental instructorsa the questionnairands t u d scordss 6

on the preandposttests

Operational Definitions

Supplemental instruction program (SI)Supplemental instruction (Sl) is an

acadent support model developed Byeanna Martin at the Universitf Missourid
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Kansa<City in 1973 that uses peassisted study sessions to improve student retention
within targeted historically difficult courses (Umrigity of MissouriKansas City, 2004).
The SI program provides peer support by having students who succeeded in these
particular courses help others

Supplemental instructor (Sl leader)The sipplemental instructors are typically
students who are mathenwgtimajors, hee previously completd the course (oekena
higherlevel course) and hae a good mathematics record (Hostos, Mathematics
Department, 202). A supplemental instructor is required to attend all classes assigned,
take notesand asist studets and the professofhe successful SI leaderable to
facilitate the group so that students are thes@ri® generate answsto questions raised
during the Sl sessions.

Supplemental instruction sessiom regulat scheduled (75 minutes per wegek)
informal groupsetting learning session directed by a Sl leader, in which students develop
study skills, solve problemand discuss solutions.

Remedial mathematicsA developmental course offered to help underprepared
students achieve the level of rhamaticsnecessary to enroll iior-creditcollege
mathematicgourses

Algebra (MATH 20} A college preparatory course whichdesigned to
supplement the adpra background of the learners prior to takingagebra (MATH
10). Topics include fundamental operat®with polynomials, factorization of

polynomials, linear equations and inequalitesdradicals.
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Effectiveness:The effectiveness ohe supplemental instructors wa@stermined
by usingstatistical techniques (SP@8d ANOVA) on thequestionnaire thatontained
twelve characteristics describigd leades andtheir practices

AchievementThroughout there-testandposttest achievemenivasmeasured
accordig t o t he st udementaagelsragoestdrssThesequestibons
were similar to thse given in th€ity University ofNew Y ork proficiency examination
(CAEFE) A score of 65%r betteron that exanis requiredto be exempt from

remediation.
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Chapterll

LITERATURE REVIEW

This literature review presents an overview of seven major tapiegocus of the
first section of the review is on student failufé&e prtion concludes with ways of
improving mathematical achievemeifihe second section of the literature review
explores supplemental instruction .SThe section begins with defiroin of S| folloned
by adiscussion of cdhborative learning, student involvement, engagement, persestenc
and motivatiorin remedial mathematic3he third €ctionaddesses Sl professional
trainingand discusses the issueti@ining dfectivenessThe fourth section of the
literaturereviewexaminegecent literature regarding the implementation of suppl#al
instructionin secondary educatiofihe fifth section of the literatumreview focuses on
t e ¢ h n adleangepahisg and learnindhis sectim examines th use of technology
as a tool to assistudent® mathematical learningA variety of toolsused to supplement
learning mathematicarediscussedThe sixth section of the literature reviewploresthe
role of tutors inthe mathematics classom The section concludes with a review of
literature addressing effective characteristics of an Sleled@he final section of the
literature reviewooks ateffectiveness of supplemental instruction programs in higher
education.

Community colleges seevas gatewasto higher education for many students

The availability of academic support programs within the community college system
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coulddirectly influence academic effectiveness and achievenséstadents who use

these services

Student Failure and Achievement in Mathematics

Themajor reasosifor failing mate mat i ¢cs i n coll ege from t
perspective arthe failure to seek help when needed, lack of effort, lack of motivation
andineffectivestudy habits (Cherif et al., 2014These factorssawell as academic
readinessmd student attitudes toward mat hematic
frequently as the root cause behind student failure at the collegeAegetding to the
students|ack of motivation is the leading causéstudent failure(Cherif, et al, 2013).

Motivation influences student attitudessudy habits,andacademic readinesAt the

elementary and secondary levels, teachessometimes able identify struggling

students and employ intervention strategies suchasring students to attemeview
sessions or calling parents; in reality, t
need to seek help ofdalr own accordAt the college levelhowever professors rarely

engage in such interventions, leaving skudent to take the initiativé&(nbong

Maidinsah& Wahab,2014) Extra help can be sought through a variety of means, such as
visiting a campus maématicdaboratoryor tutoring centerysing otine platforms,

consulting the instructor directlgr hiring a professional tutor.

Neglecting to complete outf-class assignments or not putting the required effort
into these assignments is another principal readgnstudens fail mathematics

Mathemé&écs demand, among other things, accuracy of thought atedement, definite
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mental concepts, connected thinking, a fair memory, quickness to recognize relations
between forms and numbetise power of generalizationna a willingness to work hard
It is difficult for most minds, andrueling forsome Broussea, 1998;Merill, 2012,
Robertson, 2017Jpon viewing an instructor demonstration, students oftentimes think
they understand how to solve a problem, but when they pick up the pencil to attempt a
similar problem themselves, they may not even know how tabktathematics consists
of skills and concepts that caegained through studying and practiéelditionally,
students need to gain experience with different types of problems thaitaieays
shown by the teacher, and the way to gain this experisrtyecompleting assignments
and even working through extra practice problems when necdstamgich & Burch,
2012;Kasner & Newman, 200Bhoenfeld, 1985)

Merril |l 6s ( 2 Ghdmerpus Lonisiama Staie &nwversitgdents
about their experienséan high school often reveslthat the emphasis was on
memorizinginformation andhatthe examinations involved simpigpeatinghe
information that theynemorizedAfter their successful academic experiesioehigh
school, when these students takeversity courses they are confident that they can begin
studying one or two nights before the test, memorize facts and formulas, and do well on
the examinatins They get a rude awaking when this is not the case at the college
level. It is essentiafor studentdo have the necessary prerequisite knowledge eefor
beginning to study a new or higher mathematgsc. For example, mangtudents
struggle with ajebrabecause they lack the basic arithmetic skills required to perform

algebraic operations
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Another barrier to academic success isdhesizefits-all approach to learning
and assessment that contributes to the estrangement of students who are expected
adjustto academic goals and a culture not designed with them in emddo do sat
placeswhere they do not feel at homéery few secondary education institutions
effectivelymaximize the intellectual and leadership skills of their students atecre
effective learning environments (Malnarich, 200buguaet al, 2012) In many
community coleges, students now work more than thirty hquasveek, attend school
parttime, raise children as single parents, pay for college, care for children at home, and
worry about the affordability of going to school, aflwhich make them less likely to
meettheir educational goal©therreasons fopoor gerformance in mathematics among
secondary students include fear, anxiety, and the miscomeetthe subject as difficult
(Malnarich, 2005Mbugua et al.2012).Attwood (2014) attributed poor performanice
mathematics to parental attitude, interrupgsithing, por teachingand dyscalculia.

Professional educators, students, and organizations like the National Council of
Teachers of Mathematics and the American Mathematical Association ef&aro
Colleges offer many suggestions for increasing mathiesrathievemenMbugu,

Kibert, Muthaaand Nkonke (2012) were of the view tlsttidentmathematics
achievement can be improved dpyality teaching and learning materials as well as
proper staffingcurricdum, motivation, attitudes, arfdes and levieOn the other hand,
Gitaari et al, (2013)were of the opinion that ways of improving achievement in
mathematics include créady positivestudentattitudes towards mathematics,
administering more examinatisand quizzes, proding adequate teaching and learning

materials, motivation, completion of the syllabus in time, provision of adequately trained
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mathematicseachers who use a variety of teaching stydadeffective classroom
monitoring by the schooldministration

In anothe vein, Vaishnav (2013) argued that each learner has distinct and
consistent preferred ways of perception, organizatiod retentiorand furthemoted that
brain structure influences language acquisitByme students are visuakrners, while
others & auditory or kinesthetic learnedda i shnavds study found
styles to be more prevalent than visual and auditory learning styles among secondary
students omathematics and claims that there are high positiveledionsbetweerthe
kinesthetic learning style and academic achievenidm main effects of the three
variables: visual, auditory and kinesthetic are significant at 0.01 level on academic
achievement.

Human cognitive ability is pluralistic rather thanitary, and leaners cdny
subject will make greater progress if they have the opportunity to use their areas of
strength to master the necessary material (Garner, 199B) classroom, it is possible
to motivate learners by activating multiple waysrdaningmaking throughhe use of
tasks relating tonultiple intelligences Because of thefficacy ofdifferent learning
styles, it is important for the instructors to incorporate teaching activities related to each
of these styles so that all students able to achieve higétandardin the courselt is
rare to find all three approaches incorporated into a classidowever, it can be done

through thoughtful planning and preparation
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Supplemental Instruction

Definition: The supplemental instructiors() model has as its theetical
underpinnings the most widely accepted learning theoFlesse theories emphasize
information processing and studem@ntered learning activities, rather than simply
effecting a changm the learner's behavigMcGuire, 206). Originally developed by
Deanna Martin at the Univergiof Missour KansasCity in 1973 (Lazari & Simos,
2003,as cited irRhonda, C. P., 2008), the supplemental instructioployed in this
studywasa means of helpingtudents succeed their cdlege edication After a
rigorous review process in 1981, thisogram became one of the few postsecondary
programs to be designated by the U.S. Department of Education as an Exemplary
Educational ProgranThe National Diffusion Network (NDN), the national
dissemnation agency for the U.S. Department of Education, provided federal funds for
dissemination of supplemental instruction until the NDN was discontiigedf
November 1995, faculty and staff from institutions across the nation had received
trainingto implement their owrsl prograns (Arendale 2000) Supplemental instruction
operates under a variety of appellations: in North American contexts, it often operates
under its original name, Sbhut in the United Kingdom it is referred to as Peer Assisted
Learning; and in Australidt goes by the namieeer Assisted Study Sessions

Painter (2004) identified three key characterssof an effective Sl sessiofa)
real time interaction, (pachetto-student interactiorand (c) peer interactiolVith real
time interactionsn class owsing World Wide Welbo deliver Sl to the studentsupport

leades ar e abl e t conamgas they arises rathedtiean tespdnding at a



21

later, less conveniertime. Teachetto-student interactions ampportuntiesfor teachers
tomonitorl ear ni ng and wrdedtahdngseiehe sontaxdoéthetcauise,
which shouldresult in proper and timely redirectiddowever, peer interaction within the
Sl setting is also necessary because it allows lestmgtean knowledge and skills from
one another antb share their own interpretations and explanations of course materials
and concepts. Observing thyge of interactionn the SI environment enalsléaculty
members to determine the adequacy and efitgien student skills

Collaboration Jacobs et al(2006) stated that Sl fosters collaboration because it
entails the proficient use of communication principles to assist groups with conflict
resolution, problem solving, brainstormjray project developert. Aside from the
proaess of communication, internaliso plays a role in facilitating interaction and
collaboration among students enrolled in Sl sessidngjue tools, such as the World
Wide Web and VSI (videbased supplemental instruction) have hasad to encourage
engagement in the learning procdssMcGuired s ( 2 0 0 6 ) collaborative t he s e
opportunities for students within 8a&n creat@ccasions where students will paraphrase
coursework in a variety of formats.

