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Introduction
In 1986, 1.8 million of the 2.8 million (or over &) students who entered college

for the first time left the first institution th#ttey attended without earning a degree
(Tinto, 1987). Although colleges and universitiesittnue to develop programs to help
retain students, Siedman (2005) states that reetaition data reveals a lower retention
rate than Tinto reported in 1986. Mathematics is discipline that gives students
difficultly and contributes greatly to attrition.n® of the reasons for this attrition is that
many students who enter college are not preparetiéaesponsibility of college life or
the demands of college-level courses. Gunawardatesghat "“students who enter
college are often under prepared and lack the waakg and motivation to succeed in
college-level mathematics” (2002, p. 108). AindWw@1994) argues that students who
come to college without an adequate backgroundaitin will likely withdraw from the
course or quit performing when a math class becatifgsult. Students who are under
prepared - and even those who are adequately paepéail to be successful because the
class becomes difficult in their eyes and theytdoglieve that they can succeed.
Mathematics is one subject in college that causasyrdifficulties for students in
college.

Highlighted in Tapping America's Potential: The Edtion for Innovation
Initiative report and A Commitment to America's liet Responding to the Crisis in

Mathematics and Science Educatiwa find that students in America perform very
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competitively against international competitiommathematics and science. However,
they tend to fall near the bottom or dead lasthgyfinal year. A Commitment to
America's Future: Responding to the Crisis in Mathtcs and Science Education states
that ““nationally 22% of all college freshman failmeet the performance levels required
for entry level mathematics courses and must bebgim college experience in remedial
courses” (p. 6). Of the students that don’t plateeremedial courses, many enroll in
college algebra. The enroliment in college algdtam grown recently to the point that
nationally there are an estimated 650,000 to 780sb@dents per year (Haven, 2007) and
this number has surpassed the enroliment in Cal@dch year. Although almost three
fourths of one million students enroll in colledgebra, it is estimated conservatively
that 45% of these students fail to receive a godde B, or C. Therefore, if 700,000
students enroll in college algebra then 315,000esits would fail to receive a grade of
A, B, or C. The nonsuccess of students in collégelbsa occurs for a variety of reasons,
including high school preparation, placement, contattitude, pace of the course,
pedagogy, motivation, and out of school commitm&ntaddress the nonsuccess of
students in an applied college algebra course at Wieginia University, the Institute for
Mathematics Learning (IML) implemented weekly sessidevoted to working with
students into the course structure. This articlediscuss the structure of these weekly
sessions and the effect on student success irothisec
Background and History of the Supplemental Sessions

In A Commitment to America's Future: Respondinghi® Crisis in Mathematics

and Science Education, we find that ~“few Americéreny, can recall a time when the

United States was not the world leader in mathersasicience, technology, and
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innovation. For decades, America has known no ritlaé expansion of research and
development in university and corporate laboragmeupled with support for
outstanding achievers in schools, colleges, andeusities, fueled manufacturing
productivity, reinvented entire industries and qeations, and created highly paid jobs."
In recent years, the American students have bélamgfaehind other countries students
in both mathematics and science. It has been daa@chén A Commitment to America's
Future: Responding to the Crisis in Mathematics &ciénce Education and Tapping
America's Potential: The Education for Innovatiaitiative; that United States is ""losing
its edge in innovation and is watching the erosibits capacity to create new scientific
and technological breakthroughs" (pg. 3, 2005)eAoa can not rely on the past to
remain scientifically and technologically compe#tiin the international sphere, but
rather has to increase the number of studentsisdience, technology, engineering, and
mathematics pipeline to retain its status as aduedder. America is at a fork in the
road. Will the United States wake up and estabissf again as a world leader or will it
continue the technology crisis by remaining asleep?

