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ABSTRACT

Nancy R. Peterson Cognitive apprenticeship: authentic problem-solving
experiences challenges traditional isolated learning
outcomes

1995

Thesis Advisor; Dr. Stanley Utban
Learning Disabilities

This study was designed to determine if seventh grade basic skilts and gpocial
education students who experienced different teaching sivles would demonstrate an
mereased ability to solve problems on a criterion-referenced test. Pre and post testing
requiring multiple choice responses, were given to a sample of 27 seventh grade students,
The Control group consisted of 11 BSI students while the experimental group of sixteen
students contained & classified, 2 ESL students, and 8 borderline BSI students.

A task perforimance project, Gamnes-Recveled Math, in which students of the
experimental group planned, designed, and constructed a mathematical game, was
designed and implemented over a four month period, The control group was taught
through radirional teaching techniques utilizing paper and pencil tasks and focysing on
mechanical steps applied in isolated contexts.

Data, based on t-statistics, revealed no sigmficant impact from the different
teaching technigues. However, individual comparisons revealed within the experimental
group that the 2 ESL students demonstrated a 28% and 29% improvement in their scores.
Classified students demonstrated increases of 32%, 18%, 18%., and 3%. Although the
results cannot be labeled conclusive, they suggest serious consideration be given towards

the cognitive apprenticeship model for students with disabilities.



MINI-ABSTRACT

Mancy R Petersen Cognitive apprentieeship: authenne problem-solving
experiences challenges traditional isolated learning
outcomes

1995

Thesis Advisor: Dr. Stanley Urban

This study was designed to determine if seventh grade basic skills and spacial
education students who were pregented with different teaching stvles would demonsirate
an increased ability to solve problems on a cﬁteﬁan—refm&nced test requiring a multiple
choice response. Results showed no significant effect of teaching styles upon the overall
aroups, however, within the experimental group, ESL and classified students

demonstrated improvements in their scores.
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CHAPTER 1

TITE PROBLEM

Recent research has provided a discouraging picture of student achievement in
mathematics ai all grade levels (e.g., Anng & Lapointe, 1989, Byme, {989). Byme found:
"Most Amgrican students leave school with sach a poor understanding of mathematics
that they cannot adeguately perform the vast majonty of jobs. mach less consider
specialized carcers in mathepatca or science” (p. 597). Alinost half of the over 3 million
stucdents who were high school juniors and seniors during the 1989-1990 school year
finished schoal without mastering 8th grade mathematics (Anrig & Lapointe, 198%).
These deficiencies in the general education population are shocking. but the continuing
failure of studenis with mild disabilities (o master basic skills math 15 even more
outrageous, Makimg matters worse, the invegtipation and remediation of mathematics
performance deficiencies among students with leaming disabilities hag not received the

same level of attention as other areas, such as reading and language (Bendear, 1992),

PURPOSE OF THE STUDY

The purpose of the study & fo investigate the eflectivensss of transfarming slkills
frerm an ingtructional program involving cognitive apprenticeship, & praciical means of
providing academic mstruction te students with special learning needs, with a maore

traditzanal vigw of teaching frapmented and isolated shalis, A cognitive apprenticeship
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model focuses one’s knowledge and skills on soiving specific, real world probiems,
whereas more traditional methods of instruction tend to fragment and isolzte small pieces
of knawledge, and use calculations with specific isolated skills, which is similar to the tvpe

of information posed on traditicnal standardized tests.

RESEARCH QUESTIONS

Research has shown that learning disabled students are inefficient learners. These
students have a unique way of proeessing information, exhibit inadequate and inflexible
problem-solving strategies and their metacognitive processes operate differently (Meltzer,
Solomon, Fenton, & Levine, 1989; Swanson, 1988,1989, Torgesen, 1978; Wong, 1986).

1. Is it possible that students learning through cognitive apprenticesiip might
rransfer and flexibly use advanced cognitive skills with greater proficiency than other

stuclerms?

Special education analysts have also documented how the effective use of
instructional time increases the achievement of students with mmild educational disabilities
{e.g., Greanwood, 1991 Leinhardt, Zigmond. & Cooley, 1981). Schoenfeld (1989)
further claimed that a key goal in teaching these children was to develop teaching methods
that helped students acquire and integrate cognitive and metacognitive stratemes, These
strategies would then enable them to use, manage, and discover knowledge.

2. Will students acquire, and be able 1o integrate cogritive and metacaghitive

straiegies In @ cognitive apprenticeship model incorporating a rask performance projeci?

Impact of cognitive apprenticeship models on standardized test scores is uncertain

since it Tocuses one's knowledge and skills on solving specific, real world problems. More



traditional methods of instruction tend to fragmenr and isolate gmall pieces of knowledge,
similar to the {ypes of information posed on standardized tests.

3. If the methods of more waditional instruction, which are more geared towards
deademic performance on standardized tests, ave emplaved, how well conld these

Studenis transfer and flexibly use advanced cognitive skifls in an authensic stiuation?

THEORY

The Curricubum and Evaluation Standards for School Mathematics (NCTM,
1989 15 a broad framework to puide reform in school mathematics in terms of content
prienty and emphasia, 1t discusses curricula and asgessment criteria, but it does not explain
how ta bridge the gap between classroom assessment objectives and the use of the
standardized test. If the classroom objectives are directly aligned with those of the
standardized mathematies test, then no problem exists, However, many instances of
misalignment occur between classroom assessment practice and srandardized (esting,
Teachers, local schools, districts, and state education agencies still monitor pupil progress
and mastery through standardized and formal rmuyltiple-choice or paper-and pencil
assessment tools, while promoting performance-based or alrernative assesgment
procedures in the classroom with teachers who have had little or no training in assessment
techmeues, Tn balancing assessment stratepies, Herman, Aschbacher and Winters (1992)
stated that skills students exhibit in the assessment situarion should transler to other

situatians and other problems.

NEED
What is needed are serious efforts to reskill teachers, providing them not only with
tools such as sample problems and scoring procedures, but with specific problem solving
strategies that can then be incorporated with performance-based assessments. This will

enhance teachers' undersianding of how students’ performance on innovative multiple-
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choice iterns relates to their performance in actual problem-solving situations, thus giving

them the confidence to construct their own a2ssessment instruments.

OVERVIEW
Chapter 2 involves a discussion of literature involving the philesophy and research
surrounding performance-based assessment as well as specific sirzremes developed for
teaching students at-risk and with learning disabilities. It weill alse include a comprehensive
review on Grant Wiggins' Assessing Student Performance (1593). Design of the study will
ke completely explained in Chapter 3. A degcription of the sample, operational measures,
testing hypotheses, design and analysis will be presented with a meaningful summary as a

conclusion.



CHAPTER II

REVIEW OF THE LITERATURE

MATHEMATICAY ASSESSMENT

Recent literature on assessment in mathematics is abundant due to the advent of

the Curriculym and Bvaluation Standards for School Mathematics in 1582, The impetus

for a pendulum swing from narrow conceptions of assessment, as paper-and-pencil tests
that require students to produce an expected answer, to an assessment drawing on many
methods to ascertain individual students' knowledge of mathematics has dertved from a
strong demand that students know mathematics, Byrne (1989) found that "Most American
students leave school with such a poor understanding of mathematics that they cannot
adequately perform the vast majority of jobs, much kess consider specialized careers in
marhematics or science” (p.597). Almost half of the over 3 million students wha were high
school juniors and seniors during the 1989-1230 school year fimished school without
magtering $th-grade mathematics (Anrig & Lapomte, 1989).

The Stridards make it very clear that assessment should be: integral to instruction:

multiple assessment methods should be used; and all agpects of mathematical knowledge
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and its connections to other branches of knowledge should be assessed. Webh (1993)
defined assessment as the comprehensive explanation of a student's or group of students'
knowledge He further stated that assessment and its results should not be the end of
instructional experiences; instead it should be a means to achieve educational goals.

Due to theories teachers are now finding themselves questioning their own belief
systemns both in the teaching of mathematics and in their expectations of students Thig self-
exemination has developed from the confusion exemplified in the Agenda for Action of the
National Council of Teachers of Mathematics (1980), which asks that "preblem solving be
the focus of school mathematics” {p.1). Discussions of the teaching of prablem soiving
have moved from advocating that students simply be presented with problems or with
rules for solving particular ﬁmblems to developing more general approaches 1o problem
solving (Stanic, Kilpatrick, 1988). Problems in mathematics have been a primary theme
since ancient times, but problem solving has not. Ornly recently have mathematics
educators accepted the idea that the addition of problem solving ability is worthy of
special attention. The term problem soiving, hawever, has become a slozgan encompassing
different views of why we should teach mathematics in general and problem solving in
particular (Stanic and Kilpatrick, 1988), There is no adequate clanification of what problem
solving is or why we should teach it. Further complicaricns involving problem solving hie
in the topic of testing mathematical prablem solving,

Silver and Kilpatrick {1239) discussed two functions that the testing of problem-

solving performance serves - to provide information that reachers can use in making



instructional decisions and to signal to students, teachers, and the general public those

aspects of learning that are valued. They further conclude that:

As long ag (gst construction remains dominant by traditional views that put a prominm, on
efficiency of measuremant, mecluding sinele scores for unidimensional measures having high
internal consistency, problem solving will not be adequately assessed by tests, (P.182)

Recently efforts have been made 10 develop achievement tests which require students to
recogmize when problems have a similar mathematical stmucture or observe thar a given
mathematical model can be used to represent a problem. There have even been efforts to
inchide open-ended problems for students to solve in which they generate numerous
conjectures based on a st of given data or conditions. However, unfortunarely a premurn
is placed on memory and on skill in manipulating numerical or algebraic expressions and
does not allow for much reflection {Silver, Kilpatrick, 19289}

Silver and Kilpatrick (198%) recommend three directions for the firire: refine our
techmgue for assessing problem solving by continuing to develop current approaches to
azsesament; utilization of technology in which available technology of tailored testing
permits each student to receive questions by computer that are suitable for his or her level
of ability and allows the student to spend more time on each question with no loss in
measurement efliciency; and reskilling teachers to conduct problem-solving lessons, assess
how studenrts respond to them and how their performance improved as a consequence.