A method known by Muhrand M@ n ( 2006) as emplioyi ng
an approachn whichoneassociate observes another associate in hopesvadipg
insight for improvementrhis concept of change encouragéescussions between
studentsDuring this time, students furthex@ain unclear concepts and improve their
skills through peer communicationdanollaboration with each otheknother focus,

reflected in the supplemental instruction program, is the question of structuring group

i
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activity so that expertise is distributadd thatthere is an ethos of building on one
anot he r(RalscsagdHeraeakkohl, 1999)

Sudentinvolvement Supplementaiinstruction is a voluntary support program
and focuses on assistance in building fiegyeer interaction, motivatioand self
efficacy amongst studentl focuses on providing additional support, especiaity
courses that areharacterized biigh-risk (difficult), highrates oflower performance (D
and F grads), and withdrawalsNaidooand Paideya (2015) introducagabplemenrdl
instruction as a support program for fiyetar engineeng and science students at a
participating university in 2008 he supplemental instruction sessions at the university
level provide students with opportunities for engagement withseocwntenthrough
group and paired discussioms addition, Sl allows for the explanation and discussion of
key conceptsand it encompasses the use of various questioning techniques whereby
immediate feedback is provided to students.

Naidoo and Paidey#2015) defnesupplemental instructiobased on the
principles of peer learning, encouraging contact between student and faculty, developing
reciprocity, cooperation and collaboration amongst students, encouraging active learning,
andpromoting tle develoment of staly skills. The supplemental instructor hslipy
providing prompt feedback as wak developing metacognitiometacognition refers to
Aonebds knowl edge orfo coenseséess 00 W HFstuckndgereil t,i v1e9 7p6 )
cognitively aware of how they are diting, then thsestudens may know what problem
solving plans and techniques to use and how to think about the conbeddr to grasp
abstract conceptdlost students are nébaturallyp metacognitive, and is found that

this skill tendstodevelomu c h | at er i n sfordjBtosvn & Godékind, i ves ( B
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2000) Supplemental instructionam assist heresince one of the major compongot Sl
requires the Sl leaders to incorporate modeling of study skills relevéme content
Supplemental instrumn leaders attempt to engage students in actively thinking about
what mental processes they used when they were sucassvell asvhat they used
when they wer@insuccessful (Naidoo aideya2015).

Attitude andRole A supplemental instructor is suslent who plans activities to
help students with study skills, organization of the material presented during lecture, and
learning strategies (Port€012) Thesupplemental instructiogession is a time to
interactwith other students in the class tdtbelearn, understandnd apply the relevant
material by asking questions, comparing notes, developing organiaiskills and
engaging with the Sl leaderhe supplemental instructios neither a réecture of he
material nor a traditional tutorirgessionMathematics Department, 2018)aget (1952)
states that students must construct their own knowledgelén to understand and use it
Aconsi stent theme within Piagetodsatheory i
process involving the reaciliation of conflict between prior and newly experienced
beliefsPi aget 6s model of the functioninsg of eql
observables and inferential conditgpeach of which must alway® lzonsidered from the
perceptiorof the subject under consideratioRaget (1985) defines observables and
inferences within the context of learning:

An observable is anything thatrcae established by immediate experience of

the facts themselveln contrast to this, coordination involvieéerences and go

beyond what is observabl8uch a distinction is clear, however, only when the

subject is capable of objective observatiod kogically valid inferencedt is

much harder when observations are inexact and when inferences include false

implications For that reason, it will not do to define observables only in terms of

perceptible characteristiche subject often believes he paives things that he
does not perceivéNor will it do to characterize coordination by verbal
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formulations shjects give of themimplicit inferences play as great role as those
made partially explicit, if not a greater orfp. 35)

As such, equilibratiomimplies that students should be provided with beliefs that
differ from their existing ones, but which, bytve of not being too advanced, can be
related to tbm(Foot & Howe, 1998. Thus, there is clear implication that collaborating
among students ougtd be productive.

Although students can learn skills from other students, supplemental instructing
contextswhere one Sl leader imparts information to one or all class mennbaysoe
more effectiveThis construction involves actively thinking about alistussing the
major concepts and terms related to the field of stuggotsky (1978) introduced a
conceptcalled "The Zone of Proximal DevelopmeQZPD) that describes the gap that
exists between the current knowledge of an individual studerthartugher levels of
learning that an expert student has in a particular disciplipgotsky saw the key
mechanim as supported exploration through social and cognitive interaction with a more
knowledgeable peer, in relation to a task whose level otdiffi t y i s wi t hin
ability.

Vy g o ts §1878) @one of proximal developmewldresses the cognitive
theordical framework in hat it identifies the margin withiwhich learners can function
with and without teacher assistand@e ZPD representsdtboundary between a
s t u & ability © function autonomoushnd the point at which studemsed
professionahelp in order to achieve their gedVygotsky, 1978)The zone of proximal
development islsorelated to the need to wotlkrough problem siations withsomeone
who isa goodteacherand knowledgeablabout thesubject matterideally, trough

continuednteraction during the Sl studgssions with the Sl leaddéearners are able to

t
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extend their abilities to the higher levels of thinking &mdpproactihe problemsolving
processesnderstood byhe expert student.

Student EngagemeR#rastence:At LaGuardia Community Gllege Zaritsky,
and Toce (20068howed that students who participated in SI were less likely to drop the
targeted coursand therefore more likely to persighe persistence @tudents irthe Sl
program at LaGuardia was associategdart withthe synergy among interdependent
groups: Sl supervissrSlleadersfaculty, and administratord he foundation of
motivation in Sl, as stated by McGuire (2006), islEraengagemenMcGuireexamined
students in institutions which implement8tand noted that SI caused students to see
course information from different viewpoiniBhese viewpoints engaged students in
behaviors and actions that developed into interactive learning enviraghmeaddition,
this type of learning engagement waedi to shift thinking from rote memorization to a
higher level of conceptual thought and understanding.

In a stug of high schobstudents with learning disabilitie@ing-Sears, 2007)
students felthat teachers should make instruction fun, excitingradtive, and
individualized by incorporating expenents and hanesn activities According to
McGuire (2006), new approachesthe learning process, such as interactive games and
activities increase the attendance of students at Sl sesslemsknowlalge must be
constructed by the learner and the strength and truth of that construction depends on the
prior knowledge to whiclhtiis linkedas well aghe accessibility of that knowledge
(Cooper 1999) The supplemental instructor assistance must focukeonognitive and
met acognitive strategies that students <c

important conten

an
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Stdent s6 active engagement in academical
leaders may provide multiple benefits for a large andrde population of college
students Cunningham et al., 201Grillo & Leist, 2013) For example, not only do these
interactiors help students understand or clarify difficult concepts in a content course, but
additionally, these interactions may improvetivation to learn, understanding of the
process of learning, and development of study stratelgezmrdless of which benefit
may most assist students who use academic support services, this engagement inside and
outside the of the classroom seems tordoute to their academic or social integration to
the extent that these studeatemore successful in their courses as eviddray earned
grade point average which then contrilsutetheir retention at the universityhe results
oftheGrilloandLeis st udy suggest that the positive
with academic support services (tutoring, learning assistandesupplemental
instruction)is longterm and associated with graduation

Motivation: King-Sears (2007) report that, at the immaom, athoughtful
combinationof verbal praise and attentiomcrease the preferred level of-task
behaviorstherebyleading to the development of a higher level of conceptual thought and
understandingMcGuire (2006) notethat instructors who passiately embrace Sl and
energetically promote it in their lecspromoteincreased attendance at Sl sessiéms
apparent | ack of concern for the value of
success in schodkeading to poor selésteem, both of ich are within the control of
effective t eeec20@)Teefore \iaimpogantghatiinstructors focus
on building relationships between students Shuhstructors, emphasizing the value and

relevance of Sl not only to academic but dtspersonal life and ensuring that students
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experience an edational yet exciting and enjoyable atmosphere withirStreetting
(Vanderslice, 2004).

Motivation in the Sl seithg is also an important tool famcreasing graduation
rates Lockie and Van hnen (2008) revealed that the attempt to assist first anddec
year students to effectively improve academic performance in science courses through an
Sl-based curriculum yielded positive and desirable redtlishermore, Bowles, McCoy,
and Bates (20Q8eported that if students are naturally motivated and deoidttend S,
graduation rasincreaseBowles et al. (2008) assumed that, due to the impact of Sl on
graduaibn rates, atisk learners woultbe more inclined to participaie Sl sessions
Various studies (Gningue et,&014 Schunk, 1998Web & Farivar, 1999 have shown
that when learners can learn in a way that suits thastiyation andmprovements in the

effectiveness of the learning process normally ensue.

S| Professional Training

Supplemental instructors (Sleader$ are usuallysophomore or junior
undergraduates majoring in mathematics, science, or engineering (Porte2Gt2lIn
general, students who appear in theierviewsto be eager to demonstrate their
knowledge of theontent material, express interest being adeé&ar the sole purpose of
reviewing course content, or seem dismissive of students who struggle with issues like
time management and note taking should cause concern for the S| sup&haser
attitudes araddressed in training, but with the averagelé training lasting onl§ to 8

hours it is expedient to select individuals who already believe in supporting eclugiti
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access for all students, philosophy on which collaborative leang and the S| mdel
are based.

Several researchers showed evied that S| leaders were effectiwdnen they
receivedfocusedtraining (Comfort, 2011 El-Aziz El Naggar et al 2013 Huges, 201)}L
For this reason, Zaritsky and his colleagues (2006) at LaGuardia Comrooihéye
provided an intensive workshop trainitegSI leaders prior tthe start of thsemester
with the followingmajor objectives: (1do introduce students to how Sl works; (@)
help students understand the nature of Sl and how it is different frmnacademic
support programs; (3 introduce students to basic theories of learningtq4yodel and
have them practice strategies associated with cooperative and collaboeativegte(5)
to review various study skills; (p discuss behavioralsses they may encounter and
how they may approach them; and {@yiew and analyze videapes of exemplary Sl
sessions.

Emphasizig particular approachdmsed on constructive learning theory during
training allows the prospective leaders to practicdifattng studento-student
interaction Professionals in the field of education understdradteaching and learning
is a complex taskout undergraduatstudents sometimes underestimate the planning it
requires

Although the supplemental instructdrave opportunies to interact with faculty
and students on a personal level, thgly may not feel comfortable with the
communication patterns that sucsfedly build professional relationshipg/hen they
participate in the Sl program, they must engagsrinctured activities in order falfill

their duties as facilitator©ne approach considered to be instrumental irravipg
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instructional methods isIBo cs1f1871) learning for mastery theofjhe learning for
mastery theory providguidelinesfor couse desigrthat focus primarily on how

learning processes as&ructured for masteryrurthermore, the theory provisan active
foundational modefor sdf-pacing and responding by providing a systematic process of
tutoring infused witlrepeagdtesting This process of testing with the objective of
mastery is related to whitcGuire (2006) defineas meaningful learningleveloping
knowledge through thanalysis and synthesis of previous levels of knowledge.