West Virginia University founded the IML in the sumar of 2001 to respond to
this crisis. At the IML’s inception, the Dean of &ty College of Arts and Science stated
““during the past few years, we have become incrglgsaware that U.S. high school
students are not competing successfully with ash&tents worldwide in mathematics
and other areas of science. We believe it is atitiz the success of our students - as well
as for the future of our state and nation - to @keading role in seeking answers to why
U.S. students are behind in their math skills andavelop innovative methods to

improve math instruction and leaning at the unigitevel." The IML has been working
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on improving student success in introductory-lealirses for the past seven years,
included the following restructured, before calaudervice courses: Liberal Arts
Mathematics, Applied College Algebra, College Alggbrrigonometry, Pre-Calculus,
and Applied Calculus.

From 2001 to 2005, data was collected on studartess in these and subsequent
courses. The results from the Fall 2004-Spring 28&&lemic year showed that students
who earned an A or B in the restructured beforetdat course successfully earned an
A, B, or C eighty percent of the time in subsequeEnirses. As Mayes, Chase, and
Walker (2007) point out, these results providedidence that the courses met an
important criterion of validity." It was duringdh~all 2004 - Spring 2005 academic year
that Supplemental Practice was implemented in &plpollege Algebra.

WVU first implemented Supplemental Practice (Sger the direction of Dr.
Robert Mayes. SP grew out of the efforts of the W&fforts to improve students'
success rates in Applied College Algebra. Duringkiye one hour SP sessions
throughout the first semester of implementationgdsnts were given instructor-designed
paper worksheets that focused on course skillpplications. One research question that
researchers at WVU were trying to answer at tinae tivas, what are the " differential
effects of focusing on algorithm skills or applicats?" (Mayes, Chase, and Walker,
2007) Answering this question was unsuccessful whée algorithm sessions could not
be separated from the application sessions." tim@R005, SP was updated so that
guestions the questions the questions used iredsosns came from a programmed text
with well-documented success. McHale, Chirstenaed,Roberts (1986) authored the

text. Using a Personal Response System (PRS)ohsts implemented components of
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this text. Sessions were separated into SP segbiatn®cused on algorithms and SP
sessions that focused on applications. For a péatitopic, students in the SP algorithm
sessions were presented questions that could edstirough procedures compared in
the SP applications sessions, where students sagathe procedures, however this time
through the context of real-worfgtoblems For both the SP algorithm and application
sessions, students were assigned to attend ifdidayot score an eighty percent after two
attempts on a Diagnostic Assessment or if theyestbelow seventy percent at anytime
on an exam. Therefore the SP algorithm and appitaessions included both students

who were required to attend and students who ctooattend.

Changesto Supplemental Practice and the Structure of Supplemental Sessions

Dr. Robert Mayes continued the Supplemental Prat¢htimough the Fall 2005 -
Spring 2006 academic year. During the Fall 2006esten, Dr. David Miller began
coordinating Applied College Algebra and the Supp@atal Practice Sessions. The only
change that was implemented during the Fall 206tes&r was that attendance was not
mandatory for students who scored below eightygrégron the Diagnostic Assessment
or students who scored below seventy percent dinamyyn an exam. During the Fall
2007 semester, Dr. Miller instituted three typeswbplemental practices that ranged
from totally passive sessions to totally activesg@ss. The three sessions were: 1) a
totally active session where students worked igsaon the previous week’s algebra
problems through a worksheet consisting of problsimslar to the assigned homework,
2) a totally passive session in which students evdatwn questions from the material
covered the previous week and turned them in abéiggnning of the sessions. The

supplemental session leader answered all the quedtiat students either turned in or
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asked verbally in the session. After all questivese answered the leader worked
problems from the worksheet that had not been askedlly, 3) a passive/active session
called the hybrid method where the supplementaicedeader worked examples and

then had student work similar problems.