Wigging (1993) malces a clear distinction between an assessment and a test by
defining an assessment as a comprehengive, mulbfaceted analysis of performance and an
educational test as an "Instrument," a measuring deviee used to ehe the king of behawvior
we warnl io observe and meagure The role of responsiveness ta individual test takers and

contexts and human judgment are deliberately minimized, if not eliminated because a test



is an evaluation procedure in which the mechanization of scoring is accomplished by
taking complex performances and dividing them into discrere, tndependent tasks that
minimize the ambiguity of the result. "But the meaning of measurement reguires
assessient.” (p 13).

Unfortanately, recent attempts to control what teachers are doing in instruetion
have had the eonsequence of deskilling them-convincing them that they lack the expertise
to assess how their students are learning and thinking (Siver, Kilpatrick, 1989). Many
students have paid dearly for their teachers' expeditiousness and imparience with tesring
and grading - haste produced by school schedules that demand 128 final grades by the
Monday after the Friday exam (Wiggins, 1993), Just because a student 2ot it right on a
multiple-cholcs asseasment does not mean that the student undersrands the concept (Gay,
Thomaa, 1993). Silver and Kilpatrick (158%) summed up the refinement for assessing
problem selving as "our need to understand how students' performance on innovative
multiple-chaics items, such as those assessing the ahility to mateh a dispram with a
problem ar those asking students to judge ithe reasonableness of a solution, relates to their
performance in actual pmb]ém-sc-lving situagons” (p.184).

Asgessment requires the skilla of a sengirive, informed teacher, Providing teachers
with sapiple problems and scoring procedures is not enough Assessment must be lnked
with the curriculum and instruction based on contemporary theories of learning and
cogmtion, Hermen, Aschbacher, and Winters (1992) provide the following issues

CONGCETNINE a55e55ment:

1, Aggeszment must be congruent with significant instructional goals,

2. Asgessmaent must invobve the examination of the processes as well 25 the products of
learning,

3. Performance-based activitics do nol constitule assessment per se.
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4, Cognitive learming theory and its constructivist approach to knowledge acquisivion supporls
the need to inlegrate assessment methodologies with instrectional gutcomes and surricnlum
content,

3. An imtegrated and active view of student fearning requires the dssessment of holistic and
complex performance.

6. Agsesgment desipn 1s dependent on assessment purpose; grading and monitaring student
progress are distinct from diagnosis and improvement.

7. The key to effective assessment is the match between the task and the intended sdent
CLCOTE.

8. The ¢riteria nsed to avaluate student performance are critical: in the absence of ¢riferia.
agsessment remains an isolated and episodic activity,

4, Chialfty assessment provides substantive datz for making informed decisions about student
learning.

10, Asgessment systems that provide the most comprehensive feedback on student grawth include
multiple measures lken aver the (pp. F-ui),

The National Council of Teachers of Mathematics feels that authentic assessments tesks
highlight the usefulness of mathematical thinking and bridge the gap between school and
real mathematics, The fundamental issue 18 how to estlmate what a person knows from a
small sample of his or her behavior (Marshall, 1989).

New assessments stress the importance of examining the processes as well as the
products of learning. They encourage the student to move beyond the "one right answer”
mentality and challenge students to explore the possibilities inherent in open-minded,
complex problems, and to draw their own inferences (Herman, Aschbacher, Winters,
1592), Three aspects of evaluaiion seem predominant ffom an evaluation (Marshall,
1989); (2) We need to kiow whether the individual has encugh facts about the domain-
specific details that must be acquired before an individual can engage in problem salving,
In mathematics, these are facts and concepts such as addition facts, multiplication facts,
and knowledge of the order of operations. {b) We need to know that the individuat has the
requisite behavioral alternatives or procedural knowledge characrerized as a set of rules
that can be applied to a situation whenever specific conditions are satisfied. In arithmetic,

the algorithms for carrying out arithmetic operations are good examples. (¢) We want to
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know whether the individual can call upon the knowledge and skills in 2 non-

predetermined order to make sense of a new experience. Such knowledge resides in a

schema, being able to relate aspect (a) to aspect (h).

INTEGRATING LEARNING WITH INSTRUCTION

Lezrning is more than just gaining meaning, applying, and communicating
mathematics. Learning mathematics includes cognition, metacognition and affect (Herman,
Aschbacher, Winter, 1992). Since a great deal of emphasis in mathematics has been on
"problem solving", much of the more recent research in mathematics has been conducted
by cognitive psychologists, who seek 1o develop and validate thcqriss of human learning
and problem solving and mathematics educators, who seek to understand the nature of the
cognitive interaction between students and the mathematical subject matter they study and
the problems they solve (Silver, 1987). Schoenfeld (1992) defines learning to think
mathematically as developing mathematical points of wiew and having the capacity to
apply them and deveioping competence with mathematical sense-malking; thar ic
abstraction, symbol¢ representation, and symbolic manipulation.

Recent resesrch has shown that learning disabled students are inefficient learners.
These students have a unique way of processing information, exhibit inadequate and
nflexible problem-golving strategies and their metacopgritive processes operate differently
(Meltzer, Solomon, Fenton, & Levine, 1989; Swanson, 1988, 1989; Targesen, 1978;
Wong, 1586). For these reasons, there characteristically 1s & discrepancy between the

student's learning potential and performance in mathematics. 1.earning disabled students
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are unable to use critical thinking without specific traiming, Some have visual perception

difficulties that preclude seeing accurately what is presented to them, and still others have
poor retention or auditorially, they misperceive words or parts of words (Bley &
Thornten, 1989), Therefore, Schoenfeld (198%) claimea the focus in teaching these
children was to develop teaching methods that helped students acquire and integrate
cognitive and metacognitive strategies, These strategies would then enable them to use,
manage, and discover knowledee.

Peterson (1982) agreed that an understanding of differences between students and
their cognitive processes was necessary for developing teaching methods that considered
those diiferences, Her (1982) mathematical study cn probabiiity with 72 ffth and sixth
grade students was based on direct instruction teaching . Student attendance,
understanding and use of cognitive stratemes, were measured using subscales. The data
revealed that higher ability students attended, understood and used cognitive strategies to
a greater degree than lower ability students. These results indicated that ability wag
nasitively related to achievement, and that cognitive processes are associated to both
ability and achievement. Peterson's (1982) study clearly supparted Erown (1978) whao
contended that one must be able to monitor their own understanding of instruction in
arder to learn. This pre-requisite required that the student have a recognition of skills,
strategies, and resources needed 1o accomplish a problem and the innate qualities to use
self-reculated mechanisms io complete the problem (Mercer, 1992)1 These metacognizant

serategies do not oceur in a learning disabled student until higher executive processes have

been addressed (Borkowsld, Estranda, Milstead, & Hale, 1989).
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Riley's (1989) study utilizing the Mathematics Achievement subtest of Peabady

Individual Achievement Test (Dunn, Markwardt, 1970) and the Inventory of Piagst's
Developmental Tasks (Furth, 1970), found that mathematical achizvement significantly
correlated with cognitive ability. These findings were alse consistent with research
attesting to a developmental delay in the selective attention ability of children with learning
disabilities. Furthermore, Peterson (1982) found that students with higher level cognitive
abilities were gble {o succeed on a variety of academic tasks, used a variety of specific
copmve strategies, related prior knowledge to problem-solvmg, had insight about
material and recognized the teacher overview that promoted understanding. Lower ability
students provided only general or imprecise reasons for the manner in which they
completed the tasks. Tins was further supported by Swanson's (1989) view that learning
disabied students display inefficient strategies m performing complex academic tasks and,
therefore, cannot perform at a level in which they are intellectually capable. Swansen
(1989) further suggests thar learning disabled stndents do not process the organizational
aspect of information in the same way as normal achievers.

Current cognitive research has focused on teacher expertise as a critical factor in
helping students to use cognitive and metacognitive strategies in problem-salving
(Schoenteld, 1985). According te Schoenfeld (1992), goals for marthematical instruction
rely on one's interpretation of what mathematics is, and the definiticn of understanding
mathematics. He described a curriculum based on mastery of & body of mathematical facts
and procedures as extremely poor. To_prc-g;ress in mathematics, one must have the

capability of making and recognizing zssociations, comprehend basic relationships, make
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generalizarions, and understand as well as apply mathematical concepts and methods
{Schoenfeld, 1989). The learning of procedural knowledge comprises a significant part of
mathematical leaming, It cannot be explaired as leaming a sequence of mechanical steps,
bur rather as a procedural knowledge that is built on a fourdation of schematic knowledge
(Resnick, Neches, 1984), Schemata are useful for retrieving clusrers of retated and usefil
information zs well 2s setting up the problem (Sttver, 1987). Usage of the schema allows
solvers to develop an initial menral representation of the problem. This representanon
changes as it mteracts with other information until an adequate answer has been obtained.
Sttver (1987) concludes that the quality of the solver's representation is seen as central to
the problem-solving process. Math educators now realize through cognitive studies, that
learning is a slow, constructive process in which a portion of one method gradually
becomes integrated in 2 mastered skill (Nesher, 1936).

Schoenfeld {1985) supports Nesher's concepts with his implementation of
mathematical problem-solving procedures with college students. Fis theory of expertise
being the ahility ta carry out complex problem-selving tasks in 2 domain, led him to design
a methodology of teaching students that mathematics consists of appiving problem-soiving
procedures, reasoning and managing problems. This was to be accomplished through the
use of heuristics, control strategies, and beliefs. Schoenfeld (1985), emploved the elements
of modeling. coaching, and scaffolding, which ultimately led to fading, as activities
highlighting cognitive processes and knowledge structures necessary for expertise.

Schoenfeld (1985) believed students should first be ﬁresented with a complete

example of solving a problem from beginning to end i his modeling element. This
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technique allowed him to present and model new heuristics, “rule of thumb™, in prablems,
Through ¢oaching, Schoenfeld acted as moderator requesting heunstics and solution
techniques from students while demonsirating control strategies for making judgments
about how best to proceed. Scaffolding provided the support in managing the direction in
which course to pursue. Schoenfeld (1985} was careful in sequencing the problems so that
he achieved motivation, amplification, practice, and integration. More in-depth discussion
of the cognitive apprenticeship model is included in Section 4 of this chapter.