Skills in synthesis arseen asllowing studats the opportunity to interpret and
manipulate information as a practice or concept that may be applied practically in
realistic situationsTherote-meaningful learning camuumis definedas reception and
discovery of instructionThe learner must coo®usly choose to learn meaningfully by
seeking connections and not default to rote memorizae@aningful learning is a
process in which new farmation is related to an existing relevant aspect of an
I ndi vi du al sghrscturk The learner dhgstedively seek avay to integrate the
new information with the existing relevant information in hegmtive structureThe
schoolcan encourage ihchoice by using resources swud8l1 to help students move
toward high level of meaningful learningicGuire (2006)concluded that
implementation ofote-meaningful learning continuustrategies improved conceptual
undestanding and increased studerdverallexamination grades.

The mos popular approach to evaludter ai ni ng i n organi zati ol
four-level model for assessing training effectivend$se framework model delineates
four levels of training outcomegeaction, learning, behaviand resultsEvaluation

should always begin with level one, and then, as time and budget allow, sho@d mov
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sequentially through levels two, threed four (Kirkpatrick, 1957)This model can be
applied before,duringndd t er training to both maxi mize
value tothe organization.

Kirkpatrick defined #rricipants ieacteditotlres me as u
training, Al e afwhatpargcipans baventearaesl framehe training,
A b e loranedele v a | u asthé measdrement of thdegree to which participants
applied whatheyhave learned during trairgnwvhen they arbackon the job, and
Aresultsodo measures whet heaconttibhter teebgttprisdore at i on

for the student

Implementation of S

Supplementalnstruction is designed to assist students in mastering course
concepts and, at the sanmee, to increase student competency in reading, reasoning, and
study skills Whereas S| was explicitly designetbt totargetii arti stdents buvas
perceived as offering help for difficult cousd@rendale& Martin, 1993 Blanc et al.,

1983, it stards to reason that some academic and learning support communities will have
considered whether a successfiiérvention like Sl could be particularly useful for

students who may not be as well prepared for college shagany cases these students
come fom undesrepresented population groups such as lower income families, ethnic
minorities, or internationadtudentsThe question is whether the design features of Si

could be particularly useful in enhancing the academic performance of students who may

not have done well i n more fAtrad.iMoreonal 0 t e
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Atraditi on agppacipes, dhach argoiften aremised on students at higher
education levels being able to absqimcessand make sense of large amounts of
informaion through transitiorstyle delivery models, may be exactly the reason why
certain groups have undperfamed {an der Meer; Scott, &ehg 2010).

In order toassist tweyear college freshmen and returning studehts Sl leaders
attend the course lects where they take notes and complete assigver#t with the
students in and after lectures (Porter gt28112) The Sl leader is presented as a "student
of the subject.” As such, the leader presents an appropriate model of thinking and
language behaor in the field Theleader's job, then, is to demonstrate proficiency in the
subject while providing quay instruction for instancein the reading, writing,
mathematics, and thinking skills necessary for content mg®eiyncsar & Herrenkkohl,
1999. Each instructor defines the resource person's role in accordance with what the
instructor thinks is apppriate This role varies somewhat according to the nature of the
discipline and the instructor's teaching style and présrit

The Mathematics Asstation of America (MAA, 2008) asserts the need to
develop pedagogies that could be used effectivelytofac t at e st udent sdé ma
abilities In essence, the MAAdvocates for an increase in studeemtered teaching and
learning and a decrease in teadentered pedagog®Pne assumptiois that an increase
in studenientered teaching will result indreased student engagement in mathematics
and, by implication, this increased engagement will teddcreased student
achievementFor example, various researchers argue that students are more engaged and
achieve more when teachers relate new learnipgioo learningandmodel problems

provide them with a variety of opportunities to applgd us&knowledge and skills in
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different learning situations (Rosenshine, 208pplemental instruction sdeen found
to produce positive cognitive, social, and affective outcomes overaa bange of target
populations guch agshe academically handicapped socially disadvantagednd
settings guch aspecial and regular clas3é€hapman, 1998).

If learrersaretaught how to take responsibility for their own learnamglare
encouraged tdevelopintrinsic mdivation from an early agehiscouldhave a
significant impact oroverallacademic achievememt mathematics and related fields
(Naidoo et al.2015). In this way, more learners will be adequately prepared to enter
careers utilizing mathematics and scier@@apman argued that in order to meet the
needs of specific target students or contextual consti@intk agime or resourcgst is
sometimenecessary to apt or extend specific components of selected approaches
Naidoo and Paideya (2018)iggested that the SI model be introduceti@seconlary
school level in an attempt to assist learneideweloping subjeespecificlearning skills
in the hope ofdevelopingndependent learnersho feel equipped and confident in their

ability to successfully complete traditionally challengingrseunateal.

TechnasRaegy 6

Technology in modern society has many usksvever, in the field of S, it is
importantthat educational leaders emplogw approache®r usng technology in the
development and implementation of SI (McGuire, 200@chnology maye able tdelp

learnergealize the benefits and contributions of Sh&gsundational tool for learning
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The main concept of technology in Sl is represented by a new educational trend discussed
by Jonassen, Howland, Moore, and Marra (2003)

The new tred emphasizethe importace of learningvith technology, rather than
learningfrom technology Johnson and Hegarty (2003) note that adult learners have made
significant progress in literacy due to the o$enternet technology arttiat the learning
disablity population learneddst from computer applications such as text, graphics,
blended souncand animationOnline homework and testing management systems, for
instance the WebAssign online platform developed by Aaron Titus (North Carolina
University) am Larry Martin (North Pdc University) (James2013), have been
commercially available since 1998udents have access to WebAssign learning tools
resources in a variety of styles (reading as eBook, watching video lectures, practicing,
mastering, and précing at different leves). WebAssign also offers the user many
features, announcements, personal study plans, grades, calendars, notifications,
assignment extensiorand editing.

As reported byKhan(2016), tle process of assisting studetidearn inan online
forum offersmany advantagesn the road t@uccessThe online forum offers learners an
opportunity to be anywhere in the world and learn at their own pace in a synchronous or
asynchronous environmemtccording to Painter et al2006), usinga mixture of
technologies in supplemental instructisra necessity in the online formahese
technologies include electronic whiteboards, audio conferencing, texaodatideo

The format of Sl in the website arena is used to allow for intergctad
collaboration, which are expected to enhance student intAtesie University of Akron,

Elicker et al, (2008) focused on the impact of technoldapsed learning environments
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on studentsElicker et al, (2008) wanted to determine the usefulndsseb-enhanced
websites with chat rooms, discussions bogadd emailcompared tdearning
environmerd that did not implement technologghdto see whether theyould change
as t u & eveltobtassoom interactivity The study showed that by the evfdhe
S e me sStudents usirig the enhanced site earned more points in the class than students
using t he bHEiskereta\W2008, psl28).e 0

Painter et al. (2006) andsearchers at the University of Miss@uKansaCity
(2005)notethat theasynchronous learning option of vidbased supplemental
instruction, or VSI, allows learners to process new material at their ovenTgee option
is used to allow individuals to pause and gain feedbaakedl asinsight from the
material before pragsing to more course conterithe opportunity to stop, pause and
think provided by the VSI technological learning sysiermsed to provide a forum for
breakinginformation into smaller pieces for clarity, rather than handlnge quantities
of material # at once The use of VSI offers an acceptable format for the instructor to act
as a model student by demonstrating the mindset of how to think and learn about course
materials In addition, a VSI course can provide the foundation for consistency of
content. Painter et al.(2006) noted that a course taught via vidg@ single professor
providesa basis foevaluationof all students taking the course as well as for a
supplemental instructor or tutor (p. 7&cobs et aJ (2006)cited the VSI formatsa
necessaryeality in postsecondary education, especially in populations that may have
been neglected or formerly ol@oked.

Computerassisted instruction, a platfonwhich evolved from offering learning

tools to students for the improvement of educatigmesentations (Edyburn, 2005), is



35

facilitated through enhanced levels of instructional materials and design metiedol
Furthermore, computessisted instruction is a blended advancement of instruction using

the standard classroebased formg intertwined with technologyThis format is used to
helpimproveat i sk studentsodo i nt eriagdli&Emmands, mot i v at
2005) Computerassisted instruction brings with it several potential benefits as a
teaching/learning mediunthese includ seltpaced learning, selfirected learning, the

exercising of various sensesd the ability to represent contenta variety of media

With seltpaced learning, learners can move as slowly or as quickly as they like through a
program while with selflirected learning, learners can decide what they want to learn

and in what order.

Riley, Beard, and Strain (2004) dedithassisive technology a a service or device
used as a tool by a disabled person to maintain or achieve a functional .a&tsistie
technology devices are used as supplemental tools to boost student learning outcomes
rather than supplemental leargireplae@ments Assistive and instructional techngles
as methbds of instruction and learning consist of both high technologylewd
technology High technology devices include computers, environmental control systems
and communication boardsow techology devices includmodifications and
interventiondevices such as virtual manipulativegirtual manipulatives, which include
auditay text recorders, talking word processors, handheld scarametsext readers,
provide opportunities to explore current concepts of learning.

In societies with higher incomes, society members harness technology in different
formats. Internet tutoring haseplaced telephone tutoring, aihds used as an Sl tool for

instructors and studés at a étance (Bray, 2006 he service, offered through
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whiteboard, voice, textand video software platformhas beem success, leading
legislators to develop thdnited State$§iNo Child Left Behind (2002 legislative

stratey to improve the pogpassrate for mathematiosoursesn the United States.

Role of Tutors

In the teaching and learnir mathematicssupplementainstruction represents a
convenient tooldr masteringsubject mattert provides studerntentered learning
environments andomplementary activities that enable individuals to study multiple
levels of complexity and deepen understanding (Land,e2@129. Brousseal{1988)
stat ed t &wa(physiahseciall onculturaenvironmenkplays a rolen teaching
andlearning He argues that human contact provides a proactive educational relgtionsh
in the classroom and beyariebr this reason, modeling and implementing supplemental
instructon seers usefulin learningmahematics and science through hunrgeraction
Brousseau believes that a good instructor must have strong subject matter knowledge and
strong pedagogical skills in order for honherto model the teaching and learning
environment ando provide relevant responses to ongoing learning presess

Theanalysis of supplemental instruction interactions often highlightgiently
occurring behaviorsThe Slleaderasks initiating questia) andpartners give
preliminary answex Theleadergives feedbackeading o iterative cycles of questions,
answersfeedback andprompting, which thesupplemental instructarsesto assess
partner comprehension @pping & Ehly, 1998)Thel e a dcentrilduton to the learning

process includegiving reviews, summaries, reminders, analogies, prompts, didactic
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explanatons, advice on which steps to take, corrective feedback, amts,
encouragemengs well as askinguestions, dignosing misconceived knowledgad
assessing missing knowledged deviations from the ideal (Broussed®98) Behaviors
of the Slleaderincludegiving answers, asking questions, thinking, writing, and
exhibiting confusion.

A survey by Baum (2016) erfaculty perspective about supplemental instruction
effectivenessn a statistics course revealed five characterssticupplemental instructor
leadershould havea good conceptual understanding for the course material; good
mathematical notation and terminologiye abilityto clearlyexplain mathematical
concepts; reponsiliity and disciplinein his or her own workand good rapport with
students as well as teachdrsthe eyes of faculty, the most beneficial parts of an Sl
program are an Sl leader who has the characteristics just mentioned and students who
regularly takeadvantage of the Sl sessiokving an Sléader who just works
homework problems for the students instead of guiding students through the process was
not seen as leading to student succBssh a practicenightlead to a better homework
grade, buis that what student success iSfudent success how well the student
understands the material antietherthe student retairthe information after the test
(Baum, 2014Grillo & Leist, 2013 Naidoo& Paideya, 2015).