Supplemental Sessions Using Group Wor ksheets

The supplemental practice sessions using groupshiedts were designed for
students to actively participate in solving probéeamd get one-on-one assistant from
undergraduate and graduate class assistants. Jésrcher developed worksheets that
consisted of homework problems similar to thoségassl over the previous week and
students were given the worksheets to work onaoigs during supplemental practice
sessions every Wednesday. During the session,dhesheets were given to every
student and students were asked to work in smalipg of three to five students.
Students were instructed that they should talk e&bh other on how to solve the
problems and ask the class assistants for help wheted. The eight class assistants and
the researcher roamed around the class and wouldwith students on problems by
writing on junior legal pads and handing the warkhe group after the students
understood their difficulties or the problem wab/ed. Student participation was

recorded by taking attendance near the end ofléss.c

Supplemental Sessions Using Student Questions
The supplemental practice sessions using studeergied questions is a more
passive session, where students participate byituigrguestions related to the previous

week's class material on paper before the sestded or by verbally asking questions
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during the session. The researcher classifiedythésof session as passive because
students participated in a more passive role, amil lecture, where they copied
solutions to student questions as the supplemsession leader wrote them on paper
projected to a big screen in front of the classthe@adocument camera. During a usual
session, five to ten students would bring theirdramitten questions to the supplemental
session leader and most of the fifty minutes wdnddpent answering the questions. Any
time left after answering the hand-written questiaould be spent answering other
guestions students expressed verbally or similablpms on the group worksheet that
had not been addressed in the session alreadye$barcher purposely designed the
session so that any extra time could be used tvgouncovered questions from the
group worksheets. This limited the differences leetmthe sessions to the method in
which the information was presented. That is, the tiypes of session covered very

similar material but in totally different studerdrticipatory ways.

Supplemental Session Using the Hybrid M ethod

The hybrid method was constructed to show studante examples, but also to actively
engage students in solving problems themselvesmiibkod is based off of Worked-Out
Example research in cognitive science (Sweller@odper, 1985). In the supplemental
sessions using the hybrid method, the supplemksadér explains a problem from the
previous week’s course material and then requiredesits work a similar example. Once
students have worked for a short time on the proptae researcher asks students to
state their answers and quickly goes over theisoluft students have questions. This

process is repeated over and over until the emthes.
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Memory, Cognitive Load Theory, and Wor ked-out Examples

There are three types of memory: sensory, long;tand working. Our senses --
sight, sound, smell, taste, and touch -- serveimsils for our sensory memory. Long-
term memory, which is similar to a hard drive ocomputer, is where the immense body
of knowledge and skills is located. Finally workimgmory is where we think, solve
problems, and are expressive. In general, evenrythiat we “know” is stored in long-
term memory and, through a query of working memacgivation occurs when needed.
Miller (1956) says that working memory has a lirdiapacity that can deal with no
more than about seven chucks of information simelbasly. One thing that helps to
expand the capacity of working memory slightly @nbining the senses to present
information. Either some or all of the informatiail be lost during processing if the
capacity of working memory is exceeded, unlessrmédion is recorded in a permanent
form as it is being processed.

The discipline of cognitive science deals with thental processes of learning,
memory, and problem-solving. The total load on waogkmemory at any moment in time
is referred as the cognitive load. Miller’s (19%6¢ory that most people can retain seven
“chunks” of information in their working memory wése beginning of cognitive load
theory. Simon and Chase’s (1973) research, whesedtudied expert and novice chess
players, showed that when expert chess playerspvesented with a game configuration
that could occur during a regular chess game fewamoments and the configuration
was then removed, they could reconstruct the samegonfiguration much better than
novice chess players. However, when a configuratidmot come from an actual chess

game, expert and novice chess players showed feoatite in their ability to reconstruct
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the game configurations. Just like the chess experbblem-solving experts have an
immense knowledge of problem situations and hawstcacted many mathematical
schema, or “a cognitive structure that specifieth Ibloe category to which a problem
belongs and the most appropriate moves for probtdrtisat category” (Sweller and
Owen, 1989) to activate when needed.

