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MATHE:MATICAL EXPLORA'i'lONS USING LOGO: 
A TRAINING MODEL FO"R PE:RSFS:CTlVE: ELEMENTARY TE.&..CHERS 

Th~re ha.ve been many studies that have shown that a SL\bsta.ntial 

proportion of prima.ry school teachers do not possess strong beliefs about 

ma.thematics a.nd what and how it should be taught (eg. Dionne, 1986). Many 

ha.ve e>:perienced fa.ilure in ma.thematics and as a r-esult a.re anxious a.bout 

learning a.nd teaching it (Widmer & Chavez, 1982). To overcome the problem 

of poor elementary ma.thematics teachers we mus.t focus on our teacher 

training programs and hew they might be altered to better pri?pa.re 

students to enter the ma.thematics classroom. Our teachei" training should 

provide si:udents with opportunii:ies for the individual's development of 

competence and confidence in teaching ma.thematics (Bishop & NicKson, 

1983). Furthermore, prospective elementary school teachers should be 

equipped not only with essential mathematical Knowledge, but cognitive 

Knowledge a.s to how students learn ma.thematics and a. ·....vorl-<ing Knowledge 

of ma.thema1:ica.l pr·ocedwres a.nd materials <Howson, 1973), Finally, it is 

important that we worK to create in perspective teachers a.n awareness of 

the change in priorities of mathema1:ica.l topics in light of current and 

future technological possibilities. The revision of elementary 

mathematics education courses should to be considered in order to 

incorporate the need tor student education in the use of computers and 

their potential for enhancing mathematical learning (Prichard, 1982), 

1 
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The Concepts in Ma.thematics Series at Virginia. Techt (Ma.th 161 it 1612t 

a.nd 1613) incorporates a. weei<ly la.b which has been designed with the goal 

of providing opportunities for ma.them.;.tica.l enrichment. The labs have 

been developed a.round the idea that students should be placed in 

situations wheret by exploring a.nd reflecting~ they can identify learning 

processes which will enable them to describe the l<inds of questions which 

would guide children to similar understandings. The labs prcvide a. rich 

environment where students ca.n further develop classroom ma.thematics 

topics and, in the processt "recreate" in ma.thematics; actively involving 

themselves in mathematical investigation and discovery. These la.bs have 

generally been carried out with traditional pen, pa.per, and manipulative 

activities. The purpose of this pa.per is to present a model for an 

alternative approach to the lab portion of these courses. 

The alternative approach to investigating (and hopefully as a result 

discovering) ma.thematics utiliz!:!s the computer and the programming 

language Logo. The model introduces and uses the Logo language to 

develop "microworlds", ideal for illustrating important mathematical ideas 

visually and for making these abstract ideas concrete (Papert1 i 9E:0). The 

model develops the ideas that students learn best in an environment where 

they actively participate <Dienest i 962) and that free investiga hon is 

needed to preserve spontaneity and creativity in mathematics (Biggs, 

1973). LiKe Piaget, Brunner, and Dienes, I believe that students learn best 

\Nhen they are actively participating in their own mathematical 

environment and crec1.ting and addin9 t o theil' uwn mil.thama.tical structures. 
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The interaction of student ind computer can o-ffer ma.ny opportunities for 

students to engage in a.ci:ivities such as investigating new idea.st 

formula.ting conjectures and original hypothesest or proving original or 

existing i:heorems (Abelsor. & deSessa.t 1981). This i:ype of interaction can 

greatiy change students' attitudes toward mathematics, their attitudes 

towards computerst and the way they approach and thin!< a.bout mathematics 

<Milner, 1972; Pa.pert, 1980; Washburn, 1969). 
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OVERVIEW OF' THE DESIGN PROCESS 

In the fall of i 985, the Mathematics E:dwca.tion faculty at Virginia. Tech 

e s tablished a. need ta ini:1?gra te computers into their elementary 

ma.thematics program. 8:lemenfary teachers r!eed to be Knowledgable a.bout 

computers and how they can be integrated into the existing mathematics 

curriculum a.s well as how they can a.nd a.re changing what we teach in 

ma.thematics <NCTM Report, i 985). 

Many computer projects, at all levels, have sprung up as a result of the 

societal pressure placed upon educational institutions to prepare studen'ts 

:,Jr a technological world. It would be difficult to argue against the point 

-:::-:a t computers a.re affecting change in all areas of our society a.nd that 

d ucation must attempt to keep up with those changes. However, before 

::, tegrating computers into our existing mathematics curriculum, we must 

asl< several important questions. How do people learn ma.thematics? How 

ca.n the computer enhance the learning of ma.thematics? What comcuter 

a pplications or languages best encour·age the "understanding" of 

miithematics? We need to looK to research for the answers to these 

quesi::ions. Research findings ir, the ai'ea. of ma.thematics and computer 

learning theory will serve a.s a foundation for this design project. 