The characteristics @ good ttor can beplacedin three domainsknowledge,
skill, and attitudeUnderfiknowledg® the good tutor should know the goals of the
curriculum, the learning objectives of the course thairtgheis tutoring in, the available
learning resources, principaé assessment, and group dymcs (EtAziz El Nagga et

al., 2013) His or herset of skills should include facilitating learning, problem solving,
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critical thinking, group dynamics or conflict resolutj@nd assesngthe students
individually and as argup. In order to be more successfine tutor should hava
productive attitudeHe or sheshould be comfortable with supplemainnstruction
philosophy and adopt a positive attitude toward Sllagtaing method.

The personality of the tutor is alsdagtorthatstudents consider wheseeking
extra help(Bonhs &Flynn2010) Students feel that traits associated vatgood tutor are
empathy, patienceensitivity, diplomacy, friendlinessntuitiveness, supportiveness,
responsivenesand care (Saundg 2009) If the students feel th#he tutors are arrogant
or not empathetic to their concerns, they are unlikely to continue getting help from the
tutor. Students who feel more affection towards their tutors or professor are more likely
to seek extra he and attend Sl sections (Flekal., 2015).

According toJacobs et gl(2006) SI hasconsistently showed succeasgarding
cost effectivemss, and with both large groups and diverse populatiamghermore,
integration of Sl has helpedustents to \@w course materidtom different rspectives,
leading toactive and collaborative problem salgi (Lockie & Van Lanen, 2008¥l has
bee reportedo increase feelings of confidence, thereby increasing motivation
(Duranczyk et a).2006. According to astudy of a freshman studenbhort in New York
City, feelings of confidene and motivation developed forany students duringl
tutoring sectionsind ledto high levels of academachievementRlek, 2012 Porte et al.
2015) Thus, Slresulted in greatdevels of academisuccessnd fewer instances of
failure.

Bloom (1971) hypothesizetiat if students are gimeample time, 95% will

achieve mastery of course materldé noted that personallypacedtype of instruction
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will work best br students whbave diminisheécademic ality and knowledge, as they
will gain more from this model of instructiohi and Edmonds @05) referenced the
effects ofcomputerassisted instruction for-gisk mathematics students and indicated
tha with technological tod, students gain instant tHeackand can follow groductive
pacefor them therebyreinforcing facts and knowldge Bloom (1971) noted that
scaffolding,or guided practice and weaning of instruction, is arbical educational
tool thatpromotes highdvels of cognitive developme Hizer, Schultz & Bray(2016
found thathe inperson (traditional) SI program at California State University San
Marcos has demonstrated increases in grades and lower fail rasegfme and
mathematicgoursesvhich arebeing supportedrhey concluded thatdth the online and
traditional Slparticipating students had higher course grades and lowarefiates as
compared to students who did not participate in either form of SI.
Participation in Sl opeer learningpragams by its very nature
opportunity to meet other stedts and potentially develop new friendshipkhough not
every Sl program explicitly states these social benefits ohesign intentions, student
evaluations of Sl typically yieldomments that confirm this benegfidtawson et al.2014;
Norton& Agee,2014) Dobbie and Joyce (2008 well agMiahdi (2006) conducted a
number of focus groups with students who attended their peer learning proghems
results from their small qualtise project suggested that students appreciated this aspect
of attendingSI sessionsThe authors remarked that students from abroad particularly
valued the opportunity to make new friendsapn d enhance HApeer respo
composition classThey al so emphasi zed the i mportant r

integration intouniversitylife.
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A review of the literatureevealed that a majority of incoming students who
enroll in community collegeneed a developmental course in mathemefica form of
peer learning, is a nationally recognized academic support program that has been used
effectively to aid learner performancetention and academic succebse program
offers invaluable assistance to individual learners, including thoseswblb in
developmental mathematics

Of the empirical studies reviewed, researchers described Sl as a strategy for
improving learner performance, retention, and graduation. fauether, studies
suggested that Sl improves the grades of specific studpaiations: minority,
nontraditional, lowrisk, and higkrisk learnersMoreover, the literature identified
theories fromrinto and Pusser (20065 well asTatum(2000)that link Slto a climate of
achievement for diverse learners through academic anal sdegration in an
interdependent learning community.

Research indicated that implementation of SI may be hampered unless both
students and teachers perceive the course to be diffBaps in existing research also
supported a need to further examiheutility of Sl in creating a climate of achievement
for learners, particularly those who enroll in developmental coufsesnumber of
community collegestudents who enroll in these courses and tbeirsuccess rate in the
absence of intervention sugted a need for additional researEmally, a review of the
literature revealed that most of the research on Sl has been performed quantitatively and,

thus, substantiated the need for greater qualitative research, such as this empirical study
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Effectiveness of SI programs

The effectivenessf Sl is to some extent framed by three claims validated by the
U.S. Department of Educatioifrrst, students participating in Sl within the targeted high
risk courses earn higher mean final course grades than stuwdent® not participate in
Sl; second, despite ethnicity and prior academic achievement, students participating in SI
within target highrisk courses succeed at a higher rate (withdraw at a lower rate and
receive a lower percentagefafling final course grdes) than thaswho do not
participate in Sland, third, students participating in Sl persist at the institutiear(rell
and gradate) at higher rates than students® do not participate in SD@wsonet al,
2014) The most common measures of effeetiess that were reported by Dawson and
colleagues described final course grades and course completion rates, followed by studies
thatcontrolled for a range of factossich agrior achievement, motivation, and college
grade point averag@he authors cdirmed in their metaanalysis research for S
effectiveness that the claims for Sl participants of improved grades in the course, fewe
course withdrawals, and higher retention rates baesn repeatedly substantiatdtiey
noted that seven included stusliested for significance between the mean of the two
groups (S| participants and n@&it participants) and found that these differenaere

statistically significant.
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Chapterlll

METHODOLOGY

This mixed methodtudy was conducted in an urbemmunitycollege in New
York City. At the college, students who register in remedial mathematicestass
automatically enrolled in supplemahtnstruction course The supplemental instructors
(SI1'6s) are required t o(MahematiaDepardnent, 2018).gul ar
The data collection consisted opeetestand aposttestfollowed by a questionnaire to
assess stadteindrs 6wistah i tshh the classroonEhe greand 6 r ol e s
postt est wer e prepared by ttbean whiehrhe d i a | mat he
investigator a membeThe questionnaire to evaluate the effectiveness of $utor
developedy Dolmans et al.(2005) was based @monstructivist approaches takaing.
The common principles utilized by constructivists include activeoostructive learning,
self-directed learning, contextual learning and collaborative learimreddition, modern
theoriesorteachingpnd | ear ni ng st rirgrgpersondt lebavidrise S1 | e
important. The instrument in this stugyas based othese insight and included items on
the sixmain topics mentioned: active/constructive, siiécted, contextual and

collabaative learningand communicatioandinterpersonal
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Setting

The study was conducted in sixteen algebra clgséath 20) taughby adjunct
lecturers and professodsiring the 2016 academic ye&ach these classes was assigned
a supplemental instructond met fivetimesper week (75 minutes a day.
supplemental instructor wasquired to attend classes, maui@self availabled help
students while the class was in sessindwhen allowed by the professor @3iet al.,
2016). Each supplemental insttuor was required to conduct
of the scheduled day of classes-(Wlhute session) in which students ltbhring
guestions from the class lectures, homework, prior tests or examinations, or from the
workbook.The Sl leader would pride assistance with strategies and procedures to
solve and use to get to the right answer by asking typical questioagroessor and the
instructors are not present during these sessions. Math 20 is a developmental college
preparatory course whichdesigned to supplement the algebra background of the
learners prior to taking pralgebra (Math 10) or for those who failed tbigy University
of New York Assesment Tests (CAT) imathematics

The investigator provided the answer &&y the instructaswho used the priest
(Appendix D) and the posest (Appendix E) as inlass testsThe pretestwas
administered during thérét week of Septembgand theposttestduring the second
week of Decembeilhe posttest is similar to th€ AEFE examination A score 65% or
above was considered at the college as high achievement and the student is exempted

from additional remedial maématics course€n the last day of class, participants were

a
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asked to answer a shauestionnairelealing withthe specific $characteristics and

practices (Appendix ¢

Participants

The population in the study consisted of 215 freshmen who faile€dAfie
and volunteered to takkbe pretest and posted of the studithe beginning and the end
of the semesteiThe questionnaire wasiccessfullicompleted by 198f thetotal
participants (The decreasing number of students who responded to the quastiovasm
mainly due to absences or late arrivals.) All studyigipants were enrolled in remedial
algebra (Math 20) classes, where each instructor is assisted by a supplemental instructor
The participants scorddss than 57% on the City University oéWN York Assessment
Tests (CAT). The CAT is the first placememtenination that is a pathway for admission
to CUNY Colleges. To pass its readings section, students must score 55%; to pass the
writing and mathematics portions, students need 56% and 57#%ctiesfy. The CAT
mathematics examination is designedtomeasreu d e nt s knowl edge of
mathematics topics: elementary algebra and colleged mathematics. For further details
of the CAT examination, refer to Appendix
The Math 20 final examike the CAEFE, consists of 25 multiplehoice
guestions. ltmeasur es studentsd readiness in the ar
Operatiors: radicak, scientific notation and exponents
Variables and expressionganslaing quantitative verbal phraseto algebraic

expressios, addng and subtra@bhg monomials angbolynomials, multiplicéion of a
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monomial and binomial by any degree polynondaljding a polynomial by a monomial
where the quotient has no remaindard factoring

Equations and Inequalitiesranslaing verbalsentences into mathematical
equations, soing all types of lirear equations one variable, systems of linear
equations, soing literal equations for a given variable, quadratic equations, and linear
inequalities in a single variable

Functions and fuctional notation usng function notation to compute a single
output for simple linear and quadratic relationships

Coordinate Geometryslope and equations of a line, dragrand recognimng
graphs of lines

Proportions and percensolving simple verbaproblens with two quantities that
are proportioal, solving simple verbal problesinvolving a single percent and/or a
single percent increase/decrease

At the beginning of the semesténe supplemental instructors attended a four
hour training sessioMhe Sl cordinator presented the programefining expectations
and working strategies for the Sl leaders (Sl coordinator, 20h6)S| leaders were
students from the college or recent graduakesy had already successfully completed
the course and wereow reenrolled in the same course for the purpostoilitating
study sesions (Flek et al2015).All leaders in the study are narative speakers of
English. They are majoring in seven different mathematics, science and engineering
fields. Two were Eectricd Engineering, four Civil Engineering, three Mechanical

Engineering, three Chemical Engineering, one BiolBgy Med, one Accounting, and
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three Mathematics majors and attending fgear colleges in the citf{sl coordinator,
2016)

The MathematicDepartmat hired the supplemental instructor based on their
academic standing in mathematiS$leaders havthe title of College Assistant. They
must complete thassigned homewvk given by the instructor. The Sl leader must be
prepared to address, ircallabomtive fashion, any of the course and sectpacific
mathematics problems that migirise during the Sl sessiofithe supplemental
instructors act as mentors by modeling leadership, appropriate study skills, and problem
solving strategiesAs menbers of the student body or as recent grads|eie leades
strive to offer an unintimidating perspective to students studying developmental
mathematics.