John Sweller (1988) developed cognitive load thednile studying problem-
solving and has defined it to state that ‘optimearhing occurs in humans when one
minimizes the load on working memory which in t@awilitates changes in long term
memory’. Cognitive load theory, which deals witle #rchitecture of human cognition,
has broad implications for instructional design éBer, 1999) and current research is
focused on differentiating three types of cognitivad: intrinsic cognitive load, germane
cognitive load, and extraneous cognitive load.fédher information on cognitive load
you can start by reading the following papers camdberenced (Ayres, 2006; Sweller,
1988; Sweller, 2006; and Sweller, van Merrienb®&aas, 1998). We will focus our
attention on “The Worked-Out Example” research,chtfalls under cognitive load
theory.

Generally, mathematics classes, as well as othENMSJourses, are taught by
lecturing on the new topic, presenting or demotisigdhe concepts through a few
examples, and assigning homework practice probknstudents will learn the material
that has just been discussed. The good studertgeréhe problems assigned within a
short time of the lecture and begin to master th&enal, while other students
procrastinate for long periods of time before tdegide to work the assigned problems.

When students procrastinate or simply cannot focuthe covered material until a later
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time, they have more difficulty remembering whasvgaid during lecture and/or details
of the instructor’s examples. Most, if not all, tingtors use examples in class to illustrate
the content’s key principles to their students. ldeer, students have little or no time to
absorb the examples before another example or theoey is covered when taking notes
in class. Sweller and Owen (1989) state that “sei@&s of mathematics and the way it
should be taught owe more to tradition than tocuurent knowledge of cognitive
processes” (pg. 322).The worked example theory evplace emphasis on worked
examples in class by coupling problems solvedas<slwith active student participation
by having students work similar problems. In faesearch studies (Cooper and Sweller,
1985; Ward and Sweller, 1990; Zhu and Simon, 1€&#roll, 1994, Tarmizi and
Sweller, 1988) present students with a worked examp paper and tell them to study
the example. Once the students are done studyengdhked example, the instructor asks
the student to solve a similar problem without &elp from the worked example. It has
been suggested that worked examples reduce thé&igedoad on a student and might
optimize schema acquisition (Sweller and Owen, 1$8@&ller and Cooper, 1985).
Worked examples are focused on skill acquisitioa subject and Trafton &
Reiser found that “the most efficient way to preaseaterial to acquire a skill is to
present an example, then a similar problem to sotweediately following” (1993, p.
1022). Worked examples have been used in a mafeyetit disciplines. To mention just
a few studies that have been done in STEM fieldghematics (Cooper and Sweller,
1985) and (Zhu and Simon, 1987), engineering (€hl.e1989), physics (Ward and

Sweller, 1990), computer science (Catrambone, Y, 2¥26), and chemistry (Crippen,
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and Boyd, 2007). Furthermore, A. Renkl has dondissuin education with worked

examples. One such study is (Hilbert, Schworm,Rexkl, 2004).

The research questions that will be addresseckinegearch are the following:
1. Do supplemental practice days, no matter the tyekp, students be more
successful in the class?
2. Do students that participate in the supplementgieas perform better on
quizzes and exams compared to students that doantitipate?

3. What is the best method to use in SP sessionsitchwkudents are the most
successful in the course?

Literature Review

Sweller and Cooper (1985) conducted one of thedttglies on worked-out
examples. Through five experiments they examineditie of worked-out examples as a
substitute for problem solving. The first experirnaund that the more experienced
students had a better cognitive representatiofgebaaic equations than less experienced
students as measured by their ability to (i) reegllations, and (ii) distinguish between
perceptually similar equations on the basis oftsmiumode. Sweller and Cooper (1985)
concluded that there was “evidence that expenis®lving algebra manipulations
problems is, at least in part, schema based.”{plt&hould be noted that during this
experiment students were only asked to read anthie sure they understood the
worked-out examples. Experiments 2 through 5 iatiegh an alternating pattern between
worked-out examples and conventional problems lscauncreases the motivation for
students to read and to understand the workedxampgle if they have to solve another
conventional problem immediately after the worked-@xample.

The second experiment established that the workédxample group

(experimental group) required significantly lesadiduring the acquisition phase than
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the conventional problem group (control group) #rat the control group had a greater
number of test errors than the experimental group.