As may be seen in Figur-e i t a. funda.men-ta.1 frameworl< has been 

developed to ensure a. sys t ematic approach to designing the a.Hernative 

labs. The frameworl< will insure that the design process focuses both on 
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the needs of the target audier(ce and the- mathematical content to be 

taught. 

/, 

FORMATIVE EVALUATION 

~8 ~c ;c /f' 
'- / 
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FIGURE I 

_M9DEL OF THE OESIGN PROCESS 

In addition to addressing the need to integrate computers into the 

e>:isting ma.thematics curriculum, a. needs assesment was carried out to 

de t ermine other areas of concern. Rese«1rch indicates that the use of 

computers can both enhance mathematical understanding and develop 

positive attitudes toward ma.thematics <Prichard, 1982). E:lementa.ry school 

teachers need improvement in both of these areas. From the litera.turet 

fi ve basic needs were ascE>rtained. From those needs, project goals and 

objectives were established. 
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Before turning to the design of the deliv~ry process, specific details on 

factors which influence how students learn (internal and ex+.ernal> were 

drawn from the literature. These details were considered throughout -the 

design of the delivery process a.nd t he development of the computer 

activities. The design of the delivery process tooK on four phases: the 

method of delivery, grouping, feedba.cK, and student.evaluation. 

At the next stage, current research helped determine which languages 

and/or software could best be used to fa.cili1:a.te ma.thematics 

understanding. After considering a. numbe.r of alternatives, the decision 

was made to introduce computers through the use of the programming 

language Logo. Research projects using Logo ,,.,ere reviewed in order to 

determine guidelines for developing Logo activities. Topics were chosen 

from the course syllabus that could be effectively presented with the use 

of the computer and the Logo programming language. Finally, Logo 

procedures and activities were developed for ea.ch of the chosen topics. 

As initial activities were developed, they were presented to a. target 

audience a.nd reviewed by a. content specialist. The la.b activities were 

then implemented during the fall a.nd winter qua.ders. A formative 

evaluation process was carried out and feedbacl< was provided on t he 

effectiveness of ea.ch o-f the activities. This feedba.cl< wa.s used to make 

revisior.s on e:<is+.ing la.b activities a.nd to develop new activities. The 

de velopment and eva.lua.tion of a.ddii:iorial labs a.nd the revision o-f existing 

labs will continue throughout t he spring and summer quarters. A 
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summa.tive evaluation plan ha.s been designed and will be implemented 

during the 1987-88 school year. 
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LEARNING THEORY 

· . . / roillAi·d~~. p,AtuAy19~ · < /•··! 
_]; 

tn•~4tWt .. ... ., .. , .. : . . · 
. Jii,imlrit zt~~l: ~~ow I 

__ J /_,,,/-L LEARNING THEORY 

A recent study (Dionne, 1986) on the perception of mathematics learning 

among elementary school teachers shows a wide range of beliefs. Dionne 

places these perceptions of learning into three categories; traditionalist, 

formalist, and constructivist. Most learning theorists ca.n be placed into 

either the traditionalist or the con~:tr-.;ctivist categories. Ta.King a loci< at 

these two points of view in light of the classic theoriis of learning will 

enable us to ma.Ke appropriate decisions for developing effective 

ma.thema.tica.l learning environments. 

LEARNING MATHEMATICS 

Dionne (i 986) defines the traditional perspective of mathematics~ found 

among the majority of elementary school t?a.chers, as a set of rules and 

computations which can be utilized by ~he user to gain power to solve 

problems. Students who a.re taught by teachers with this perception often 

feel th a-t: they have no power or control over their own mathematici;l 
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learning a.nd a.re more liKely to e>:hibit math anxiety (Wildmer & Chavez, 

1982). The rules have little or no mea.ningt ,....,hich results in students' lacK 

of understanding. 

Ver y ea.rly attempts to explain how we learn ma.-thematics were made by 

e:. L. ThorndiKe (1913). Dionne <1986) would most liKely place ThorndiKe in 

the category of a traditionalist. He promoted the "Law of E:ffect" ("a.ny a.ct 

which is given a situation produces satisfaction becomes associated with 

that situation, so that when the situation recurs the action is more liKely 

than before to recur also.") :Rote learning of mathematics a.nd continued 

practice will result in correct respo11ses to given stimuli. The learner is 

able to develop mathematical rules to be used to determine correct 

responses. 

Similar to ThorndiKe's behavioral approach to learning (ThorndiKe, 

1913), Gagne (1962) defines a. rule as a learned concept that governs one's 

actions. However, he goes further to say that rules are only the building 

blocKs for the ultimate goal in learning, problem solving. The development 

of a. set of rules enables the individual to respond to certain stimuli. 