The Sl leaders at the college, in addition to the begirofrsemester training,
meet every two week$o disaiss any concerns with the program coordinatortaistiare
their classroom experiencd3uring these meetings, Sl leaders hand out their lessos plan

for their tutoring sessions and sign their time sheets.

QuestionnairgInstrument

The instrument deeloped by Dolmans and Ginns (2005) to evaluate the
effectiveness of tutors in problebased larning was used to identifsharacteristics of
effective supplemental instructors. Tinstrument consisted of statements for which

students wer asked to indida their level of agreement on a Likert scale (1 through 5)

with 1 repr,es2nior adg efifsymEmest rifinoefatneln 50 i adnwvea y s
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statement was fAThe supplement.al Anethectwa
A T hupplesnental instrctore nsur es student participation
Dolmars & Ginns (2005) demonstrated that their instrument is reliable and valid if at
| east s irespossésare availabdedor a givetor.

The questionnairevasrevised in minor waysor clarity because participants
this studyare mostlyESL studentsThe 12item questionnairen Appendix Fwas
administered at the end of the semester to gain feedback from students on their
suppl ement al i n s tas weltasvays swhicle 31 lzades 6t er i st i cs
implemented skills in the classroom develogadugh their regular meetings with peers,
their instructor, the Sl coordinator, and their supervisors. In addition, students were asked

to provide comments and tips for ingpement on theiresponses.

Statistical Analysis

Parti ci pant wetestanttberpestest awerecompaesdn attemptto
determine how Skeades 6haracteristics and practices influenstaden achievement
throughout the semestéhe investigator ran a factanalysighatallowedhim to
examine whiclpossible factors could be used to pretigher scoresn the postest
based on studento6s r espon destscoe Tine Sl lkaglersqu e st i
spentfive days a week with the students. Clagendance as well as Sl sessions were
mandatory. Therefore, getting studergightnt o t he sessionsé effect

important.Standard statistical techniques (average, standardtideviar achievement
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record,paired sample-tests data distribubn, andcorrelation factorsmultiple linear

regressiopwere used tgeneratex quantitativeanalysis using SSPS software.

Achievement Measure

Participant achievement was measured usipgg#estand aposttestof 25
algebra questions,milar to thosegiven in the City of New Yorlkelementary algebra
final examination (CAEFE). e pretest coveredhree topicsl) operations with integers
and ational numberst@pics include computation with integers and negative ragsnal
the use of absolute values)d ordering)2) operations with algebraic expressiotspics
include the evaluation of simple formulas and expressions, adding and subtracting
monomials and polynomials, multiplying and dividing monomials and polynomials, the
evaluation of positive rathal roots and exponents, simplifying algebraic fractions, and
factoring) and 3)solving equations, inequalities, word problenhgp(cs includesolving
linear equations and inequalities, solving quadratic equations by factoring, solving verbal
problems pesented in an algebraic cont@xicluding geometc reasoning and graphing),
the translation of written phrases into algebraic expressamusadicalg. Since the
CAEFE covered the Math 20 curricuthe investigator provideal computerizegosttest
to each professor and instructor based ofdAEFE final examinatiomuestions

For the purpose of this study, the investigator was interested il d e nt s 6

scores on thpretestandposttest He used the cut score determined by the institution.
Studentsvho scored 65% and above are considered to achieve the algebra (Math 20)

requirementsThe measand the standard deviat®on the preandposttestswere
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calculated and a paired samplest was used to compastident achievemebetween

both tests

SIé Characteristic Bvaluations and Feedback

Evaluation of the suppl emental -weekstr uct
period was one of theolsusedto evaluate the outcomes of the SI trainivaykshop
that all supplemental instructors attendedieraduring the fall semester.

The investigatoexaminedhe possible impact of factors describing effectiveness
of a Sl leadersSince the subjects were identified, the investigator was able to determine
relationships bet we e itiormdire ahe their scoremahemever s t o
testandposttest.By using those relationship described by the students in the
guestionnaire, thewvestigator determined whidactorswere associated with higher or

lower aclevement.
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ChapterlV

RESULTS

The First Question of theStudy

The first question of the study wadsow do students descriltlee characteristics
of thesupplementainstructor®personatraits, teaching skills, subject matter,

constructie/active, collaborative learningffective communicatigrand their practicés

Students were asked to rate theiwn S 6 s per fachatacerstes i n t e

that contributd to their performance andcore in the cours&he rating for each item
was placed on a fivpoint Likert £ale where 1 = Never, 2Rarely, 3 = Sometines, 4 =
Often, and 5 = Always

The stuents ratedighly their respective spplemental instructoon thel2-item
guestionnaireThe mean ratéor each Sl varies between 4.69 and 4.92 (s.d =fi\&3,
point Likert scal¢ The lowest scorigpcharacteristicel e al wi t h Aengages,
Amai msastudeont asdatfisbnonivs o masolve apmislemiobl e way
The highest scoringharacteristid e al s wi t h the SI responding
appropriate language.

The confeming factor analysis showed that the internal consigtehdata was
appropriate for factor analysis(KM® . 8500), and the Bartletto
(Bartlett =1075.321, p 8t ng&harateristicsthatwerenot significantly loaded intone

of thethreecomponentsvere removed, reducirgx dimensions of the instrumernts

r
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threedimensionawvithout reducing thetotal variarce explained by the datéable 1
shows the factor loadings after rotation using a significant factor criterionie3cree

plot confirmed ke findings for the remaining three factor

Tablel: Rotatedcomponent matrix of the 12 characteristics loaded into 3 factors after

extraction.
Characteristics Component
1 2 3

Responds t o st epgrepriatedadguapel e st 0.783

Ensures students patrticipation in the learning process. 0.755

Uses correct vocabulary and grammar in speaking and writin 0.745

Allows students to present their solutions to their peers. 0.673

Is organized in penting solutions 0.857
Answers with confidence stu 0.808

Has an appealing personality with good sense of humor 0.838
Has some good relationships with the students 0.790

Extraction Method: Principal Component Agais.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 5 iterations.

The factor loading explained the interactions of the variables with each of the 3
factors Teaching skills, effective communicatiactivelearning, and peoal traits were
the factors loading after the Varimax rotati@iven the number of extracted ely@alues
(Table 2, effective communicatioractive leaning have the greatest effect on the total
var i anc e responseteigedveluet= d.990Yhisfactor explained 41.583% of
the varianceThe second most determinative factor weesching skillgeigenvalues

1.825), and it explained 1BL0% of the varianceThe third largest factor was personal
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traits (eigenvalue 1.063) The variance explained higis factor was 8.861%n total,

65.65% @

factors

test.

In di

s t webmonse t0 the characteristuagiancess explained by tbse

vi dual S|

| eadel 1@ nefdesmi ntdegpost s ©

Thefactorsthat students believed dducontribute to higlachievemenin Math

20 wereeffectivecommunicatiordctivelearning,teaching skillsandpersonal traits.

f

These results supplemented previous research which found that student achievement can

arise from instuctional and language séalding strategies witim the S| sessions

(Conort, 2011, El-Aziz EI Nagga et al, 2013 Huges, 201

Table2: Total variance explained by the chetexisticsfrom the questionnaire
- Extraction Sums of Squared| Rotation Sums of Square
Initial Eigenvalues . .
Loadings Loadings
Comp % of | Cumul
onent % of Cumulative % of Cumulative ) .
Total . Total : Total | Varian | ative
Variance % Variance % o
ce %)
1 4.990| 41.583 41.583 | 4.990| 41.583 41583 | 2.954| 24.620| 24.620
2 1.825| 15.210 56.793 1.825| 15.210 56.793 | 2.872| 23.932| 48.553
3 1.063| 8.861 65.654 1.063| 8.861 65.654 | 2.052| 17.102| 65.654
4 0.958| 7.984 73.638
5 0.632| 5.265 78.903
6 0.497| 4.143 83.045
7 0.439| 3.659 86.704
8 0.419| 3.488 90.193
9 0.357| 2.975 93.168
10 0.327| 2.725 95.893
11 0.283| 2.359 98.251
12 0.210| 1.749 100.000

Extraction MethodPrincipal Component Analysis.

The reporbf the commentg Table3r e v e a | e dopisiansuabceitheir S16

leadersand howtheir conceptiosandattitudes towaranathematics hae changed

ac



53

Termsfiteaching abilityo fipersonal trait§ andficommunicatiod  @gsaxiatedvith the

comments related to the characteristitan effective supplemental instructor.

Table3: Written mommentsaboutS | énharacteristics angractices

Typical comments about the Sl leader performance

9 Tries different ways to solve a problem

1 The leaders created gosynergy in the classroom by encouraging group work an
providing different ways to solve@oblem.

1 Alex explained the concepts very well and was able to explain it more thamagrié
| did not understand right away. He made class very interesting.

1 He dd not give the answer right away. He made you think first.

1 Creates group work.

1 He was venyprganized during the Sl session, and was able to answer all math
guestions.

1 The Sl leader removes my math anxiety.

1 Is an excellent tutor.

1 He made sure | got it.

1 Good individual help and giving personal attention.

1 Was great.

1 Has a great sense of humor.

1 Hehelped in understanding the material as well as being nice and friendly to all
students.

1 His humor is awesome.

1 Is very friendly.

1 The Sl leader was extremely halpand really helped me understands the material

1 Is always on time.

9 Establish a friendly anthmilial environment.

1 Kierra has a great communication skill; her explanations are short and helpful.

1 She provided a great environment in the lab.

1 Heknowsa | | student s names.

1 For speaking English as a second language, Omar has an excellent command (

1 Explains concepts thoroughly in a clearly, concise manner.

9 His explanations were simple to the students.

1 1 was never afraid to ask questions.

1 He did not hsitate to repeat or rephrase questions.

1 Makes an effort to help students most in need during atagsgluring his sessions.

9 That encouraged me to ask questions in class and my other class too.

1 He makes me not afraid of math.

1 | participated more in this cda without fear of math

1 [It] helped me understand the math much belath was not my thing.

Teaching ability:Developmental mathematics students have generally been

unsuccessful with traditional instructional methods and mate8a#gppears to have
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played a major role both in the seemingly daunting task of teaching students how to learn
and in notivating them to learrSl was an important mechanism for introducing students

to the learning process, engaging them in collaborative learning actiaitiggroviding

a collegial environment that increased motivation in learr@mg student mentioned

how his SI | eader conducted the session:
able to explain it more tharyHematecdassy i f
very interesting.o0o Effective supploement al
present mathematics solutions in different ways, progithe studentsvith help in order

to have indepth understanding of the concepts and proislelnng strategies

Personal traits:Care for the students was wHited as the most effective
characeristic for Sl leadersThey developed trustingand respectfutlassroom
atmosphere, giving persoratention to learneré\ good relationshipvasbuilt with the
students, and that allow&16 ® provide better mathematics assistaridee students
mentoned being actively involved itheir math ass activitiesand in other courses as
well. Their attitudes towards mathematiogroved and their mathematics anxiety
diminished The Sl leaders encouraged students to wogtauips to come up with
different ways of solving problem$tudents were able to exchange teguesand
reflect upon their own thoughts.