Meltzer (1989) utilized similar problem-solving techniques in analyzing academic
performance of learning disabled students. Using criterion-referenced, process-based,
problem-solving tasks, a collection of diagnostic information on processes as well as the
content of learning was developed. The measurements included categorization, concept
formartion, pattern analysis, flexibility in shifting strategies, and sequential reasoning. Her
study in the math area led to sub-typing based on the academic achievement involved, age-
level of the child, and whether the child was learning disabled or 2 normal achiever,
Meltzer (1989) firrther concluded that LDs may manifest different disabilities as they
progress through school. Therefore, there is 2 need to broaden the scope of subtype
research toward a multidimensional approach incorporating problem-solving and
metacognitive strategies.

Mere acquisition of knowledge and skills does not make students into competent
thinkers or problem solvers. They must also acquire the disposition to use the skills and
strategies and know when to apply them. Caine and Caine (1991) believe that the transfer

of skills and concepts from one situation to another is enhanced when instructional
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activities are organized to appeal to learners' emotional needs for relevance and mesning,
When learning is valued, it is more likely to be retained and transferred to other
circumstances (Bransford, Hasselbring, Kinzer, & Williams, 1990). Increasinglv modern
hie requires students to have problem-solving, critical thinking, decision-making, and
reasoning abilities (Resnick, 1987). To address these needs, educators must empower all
students with the ability to acquire, transfer, and apply higher order cognitive skills in a
variety of settings (Rojewskd, & Schell, 1994). Many secondary school curricula have heen
reorganized to emphasize advanced cognitive skill development. However, Means and
Knapp (1991) have pointed out that students with special learning needs typically have the
least access to educational opportunities that would help them develop these skills,

If knowledge has no apparent application, it may not be perceived as meaningfirf; it
is thus not likely to be transferred to other learning experiences (Bransford, Sherwood.
Hasselbring, Kinzer, & Williams, 1990), This scenano may be eépecia]ly true for youth
with special needs, who often take longer, require repeated exposure, and benefit most
from concrete experience during the learning process {(Hardman, Drew, Egan, & Wolf,
199G}, Brown, Collins, and Duguid, {(1989a) viewed advanced cognitive skills as mental
tools that could be used to accomplish meaningful activities, Theiridea of authentic
activity involves using the ordinary practices of a given culture as a basis for learning,
Through authentic experiences students pick up mathematics by internalizing ir, that is, by
living in a culture in which the appropriate vaiues are reflected in the everyday practices of
the culture (Schoenfeld, 198%). Students need to learn mathema_tics in classrooms which

are little worlds of mathematical culture, classrooms m which the valies of mathematics as
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sense-malking are reflected in everyday practice. Every instructional activity is 2n

assessment opportunity tor the teacher as well as & learning opportunity for rhe student,

RETHINKING ASSESSMENT

Assessment has not only become the focus of our nation's current educational
reform agenda, but it is & major driving {orce behind curriculum and instruction where
standardized testing {i.e., achievement tests, EWT, HESPT) are determined to give insigthrt
into general program effectivences at the classroom, local school district, and overall state
level Student outcomes on these tests determine the important goals of classroom
instruction since the vabdity, fairngas and usefuloess of a test depends on the content
match of lenowledge, sldlls, and dispositions that teachers are teaching and those that
students are expected to learn or acquire. School administrators and district planners use
these results in order to determing program effectiveness, areas of curricular strength and
weakness as well ag for topics of staff development, matenials needs, and for targeting and
assessing plans for improvement. Marshall (1989) contends thar achievemem tests provide
little or no diagnostic information and do not measure a suflicient range of concepts to be
of value a8 agsessment tests.

Cooney, Badger, and Wilson {1993) do naot believe that it i3 possible 1o bridse the
wap between new forms of assessment reflecting dillerent and more fundamental visions of
what 1t means to lenow mathematics. They claim that as long as mathematics is viewed as

consisting primarily of a series ol steps to be applied in isolated contexts, reachers will
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view moves toward alternative methods of assessment as peripheral to the "real
curriculum." Herman, Aschbacher, and Winters (1992), however, feel that new visions of
effective curriculum, instruction, and learning demand new attention to systematic
assessment. Educational and societal trends support these new visions of teaching and
learning 1o such an extent that unprecedented demands have bezen placed on teachers'
professional skills requiring them to integrate knowledge of intended goals, learming
processes, curnicuhun ¢ontent, and assessment,

Wiggins (1993) has gone to the root of the problem in bridging the gap in linking
assessment to instruction. He feels that assessment, to be educational and fair, needs more
a matter of principle and less a matter of good ntentions, mere habit, or personality. He
agrees with Feuer, Fultion, and Morrison (1993) when they argue that the Congress
should "require or encourage school districts to develop and publish a testing policy”
(p.532). If each school district, at the very least, would develop an Assessment Bill of
Rights to protect the inherently vulnerable student from the harms that testing easily leads
to, a local procedure for ensuring that assessment practices of both students and educators
would be publicly scrutinized, discussed, justified, and improved (Wiggins, 1993). "We
must determine the aim of education hefore we can determine what we should assess and
what kind of evidence we should seek” (p.35). A thoughtful assessment system does not
seek correct answers only, judgment must be seen to be an essential element of
agsessment; mere right answers to uniform questions are incapable of revealing its
presence or absence The skills that students exhibit in the assessment situation should

transfer to other situations and other problems (Herman, Aschbdcher, & Winters, 1992).
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Reskilling teachers to understand that what must be assessed is not whether the

student 1§ learned or ignorant but whether he or she is thoughtful or thoughtless about
what has been learned is an inescapable moral dilemma to all learning {Wiggins, 1993).
Wiggins elaborates on the aim of maximizing everyone's achi¢vement, but teachers cannot .
imagme doing so without lowering or compromising their standards. Herman, Aschbacher,
and Winters (1992) add to this dilemma the concept that there is no one night way to
asseas students. They claim that a balanced curriculum requires 2 balanced approach to
assesament and the need for a reliable scoring secheme. Knowing how to preceed with
zssessment development calls for supporting instructional improvement, balancing

assessment strategies and holding assessments to high standards.

LINKING ASSESSMENT AND INSTRUCTION

"Thinking Curriculum" by Lauren Resnick and Leopold Klopfer (198%) 15 a
modern approach to curfcuzum advocating an integrated, active view of student learning,
Tt stresses the importance of process as well as product. Students are involved in tasks
similar to those encountered in the real world, salving problems, makiag decisions,
constructing arguroents, and so forth. In this way, they model the process of 2 professional
discipline while acquiring knowledge in that discipline. Much recent discussion about the
poals of mathematics learning has focused on the development of the understanding of
mathematical concepts involving more than mere recall of defivitions and recognition of

commeon examples (National Research Council 1989; NCTM 1989). "Tasks that ask
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students o apply information about a given concept in novel situations provide strong
avidence of their knowledge and understanding of that concepr” (NCTM, 1989, p.223),

Although conceptual understanding is clearly ona of the major goals of
mathematics teaching, students' capacity for applying, comumnunicating, and integrating
their mathematical understandings 15 also important. Furthermore it is important to assess
students’ confidence, interest, curiosity, and inventivenass in working with mathematical
ideas (NCTM, 1989). It is not only important to worry about what the student knows, but
whether what they know has any meaning (Wiggins, 1992). Tn mathematics, a thinking
curricuium helps students acquire the key concepts and taols for making, using, and
communicating knowledge in a specific field. "Working knowledze of the field implies an
integrated network of knowledge and concepts rather than a collection ef isolared facts”
(Herman, Aschbacher, Winters, 1992, p.17). Thus assessment:

"iust be an interaction between teacher and sludenis, with the lzacher continually seeking to
undersiand what a sindent ¢an do and how a student is able 10 do it and then using gus
information to guide instruciion” (Webb and Briars, 1990, p. 108).

Issues related 10 learning transfer, situated leaming, and expert/novice approaches
ta learming and problem solving are key to the development of advanced cognirive skills in
students with special needs (Rojewska & Schell, 1994), To measure student achievement,
agspgameant must be congruent with significant instructional goals. It must involve the
examination of the processes as well a8 the products of learming, The key to effective
assessment is the match between the task and the intended student outeome Agsessment
systems that provide the most comprehensive feedback on student growth include multiple

measures taken over Lme.



21
Corn, in her 1989 book Teaching Remedial Mathematics to Students with

Leaming Disabilities, cited the following characteristics of college students with LD;
impulsivity, poor note-taking skills, poor study skills, poor memory, passive learning style,
and poor strategies for monitoring errors. The Cognitive Apprenticeship technigque
employs elements of activating information for use in multiple contexts, situating learning
in real world activities, and provides models of expert performance which offers significant
promise for encouraging learning among individuals with special needs {Berrvman, 1981
Collins et 81, 1991; Rasnick, 1987). Cognitive apprenticaship siresses symbolic, menta!
(thinking) skills taught in combination with physical skills. Here, intemalized mental .
processes are externalize through social interaction, observation, practice and reflection
about tasks to be completed (Brown et al., 198%9a; Means & Knapp, 1951). Collins et al.
(1991) noted that cognitive apprenticeships utilize authentic tasks in meaningfil
environments and purposively sequence tasks to reflect changing demands of learming, and
a strong emphasis is placed on generalizing knowledge to a wide varety of settings.

The first step in assessment design or selection is to know the purpose of your
assessment. Authentic assessments are constructed around outcome goals therefore
dependent upon designing the tasks backwards (Wipging, 1994} Because performance
assessments require considerable time and energy, Wiggins (Class, 1994, p. 2) lists the

following assessment reform principles to be used during a task performance project:

1. Assessment should mmprove performancs, 10t just Mohilor i

2. Assessment should never be reduced to testing,

3. Assessiment is valid and relizble judging in reference 1o crileria and siandards, not mers
collecting or casual absarving of student worlk.