Gagne Ci 962) proposes two major elements in the development of rules: 

discrimination and association. He describes discrimination as the ability 

to differentiate between variations in objects or groups of abjects. By 

learning to discriminate, the individual is able to recognize new stimuli, 

develop a set of rules for responding to those stimuli1 and finally t attain 

underst.indir1g of new concepts. Through 1he development of a set of rules 

and practice of these rules1 the learner will be able to classify and 
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a.ssocia.te these new stimuli to certain responses, use the rules to develop 

more complex rules, a.nd finally develop the ca.pa.city to solve problems. 

Dienes, a.long with Pia.get, ar.d Brunner, would most certainly be pla.ca-d 

in Dionne's third category as perceiving ma.thematics learning a.s 

constructive <Dionne, 1986). According to this perspective, new concepts 

a.re lea.med only if they a.re reconstructed by the learner, not simply 

transmitted by the teacher. Ma.thematics is something to "do", not 

something to simply looK a.t. 

8:xpanding on the traditionalist perspective that mathematics is a. set 

of rules, the constructivist would view a simple rule as a. means of 

constructing a.n infinite a.mount of information <Plumpton, 1972). Dienes 

(1961) describes this process as generalization; the discovery that a. 

general rule extends beyond the first few cases. Dienes believes that the 

ability to generalize is essential to the learning of ma.thematics. Students 

gain an enormous amount of power when they a.re able to generalize a. 

simple statement (Plumpton, 1972). Students can most eifectively 

generalize from one case to another in a narrow field <Dienes, 1961). 

Therefore, we must provide students with a rich range of mathematical 

e >: periences. 

Krutei:sl<ii (1985) stated two levels of generalization. At the first 

level, a person is able to see something g.:neral and Known to him in what 

is particular and concrete. At the second level, a i s able to de-fuse the 

general from particular cases in order to form a concept. Dienes (196i) 

sees the first level as an extension of a.ri already formed class and the 
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second level a.s what he defines a.s a.bsi:l"action; the awareness that a. rule 

implies in a. number of ether situations. If students can first ger.eralize 

within a. narrow front, then abstraction to a. wider front comes later 

<Dienes, 1961). Once a.gain, a. large number of rich mathematical activities 

must be provided for students in order for them to be able to abstract 

common elements from a. wide rang of different cases. 

Pia.get (1952) also develops in his theories this idea. of a.bstra.dion as 

it specifically relates to mathematics. He defines a.bstra.ction as the 

forming of an idea separate from instances or material objects, a.n 

essential element in the learning of ma.thematics. However, children do 

not a.bs"tra.ct automatically. Studies show that students can only abstract 

from what is concrete (?ula.sl-<i, 1980). In order to get to the abstract 

structure cf mathematics, we must move students from a very concrete 

starting point by mal<ing sure that an appropriate number of concrete 

activities of varied experiences a.re provided (Piaget, 1952). This means 

that activities with symbols or numbers must be preceded by activities 

with objects and then symbols must. be related to those objects. To 

accomplish this, we want to place in the hands of the students worKing 

tools which they ca.n use to discover for themselves these relationships 

between a.bstra.ct ma.thematics and concrete objects. 

Dienes (1961), Piaget (i 952)t and Brunner(i 960) propose that students 

need to be actively involved in the learning process. Piaget's -theories 

propose tha:t the extensive use of manipulatives will lea.d children to 

"thir.l<" a.bout mathematics a.nd to construct the operations tha.t will help 
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them solve technical and practical problems. Pia.get (195:3) refers to this 

in his pre-operational and concr·ete operational stages of coricept 

development. Once they understand what they are doing, the algorithms of 

arithmetic can be memorized as convenient shortcuts to solutions already 

worKed out in concrete objects (Pulaski, 1980), 

Children in the classroom suffer from "cognitive passivity" (Piaget, 

1952). Children need to ta.Ke a more active part in discovering facts and 

constructing relationships. Dienes (1962) refers to this as "play". He 

states that whenever an organism is placed in a new environment, its 

natural instincts a.re to actively explore and try to manipulate the 

environment in which it has been pla.ced. Through mathematical 

exploration with concrete materials, students develop for themselves a set 

of rules which become the platform for extended play and discovery. In 

such a.n environment where mathematics is open-ended, students a.re more 

lil<ely to become motivated and continue the learning process <Kersh, 19S8). 

The learning environment needs to provide children with a variety of 

opportunities for "recreating" in mathematics; playing mathematical 

games, handling mathematical rnai:erialst and building concrete models of 

abstract mathematical conceptcs. 