Effective ommunicabn/active learning The National Council of Teachers of
Mathematics (NCTM) included communication in its Principles and Stasdar&chool
Mathematics (2000) as one of five process skillsshatild be incorporated into
mathematics classroonm&udentsneed to be given the opportunity to speak, listen, read

and write in the mathematics classrodrhe comments revealed that tBeleaders
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communicated clearlgind in aconcise manneA student reported that one of the leaders
was nota nativeEnglishspeaker but thdte made himself understood by repeating or
rephrasing questions and explanatidtadentsappeared tappreciatehe precision of
mathematial language Becauselte supplenental instruct@were takinghe course foa
second timdafteralready doing very well in it or in an eveaigherlevel mah course),
they were inaposition to resolve any possitldaudentmisconceptions.

Student®commentsuggestedhatthey needda Sl leademwho recognized the
importanceof interpersonatelationshipsAll students who remained in the course did so
because of a common gophassinghe CUNY examinationThe effective interaon
between other students was also important because twég collaborate, they join a
community of knoweédgeable peertkoc ki e and Van Lanen (2008)
knowi ngo and c adfersaolihe precess af studegedting t@ Kmow one
another quickly and intimately arlleir geting involved socially and intellectually his
process promoted cognitive development as wedl asu d a&ppreécitivrof their ability
to enhance learning potential.

Students experienceeliearning procesand activitieswith the supplemental
instructorsdifferently on a variety of levels; as one student mentiprieain not sure that
| would have successfully completed the course without Staedp 0 Although different
supplemental instictors conducted éhsixteen Sl sessions, students agreed on the
majority of reasons they appreciated bewigh and learning from their Sl instructors
Students indicated in their comments that they got along with their S| leadardent
reported thathe friendly envionment during the sessions motivatenoh to persistin the

courseAn ot her o0 n emascaMasdnot myitrggt hh o we \ganed s he
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confidence andimprovehea grade The studydemonstrate how valuable students
consideedthe Sl leadés role Some conmentsmentioned a link between participation

in the Sl sectionand a boost iconfidenceaboutmathematics

The SecondResearchQuestion

The second research question asked Wémat relationship is there between these
characteristics and student achievetrest scores? Are certain factors associated more
with high achievement anathers with lower achievement?

This question was inteied b examinehe relationship between difference inpre
and posttestscores and characteristics of Sl lead&he quesbn examined possibl8l
characteristicsas viewed by studentt)ateffeciedtheir achievemeniThe paired sample
test (Table 4) showa significant differencaverage difference scorgsfavor of the
posttest in four sectionésection 3, 1115 and 1% The mean differencesere between
8.119 and 23.8Bwith a degree of significance of 2.14 to 4.29Bey all were evening
sections and had a small class st2et of the 54 students in these 4 sections, 15 were
returning, 6 were transfers, 4 were repagthe class, and the others passed the pre
Algebracourse (Math 10) during spring or summer worksh@usdens 6 -fesi mdan
scoresm ten other sectiond, 2, 3,4,5,9,11,12,1&nd 16)werehigherthan those in pre
test The paired sampletest,however, revealed a significant difference in the ptest

and postest in these sections.
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student so

significantly different at 95% confidence levelfavor of the prdestin only two

aver age

sectbns gection6 t(17) = 3.421, p < 0.00&8nd in secon 14 t (16) = 4.217, p < 0.001).

Table4: Paired sample test: pesst versus préest

Evening Mean Std.

Sections Tests Difference  Deviation t Df  Sig.(1tailed)
3 PosttestPretest 13.375 11.747 3.221 7 0.015
11 PosttestPretest 23.857 20.791 4.293 13 0.001
15 PosttestPretest 8.188 15.298 2.141 15 0.049
16 PosttestPretest 13.79 16.482 3.337 15 0.005

Daytime Mean Std.

Sections Tests Difference Deviation t Df S'g'(l'

tailed)

1 PosttestPretest 10.333 15.933 1.589 5 0.173
2 PosttestPretest 8.200 15.835 2.006 14 0.065
4 PosttestPretest 2.727 13.275 0.681 10 0.511
5 PosttestPretest 2.700 14.379 0.84 19 0.411
6 PosttestPretest -16.944 21.011 -3.421 17 0.003
7 PosttestPretest -8.79%0 24.187 -1.447 15 0.168
8 PosttestPretest -5.875 16.899 -1.391 15 0.185
9 PosttestPretest 12.300 18.142 2.144 9 0.061
10 PosttestPretest -7.286 18.839 -1.023 6 0.346
12 PosttestPretest 1.167 13.687 0.362 17 0.722
13 PosttestPretest -7.286 18.839 -1.023 6 0.346
14 PosttestPretest -19.353 18.924 -4.217 16 0.001

Table 5 shows the overall ratig.50 to 5.00) of the S leader or1: effective

communicatiordctivelearning,F2: teaching skills, F3ersonal traitghe 3 extracted

factors

and

t

he

believedthatthesefactors contributén one way or another @hievement in

mathematicsSt u d e nt averége scere iactedbm ten out of the 16 sections

st ud eand poditestarveach segtiediudentsor e s 0
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Table5: Sl leader overaltatingon F1: effective communicatiordctivelearning,F2: teaching
skills, F3 personal traitsandstudent®pre-test and posttest scorgerage mean,
standard deviatiorsamplesize
S| Factor F1 | Factor F2 | Factor F3 Sample
Lead_er Mean(st.d) | Mean(st.d)| Mean(st.d) Test Mean (st.d) size
/Section "
Pretest 66.67(26.49)

1 4.88(.35 5.00(.00 4.75(.46 6
(:35) (:00) (:46) Posttest  77.00(14.91)
Pretest 65.60(20.77)

2 5.00(.00 4.90(.32 4.75(.37 15
(-00) (:32) (:37) Posttest 73.80(13.69)
Pretest 57.00(23.69)

3 5.00(.00 4.88(.35 4.63(.52 8
(:00) (:35) (:52) Posttest  70.38(14.18)
Pretest 76.00(15.49)

4 5.00(.00 4.93(.27 4.86(.36 11
(:00) (:27) (:36) Posttest 78.73(11.88)
Pretest 58.8(22.33)

5 5.00(.00 5.00(.00 4.89(.32 20
(:00) (:00) (:32) Posttest 61.50(19.47)
Pretest 78.22(15.72)

6 4.86(.36 4.71(.61 4.86(.36 18
(:36) (:61) (:36) Posttest 61.28(19.44)
Pretest 67.00(1989)

7 4.94(.25 4.88(.34 4.50(.73 16
(:25) (:34) (-73) Posttest 58.25(24.83)
Pretest 82.50(10.72

8 4.86(.53)  5.00(.00) 4.64(.63) ( ) 16
Posttest 76.63(14.45)
Pretest 51.60(16.70)

9 5.00(.00 5.00(.00 4.58(.67 10
(:00) (:00) (:67) Posttest 63.90(15.01)
Pretest 7657(21.47)

10 5.00(.00 4.83(.39 4.75(.45 7
(:00) (:39) (-45) Posttest 69.29(16.58)
Pretest 56.57(22.73)

11 4.88(.35 4.67(.71 4.63(.52 14
(:35) (-71) (:52) Posttest 80.43(13.50)
Pretest 76.22(20.33)

12 4.94(.24)  4.83(.38) 4.56(.70) 18
Posttest 77.39(15.15)
Pretest 76.57(21.47)

13 5.00(.00)  5.00(.00) 4.86(.38) 7
Posttest 70.20(16.18)
Pretest 80.71(12.02)

14 5.00(.00)  5.00(.00) 4.77(.44) 17
Posttest 61.35(20.04)
Pretest 64.50(20.07

15 5.00(.00) 4.93(.27) 4.86(.36) retes (2007) 15
Posttest 72.69(13.95)
Pretest 67.75(20.83)

16 5.00(.00)  4.94(.25) 4.81(.409 16
Posttest 81.50(11.73)
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A multiple linear regression wasnducted to see if the ptest, effective
communication/active learning, teaching skills and personal (mnaitspendent variables)
predicted t Hestsceregdependent Gasiablp) ¢Takle. &)sing the enter
method it was found thgpre-test, effective communication/active learning, teaching
skills and personal traiesxplain a smalamount of the variance in the pdsst (F
(1,197 =42.991, p 8t YR?=.180, Radjusied= .176) The model explained 18% tfe
dependent variablgosttes). Only the pretestsignificantly predicédthe posttest score

in a remedial Math 2@t the end of the semest&etfa = .47, t (197) 6.56, p 8t ).

Table6: Multiple linea regressingf posttest pre-test,F1: effectivecommunication/active
learning, F2:¢aching skills, B: personal traits

Model Summary

Model R R Square Adjusted R Square Std. Error of the

Estimate
1 A28 .180 .176 1829
a. Predictors: (Constant), Puest
b. Dependent Variable: Petsst
Coefficients
Standardi
zed
Unstandardized Coefficier 95.0% Confidence Collinearity
Coefficients ts Interval for B Correlations Statistics
Std. Lower Upper Zero- Tolerar
B Error Beta t Sig. Bound Bound order PartialPart ce VIF
37.807 5.261 7.186 .000 27.432 48.182

470  .072 424 6.557 .000 .329 .612 424 424 424 1.000 1.000
a.Dependent Variable: Posttest

Appendix | shows that the three factotemmunication/active &ning, teaching
skills and personaliere not contributor ithe posttest scorgoredicton. The current

studywas unable to staticallyssessedactors that could be associated toheigor lower
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achievementin remedial mathematics (Math 20gsed on ths t u d e nrepsrbabaute | f
th e i r chaBaktéristicsThis wasin duepart bystudentgatedeach supplemental
instructor withan average 4.5 to 5 on the fipeint Likert scaleThe sores orthe three
factors hadrery smallvariance Thusyielded toinsufficientdata source for assessing
these factors

The data contained significant outliergfe pretest and the poséest The
residual are were not normallystributed Theviolations of resiuals,linear relationship
between the dependent and ipdedent variablas well as the existence of outliers, the
present data collectddiled to prowde meaningful information about the factofsSI

associated with higher or lower achievement on-festt
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ChapterV

SUMMARY, CONCLUSIONS ANDRECOMMENDATIONS

Summary

Supplemental instruction (S an academic support modeveloped bypeanna
Martin at theUniversity of MissouiiKansas Citf UMKC) in 1973 SI, a nationaly-
recognizedorogram offered in many higheducation institutiongrovides free, peer
facilitated group widy sessions for certaimstorically difficult courses (30% D, F, and
withdrawal rate)The supplemental instruction sessions provided a safe ard non
threatening learning environment which allows students to try out different learning
strategies and select those which work best for them (Blang £9&8B) The
supplemental instruction leader has the ability to lead students in the discovery of how
they learn and how they control their own learni@mdents who are aware of their own
cognitive processes can gain metacognitive skills thatagillthem beyond this course
Thus, an improvement in metacognitive skills can lead to afange improvement in
study skills.