4, Progress does not equal growth, Standards do not equal local expectation norms

5. "Form" follows "function” in healthy organizations. "Forms" are the stuctures, rules, and
regulations that support the "function” or objectives. Schedules in panicular, should be reviewed
in light of assessment needs,



5. Know vour mstitntzonal "custemer(s)'— the next level(s) above vou - and inform your
standard-setuzg by their standards" (Class, 5/94).

Just as performance task projects, cognilive apprenticeship allows students of ail
ability levels to interact and learn in the same environments. The cognitive apprenticeship
model i3 developed around four main elements - content, methods, sequencs, and
sociology (Collins et al | 1991). These four components capitalize on knowledes of
transfer, sitwated learning environments, and the use of expert approaches to problem
solving. The teacher's role is to mediate or facilitate learning among, active rather than
passive participants (Rojewskd, & Schell, 1994), When ¢ogmtive appmnti::eslﬁp methods
are corobined with other teaching techniques, aich a3 dirsct and explicit instruction, an
enfie range of instmuctinnal strategies that promate the deveiopment of problem-sohving
srrategies is encouraged (Gersten & Carnine, 1985; Palincsar & Brown, 1984, Pearson &
Raphael, 1930).

A key goal in the design of teaching methods should be to help students to acquire
and integrate cognitive and metacognitive sirategies for using, managing, and discovering
knowledge. Elements of observation and guided practice methods consist of modeling,
coacing, scaffalding, and fading. Schoenfeld (1983, 1983) utilized these practicss in g
variery of activities designed t;:l highlizh{ different aspects of the cognitive processes and
knowledge structures reduired for expertise, Hiz modehng of mathematical problems
embraced context-based nhsarvation of an expert performing a task, Srudents could
obaerve the use and management of specific heuristics (rule of thumb for how to appreach
a given problem) and control sirategies used by the expert. While coaching students

emulanng more complex expert behaviors, he would offer hints, provide support and
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feedback, design opportumties for additional modeling, or give pmmpts and reminders. All
coaching methoda are nimed at bringing the learner closer to expert behavior. Schoenfald
used scaffolding as an instructional method that relied prominently on dialogue between
teacher and student to help a student successfully carry out a task, These supporting
questions or diveet interventions provide learners with just enough support and guidanece
to achieve goals thar are beyond their unassisted efforts. As students become more
competent, Schoenfeld would fade allowing learners to act inereasmgly more on their

own,

Cognitive apprenticeship models seem to be especially well suited for
incorporating a diverse array of students with varying capatnlinies. It accommeodates boih
low and high-achieving students working together, When determining priority outeomes in
alternative assessment projects it is important to derermine what cognitive and
metacoonitive skill development is desired as well as social and affective skills. Statements
of types of problems students should be able 10 solve and the concepts and principles they
are to be able to apply should also be considered when developing outcome goals

{(Herman, et al., 1992).

SUMMARY

The Curriculum and Evaluations Standards for School Mathematics published by

the National Counctl of Teachers of Mathamatics in 1989 created an impetus for changne

asdessment procedures in mathematics throughout the nation. The premise that students



will be using mathematics in a warld where calculators, computer. and other forms of
technology are readily available; where mathematics as 2 field of lmowledge is rapidly
changing; and where mathematics 8 continually being applied to more fields of work and
study, created a demand that students know mathematics and be able to use marthemancs
in the changeable world that these students will {ace during their lifetime. Byrne (198%)
found, "Most American students 1eave school with guch 4 poor understanding of
matherpatics that they cannot adequately perform: the vast majority of iohs, much Jess
cohaider specialized careers in mathematics or science” (p.597). Almost half of the over 3
million students who were high school juniors and seniors during the 1989-1990 school
year finished school without mastering 8th-grade mathematics (Anrig & Lapointe, 1989)

These deficiencies in the general populaton are crucial, bur the continuing fatlure
of students with mild disabibities to master bagie skills math can be characterized as
outrageous. Making maiters worse, the investigaton and rewediation of mathematics
performance deficiencies among students with learning disabilities have not recerved the
same level of attention as other areas, such as reading and language (Bender, 1992).
Students with special leaming needs typically have the least access 10 educational
oppottunities that would help them develop skills of acquiring, transferring, and applying
higher order cognitive skills in a variety ol seitings (Means & Knapp, 1991).

Recent research has shown that learning disabled srudents are ineffictent legmers.
The stedents have a unique way of processing information, exhibit inadequare and
inflexible problem-solving strategies and their metacognitive processes operate differently

{Meltzer, Solomon, Fenton, & Levine, 1989; Swangon, 1988, 1989; Torgesen, 1978,



Wong, 1986). Learming disabled students are unable to use critical thinking without
specific training. Some have visual perception difficulties that preclude sesing accurately
what is presented to them, and others have poor reteniion or auditorially, they misperceive
words or parts of words (Bley & Thomton, 198%9). Therefore. Scheenfeld (198%) elaimed
thai the {ocus in {eaching these children was to develop teaching methods that helped
students acquire and integrate cognilive and meiacognitive siraiexies. These strategies
would then enable themt 1o vse, manage, and discover knowledse,

The Stndards call for 2ssessment to be conducted with multiple measures and
well-chnaen tasks affording teachers the opportunities to learn about their students’
understandings. Alternative assessments and performance tasks are being widely
researched and heing promoted as appealing ways to assess complex thinking and problem
solving because they are grounded in realistic problem situations. It seems that leamers
benzfit from having ample opportumties o use newly sequired information and experience
its effects on their own perfaormance (Bransford & Vye 1989) 1f knowledse has no
apparent application, it may not be perceived as meaningful; it is thus not likely 1o be
transferred to other learning situations (Branslord et ai., 1990). This scenario may bhe
especially true for youth with specal needs, who often take longer, require repeated
expogure, and henefit most from concrete experience during the leaming proceas
(Hardman et al., 1980).

Copmuive apprenticeship emphasizes a combination of aurhanme problem-solving
experiences with expert guidance in lieu of decontextualized instruction {Schoenfeld,

1965). Just 25 performance task projects, copnitive apprenticeship allows students of all
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ability levels to interact and learn in the same environments, The cognitive apprenticeship

meodel is developed around four main elements - content, methods, sequence, and
sociology (Collins et al., 1991). These four components capitalize on knowledge of
transfer, sitvated learning environments, and the use of expert approaches to problem
solving. Cognitive apprenticeship models seem to be especially well suited for
incorporating a diverse array of students with varving capabilities. It accommedates both
low and high-achieving students working together,

Learning conducted in real life contexts using authenric activity increases the
relevance of knowledge and provides learners with concrete application of abstract ideag
and knowledge. The goal drectedness of cognitive apprenticeship should also enhance
student motivation for finding out the answers to their questions (Came & Caine, 1991).
The role of the teacher in a cognitive apprenticeship model is to facilitate and mediate

student learning.



CHAFPTER 11

DPESIGN OF THE STUDY

STATEMENT OF THE PROBI EM

Most Americans leave school with such a poor understanding of mathematics that
they cannot adequately perform the vast majority of jobs. During the period of 1989-19%0
over 3 million junior and senior students finished school without mastering Bth-grade
matkematics {Anrig & Lapomte, 1989). These deficiencies in the general education
population are crucial, but the continuing failure of students with mild disabilities to
master basic skills math can be characterized as outrageous. Listle investigation and
remediation of mathematics performance deficiencies among students with learning

disabilities has been conducted.

RESEARCH QUESTION

The primary research question is whether students exposed to research based
teaching techniques involving mampulatives and performance assessment, can transfer and
flexibly use copnitive skills in a more formal assessment. An extension of this question is

whether students taught with more traditional techniques, focusing on sequences of
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mechanical steps applied in isolated contexts, can transfer and flexibly use advanced

cognitive skills in an anthentic situation,

SUBJECTS OF THE STUDY

The subjeets of this study were 27 seventh-grade children, 11 specifically assigned
to Basic Skills Instruction (BSI) in mathematics and 16 who were in BSI mathematics last
year, but were not assigned BSI this year due to their seores being marginally above the
BSI cut off. They are, however, benefiting from in-class support since & of the 18 are
eligihle for Special Education.

Each of the students eligible for Special Educabon have special needs requiring
modifications within the mathematics program, They all share oroanizational problems as
well as auditory processing disabilities They need to have conceprs simplifled, repeated,
and time to process. Notetaking is extremely diflicult and each has reading deficits. Six
other students are in the English as a Second Language (ESL) program. They have
minunal abilities to speak, understand, and write English. The rest of the class consists of
students who marginally missed BSI gervices and have behavioral problems

The students were selected because of their history of mathemarical difficultiag
resulimy m continual assignment to remedial math classes utilizing traditional

mathematical teaching techniques.



PROCEDURES

A criterton-referenced, assessment instrument focusing on basic skills arithmetic
and fractions was constructed and administered to the students. The design of the
instrument was a ierarchical format requiring students to apply information about a given
concept and make a multiple-choice response. This same formal assessment was used ar
the end of the study to compare not only individual progress, but group progress as well.

A comparison of the scores should indicate one of two things: differences in
teaching styles and technigues have a definite influence on students' abilities to learn or
they have little to n-o effect on students' abilities to pedform on criterion-referenced rests. If
there are significant indications from the criterion-referenced assessment that one group
out performs the other group, then a reasonable conclusion would be that the teacher's
style and techniques did have an effect and would be a more desrable way to educate
children, If, however, the results were not significant, indicating styles and techniques did
not have an impact, then a reasonable conclusion would be to use instructional techmiques
that have been researched based as previously described in this paper.

The stuvdents asgigned to the BST classes are being taupht throush traditional
teaching techniques utilizing paper and pencil tasks and focusing on mechanical steps
applied in isolated contexts. A very structured textbook provides the students with
multiple isolated skills in a "drill and kll" format with examples provided in a rote
memorization style for each lesson. Problem solving consists of traditional word problems
uging one step computation. A standardized multiple-choice assessment is conducted at

the end of each chapter.
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Students do not use manipulatives nor are they provided with visual models other
than drawing on the beard or on a transparency. A tvpical class pericd consists of 2 review
of homework, the lesson as provided by the book. and a related homework assignment
which 15 also from the book. The students have had an opportunity to use the computer
lab.