Brunr.er (1961 } refers to this a.cti ve pa.rticipa tion as "ena.ci:ive 

representation". He accepts Piaget's theories that children have different 

levels of development but extends t his to sa.y that individual ma.thema.t:ica.l 

concepts can al so be developed at different levels. Children must first 

manipulate materials directly before being able to dev~lop mental images 
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and later be able to manipulate those im~ges with symbols. Pia.get (1952) 

supports this theory of enactive representation when he states the 

importance of the development of sensory-motor structures. Actively 

grouping objects into different groupst (7 blocl<s into 1 and 6t 5 and 2t or, 4 

and 3) allows for the constructions of numbers to develop a.long with the 

construction of logic and symbols. Many such studies have been performed 

where students were given a certain number of objects in a set and were 

told to recreate the set so that the new set had the same number of 

objects as the original set (eg. Pia.get, 1952). It can be exciting for a. group 

of students to discover the concept of "3ness" or "7ness." The concept of 

a number is no longer abstract but is ma.de concrete through action upon 

objects. The a.ct of discovering something new can be e>:citing at any age. 

Theories of a.dive learning have been the topic of much mai:hema.tica.l 

research in the area of "discovery learning" <Gagne&. Brown, 1961; Kersch, 

1958; Scandura, 1964; Suppes & Groen, 1967). Research findings strongly 

suggest that the presentation cf mathematical concepts to elementary 

school children by techniques of "discovery learning", causes the learner 

to conceptually integrate the content into their own structures. Concepts 

can be retained more easily when "discovered" than if the concepts had 

been presented using an "e:<pository learning" method (Brunner, 1961). 

Biggs <1973) describes discovery learning as a. vital mathematical 

environment for investigation and problem solving involving three stages: 

free discovery, guided discovery, a.nd practice. She emphasizes tha. t the 

third stai:e is essential for tr-a.nsfer of learned concepts to a. broader 
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front. The concepts should be rein-forced by varied e:<periences and 

practice. 

Research supports this idea that discovery methods seem superior in 

terms of transfer of mathematical concepts (Suppes 8,. Groent 1967). 

Howevert researchers view the idea. of transfer differently. Thorndike 's 

(1913) theories stated that transfer could be accomplished only when it 

involved two activities which contained identical elements. Brunner 

(1961), howevert believes that through discovery learning, massive general 

transfer can be achieved by appropriating learning and that learning 

properly under optimum conditions can lead one to "learn to learn." 

Principals 11 i'e-invented11 by the learner and understood a.re more readily 

transfered than given or memorized principals <Haslerud & Myers, 1958; 

Katona, 1940). Ausubel (196!), however, claims that discovery learning has 

its merits but that the methods are not unique in their ability to generate 

self-confidence and continued motivation for learning. 

LEARNING MATHEMATICS WITH COMPUTERS 

Teaching consists of setting the stage for learners to develop +.heir 

own mathematical structures. The use of multi-sensory materials ca.n help 

to develop such an environment which will be stimulating and en.joyable 

(Krulik & Kaufman, 1963). School access to ine>:pensive computers has 

generated a. new dimension to a traditional teaching process where the 

teacher is the transmitter and th~ student is the receiver. The 
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constructivist theory of learning ma.thematics, where · students m1Jst 

a.ctively participa.te in the learning environment. is effectively modeled 

through the use of the computer. The computer off1:r an instructional 

brea.Kthrough a·s a result of its capacity to interact with students. allowing 

students to ta.Ke on the role of teacher as they instruct the computer 

<Davies 19~:2). "Children teaching computers" turns the whole teaching 

concept a.round to something e>:citing, creative, and interactive 

(Raphael,i 976>. 

The effects of computers on mathematical learning is dependent upon 

continued resea.rcht providing answers for how computers c:a.n best enhance 

mathematical instruction and learning. Research indicates that the use of 

the computer for discovery and investiga. tion through computer 

programming ca.n provide both oppor-tunities for students to "thinK" a.bout 

ma.thematics (Hatfield & V.ierent 1972; Milner 1972) and an environment 

where students can taKe control of their own learning environment 

(Eillingst 1983). Students who e:< plore mathematics through the use of a. 

programming language a.re more liKely to believe that learr.jng mathemai:i::s 

is open-ended and not simply rote memorization (Jensen~ 1'?86). 

Theorists agree that mathematical learning must progress from what is 

informal to \•1ha.t is formal. Research indicates ·that a. computer 

environment can pr·ovide opportunities for investigating mathem.atics at an 

informal level <Ho;;er & Catpenter, i 983). ThP. computer 's graphic 

capabili ties provide student:- with a. -:.ool for construe-ting t heir· cwn 

mathema:tical models <?a.pert. i 980) . Through programming the computer 
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with graphics, students can create visual representations of abstract 

ideas (Papert, 1980). By us:ing the computer to draw shapes, manipulate 

them, and visualize arithmetic problems, we ca.n opera.tional:ize Piaget's 

idea. that students need to be actively involved in objects tha.1: represent 

numbars (Piaget, 1952). Students can use the computer to dra.w three red 

squares and four green squares or any other combination of 7 squares (2 

and S, 1 and 6) to discover the idea. of "7ness". How ~xciting for all 

students to have their computer draw 7 objects and discover that their set 

of 7 flowers represents the same number as their friend's set of 7 houses. 