The third experiment differed from second experitignadding a self-
explanation step after the worked-out example greag and stated that they understood
the examples. The results of the experiment shdhegtdvorked-out example group spent
significantly less time during both the acquisitigmase and the test phase. The reason for
the reduction in time is two-fold: (1) the workedt@xample group had significantly less
mathematical errors than the conventional problemngduring the test phase, and (2)
the conventional problem group sometimes unnedgssapanded expressions which
cause less efficient solutions.

The fourth experiment differed from previous expents by varying the
problems in the test phase from problems simildhéoworked-out examples to problems
that were structured differently (transfer problgfnem the worked-out examples and
conventional problem. This experiment wanted tieieine whether students could
transfer their knowledge from the acquisition phi@sthese transfer problems. Again the
conventional problem group took significantly méree during the acquisition and test
phase when each group started with a similar prolaled then worked a dissimilar
problem. In contrast, the two groups showed noifsogmt difference in the test phase
when each group was presented with a dissimildsleno and then a similar problem.
Sweller and Cooper concluded that while “workednegkes are of assistance to students

when faced with similar problems, the advantages shat extend to dissimilar problems”

(p. 83).
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The final experimental setup was identical to tsteig of fourth experiment.
However, this time the worked-out example group tedconventional group spent the
same amount of time during the acquisition phagbetxperiment. It was hypothesized
that the worked-out example group would be ableddk through many more problems
than the conventional group and hence perform beter during the test phase than the
conventional group. Although the worked-out exangyi@up worked through more
problems in the acquisition phase, the results weegly the same as in the forth
experiment.

Zhu and Simon (1987) demonstrated the feasibifity effectiveness of teaching
mathematical skills through chosen sequence of ebdut examples and problems in a
Chinese-middle school’s algebra and geometry autna — and without lectures or other
direct instruction.

Chi et. al. (1989) showed that while students saidvorked-out examples,
“good” students generally monitored their own usteending and misunderstanding
through self-explanations. Compare this to “poautents who did not generate
sufficient self-explanations or monitor their leiagninaccurately. They found “poor”
students relied heavily on examples.

Ward and Sweller (1990) established that studehts wged worked-out
examples formatted to reduce the need for studemtentally integrate multiple sources
of information achieved test performances supeda@ither those exposed to
conventional problems or to those shown workedesamples that required students to

split their attention.
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We see that little research on worked-out exanipdee been conducted in
college mathematics courses and worked-out exarhphs not been used very much in
a classroom setting, let alone, large lecture @surghis study looks at this gap in the
literature by looking a lower-level undergraduatatinematics course that is taught in
large lectures. This study is in it's preliminatgge on this topic.

M ethodology

The patrticipants in this study were students imaplied college algebra course in
a research university near the East Coast. Applbdldge algebra is one of three different
college algebra courses at the university thattended for students who did not place
into the highest level of college algebra, but wiinot place into the lowest level of
college algebra either. The majority of studentapplied college algebra are of
traditional college age and do not go on to takeutas.

Quantitative data was collected through the gs@et in the course and
attendance data. The researcher had access afttiester to exam, quiz, and
homework grades for all students. In addition,rése=archer had access to attendance
data, end of the semester grades, survey datagthtbe universities data system, and
answers to survey questions. Qualitative data whsaoted through interviews, informal
discussions, and open-ended survey questions.

Discussion and Results

We have only collected some initial data on stuslggerformance in the course
given the number of supplemental sessions attefidesl hints on how students who
attend the supplemental sessions perform in theseaxompared to students who do not

attend (or who only attend a few days). Succesisarcourse can be defined two different
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ways: (1) a grade of C or above or (2) a grade of Bbove. The two definitions of
success would depend on the students’ major. Scay@ sirequire a minimum grade of a
D and some require a minimum grade of a C. Whetowale at the success rates in the
Spring 2007 course versus the number of days thdests attend the supplemental days
(see table 1), we find that no student was sucgki$shey attended 3 or fewer days. In
addition, students who only attended between taneksix days were not very successful
in the course. We notice that 85.19% of the stuigleip attended a minimum of seven
supplemental days earned at least a D in the couosesver only 38.89% earned at least
a C in the course. Thus a majority of the studdrasattended seven supplemental days
earned a D in the course. Students who attendedanimore supplemental days were
very successful in the course for the most parngsit all of the students earned grades