The students being assisied by in-class suppori are receiving instruction based on
recent research, Instructional strategies nvolve comprehensive efforts ro provids
metacognitive skills, experiences ranging trom the concrete to the semi-concreie to the
abstract levels, and authentic assessments which examune the processes as well as the
products of learmng.

Based on research validated approaches, a task performance project was designed
to make the stedents active learners rather than passive learners, Included within this
project an effort was made to provide metacognitive skills through several techniques. The
first was based on the belief that students need to utilize their textbooks as a leamning tocl
The rext provides vocabulary and examples pertinent to concepts being taught but
students are unable to utilize ther books in a benehical manoer. A, prevalent problem of
reading ievels and the inability to transfer concepts from one example to another problem-
solving situation prompted the idea to transtorm the classroom into a ving textbook.

The walls eze covered with “Language of Math” vocabulary while examples of
problem-solving are clearly demonstrated on large posters and visible from any part of the
room, A continuous emphasis 18 placed on developing patterns by matching problems to

examples on the wall that represent a similar problem-solving method, Vocabulary is given



meaning by uging it continually. Students are encouraged to use proper mathematical
terms by refarring to the wall for necessary words and examples. The use of common
mathematical terms in a formal manner 15 emphasized through 2 *Do Now" activity at the
beginning of class. Finally a comparison of the textbook 1o the room ig stressed with gach
lesson and peneralizations of using examples to problem-sclve are modeled and coached.

The designed task performance project, Games - Recycled Math, focuses on
students using prior knowledge and skalls to solve a real world problem: planning,
designing and constructing & mathematical game (See Appendix A) The purpose was to
have the studenrs explore the many problem-solving activities within a game. Thoughtfully
evaluate and accurately analyze elements of diveraity in games. Imagiatively and
thoroughly establish prnciples of a game invalving fractions, and communicate the game
idea and design in a written and oral format. Each student was provided with a study
guide ta not only help them with solving the problem, but a3 an assessment tool to
measure their understanding of the problem (See Appendix B). In order for the students to
reabize the importance of the study guides, they were given an evaluation sheet indicating
the point value leading to a final grade in each phase of the project (See Appendix C),

In a cooperative setting students were provided with study guides to enable them
to become expert problem solvers. Each study guide was designed to teach fearning fo-
learn skills necessary for more complex skills of metacogniiion. The task was divided into
rwo sections; Phase I involving analysis of games and Phase 11 - construction of ther

original game. Initially the project consumed two days of the week with the other three
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being devoted to concept development concerning fractions, but as the project advanced it
consumed three days.

The students were introduced to the project through a presentation of homemade
aames. Five games were made from old game boards or left aver materials from around
the house (See Appendix D). The students were led in a discussion as to the types of
mathematical concepts possibly involved wathin each game. This led to further discussion
regarding rules necessary to play the games. Students then examined the games and
concentrated on the materials that had been used to make them.

Since the project was extensive, ¢ach study guide was color-coded, and the formal
copy to be turned in, was printed on the specified color paper so it could be easily
identified by the students thus emphasizing and modeling an organizational strategy.
Students were provided the ability to brainstorm using a study guide printed on white
paper with a color reference and then, as a group, select the best ideas and present them
on the formal colored copy. At the conclusion of each class students were requested to
complete an index card describing their personal contribution and an evaluabion of whether
they liked or disliked and activity with an explanation as to why.

Study guide-1 A emphasized a connection between mathematics and games by
involving students in the exploration of problem-solving activittes within games, Each
group was given a packet with several games depicted in an advertisement format The
pictures and advertisements were cut from catalogues and arranged so that the students
would have to examine the pictures as well as the brief summaries to determine what

mathernatical concepts werg involved with each game. The study guide divided the task
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into four sections: selection of games t0 examine mathematical concepts used; selection

and reasons for purchasing any one of the games; determining whether the game was one
of chance or skill; and desciibing the ¢onstruction of the game {1 & mazes, cards, board
game, etc.).

Study Guide-1B mvolved students with the task of finding patterns and
recognizing the relationship of rulss to games. In this lesson students were again provided
wirth & packet containing rules from various games. The shudents were aided by a study
guide and were expected to determine if a pattern was used in the development of rules
{i.e.. cbjective, equipment, how to play, etc.). They then rated the rules based ena 1-4
level of reading difficulty and were expected to give an explanation for their decisions.
Finally the students were to examire the homemade games set up arcund the room and
determine 2 name as well as an objective for the game.

Students were involved in developing objectives in Study Guide 1C. As they once
again examined the homemade games, they were to determine what the objective might be
for each ong and then give each game a name.

Study Guide 1D concentrated on writing rules, Based on the previous lesson,
students listed five important sections that should be included in rules. They then selected
one of the homemade gameboard and pawns and developed a set of rules for the game.
Emphasis was on constructing rules related to mathematical concepts.

Study Guide 1E allowed the group to design their own game, The study guide

once mare broke the task down. Beginning with the development of an objective, the



students made decisions on whether the game would be one of chance or skill, and the
materials necessary to construct the game. This section concluded Phase I.

Phase TI of the project focused on problem-solving involving financial decisions
pertinent to the construction of the students’ game. Study guides were used once again as
well as information sheets. An evaluation sheet was agam distributed prior (o begmnmg
Phase IT providing the students with the point value of each activity {See Appendix E}. In
an attempt to create 4 real world problem solving situation invelving a business aspect of
constructing a came, the students formed companies and were challenged to purchase
marerials for building their games and required to make a video commercial as well as
prepare a newspaper ad within a specific budget.

From an earlier project involving cash, students combined their money within their
individualized groups to develop a cash flow. Each company was then given a credit card
with a five hundred dollar credit line. The terms and agreements of the card allowed the
students to earn credit towards payment through successful academuc actrvities; 1.e., 92 or
above on a test, all homework tumed in, mamtaning a budget, ete. A final financial
consideration presented to the students was for them to calculate their salaries based on
five dollars and fifteen cents per hour during the construction of the game.

Phase II began after the winter holidays, therefore, in an effort to review, the
students were required to write a summary, on Study Guide 2A, of their games which
included the ages and number of players, equipment, objective of the game, how to play
and how to win. This was a prelimnary deseription of their games and was subject. to

change as their games developed.



SmdyIGuide-EB aided the students in developing a budget. A price list was
distributed to each group describing partzcular items and their cast. The study miice
emphasized eatimaring the costs of their materiais 23 well ag selecting the length of their
viden and the size of their newspaper ad. The final section of the study swide required the
students to delegaie jobs and list cach person's responsibilities. A technique used to model
thig ragk was based on a story created depicting a group's decision ¢n how each PErson
could contribute to obtaimng the goal of building a mathematical game.,

Through the story, purchage orders were introduced and samples were pravided
on an overhead projector. Partg of the purchage order were missing such as quantity of
irema, partial descriptions and the lack of 2 subtotal, sales tax and totat A rthoroush
discussion involved Gnancial decisions made by the group in the stary and the delegation
of assipnments and responsihilities by the members of this fictitions proup.

Instructions were presented on easel paper tacked to the blackboard. Tha students
were provided with real ledger cards [or maintaining their budgets since computers were
unavailable, They received real time carda to keep rrack of salanes and real purchase
orders and receipts which would be submitted. At the end of seven days, the studenrs
conducted a Pay Day. Using Study Guide 2C, each individual calculated the othera® salary,

With all things in place, the students were given an opportunity to purchase their
materials from a rable displaying everything from boards, to paint, markers and ciayons. In
a cooperative setting, they discussed materials needed, substitures for items and prepared
an indwidual rongh purchase order on a practice copy. Some of the skills involved during

this task included measuring, finding perimeter and area, determining unit rates,
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percentages, and all operations. The students used calculators, yard sticks and rulers, and
a variety of tools. Onge the real purchase order was turned in, the students began
constructing their games.

Since the game was focused on fractions, a final study guide was developed with
specific criteria in developing problem-solving cards. Five categories based on the 5-8
concept development with fractions were selected from the Stardards. Suggestions for
collecting types of problems desciibed were listed ag well as how to use the texthook for
selecting problem-solving ideas related to fractions,

Individual assessment of each study guide ﬁas conducted through several
methods, First was an observational checklist determining three levels of applying
strategies, concepts, and procedures logically: not understanding, developing. and
understanding and applying, Each of those levels were subdiided into specific and
individual objectives {i.e , makes no attempt; uses strategy il told; or generates new
procedures, etc.). A second method was to administer a criterion-referenced assessment
after each study guide had been reviewed and discussed (See Appendix F). A third methad
was conducted through transfer of coneepts from the project ro direet instruction of
fractions, decimals and percentages thus administering criterion-referenced assessments
involving free response of multiple choices. Each problem was assessed on a 5 point scale
ranging from 0, indicating no response to the problem, to 5, indicating the siudent

completed the problem correctly and showed or explained it fully,



Chapter I'V

Analysis of the Data

The major purpose of the study was to determine i seventh grade basic skilts and
special cducation students who experienced different teaching straregies and techniques
would demaonstrate an increased ability to solve problems on a criterion-referenced test.
The sample for this study was restricted to 27 seventh grade students, 11 specifically
assigned to Bagic Skills Instruction (BSI} in mathemarics and 16 who were either in BST
last year, or were eligible for special education services

The two groups participating in the study included BE] students serving as the
control croup, and stdents receiving special services composing the experimental group.
Both groups took the same eriterion referenced pretest in November. MNeither group was
permittad to use caleulators since they are not allowed to be used on the California
Achicvement Test which is given in April of each year

For the peried November 1994 through March 1995, the students in the
experimental group were presented math concepts through an authentic problem-solving
experience described in Chapter 3. The students in the control group were taught through
traditional reaching techmques utilizing a standard math text, paper and pencil tasks and
focusing on mechanical steps applied in isolated contexts. During the early part of March,
the end of the instructional period. the students were once again given the eriterion-

referenced test.
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Hypaothesis:

13 There will be no significant difference in the achievement levels of problem solving
abilities hetween those seventh grade bagie gkills students being taughr through traditional
taaching techniques and those Istude:nts learning through an authentic problem-solving
experienee.