The computer can provide an active environment enabling the learner to 

bridge the gap between what is formal (a.bstra.ct) and what is informal 

(concrete) (Pa.pert, 1980). 

Theorists also agree that generalization is essential to mathematical 

learning. Research in the area of computer programming indicates that 

mathematical genera.liza:t:ion is effectively modeled through problemistic 

tasKs requiring the use of computer programming (Pea. 8. I<urla.nd, 19:34; 

Prichard, 1982). Programmers develop schema.ta for manipula.ting the 

computer to perform certain ta.sl<s. When faced •..vith a new problem, the 

programmer must generalize the problems components in order to utilize 

the developed schema <Pea. 8. Kurland, 1984). 

Computers were first created as mathematical ma.chines to help solve 

scientific and business problems. They a.re "problem solving tools" and, 

when used appropriately in an educational setting, ca.n enable students to 

worK at a. higher level of sophistication and to approach the solLition of a. 
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problem in a number of ways (Abelson & deSessat 1981). Real problems are 

complex and in order to develop "good" problem solving skills, we need a 

learning environment that provides us with adequate tools for performing 

algorithmic tasKs such as computations, repetitions, and recursion <Lesh, 

1982). Such an environment would allow students to concentrate on 

conceptualizing the problem. Time and energy spent on exhaustive 

computations would be limited and time spent on conceptual considera.1:ions 

would be increased <Richards 8. Wheeler, ! 985). 

Tols1:oy <1939) wrote, "Some ma.1:hematician, I believe, has said tha.t 

true pleasur& lies not in the discovery of truth, but in the sea.r-ch for it." 

The computer can provide a. new medium for searching for and discovering 

difficult mathematical ideas <Da.marin, i 9E:2). Abelson a.nd diSessa. (1981) 

promo1:e the use of the computer as a. medium for not only exploring 

ma.thematics and problem solving, but for reshaping what and how we teach 

mathematics. They agree with Piaget, Brunner, and others that students 

learn best in a.n -~nvironment which provides for e>:ploration, inv~stiga.tion 

and discover1 . They see the computer as a tool that can bring to learning 

the essential ingredient of surprise. A student, manipulating the 

computer, can write a procedure, carry it out, investigate the results, 

understand how it came about, and ma.Ke appropriate changes to revise 

their solution. While writing computer programs, students are able to 

operAtiona.lize their ideas about mathematics. Research by ResnicK a.nd 

Ford (1981), indicates that while writing procedures, student errors reflect 

their lacK of understanding. fi 1Jrthermore, while revising those procedures, 



18 

students may be able to identify their· misunderstandings and correct them 

(Pricha.rd, 1982). Student: who encounter the computer in such a. way 

approach "discovery lea.rning" a.s an open-ended adventure ra:ther than the 

traditional discovery learning where the tea.cher a.lrea.dy Knows what the 

student will discover <Abelson and diSessa, 1981). 

LEARNING MATHS:MATICS WITH LOGO 

Almost two decades a.go, Seymour Pa.pert and a. group of his a.ssociates 

at Massachusetts Institute of Technology were faced with two important 

questions in the area of computers and education <Pa.pert, 1980), First, is 

it possible to design computers so that learning to communicate with them 

can be a natural process? Second, can lea.rning to communicate with a 

computer ch.mge the way ,,.,e learn other things? Pa.pert (1980) believed 

that the answer to both of these questions was yes. He and his associates 

developed a programming la.nguage called Logo. Papert's claims were, and 

still a.re, that Logo is a powerful tool for providing children with 

experiences to create their own structures for solving problems. He 

descr-ibes Logo as an environment where s-tudents can learn to "thinK" and 

to pull together a.ll the fields of human Knowledge (Papert, 1980). These 

claims a.nd others have been widely accepted. As a result, adminis.trators 

and teachers across the country have begun to respond by dRveloping "logo 

curriculum s." 
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The statement has been ma.de aga.:in and again that "a Logo world is a. 

mathematics world" (eg. Pa.pert, 1980; Goldstien, 1985). While using Logo, 

students will stumble a.cross many different mathematical concepts and 

sl<ills and use many mathematical processes implicitly if not explici-tly 

(Goldstien, 1985). As a. result, Logo research has been concentrated in the 

are.is of problem solving and ma.thematics. Researchers have observed 

powerful learning ta.King place in Logo environments and have suggested 

that this learning can be transferred to other areas <Delclos, Kinzer, 

Littlefield, & Bransford, 1984; Rowe, 193S). High expecta:t:ions have been 

placed on Logo which include development of problem solving sKills and 

transfer of these sKills to other areas, increased math understanding, 

reduction of m.ith fears, development of important geometric concepts, a.nd 

improved student attitudes towards ma.thematics .ind their view of 

themselves as mathem.itidans. 