of D or better and many earned grades of C or bette

Tablel
Supplemental.
Days Spring 2007 Spring 2007
Attended Success rate (D & up) Success Rate (C & up)
0 0.00 0.00
1 0.00 0.00
2 0.00 0.00
3 0.00 0.00
4 33.33 33.33
5 22.22 11.11
6 68.18 36.36
7 85.19 38.89
8 85.29 58.82
9 100.00 81.48
10 100.00 75.86
11 93.33 66.67
12 94.74 89.47
13 100.00 81.82
14 100.00 71.43
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We see with respect to the quizzes (see tabléw)ests that attended seven or
more days of supplemental sessions were fairlyessfal (earning greater than a seventy
average) on the quizzes. We notice that studeatsattended nine or more supplemental
days earned grades of at least 80% on the quizzeptein the case of eleven

supplemental days attended.

Table 2

# of SS Quiz # of

days Average students
0 21.66666667 2
1 11.33 10
2 28.33 4
3 22.22222222 3
4 38.33333333 3
5 51.67 9
6 65.45 22
7 71.60 54
8 74.71 34
9 81.9137037 27
10 83.05 29
11 78.44 15
12 84.47 19
13 81.96969697 11
14 83.10 7

With respect to course average (see table 3), eéhse students who attended
eight or more supplemental days earned a coursage/greater than seventy percent.
Students who attended nine or more supplemental elyed a course grade of almost

seventy-five percent except for the case of elesumplemental days attended.

Table 3
# of
Supplemental
days Course # of
attended Average students

0 10.615 2
1 16.185 10
2 22.615 4
3 20.893 3
4 35.630 3
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5 45.078 9
6 63.376 22
7 67.040 54
8 71.746 34
9 75.354 27
10 74.963 29
11 73.771 15
12 77.838 19
13 76.625 11
14 75.579 7

Preliminary Conclusions

Resear ch Question 1

Supplemental days were established in Applied @elkslgebra to help students
be successful in the course and to understandiimse material better. A variety of
methods have been used in supplemental sessipastisemesters and the worked-out
example method has been implemented completebcent semester. Although we have
not analyzed recent data on supplemental sessiahbdve employed worked-out
example method, data from the Spring 2007 showisstigplemental sessions have been
a positive intervention for students. It is sometwdaprising that no one of the nineteen
students who attended less than four supplemeayal phssed the class and only three
(out of twelve) students that attended four or Bupplemental days, successfully made a
D or C in the course (see table 4). At the poinémglstudents attended between six and
eight days, only forty-nine (out of 110) earned ar@etter, but ninety (out of 110)
earned a D or better. Therefore twenty studentsqpii10) did not pass the class even

though they attended between six and eight.

Table 4
Supplemental | Total number Number | Number
Days attended | of students of D's of C's Difference

0 2 0 0 0
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1 10 0 0 0
2 4 0 0 0
3 3 0 0 0
4 3 1 1 0
5 9 2 1 1
6 22 15 8 7
7 54 46 21 25
8 34 29 20 9
9 27 27 22 5
10 29 29 22 7
11 15 14 10 4
12 19 18 17 1
13 11 11 9 2
14 7 7 5 2

supplemental days. Students that attended nineor supplemental days were very
successful earning a grade of D or better andypsettcessful in earning a grade of C or
better. This can be seen by noting that 106 othefl08 (or 98.15%) students that
attended nine or more supplemental days earneade gif D or better and eight-five out
of the 108 (or 80.19%) students earned a gradeafl@tter. If we look further into the
numbers of students that were not successful icdhese, we see that of the majority of
the fifty students (out of 249) that were not swstel in the course, forty-three students
attended seven or fewer supplemental days. Oftin@ining seven students who were
not successful in the course, five students atetedght days and two other students who
attended eleven and twelve supplemental days, cegpky. All of this is placed into