Sl leadersucceedegreviously in the coursead agood academistanding in
the subjectind trained to supplement in develmgnt mathematics coursaupplemental
instruction leaders are usually referred by faculty and have demonstrated competence in
the courseA supplemental instruction session is not a lecture-teraterre of the course

concepts nor is it a traditional tutog sessionSupplemental instruction leaders are
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graduate students who attend all class lectures and take $mtésey are aware of some

of the challenges students in different sections arses encountered during the lecture.

Thus, they are preparéa answer those challenges in supplemental instruction sessions.

They also assist the instructor during the clastending supplemental instruction
session is mandatory for every student g phogram

Students normally bring questions to the suppleaienstruction sessionghese
guestions can be from class lectures, homework, prior tests or examinations, or the
textbook Supplemental instruction leaders would typical ask probing questogest
students to explain their thoughts or procedures usativing at the answer.
Supplemental instruction leaders would share effective study plans or test taking
strategies thattheyuseth ey i nt egrate 6how to | earnd
supplenental instruction sessions. Students also share what vaorfeen in studying or
solving problemsThere is also review for tests or examinations irptemental
instruction sessiong hey are presented as model students of the suBjgsuch, thg
present an appropriate madder thinking, organizatia, andsubject mastery.

Supplemental instruction operates under a variety of appellatrohsorth
American context# often operates under its original name, Sl, but in the United
Kingdom it is referrd to as Peer Assisted Learning, and in Austialimes bythe name
Peer Assisted Study SessioBk involving informal, regularly scheduled, learning
strategies and peassisted sessions is commonly used to develop intrinsic motivation
and overall acaemic achievement in mathematics and sciemtgsegNaidooet al,

2015 Zaritsky & Toce, 2006

an
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This study was conducted in a New York City urban community college that
enrolls a divers groupof freshman, transfeandadult studentsThe remedial Mth 20
course in the study was designed to prepare studergadoess itfior-creditcollege
mathematics classeStudents who registered for this mathematics course must pass the
class as well aanonline proficiency examination with 85 or higher at the @hof the
semesterThese two conditions aperequisitesd register for a college credit
mathematics, biology, chemistry, or physics coatsine collegeThe Sl leaders were
required to attend classes five days a week and to assist (tutor) sat@den®& session
for 75 minutes onday every week.

Providingacademic support through the Supplemental Instruction Program gives
students the opportunity to receive freeand outof-class help that focuses on active
learning Led by a Sl instructor stucents are able to attend sessions to receive
conceptual help while reviewing class material, developing study strategies, and
collaborating with classmateSince Math 20 is required for future mathematics
coursework, proper academic help within the colisgen opportunity for students
succeedn mathematics anr the class and collede increase retentiairoughthe
collaboration between supplemental instructors (Sl leaders), students, and professors

This mixed methodtudysought to examine éhrelationships between
characteristics of suppe me nt al i nstructorsoé practice
success in their remedial mathematics courBles City University of New Yorkequires
all high school students and retimg adults to take anpiass glacement test in
mathemécs (arithmetic and algebrajscores determine whether the student is exempt

from remedial coursedThe college involved ithis study was working tassist students

(a
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in avoidingtaking or repeating remedial courses throbgtter supplemental instruction
assistancen mathematics

The investigator identiéd S| characteristics related to student success in
remedial mathematicé questionnairéadoptedrom the Dolmans and @ns 2005short
guestionnairgto evaluate the &ctiveness of tutor wadistributedin 16 Math 20
sectiongn which studentsated their Slon 12 characteristicResponses were collected
for statistical analysis using SPSS softw&@retestconsisting of 25 multiplehoice
guestions was administeréefore the Sl leaders took active ralegheir respective
sessionsAt the end of the semesterpasttestwas administered, a computerized
examination similar to th€ity University of New Yorkproficiency algebra examination
(CEAFE) It consisted 025 multiplechoice questionsepresentingll material in the
Math 20 curriculumBoth tests were created by the remedial mathematitsnittee
memberof thecollege Scores were compared to determine which,if&y, | eader s o
characteristics and practiswe r e associ at ed hwverhemtsoeiudent 6 s

the posttestthrough the questionnaire.
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Conclusions

Question I fiHow do students describe the characteristics of the supplemental
I nstr uct ortrats tegrlang skiblsn smwbject matter,
constructive/active, collaborative learning, effective communication
and their practices?o0
The examinatiorsuggestshat the most effective Sl leaders have good
relationships wittstudents, show many possible ways to solve a problem, and use correct
vocahulary and grammar in speaking andting. Overall, the respondents believe that
their Sl leaders acted professionalydknowledgeahy to carry out the supplesntal
instruction principles.
Students in the program perceived the Sl leaders as engagiigtingtand
helpful in providingconstructive feedbackn addition, students appreciated the group
work synergy during the Sl tutoring sessio8isidents perceived amrichment of their
experiences within the Supplentaninstruction programrhe experences produced a
sense of satisféion, increasedtudentself-confidence in asking questioracilitated
working ingroup to solve problems, and stimulated a greater level of responsibility in
their learning process
St ude nt s Gsuggesthahcemntagation isimportant in developig
effective nteraction within the classroorihe useof appropriate language in speaking,
writing, and responding to students6é quest
believed tdbe contributors teheir mathemats succesEffective communicatio is

related here to the Sl leadedbility to create environmesiin whichthe students value
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mathematics discussiarfSomments on the questionnaire demonstrated that the most
effective Sb6 explain concepts thoroughlyg a cleaandconcise manneiThe Sl were
able to communicate effectively using correct vocabulary and grathnoaighspeaking
and writing with their tutee$n a multilinguistic institution, in which English is a second
language for many students, itmecessary sometimés adopt the role of a foreign
language teacher to explain mathematical cos@spwell asnew words or phrases the
studentsThe most ef f ect i moecoBfidehce ingskingguestiongad e nt s
addition, & Sl leaderish e fi mo d edl as tfuadceinlti t at or who hel ps
course content, leaing, and study strategiebh e S| dompetdneyrwdissan
important contributoto achievement for students who were atteg classesive days
per week.

In the expbratory analysis, the eigenvalue was calculated for each factor
extractedand was been used to determine the number of factors to eAtiadoff value
of 1 was used to determine factors basedigenealue The principal m#&od default in
SPSS extraeduncorrelatd linear combination of theaviables (characteristics)t gave
the firstthe firg factor maximum amount of explained variarjd&.58%0). All following
factors explained small¢t5.22%) and smalle(8.86%9 portions of the variance and are
all uncorrelatedvith each otherAfter extracting the factois SPSSthe Varimax
method(orthogonal rotationjvasusedto produce factor loading that are either very high
(1) or very low(.5), making it easier tanatch item with a single factdmn the orhogonal
rotationmethodemergedur 3factors effective communication/active learning, teaching

skills and personal traitather than four
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Overall, supplement al instrucamrs appea
comments in the questionnaire to irdhce studesbachievement scoseThe factor
analysis of the questionnaire responzexiuced anodel of three factors: effective
communication/active learning, teaching skills and personal.tidiese factors
explained about 66% of the variance aftgation of the 12characteristics and practices

of an effetive supplemental instructars

Question 2: AWhat relationship is there between these characteristics and student
achievement test scores? Are certain famrs associated more with
high achievemenand ot hers with | ower achi eve
The paied sampleest shows a significamieanscore difference in sigut of the
sixteen sections between thesttestand thepretest The current study revealed that in
tensecti ons wh e-ted scerdvantdup ant \bese signdicant in fosections
while thar pre-test score went down in six sections and significant inggations It was
noticed that participants in tlevenng classes had higher scores in fosttest than
those in morning or afternaaclassesThis study showed that the supplemental
i nstructors have some polhisachievemenedifférancet s o n
supportssome previous research fingis on SI and ne8l mathematics courses (Flek,
2012; Porte et gl2015)that S leaders help students to raise their overall grades in
mathematicsThereweresignificantscores difference in favor of the priest in onlytwo
sectiors and not significanin other four sections
Sixty-threepercent of the students scored higluerthe posttestthanon the pre
test This achievement couloe attributd to the supplemental n s t r chardcteristed

and practicesas observed and definbg the studentsT'he characteristics correspond
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with theability the S6s had to show many waysdolve a problem, to have good
relationshig with the studetoanswer studentso wihat hemati cs
confidenceto respondo questions in appropriate language, to ensure stuidents
participation in the learning processd to have an appealipgrsonality with good
sense of humofh e studentsd comments suggested tha
associated to a higher scaneheir remedial mathematics course (Math. 20)

The current study wasableto generate meanngful linear regressioequation
to predict thedependent variablgosttest and thendependent variablepré test and
the loaded three factgeffective conmunication/active learning, teaching skills and
personal traitsyTh e | ack of v ar firgportoféheii S ssichhde matcs &@r 3 &
constituted a particulaffect in the modelStatigtically, thes t u d egpanges to the
guestionnaire about their SI performaneese nota helpful datasource for identifying
factorsthatcould beassociated withigh /lower achieement scoresm remedial

mathematics (Math 20)

Recommendations

To aid in the manageabilityf the current study, the researcher could omit
multiple data collection sequences and use one type of tedtedbker apapertest or
computerizedest basd on sudens preferencesTheresearch question numbzr
AWhat relationship is thedgetween these characteristics and student achievement test
scores? Are certain factors associated more with high achievement and others with lower

achievement?could be rewaded to bettegets t u d iesight sffactorsthey believed
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contributing to higer or lower score in remedial mathemats$i Wh are¢ themost
effective factor(spf your supplemental instructgou believe affected yothe most your
mathematics studi@sdo focus onlyors t u d e firepsrd s e |
Use of the supplemental instruction nebdith SI leaderdor remedial
mathematics students continues at the collagéitional quantitative research is
necessaryot r ack student sd ac adenmmatbemptiesrcbussesma n c e
andalso in thesciencecourseghathave beemssignedgupplemental instructer A
comparison between Slandr6nl st udent sd6 mat hematics perf
and possible attitude changes toward mathem@icscience)night provide additional
support for the effectiveness of the SI middeurban community colleges.
Anotherrecommendatiomwould be to condudjuantitative research to examine
the difference in scores of those who regularly attended Sl, partially attemdkethose
who failed to attend the Sl sessions for the same instruiabhoexamination of the
attendance pictices variable could allow the investigator to explore the impact of Si
leaderpracticeson st udent s 6 amoaceditmatbematiosoucse. Atghe f o r
same time, the researcher could assess both homewmgdetionand class test scores
over asemester in relatioto participans attendance.
This study did provide full answer to the firgplestion2: i What r el ati onsh
there betweerhese characteristics and student achievement test scores? Are certain
factors associated more with high aslement and others with lower achievemen?
researcher could investigate this questionan-remedialmathematicgourses and nen

freshman settig where supplemal instructors are available
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Appendix C

Consent Brm

Protocol Title Effectiveness of Supplemental Instruction in Urban Community College:
Remedial mathematics

Principal Investigator: Bakary Sagna, Ed.D,0dacher<ollege

INTRODUCTION

Youared SAY3d AYOBAGSR G2 LI NILGAOALIGS Ay GKA& NB
{ dzLILX SYSy Gl f LyaaNdzOGAz2zy Ay ' NBLY [ 2YYdzyAd
may qualify to take part in this research study because you arei8/gears old, have

registeredin math 020 classfpproximately seven hundred fifty people will participate

in this study and it will take a total of 220 minutes of your time to complete

WHY IS THIS STUDY BEING DONE?