Pa.pert has created a language that can be easily communicated with and 

which enables the student to program the computer, rather than the 

computer pro,3ra.mming the student <Harvey I i 985). The use of the Logo 

language as a.n instructional model can provide students with new 

exper·iences in the study of ma.1:hernatics {Abelson & deSissa., 1980; Hoyles 

& Sutherland, 1984). The power (the ability to focus on the problem) a.nd 

ea.se of Logo lends it.self to a greater depth of exploration (H.irvey, 1985). 

The name Logo comes from the GreeK word for thought (logos). Logo does 

.iusi: that, it creates an environment in which students a.re encouraged to 
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think (Pa.pert, 19t:O). E: mph a.sis is placed on "getting to know" how 

something works rather than simple skill success (Kellum-Scott, 1983). 

While using Logo to tea.::h the computer how to "thin!<", students learn 

a.bout how they themsi?lve~- thinK (Hoyles & Sutherland, 19 :35). 

Investigations through Lego ca.n provide stcdents with a new insight to 

what they understand and what they do not understand. Students using the 

Logo programming language have been observed to more readily reflect 

upon their initial perception of a. problem a.nd mal<e changes in their 

thinl<ing processes in order to modify and/or correct the solution (Hoyles &. 

Sutherland, 1985). Immediate and tangible output through the use of 

"turtle graphics" provides students with feedbacl< concernir.g what they 

"thought" they were instructing the computer to do and what they actually 

instructed the computer to do (Billings, 1983). Furthermore, students 

e>:posed to Logo a.re able to more easily express mathematical ideas and 

apply the concepts that Logo has helped them to develop (Delclos et al., 

1984). Student developed procedures can also provide valuable insight to 

teachers concerning how students perceive a.nd solve certain tasl<s (Hoyles 

S.. Southerland, i %5). 

Through Logo, students a.re not forced to approach problem solving in 

an abstract way but with concr-ete and powerful ways of thinl<ing (Jensen, 

19S6i, Logo is an aid to learning other things because it encourages the 

use cf prcblem solving and mathematical strategies (Pa.pert, i 9:30). The 

philosophy of Polya. (1957), is that we should tea.ch general methods of 

problem solving. Whenever we have a. problem, we shoul1j go thr·ough a. 
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general list of heuristic questions such as, can this problem be divided 

into smaller parts, or have I seen a.nd solved a similar problem? Positive 

results in favor of Logo were found when comparing the Logo problem 

solving environment to tradii:ior.a.l 11 discovery learning" (Delclos et a.l., 

1984), The procedural nature of Logo encourages students to approach 

problem solving activities by breaKing the problem into parts and then 

using these parts as building bloc!-<s for deriving an appropriate solution 

(Hoyles & Sutherland, 19:35). When Logo materials were developed to 

simulate real life problem solving, they became a.n effective instrument for 

enhancing mathematical topics (Rowe, i 985). With its structured language 

and use of procedures, Logo is an excellent device for staging and 

encouraging mathematical problem solving (Billings, 1983). 

Much of the time and energy spent a:t the elementary school level is in 

memorizing rules and algorithms. Identical r1.Jles and algorithms a.re 

rememorized year after year with no additional depth of understanding. It 

is essential that our ma.thematics curricula turn from mathematics 

computation to ma.them ,a.tics understanding (NCTM Report, 19:35), Logo 

provides an environment where students can more easily synthesize new 

concepts by re-inventing these concepts for themselves (Hoyles & 

Sutherland, 19:35). A higher level of mathematical understanding can be 

reached a.s a. result of learning through Logo activities (Milner, 1973), 

Studies show that Logo groups a.re far better in articulating their 

understanding ,::,f ma. th concepts <Billstein, 1982). Logo provides students 

with a. la.nguage for expressing themselves mathema.tic:ally. Studaints who 
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are involved in Logo environments are more a.pt to e:<press the>ir 

mathematical understanding as having rea.l life applications (Rowe> 1985) 

Students who learned ma.thematics through a Logo e-nvironment have 

also been observed to be more motivated to continue their mathematical 

investigations (Billsteint i 982), This increase in motivation on the part of 

Logo students may be due to more positive perceptions of themselves as 

mathematicians <Billstein, 1982), that they tend to find mathematical 

learning more interesting (Rowe. 1984), or that they reflect increased 

mathematical understanding and improved attitudes (du Boulay, 1979), 

Logo is uniquely characterized by its dynamic graphics capabilities 

provided by the "cybernetic turtle," Students are able to relate to the 

movement of the turtle ,.ust a.s they relate to the movemeni: of their own 

body. This physical representai:ion becomes a model for the student to 

build on (Pa.pert, 1980). Exisi:ing inside a Logo "microworld", si:udents are 

placed in an environment in which they have the opportunity to create 

these structures (du Boulay, 1979). In doing so, the student becomes an 

active learner r-a.ther- than a passive learner. The computer becomes a 

modeling tool where the student has control and taKes on a new image of 

himself as a mathematician. 
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NEEDS ASSESSMENT 

, mas 
.. 

llAIIUIIG THl!OIT V ! ____ ____JI 
As stated be-foret the need to improve the quality of primary school 

ma.thematics teaching lies in the hands of those instructing future 

teachers. Three problems exist: first, the difficulty of changing a. 

student's attitude toward mathematics especially after a long history of 

failure (du Boulay, 1979) , second, providing the student with an 

"understanding" of mathematical concepts <Widmer &. Chavez, 1982) and 

finally, creating a.n awareness o-f the change in priorities of ma.ihematica.l 

topics in light of current and future technological possibilities (Prichard, 

1984). 