more context with the fact that students were megltio attended at 8 supplemental days
this semesterBecause some students were more motivated testiand therefore
attended more supplemental sessions, student motiv@n also be called intpiestion
However, with the policy that students need toratteight or more supplemental days,
107 students that did not meet this policy andyftiitee of these students (or 40.19 %)

did not successfully pass the class. Compare titiisomly seven (or 4.93%) of the 142
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students that attended eight or more supplemeatal @de.. they met the policy) and who
did not successful pass the class. Therefore thenadence that supplemental practice
days do help students in the course when studéetedahe majority of the supplemental
days.

Resear ch Question 2

Before we discuss what the data says about thigtiqnewe need to define what
it means for students to “participate” in suppletaépractice days. Participation will be
defined by the student attendance at supplemeraelipe days. We define participation
in supplemental practice as a student who atteadgd or more supplemental days. The
data discussed above was the reason why we sekgteédr more supplemental
practice days attended as the cut-off. We see laeTathat students who attended eight
or more supplemental days outperformed studentsatteaded less than eight

supplemental days by 17% or more on quizzes, omgxand in the course.

Table 5
Average on
Average on Quizzes Exams Course %
Participation 80.46 66.26 74.82
No Participation 58.16 49.1 54.37

Resear ch Question 3

It is a little harder to get a hold on which meths the best method to implement
in supplemental practice days. Recall that thertvethods implemented in supplemental
practice sessions were the group worksheets methde question and answer method.
The group worksheets allowed students to practicblems that were similar to
problems in the homework. Furthermore some of thblpms on the worksheets were

similar to examples given in class during the prasiweek. We did not report any of the
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data on the worked-out example method which woeld bs determine which one of the
three methods is the best method to use in supplahsessions. Therefore we will only
analyze this with respect to the group worksheghotkand the question and answer
method. We see from the table below that we caratlude that one method was

better than the other method all the time.

Table 6
Course
average
Total #
secl (#of |sec2(#of |or
students) students students
8.70 (1) 12.53 (1) 2
23.95 (5) 8.42 (5) 10
14.87 (2) 30.36 (2) 4
19.18 (2) 24.32 (1) 3
N/A 35.65 (3) 3
51.22 (5) 34.84 (3) 9
62.55 (13) 64.57 (9) 22
66.10 (28) 68.01 (26) 54
73.78 (19) 69.17 (15) 34
75.35 (15) 75.36 (12) 27
75.28 (19) 76.26 (10) 29
74.35 (8) 73.11 (7) 15
80.03 (13) 73.09 (6) 19
74.38 (6) 79.32 (5) 11
72.25 (5) 83.90 (2) 7
References

Ainsworth, L., Garnett, D., Phelps, D., Shannona8d Ripperger-Suhler, K.
(1994). Mathematics: Needs and Approaches Usingl8opental Instruction.
Unpublished Manuscript, Texas Tech University abthock.

Ayres, P. (2006). Impact of Reducing Intrinsic Citige Load on Learning in a
Mathematical DomainApplied Cognitive Psycholog®0: 257-298.

Carroll, W.M. (1994). Using Worked Examples as @striuctional Support in the
Algebra Classroomlournal of Educational Psycholog§6(3), pp. 360 — 367.

Catrambone, R., Yuasa, M. (2006). Acquisition afgadures: The effects of example



RUME Conference Paper Preliminary Research Répo
February 26 — March 1, 2009

elaborations and active learning exerciéesirning and Instructionl6, 139-153

Chase, W.G., and Simon, H.A. (1973). “Perceptioahiass” Cognitive Psycholog¥
(1): 55 - 81.

Chi, M., Bassok, M., Lewis, M., Reimann, P., Glaser(1989). Self-Explanations: How
Students Study and Use Examples in Learning toeSeteblemsCognitive
Sciencel3, 145-182.