A t-test for the difference between the means of two populations was performed.
The differcnce berween the control group’s pretest and post test scorss was compared 1o
the difference between the cxperimental group’s pretest and post test scores.

The results indicate that the mill hypothesis should be accepted. The t-statistic
pbtained fiom the contral sample was -2.657 with 10 degrees of [teedom while a {-statistic
of -2.504 with 15 degrees of freedom was obtained from the experimental group. These
numbers are less than 2.764 ratio need for the control group and 2,602 needed for the
experimental group to rgjeet the null hypothesis with (01 level of significance. The results
are shown in Table 1.

Figures 1 and 2 following Table 1 represent the results of the pretest and post

tests viewed 48 percentages.



Table 1

Peterson’s Criterion-Referenced Test
Control Group Experimental Group

Nnmber | Pretest [Post Test| Difference Pretest [Post Test Difference

1 14 19 5 23 22 -1

2 8 11 3 4 12 8

3 12 12 G 10 10 0

4 i2 12 0 3 12 9

3 10 17 7 18 17 -1

é 16 11 -5 8 9 1

7 g 12 4 13 11 -2

] il 20 9 g 17 9

9 17 20 3 i4 i8 4

10 12 14 2 5 13 8

11 7 13 6 15 16 )

12 9 8 -1

13 11 11 0

14 11 g -3

13 9 14 3

16 5 10 3

Summary
Pretest | Post Test! Difference | Pretest Post Test| Difference
Mean 11 545 | 14636 3.001 10375 | 13.000 2,625

Stan Dev | 3236 3,641 3. 859 5.340 4017 4.193
t Statistic =2 657 -2.504
Degreesof
Freedom 10 15

iq
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Figure 1
Figure 1 ¢learly indicates that 73% of the students in the Contral Group increased
their scores, 9% decreased, and 18% had no change. Of the students who increased their
$cotes, one student demonstrated a 32% increase while two others demonstrated a 25%
and a 21% increase. Three students had between a 10% and 20% increase and the other

two were below a 10% increase. Three students did not change in their scores and only

one had an 18% decrease.
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Experimental Group Resulis
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Figure 2 illustrates that 56% of the students in the Experimental group increaged
their scores, 53 1% decreased and 13% had oo change. Two stedents in the ESL program
demonstrated 2 28% and 29% increase in their scores while one classified student
demonstrated a 32% increase. Twa other classified students increased their seorcs by 18%
and one other inereased by 3%, One classilied student remained the same and one
decreased in score by 14%. Three students demonstrated a 10%-20% increage, two were
less than 10%, and two were vochanged. Of the fve that decreased in their scores, three

had less than a 5% decrease and one less than a 10% decrease.



Chapter V

Summary, Conclusions, and Recommendations

Summary

Recent, evidence reveals that most American students leave schoaol without
mastering 8th-grade mathematics placing them at a greater risk, since they cannot
adequately perform the vast majority of Jobs, much less consider specialized careers in
mathematics or science. These daficiencieg in the general population are shocking, but the
continuing failure of students with mild disabilities to master basic skills math is even more
egregious. Furthermore, the lack of investigation and remediation of mathematics
performance deficiencies among students with learning disabilities has not received the
same level of attention a5 other areas, such as reading and language.

Special Education analysts have documented how the eifective use of instruciional
fime increases the achievement of students wath mild edycational disabilities. Further
research has revealed that learning disabled students are inefficient learners. They have a
unique way of processing information, exlnbit inadequate and inflexible problem-salving
strategies and their metacognitive processes operate differently. When these srudents who
are participants in a regu]a;' educational mathematics setting involving more traditional
methods of instruction, teaching fragmented and isolated skills and assessing only through

quizzes and formal tests, are often times programmed for failure. A broad framework to



euide and reform school mathematics in terma of content prioriry and emphasis was
published in 1989 by the National Council of Teachers of Mathematics. Stemming from
s documentary new philosoplies concermng strategies, techmques and assessrment
methods have surfaced, Variéus program models have been developed and implemented in
resular education settings with suceess, Smee these researched models have proven to be
an effective means of developing critical thinling skills and meaningful mathematics in a
regular educational mathematics setting, would a learning disabled student participating in
this type of environment be programumed for failore?
Research Questions

The research questions were as follows.
1. 1s it poasible that students learning through a cogritive ppprenticesiip model might
transfer and flexdbly use advanced cognitive skills with greater proficiency in a formal
z2ssessment than other students?
2. Will grudents ecquire and be able to integrate cogmive and metacosnitve stratepies in a
cognitive apprenticeship model incorporating a task performance project?
3. If the methods of more traditional instruction which are more geared towards academic
performance on standardized tests, are employed, how well could these students transfer
and flexibly use advaneed cognitive sldlls in an authentic situation?
Design of the Studv

The sample consisted of 27 seventh-grade students gitending the Arthur Rann
Widdle School in Galloway Township Eleven of the students were assigned to Basic

Skills Instrugiion in mathematics and 16 were assigned te a regular educational
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mathematics clags, Wirchin the 16 students assigned to the regular educational class, 6 were

gligible for special educational services, 2 were students in the English as a Second
I.anguage program and 2 had previously been eligible for Basic Skills Instruction.

A crierion-referenced assessment focusing on basic skills arithmertie and fractions
wes constructed and administered to all the students initizlly and at the end of the study.
The design of the instrument was a hierarchical format requiring students o apply
information about a given concept and make a multiple-choice response.

Over a four month period the conirol group continued to be taught through
traditional teaching techniques while the expernmental group worked on a task
performance project, Games-Recycled Math . as described in Chapter 3. They further
experienced researched teaching strategies and technigues. Both samples used the same
room for their lessons.

Conclusinns

Would differences in teaching styles have a definite influsnce on students’ rhilities
to perform on criterion-teferenced tesis with multiple choice responses, ar would they
have little to no Impact? An examination of data indicates the following results:

1. With respect to the primary guestion of the affects of teaching strategies on
student’s performance on a formal assessment tool requiring & muoltiple chaice response,
data revealed that there was no significant impact upon the groups.,

2. When students were examined individually, ESL and students receiving special
education services improved. The two students in the ESL program improved by 28% and

2084 while one classified student demonstrated a 32%; increase. Twao other classifted



studenis inereased their scores by 18% and one other increased by 3% One classified
studlent remained the same, one decreased in score by 10%, and two were unchanged.

3. The third question could not be answered due to ciroumstandces: beyond the
examiner’ s control.

Even though group data suggest there was no significant impact of teaching
strategies and {echniques on students’ performance in a formal assessment, eomparison of
individual scores indicate that some students’ scores were greatly improved.

The data should be interpreted cautiously, &ince the sample was small, and an
suthentic assessment could not be completed. The groups were nonequivalent as to the
number of subjects, attitude assessment could only be collected in the experimental group,
and educational levels in readings abilities varied as well as types of learning disabilities.
Alsa, it is possible thar a hidden variable, such as the assessment tool not having an impact
on mdividual grades, could have confounded results. For instance, one student in the
experimental group wag upset about having to take the test because he would have rather
warked om his project. Furthermore, the test was administered on different days of the
week due to the examiner not being in charge of the Control Group. The Control Group
took the post test on Monday whereas the Experimental Group took the post test on
Friday.

Recommendations for Farther Research

Anvone wishing 1o further investigate the impact of authentic problem-solving
experiences in mathematics might get more conclusive results with the following

adjustments to the present model,
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1. Use a sample large enough to allow for subdivision of groups between reading
lavels and disabilities.

2. Usg a task performance project that has already been deveioped and refined.

3. Ensure contral over both groups so that an authentic assessment as well a5 #
formal agsessment can be made.

4 Research the lappuage of math and its role in bridging the zap between
authentic assessment and formal assessment.

5. Inchude an atritude assessment.
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Mathematics Game Pesign Project
By Nancy R. Peterson
Phase 1 - 11/14/54

1. Goal:

Plan, design, and construct a mathematical game.

1I. Purpose:
A. Explore the many problem-solving activities within a2 game,
B. Thoughtfully evaluate and accurately analyze elements of diversity in games.
C. Imaginatively and thoroughly establish principles of & game,
D. Communicate the game idea and design in a written and oral format.

1M1, Criteria.
A. Using a study guide focusing on mathematical concepts, explore the
problem-solving possibilities involved in four games from a game packet and list at
least three math concepts utilized for each of the four games. Then examine the
diversity of the four games selected, differentiating between types of games, (i.e.,
skill, luck/chance), and the creation of the games, (i.e., mazes, cards, memory,
puzzles, etc.}.
B.Using a study guide, review a packet containing rules for four different games.
List five essential sections each of the set of rules meiudes, rate the readability on a
1-4 basis (4 being the highest), and define objective,
C. Using a study guide, examine homemade games and create an objective and a
name for ¢ach game.
D. Using a study guide, select a homemade game and write a set of rules for it. Be
sure to include the five parts of rules that were deemed essenttal from "C".
E Using a study guide, explain the design of the group's planned game, Derermine
the objective, the constricrion, type of game and the proposed materials needed.
F. Using a study guide, prepare a written summary of the planned game and
present it orally.