Many studies have shown that elemen'tary teachers tend to have high 

anxiety in the areas of both mathematics and computers (eg. Widmer & 

Chavez, 19~:2). Widmer and Chavez studied ma.th anxiety among elementa.l"y 

school ma:thema.tics teachers of a.11 ages. One impol"ta.nt finding was that 

teachers who described their ma.thema.tical training as "ma.the ma.tics 

understanding" showed less ar.xiety than those t eachers who descf'ibed 

their ma.th education as "mathematical computation." The need to improve 
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student attitudes towards mathema.i:ics goes hand-in-hand with the need 

for studar,ts to "understand" ma.thema.i:ics. 

Mathematical understanding is emerging a.s a. fertile ars>a. for curriculum 

reform in ma.thematics. A report given in 1985 by the National Conference 

of Teachers of Ha.thematics <NCTM) on the impac-t of computer technology, 

recommends that elementary instruction shift from a.n emphasis on 

computational sl<ills -to an emphasis on the mea.ning of arithmetic 

operations. The primary goal of ma.thematics education should be to 

ensure that students possess an intuitive understanding of what they are 

doing and why ii: is being done (von Glasersfeld, 1985). Many sophisticated 

mathematical topics such a.s randomness, scientific notation, variables, 

and transformation appear naturally when using computers. The use of 

computer based environments, sufficiently rich a.nd yet flexible enough to 

provide for a. variety of complex problems, can provide 1:!Xcellent 

opportunities for mathematical instruction a.r,d learning (Patterson a. 
Smith, 1985). The NCTM report also recommends that future elementary 

teachers be exposed to the use of computers as problem solving fools and 

for instructional presentations. Furthermore, computer experience should 

be offered within the realm of ma.thematics content and not simply a.s a. 

"computer science" course. 

Active participa.ti1Jn in the lea.rnir.g process ·through the use of 

computers can improve students' a.ti:itudes towards mathematics a.nd 

ma.thematics learning (Milner, 1972; Pa.per-tt 19:30). The e>:posure to 

computers in teacher educa:l:ion can help faa.chers to develop positive 
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attitudes towards mathematics a.nd ma.themai:ics learning (Milner, 1972; 

Pa.pert, 19:?,0). The e>:posure to computers in teacher education ca.n help 

teachers to develop positive attitudes tc1.vard ma.thematics and develop 

confidence in themselves a.s learners of ma.thP.ma.i:ic:s (Prichard, 19:::2). 

The literature suggests the following needs in the a.rea of elementary 

ma. them a. tics: 

i) The need to improve teacher attitudes a.bout ma.thematics. 

2) The need for mathematical understanding in areas where teachers have, 

a.t best, computat ional sKills. 

3} The need to understand the potential effects of technology on 

ma. them a tics learning. 

4} The need to improve teacher a. tti tudes toward computers a.nd their use 

in the ma.thematics classroom. 

5) The need to create and participate in a. mathematical learning 

environment which promotes students involvement a.s a.dive learners. 
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GOALS AND OEJECTIVS:S 

1L----L-IA_i_ll_lll_G_T_lff_O_l_t ____ __.r 
The following goals and objectives have been established after careful 

consideration of the determined needs. 

GOALS 

1) Students in elementary teacher education will ta.Ke on a. new image of 

themselves as mathematicians developing positive attitudes toward 

mathematics. 

2) Students in elementary teacher education will use Logo to develop 

conceptual understanding of mathematical topics. 

3) Students in elementary te,icher education will use the computer and 

Logo to enhance understanding of mathematics. Students will be made 

aware of the potential effects of using Logo on mathematics learning. 

4) Students in elementary teacher education will develop positive 

attitudes "toward computers. 
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5) Students in elementary teacher education will experience a. 

ma.thema.tical environment which allows for discovery a.nd investigation in 

ma. thematics. 

OBJE:CTIVES 

1) Student teachers will improve their attitudes toward learning a.nd 

teaching mathemai:ics. 

2) Studeni:s will increase their understanding of mathemai:ica.1 concepts 

through the use of simple Logo procedures and the development of their 

own Logo procedures. 

3) Students will see the instr1.Jctiona.i value- of the computer a.nd Logo a.s a 

tool for teaching mathematics. 