Crippen, K., and Boyd, E. (2007). The impact of Welsed Worked Examples and Self-
Explanation on Performance, Problem Solving, antiedgcacy. Computers &
Education.49(3), 809-821.

Gunawardena, Ananda (2002). In The Role of Techyyoio Individualizing Instruction
in Linear Algebra. In Promoting Success of Indivatilearners: Teachers
Applying Their Craft at the Undergraduate Levelrd@e and Garvey Publishing,
Westport, CT. (Edited by Jeffrey E. Porter).

Haver, W. (2007). Renewal of College Algebra. MAA report Algebra: Gateway to a
Technological Future. Edited by Victor Katz. Pubis by the Mathematical
Association of America. Available at http://www.meag/algebra-report/Algebra-
Gateway-Tech-Future.pdf.

Hilbert, T.S., Schworm, S., Renkl, A. (2004). LeamFrom Worked-out Examples: The

Transition from Instructional Explanations to SEiplanation Prompts. In
Gerjets, P., Kirschner, P.A., Elen, J., & Joiner(lRIs) (2004)Instructional
Design for Effective and Enjoyable Computer-supgmbitearningProceedings
of the EARLISIGs Instructional Design and Learnargl Instruction with
Computers (CD-ROM) Tuebingen: Knowledge Media Rede&enter.

Mayes, R., Chase, P., and Walker, V. (2007) Supphtah Practice and Diagnostic
Assessment in an Applied College Algebra Coursernid of College Reading
and Learning, (In Press).

McHale, T.J, Christensen, A.A, and Roberts, K.98@). Intermediate Algebra:
Programmed. Reading, MA: Addison-Wesley.

Miller, G.A. (1956). The magic number seven plusninus two: some limits on our
capacity to process informatiorPsychological Revie®3: 81 — 97.

Siedman, Alan. (2005). Where We Go From Here: AeRidn Formula for Student
Success. In College Student Retention. Americam€iban Education and
Praeger Publishers, Westport, CT. (Edited by Sied&an.)

Sweller, J. (1988). Cognitive load during problesiveg: Effects on learningCognitive
Sciencel2, 257 — 285.



RUME Conference Paper Preliminary Research Répo
February 26 — March 1, 2009

Sweller, J. (1999)nstructional design in technical areaSamberwell, Australia:
Australian Council for Educational Research. ISBR6231-312-8.

Sweller, J. (2006). The Worked example effect amthdin cognitionLearning and
Instruction,16, 165-169.

Sweller, J., and Cooper, G. (1985). The use of edxamples as a substitute for
problem solving in learning algebi@ognition and Instructiorv2, nl1, 59 — 89.

Sweller, J., and Owen, E. (1989). Should problelwiisg be used as a learning device in
mathematics3dournal for Research in Mathematics Educatie?0, n3, 322 —
328.

Sweller, J. ,van Merrienboer, J.G., Paas, F.G.g§L3Cognitive Architecture and
Instructional DesignEducational Psychology Revie®0, 251-296.

Tarmizi, R.A., and Sweller, J. (1988). GuidanceimyMathematical Problem Solving.
Journal of Educational Psychology. 80(4), pp. 4236.

Tinto, V. (1987). Leaving College: Rethinking thauSes and Cares of Student Attrition.
Chicago: University of Chicago Press.

Trafton, J.G., & Reiser, R.J. (1993). The contiittof studying examples and solving
problems to skill acquisition. In M. Polson (Ed?yoceedings of the ¥5Annual
Conference of the Cognitive Science Sodiyl017 — 1022) Hillsdale, NJ;
Lawrence Erlbaum Associatives, Inc.

Ward, M., and Sweller, J. (1990) Structuring EffeetWorked Example<ognitive and
Instruction.Lawerence Erlbaum Associates, Inc., 7(1), pp39—

Zhu, X. and Simon, H. (1987). Learning Mathemakosm Examples and by Doing.
Cognition and InstructionLawrence Erlbaum Associates, Inc. 4(3), pp. 136-16