V. Grading:
A. Group grades will be determined from evaluation sheets.
B, Individual grades will be determined in three ways:

1, Ctilization of an assessment taol that measures three levels of
understanding the problem o situation; not understanding, developing, and
understanding and applying,

3. Criterion referenced assessment involving free response or multiple
choice,

3. Criterion referenced assessment following review and discussion of
study guide.



Mathematics Game Design Project
By Nancy R. Peterson
Phase 2

[ Groal:
Plan, design, and constnict 2 mathematical pame.
il Pumose:
A.. Generate 2 budget for materials necessary in the construcrion of the same and
maintain accurate accounting of all monies.
R. Facititate a process to calenlpte labor and credit card expenditures,
B, Develop and effectively implement an objective and a set of rules fera
mathematical game focusing on concepts involving fractions.
C. Successfully create and construct a gameboard.
D.. Accurately self-assess and self-correct the objective and 32t of nules.
E.. Communicate in an appropriate variety of media the intent of rheir same.
M. Criteria:
A. Organize 2 method upor which accurate maintenance of debits and eredits can
be achieved.
1. Using a study guide and 4 materials' cost list, create an estimated
budget for materials needed in the development of the group's game,
2. Use a ledger sheet to mamtain aceurate accounting of monies.
3. Use a time card to keep track of mimnes worked
4. Keep all copies of purchase orders and record expenditures on ledoer
cards tmmediately.
B. Construction of your same.
1. Using purchased materials, construct your game.
2, Demonstrate neatness, creativity, individual effort, eflective use of time,
and cooperation with other group members
. Self-assess and self-correct your game.
1. Use the computer to write the set of nules to your game.
2. As a group play vour game. Make notes as you go along as 16 what
changes might need to be made to the objective, the game board, or the
milas
3. Display your game for all the groups Each group will play anather
group's game. Upon completion of the game, the group will develap a list
of positive pomts of the game and suggest some ways the grme might he
mmproved.
4. Each group will review their pames one last time. Then a fingi copy of
the rules will be submitied,
D Marleting your game.
1. Make a poster of your game in the form of an advertisement,
2. Develop a commercial tor television to sell your game.
3. Prepare a newspaper advertisement.

IV Scoring: Same as Phase 1
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Exploring Problem-5olving Activities Within Games

DIRECTIONS:

Select four (1) games from the handou!. Read the summaries carefully and logk
closely a1 the zames.

1. Az vou read the summaries rnd examine the pigtures of the games, think about
whai problem-solving activities might be involved if you were playing rive game,

2. If the summary does not give enough clues, try and guess what problem-solving
mizcht be invelved from the pictures.,

3. Use the outline below to gathar vour indbrmation.

{ame 1: Tile

A
B
C

Game 2: Title

SR

{ramic 3° Tirle

A
B
C

Game 4. Title

A
B.
C

Answer the followwng questions:

1. I{ vour group could buy any of the games on the paper, which one would you buy?
(rive three reasons why. ‘
A
B
C.

2. Locle at each of the games you selected agzin. Tell whether the game was one of luck,
chance or skill.
Game 1.




Gams 2:
Game 3:
Game 4

3. Looking at the construction of the game, try to describe the way it was designed (i.c.,
mazes, cards, board game, memory, puzzles)

Game 1:

Game 2

Game 3:

Game 4:

4, You have now completed Assignment 1. Each individual in the group should now
complete his/her index card explaining their contribution to today's assignment. The group
should review each card and the leader of the group should initial all cards indicating they
were reviewed and agreed upon.

Complete the card using the following format:

Name: Date:
Period; Group Name:

Contribution:



Evaluation of assignment:
Mathematical Concepts (3-8)
Cuarriculnm and Evaluation Standards for School Mathematics

Use the following to aid in brainsionming with students about a connection between

mathematical concepts and pames.

FROBLEM SOLVING

How to play

How 10 wimn

Possibic stratepics used within game.
Objective

Logical Thinlong-Reasoning
Similarities and differences
Priterns

Prahlam situations

Skill or chance

Idea behind game

Mathematical Connections
Garne relationshup betwesn art,
mygie, culrures, gto.
Connections with various mathematical

SQNCEPTS

Numbers and Number Relationships
Whele numbers, fraciions. decimals,
PEICENts
Equivalent forms of mimbers -
dots on dice to numbers

Number Systems and
Numher Theory
Design of covering on game boards -

number of spaces developing equations

for board desipn, counting

Measirement
TInderstand the use of measurement

Understanding the process of meagurement
Salection of appropriate rools to measure

{Computaiion and Estimation
Four operations

Esrimation for maoving players
Simple calculations

Patterns and Functions

Describe, extend, analyze and
create variety of parterns usec

Use of patterns to solve
abjective

Probability
Spinners, dice
Winning

Geometry

Identily, desceribe compare
geametric figures on games
and game boards

Explore transformations of
geometric figures

Developing an appreciation of
peometry

Apply geometric properties
and relarionships
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STUDY BUIDE 98 - VELLOEY
Revigwing Rules of Games

1. Review the handout of rules for games.

A. The rules for SHUT THE BOX has how many sections?
B. The MEMORY rules have how many sections?

C. How many sections are in the CAREERS rules?

D. How many sections are in the rules for 247

11, Compare all the game mules.
A. Do any of the game rules have the same titles (although not the exact wording)
for sectiong explaining some part of the game?
B. What are those sections that appear to have the same tifles?

C. Place a number in front of the game indicating how hard the rules are to read
(Can you understand all the vocabulary?)
4 = real easy to understand; 3 = easy to understand;
2 = difficult to understand; 1 = hard to understand
SHUT THE BOX
MEMORY
CAREERS
24
D. The ones you marked with a 4 or a 3: Why do you think they were easy to read
and understand?

E. Why were the games you marked with 2 2 or a 1 hard to understand?

F. What is an objective?
G. Was it easy to find and understand the objective of all the sames vou reviewed?
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Writing Ohjectives

I. Examine the homemade games around the room.
A Make up a name for each game and list it below.

MO OwE e

I1. Now wrile what you think the objective might be for each game.
A Game 1:

B. Game 2:

C. Game I:

D. Game 4:

E. Game 5:

TI1. Be sure to fill your index card ont, Use the foliowing format in setring it up.

Name: Dare.

Period: Group Name:

Your contribution (what exactly did you do to help your group ll out this sheet). Did
you split the games among yourselves and then compile vour information or did vou do
each game together? Do vou think you hd as much work as everyone glse m your group?
Evaluation of assignment-What did you think ghout today's work?
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TP GEIDE Tl PURELE
Writing Rules

L. List five important sections that should be included in niles,

A,

B.

C.

D,

E.

I Review the games. Select one and write 2 sat of rules using the five sections above a5 1
guide for what information should be included within your rules for the game.

A
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Designing Your Game

1. As a group determine the objective of your game.

A

B. Tell whether your game will be one of skill, luck/chance.

M. Keeping in mind that your group will be focusing on concepts involving fracrions when
designing your game, describe the proposed construction of your game. Teil whether it
will be a board game, involve cards, be wooden, etc. What idea will you use - mazes,
puzzles, pathes, etc.?

A, Construction of game:

B. Idea of game - mazes, puzzies, pathes;

111, What materials will be needed to construct your game?

V. Complete your index card being sure to include your contribution to the group and
your evaluation of the activity. The leader must review and initial the cards.

Name: Date:
Period: Group Name:
Contribution:

Evaluation of today's activity:
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Games-Kecyeled Matd
Project Evaloation SReet
Stody Guides

Nawe

Exploring Rules

Study Guide LA (15 polte) ..o
Study Guide 15 (10 points). ...

Study Guide 10 (10 poikta)........... v e

Study Guide 1D (10 point®) ... .

Designing Your Game

Study Guide 1€ (5 OS] ... oovvriiveee e,
Stucly, Guide 2A (15 poits) ...
Budget

stuay Guide 25 (5 pots). ... R .
Rough Draft of Rules

AgeziMomper ofy Plagers (5 poikts) . ..oooie i
Cgbimment (5 PO} . oieiiiieeieee e e e
Ojertive {5 POIESY .. oot
How 1o Ploy, (30 poikis),... ... U

elow 1o “Wia (5 F:Dih’zsj} ____________ e

Giode

62




Notme.

(Gomes Project Desigu
Evaluation Sheet

Cnodle.

The (Game

Craativity of [ea (10 o) ..o,

Incividuod Exgort {10 polm)...cvveveee e,

Meatvess 10 poiste)

Sndy Guide 20 Sabany G0 poiwd2) .

Ekfentitre Uze o Time (10 pOMIE) .. e,

GAME CARDS (2 OF EACH TYFE) Study Guide 2D

Type [ - Operations with Zhaaotions & Devimals (GO poirts).....

Tuyne. T - tatin/Prorottions/Paceadts (20 poits)

Tyoe UL - Prabobsility (A0 polwls)

Typ BV - Meozmesans (10 pointa) ...

Tine. O - Potterns with Thottions (10 poiks)
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MATH MASTER GOLD CARD

CONGRATULATIONS! Your company has been pre-approved to
receive the MATH MASTER GOLD CARD with no antiwal fee. A 500 pre-
approved credif line has been extended to your company at a low 1,5%
monthly rate. To gain access to your pre-approved credit line just write a
business letter to GAMES-RECYCLED MATH, Arthur Rann Middle School,
Atin: N.R. Peterson, Room 7. Then simply use yout card to purchase any
materials necessary for HAMES-BECYILED [HAYH!

EARN CREDIT towards paying your bill, If all members of your
company reccive a 92 or above on a test, 5% of your bill will be credited to
your account! Or receive 1% for each student (maximum of 3} in your
company that reccives a 92 or above on a test,

Receive 2% of your bill as credit if all members of your company hand
in their homework every week!

Can your company work together? If so you may be eligible to receive
a 1% of your bill as credit. Simply be sure to delegate assignments to every
member of your company and fill your response cards out correctly!

Eeeping track of your finances is always difficult. However, if your
compary can maintain a budget by correctly computing expenditures, credits
and a correct balance, you will receive 3% of your bill as credit.

Terms and Apreements for MATH MASTER GOLD CARDY

1. Finance charges will be based on a 1.5% monthly rate Bills will be presented on
a weekly basis. payment due within 7 days upon receipr of bill

2, If full pavment is not received within 7 days, 2 finance charge will be applied to
the halance. 15% of the balance will then be the minirmum payment due.

3. Pre-approvéd customers can obtain cash advances at an additional 5%
immediate charge. This additional charge will continue on a weekly bagig until the cash
advance is paid in full '



70

@l NpES ,
STUDY BUIDE 24 - DRIENT YELLOY
Summary of Your Game

I. Write a summary describing your game,

Tn paragraph form and using proper grammar, as well as proper punctuation,
summarize your ideas, Be sure to include the following points:

Agpes and number of players
Equipment .
Objective ol the game

How to play

How to wih

Ao OW.