This study is being done to determirig¢here is a relationship b&teen characteristics

2T GKS adzllid SYSyidtrt AyadNHzZOG2NEQ LINY OGAOS
their remedial mathematics coursebhe investigator will use a factor analysis to

ISY SNI UGS N®&EA i I/83Ir2Phe Wibe ableto see if a particular type is

more strongly associated with higher (or lower) test scores. This will potentially identify
characteristics that Sls should have (or that could be developed) in order to be
WSTFSOGALBSQ {Lao

WHATWILL | BE ASKED TO DQAGREE TO TAKE PART IN THIS STUDY

If you decide to participate, you will be given on the fikgtek apre-testand post test

on fourteenth week. There-test and thepost-test questions are similar to those on

CUNY Elementarygdbra Final ExafCEAFE). Your professor will administer these two
tests in class and will take 75 minutes each. You have to identify yourself by your school
identification number (ID) and you do not need to provide your name on either
document. The invegjator will thencollect your sores for analysis only.

Finally, you will be asked to complete a questionnaire that will be used to identify
potential characteristics that supplemental instructors should have or that could be
developed in order to be moreffective Sls inemedial mathematics. This will take

about 20 minutes. You will not indicate your name in order to keep your identity
confidential All of these procedures will be done in your classroom during class periods.
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WHAT POSSIBLE RISKS OR DISORNMFCAN | EXPEROM TAKING PART IN THIS
STUDY

This is a minimal risk study, which means the harms or discomforts that you may
experience are not greater than you would ordinarily encounter in daily life while taking
routine physical or psychologicat@minations or tsts. However, there are some risks

to consider. You might have anxiety to take a math test or feel embarrassed to evaluate
others trying to help youHowever, you do not have to divulge anything you have done
on the tests and on the questnaire. You castop participating in the study at any

time without penalty. The principal investigator is taking precautions to keep your
information confidential and prevent anyone from discovering or guessing your identity,
such as using a pseudonyyg2 (dzNJ ¥ 2 axudseRskcHohjistedd of your name and
keeping all information on a password protected computer and locked in a file drawer

WHAT POSSIBLE BENEFITS CAN | EXPECT FROM TAKING PART INNTHIS STUDY

There is no direct benefit to you fearticipating in this study. Participation may benefit
the field of teacher education to better understand the best way to recruit and to train
mathematics supplemental instructors in urban community college

WILL | BE PAID FOR BEING IN THIS STUDY

You wil not be paid to participate and there are no costs to you for taking part in this
study.

WHEN IS THE STUDY OVER? CAN | LEAVE THE STUDY BEFQRE IT ENDS

The study is over when you have completed phne-test and thepost-test and filled out
the questionnaie. Hos SGSNE &2dz Oly tSIF @S GKS addzRe I
finished.

PROTECTION OF YOUR CONFIDENTIALITY

The investigator will keep all written materials locked in a desk drawer in his home. Any
electronic materials will be stored on a computer thepassword protected. There will

0S y2 NBO2NR YIGOKAYy3 &2dzNJ NBI f Refarods & A (i K
require that research data be kept for at least three years

HOW WILL THE RESULTS BESED

This study is being conducted as paifrthe dssertation of the principal investigator

WHO CAN ANSWER MY QUESTIONS ABOUT THIS STUDY?

If you have any questions about taking part in this research study, you should contact
the principal investigator, Mr. Bakary Sagna, at 6861-56410r at
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bsagha@hostes.cuny.edu.You can also contact the faculty advisdr. Vogeli at 212
6783381)

If you have questions or concerns about your rights as a research subject, you should

contact the Institutional Review Board (IRB) (the human research ethics conam)tat

212-678-4105 or emailRB@tc.eduOr you can write to the IRB at Teachers College,

Columbia University, 525 W. 1%0Street, New York, NY 100Zhe IRB is the

committee that oversees human researgirotection for Teachers @lege, Columbia

University.

T

t !l welL/Lt! be¢Q{ wLDI ¢{

| have read and discussed the informed consent with the researcher. | have had
ample opportunity to ask questions about the purposes, procedures, risks and
benefitsregarding this research study

| understand that my participation is voluntary. | may refuse to participate or
withdraw participation at any time without penalty to future student status or
grades; services that | would otherwise receive.

The researcher mawithdraw me from the research at his loer professional

T

T

INFORMED CONSENT

The researcher may withdraw me from the research at his or her professional
discretion

If, during the course of the study, significant new information that has been
developed becomes available which may relate to miingihess to continue my
participation, the investigator will provide this information to me

Any information derived from the research study that personally
identifies me will not be voluntarily releadeor disclosed without my
separate consent, except apecifically required by law

1 I should receive a copy of the Informed Consent document
My signature means that | agree to participate in this study

Print name Date:

Signature:
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Appendix D
MathematicPre Test
Student: date:
Pre-test
Name Date: ! !

MULTIFLE CHOICE. Choose the one alternative that best completes the statement or answers the question

Write the following using exponents,

1) Bw)EWEW)(5w)(5w)
A) Ew)p B) 25w> C) 25w D) 5w P
Simplify.
2) 240 +12=(4+3)
A) 16 B) 19 C) 48 D) 13
Evaluate.
3]x3+2+}r forx=1,y=3
A)b B) 8 )2 09

Solve the problem by finding and evaluating an appropriate expression.
4) Diane bought a sofa by paying $210 down and $25 per month for 36 months. Find the total cost.

A) 8271 B)$1110 C)%1320 D) $8450
Evaluate the polynomial.
5)-10x2 + 10x+ 2 forx =2
A) =28 B)2 ) -18 D) -22
Add.
6) (3ad+ 4ad) + (7ot - 0ad
A) 5al4 B) 10a% - 5a3 ) 5a7 D) 10aB - 526
Subtract
7){9n7 + 1dnt # 3) - (=104 + Tn7 4 11)
A)2n74+24nd -8 B)2n7 +24n% + 14 O 2n7 +21n* + 14 D) 181

Write with positive exponents only,
3
3)

.
gL
x3x2
20 7 . R
A)x B) x 0 = D) =
[
,‘.4),4_
20 16 16
N B) i qﬂ o)

yi2 B <12 ¥

1)

2)

3)

4)

6)

7)

8)

9
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Find the quotient.
10) 485 + 24x3 + 187
6xd

Ajaxhhi ms;nhi
X :;2

20x7 4 185 - 24xd
~3x2
A)=7x7 - 65 + Bx2
C)21x5 4+ 183 - 4

11)

Solve,
12) M =6x-8
A) x = 36 Byx=13
13)9r+ 7 =97
A)r=10 Byr=3

14) 3(22 - 5) =5(z + 4)
Ayz=8 B)z=5
15)9x - (5x - 1) =2
A)x=-t B)x=-—
T4 ST
Solve the formula for the indicated variable.
16) A= %bh forb

h A
AYb=—c Bb=—

1Masb=s+r fors

A}s-—:-rh Bys=a+b-r

4 4
2 — -
ClIxc+ 84 2 D]31+E-+l

B) =75 + 185 - 24x?

D)-7x5-6x3 + 8
Clx=7 D) x =40
C)r=81 D)r=85
Clz=135 Djz=-5
1 1
Qx=ntr Dyx=1
Ah 1A
Cb=7 b=
C}$=a+b D)s=rfa+h)

r

0 ____

11)

12}

13)

14)

15)

16)

L —
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Solve using the addition principle. Then graph.

1B)f=dec-12

A)fe-8
:J__l L .. i : s
AT T R | T 4 5

Bjfz=-8
L . - . . ¢ et
A0 - 8 B 27 &5

C)f=-8
R

D)f<-8&
e ————1
£ TR 1V I -§ 7 8] -5

Simplify using scientific notation, Express the answer in standard notation.
903 10-3
3x1073
A} 00000003

19)
B) 0301 C) 0602

Solve by using the addition and multiplication properties of inequalities.

20)-45+9:-11
A)sz5 Bjs=5 (_'135%
Solve the equation.
2M>s =1
m b
5
Ajm=10 Bym=— Cym= 30
}i__m_“
m Im+6
3
A‘,lrn:ﬂorm--z— Bim=0orm=3h
Clm=-2orm=6 Dje
Solve,
23} 40% of 300 is what number?
A1z By 120 C) 1200

D) .D00000064

D)s=1

Dj1.2
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B _____

19)

W

21)

22)



Simplify by using the order of operations.
24)7-6-254+9 4
A)-78 B) 68

Simplify.
5240+ 8- (2+17)
A)29 B)28

C)-68

C)48

D) 27

My

25
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Appendix E

Mathematic osttest

Student: dae:

Prof. Sagna Bakary

Postest

Multiply and simplify. Assume that all variables represent positive real numbers.

1) ABR75 +4[15)

n
A) 154345 B) 225 + 345 Q)30 D) 15+ 9/5

Combine the following, if possible.
2)-4f3-643 2)
A)-10:3 B) 2+/3 C)-10:/6 D) 246

Simplify. Be sure to rationalize all denominators. Assume that all variables represent positive real

numbers.
A[150
3
)m— )
A5 B)6 0 56 D) 755
Multiply.
4) @x3y)(-10x6y3) 4)

A) -30x9y6 B) -30x18y5 C) -30x%5 D) 30x%5



Simplify. Express your answer with positive exponents. Assume that all variables are nonzero.

5) x1.x3

1 1
A)-— B)—
& &

Subtract the polynomials.
6) (-3x - 20) - (14x +2)
A)11x-18 B) -17x - 22

Find the product.
7) (y - 6)(y% + 6y - 7)
A)y3+29y-42
Q) y3+12y2+ 83y -4

Perform the division.
8x7 + 10x0 + 6x5

8
) 2x6

A)4x+5 B)4x+10x6+%

8 e
0)-x4 D) x4

D
() -39x2 D)-17x- 18

Do
B) y3 - 122 - 43y + 42
D)y3 - 83y +42

8)

C)4x+5+% D) 7x+5



Factor the binomial completely.
9) 49 - x2y2
A) (7 -xyP B) (7 +xy? Q) (7 - xy)(7 +xy) D) prime

Factor the trinomial completely. If the polynomial cannot be factored, write "prime.”

10)2x2 + 2x - 40
A) 2(x - 4)(x +5) B) (x - 4)(2x + 10) Q) 2x +8)(x - 5) D) 2(x + 4)(x - 5)

Factor the polynomial by grouping.

11) 3x2 + 5x + 15x + 25
A) Bx+5)(3x +5) B) (x+5)(3x +5) C) Bx +5)(5x +3) D) prime

Solve.

12) The sum of four times a number and three is the same as the difference of twice the number and
eleven. Find the number.

A)4 B)7 C)-17 D)-7

10)

11)

12)

89
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