Remember this is a preliminary description of what you think vour game is zoing
to he like. As you develop the game these sections may change. Be sure 1o keep any
changes updated.
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STYDY GUIDE 2B
THRDUDISE
DEVELOPING A BUDGET
I. Estimating costs

A. With the understanding that each person in vour group  will be patd $3.15 per
hour, explain each of their  responsibilities,

B. Using the price list, estimate the cost of the materials  necessary {or the
construction your game.

D. Today 1¢ the only day that everyone will donate their time to the project. At
this time everyone should assume their responsibility and begin werk an your game.

II. Upon completion of the estimated list of materials, use the practice purchase order to
prepare the actual request. Then use the real purchase orders in your folders to buy your
materials Be sure to fill it out properly! USE THE COMPLETED ONE IN THE FRONT
OF THE ROOM AS AN EXAMPLE.

A. Ifusing cash to pay for your purchase, simply use your group's name after TO.

B. If purchasing your materials by credit card, place your company's name after
TO. Place vour card number under address. Be sure to fill in the date.

C. Be sure to keep a copy for your records.
I1I, Salaries
A Keep track of time worked by filling out the time card.

B. Skip days that you are absent.
C. Caleulate salaries on Study Guide 2B.



PRICE LIST FOR MATERIALS

GAME BOARDS ###*#**#=+5§ ()H/IN.

MEASURE THE PERIMETER OF THE BOARD TO ¢ET TOTAL
INCHES.

COVERING FOR BOARDS
$.02/8Q. IN.

MEASURE THE AREA OF THE BOARD TO GET SQUARE INCHES.

LAMINATING ***********§_(04/8Q. IN.

DICE
FRACTION DICE ***SET OF 3 ***83.95
BLANK DICE ****12 DICE****8§3.95
REGULAR DICE *° 5 SETS (6 DICE EACH) $138.50
OPERATION DICE ** SET OF 6 ***§5.95

SPINNERS
BLANK SPINNERS - SET OF 5 - $4.00
SPINNER HARDWARE - SET OF & - $3.95

JARDS
REGULAR DECK °*°$1.99/DECK
BLANK CARDS ***5.99/DECK
FRACTION CARDS ***$2.99/DECK



GAME PIECES-PRICE AS MARKED
WOOD BASES “***§,75/IN.

MEASURE THE PERIMETER OF THE WOOD IR TOTAL INCHES.

FELT ***** $3.99/80Q. IN.
TIMERS - RENTAL - $3.50/HR,

PAINT, MARKERS, CRAYONS
FLAT FEE OF $10.50

POSTER PAPER - $2.99
VIDEO COMMERICAL-$150.00/MIN,

NEWSPAPER AD
1/4 PAGE AD ***$25.00
1/2 PAGE AD ***$50.00
3/4 PAGE AD ***§75.00
FULL PAGE AD “**8100.00

WA(}ES $$=IH::$$:;‘=$ﬂ¢$$¢ﬂ¢$§¢$ﬂ¢$$#§t$$$5. ] 5/“11-

6% STATE SALES TAX WILL BE
APPLIED TO ALL PURCHASES.
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BTEEy G 20
Planning the Game

Ann, Mary, Tom and Mike had eompleted their plans for their math game. Their
money had heen gathered, summaries of their games had been written and approved and it
wak now time to just put the game together,

The group knew that they had to purchase their materials ffom a price list,
Additionally, they ali knew that each member was to receive a salary, and thar they would
have to market their game. The one thing they weren't ready for was trying to develop a
budget based on the amount of money they had available. When they received this
information, the group quickly appointed Ann as their business manager because she was
good in math.

Ann accepted the challenge and like all good managers, she delezated jobs to gach
of her parners, Tom was given the job of writing the rules. He was great i
cormunication arts and had a talent for creating stories that everyone enjoyed. Ann asked
Tom to estimate how long it would tale him to write & rough draft [or the group 1o
raview and 2 final draft to present with the game.

Mary and Mike velunteered 1o prepare a purchase order for the materials. Since
they were artistic and creative, they could make decisions on what materials would be
best. They also decided to make a rough copy and present it to ihe group for approval
before actually making the purchases,

Cveryone completed their jobs and met as a group 10 discuss their proposed
budget. Ann had divided her budget into three major areag: Marerials. Marketing, and
Salaries. She then listed the cost of various items under each heading and found 2 subtotal.
The one area that presentied 4 problem was the salaries. No one seemed to be ablé 1o
estimate how long it would take them to do their work. They did know that their actual
expenses at this point were approximalely $313.19.

The group was aware that they had 5230 00 in cash and if they wrote a business
letter to Mrs, Peterson informmng her who was authorized to sign for credit, they wondd
have an additional $500.00 eredit line through the GOLD CARD. They had also read the
small print regarding the terms and agreements which meant thet they would have 1o
acquire credit through some manner as described 1 the introductory offer. Ann definitely
had her work eut out for her in keeping track of her finances. She also needed the help of
the entire group to earn credit for any monies they might borrow,

The big question became: Can they develop their game and survive bankuptey?
Ann decided to approgeh this problem one step at a time. Because they defimtely had to
purchase their materials, that was where they started.
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After Mike and Mary presented their rough copy, the group agread on the
materials needed and set up a budget sheet to show exactly what was bought and the price
for each item, They all decided 1o use their eradit card and were committed to working
together to eamn credit in paying it off Another thing everyone agreed on was to hold off
on actually investing in their marketing plans. It was obvious that this was not absolutely
necessary at thig time and due to the their {Inancial starus, the marketing plan might

change.

Ann suggested that they use their cash to pay the salaries. Each member submitted
a time sheet which recorded their hours worlked. Ann paid each member whao filled out 4
receipt and recorded it on her ledger sheet.

So far The Group had survived Day 1 of GANES, but could they win? Stay tuned
for the next exciting chapter when The Group makes their pame! Will they be able to
work together to achieve their goal? Will they be able to earn credit towards their GOLD
CARD expenses? What will Ann's next eourse of action be towards record keeping? Iid
Mary and Mike buy the right materials?

Now itg your tumn. Use the Bright Pink sheet in your packers as your guide for

today's work. Use the whute sheets to brain storm. Good Luck!!
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STUHBY RUINE 28
PAVRIZHT + ¢
Hourly Pay Cuide

1n the spaces below calculate the hourly pay for each member in your group.

1 First find the total minutes worked for each member. Then convert the minutes to
hours. Hours are to be represented as decunals then as a fraction.

Mame Minutes Hours Houyrs

2. Now muliiply the hours by the howly rate of 55,15 and enter the total,

Tame Hours x §5.15 Total

3 Now fill out a reciept for each persen in your group for the amaunt you are paying
them. Then have each person sign the reciept after recigving their money. Hand the
original reciept and time card in to me and keep the copy for your records.



4. Each person in the group should update their ledger at this point. Be sure to check
whether more purchase orders have been submitted and deduct those sums as well.

5. Each person is responsible for his/her money. Don't loose it between today and

tomorrow. You are going to deposit it in the bank and Tl know how much each person
should have.

MAYE FoIy 287
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DREVELOPING FROBLEM-SOLVING CARDS

1. Ench gams has been designed to encourage the participants to learn about fractions.
Since there are $0 many concepts involved with fractions, the following critera has been
developed to ald in construction of your game.

A_ Your problems should be desighed to include:
1. Tlustrations or operations { +, -, x, --} of fractions and decimals.

2. Use of ratio, proportion, and percent.

3. Use of probability for developing or applying ratios, {ractions, percents,
and decimals.

4 Estimating and using measurement.

5, 1se of patterns in understanding fractions. Bx: equivalent fractions

H. Suspesrions for collecting types of problems deseribed above include:

A. Use of your notebook for examples and information that will be given in class,
1. Each concept mentioned above will be taught in class. Emphasis wall be
placed on the number represcuting the concept above so that you can
easily match the type of problem to the concept mentioned,

2. After each class, write your homework assignment not only in your
agenda book, but ar the end of your notes. Then you could use some of the
homework problems for your games. (You cannot copy them, but you can
make up your own that are similar (o the type of problem given.]

B. You may use a variety of sources to help you creare problems,
1. Textbook-use Table of Contents or Index.
2.. Workeheeiz siven 23 hamework or additional credit.
3. Math textbaoks from other grade levels.

4. Teachers
5, Friends (As long as they have a complete understanding of the coneept )

[}{. Each student in your group is responsible for creating prablems used in your games.
The following conditions must be observed to recetve full credit on your projects.

A Each studeni 18 to create at least two (2) problems from each category listed in
Part I, Section A That is a total of ten (10) problems each.
1. The problem must be on an index card,
2. The problem must be clearly labeled as to which category it goes with in
Part I, Section A
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3. The problem must be original in nature. You may use the idea presented
but not the exact words.

4. The problem must be written clearly so there is nodoubt as to what
numbers or words are being used,

5. On the back of the index card, the problem must be solved correctly. All
work must be shown as to how the problem was solved. All work must be
in the student's handwriting. Remember this exercise is designed for you to
learn. Your grade will be based more on your effort, undersiending in
matching Yypes of problems, emd for knowing and doing the proper
COMPULALIOn.

6. When each student has completed two (2) of each type of problem
mentioned above, he/she must hand all the cards in for a grade BEFQRE
using them in the game.
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SAMPLE OF ONE STUDY GUIDE ASSESSMENT

HMATH ASSESEMENT
PART 7
I. Examine the game on this page. List three math concepts that might be involved in this
game.

A,

B.

C.

II. Tell whether you think the game 1s one of luck, chance, or skill. Explain your answer.

ITI, Describe the construction of the game, A) What is the perimeter and B) what is area
of the board? C) How much would it cost to buy the board? D) If vou had 51,000 could
you cover the board with felt? If you received change, how much would you get back?

A, B.

C. D.

IV. Upon review of the rules to four games, you found at least five common sections in ail
the sets of rules, List them,

A B
C. D
L.

V. What do you think the objective of this game might be? If you \ﬁere to name this game,
what would you call it?

A B.
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