4) Students will improve their attitudes toward computers a.nd the uses of 

computers in teaching mathematics. 

S> The student will a.ct out the role of learner while participating in Logo 

activities. These activities will guide the learner through an invesi:igative 

approach toward understanding various mathematical concepts. 
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INVESTIGATING HOW STUDENTS LEARN 

.•. • 
~Y.uit.moa 

l [/ LtAIIIIIIG Tlt!OU ------
The following idea.s e>:tracted from the literature on how students 

lea.rn, were taken into consideration throughout the design of the delivery 

process and the development of Logo activities. 

INTERNAL 

1) The lea.rner learns if the expected outcome is consistent with his view 

of the world and himself. He needs to have a positive attitude a.bout 

ma.thematics a.nd his ability to per-form in this area. (Wagner, 1933). 

a) We need to provide students with tasks at 

which they can be successful. 

b) We need to convince the learner that he can 

perform the tasl<s. 

c) We need to provide tasks that allow the 

student to develop at their own rate a.nd to 

feel good about what they have discovered 
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no matter how much or how little. 

2) The lear·ner learns best if he ca.n relate what he is learning to real life 

applications (Lesh, 1982). 

a.) Use real life problems when available. 

b) If problems have to be contrived, at least ma.Ke 

them interesting. 

3) The learner learns when he can first recall needed prerequisite 

materials (Gagne & Briggs, 1974). 

a.) Subject material should be sequenced. 

b) Prompts for student recall should tJe given. 

4) The learner learns if he is able to genera.li.:e from a small field of 

Knowledge to a larger field <Dienes, 1961). 

E:XTS:RNAL FACTORS 

5) The learner learns when he actively participates <Brunner, 1960). 

a) Pa.rticipate with the computer. 

b) Interact with peers. 

c) AsKed to perform ta.sKs which ta.Ke action, i.e., 
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manipulate, dra.w, position, etc. 

6) The learner learns when he is informed of his progress <PeecK, 1979). 

a) Students need immediate feedbacl<. 

bl Students need to see when they a.re right a.nd 

when they are wrong. 

7) The learner learns if given time to practice individual ta.sl<s <Biggs, 

1973). 

8) The learner learns if materials are presented schematically (SKemp, 

1972). 
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DE:SIGN OF THE DE:UVE:RY PROCESS 

fr.uv,:ii.,. 

l._ ____ u_A_u_· '_"G--TR_1!_011_, ____ ~r 
It has been suggested that students need time for free investigation, 

guided discovery, and practice (Eiggst 1973). These three ideas will be the 

major components of the weel<ly two hour la.bs. Computer lab space ha.s 

been provided through the Department of Curriculum and Instruction. Our 

software contract permits the use of the Logo programming language with 

up to eight ma.chines a.t a time. Eight !EM computers (with graphics 

capabilities) will be used to serve a. maximum of 16 students per lab. 

Three to four ma.th graduate students (preferably math education students> 

will be provided to act as lab assistants. One graduate student will assist 

with ea.ch scheduled lab. After considering these specifica.tionst 

a.lterna.tives were listed and decisions made about each of the following 

four areas: method of deliveryt grouping, feedbacKt and student 

eva.lua. tion. Decisions made about each o-f these areas are provided in the 

following pages. 
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METHOD OF DELIVERY 

Each lab will be accompanied by a la.b activity manual a.nd lab activity 

disl<. The activity disK will provide students with a number of 

pre-programmed Logo procedures simwla.ting mathematical thinKing. These 

activities will be referr~d to a.s "microwarlds." The lab manual will provide 

the student with ideas far exploring these "microworlds", problems to be 

solved using the "microworlds, a.nd ideas for e:<panding the "microworlds" 

to other areas. 

Logo is ideal for allowing studen1:s to create their own learning 

structures and time is needed for this to occur (Pa.pert, 1980) • Therefore, 

the delivery process will focus on student investigation and discovery by 

intera.cticn with student, computer, and lab assistant. Student a.ctivities 

during la.b time will be enhanced by: 1) ir.volvement from lab assistan1:s; 2) 

small group interaction with peers, a.nd; 3} the use of the computer as a. 

tool for investigation and as a means of immediate feedbacK. 

The lab assistants will contribute greatly to the success of the 

project. Lab assistants should be confident in their Knowledge of 

computers, elementary mathematics topics, and the programming language 

Logo. The main purpose of the la.b assistants will be to give guidance to 

students throughout the investigative process. Lab assistan-t:s will meet 

weeKly with course ins1:ructors and Logo specialist to prepare for the 

following weeK's lab a.s well as to formatively evaluate the previous la.b(s). 
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It is evident from the research that the Logo la.ngua.ge can be a. 

powerful tool for enhancing mathematical concepts. Logo's turtle graphics 

deals with mathematical concepts in a beautiful and e:<citing way. 

However, many children are heavily exposed to Lego and its turtle graphics 

but have little concept of wha.t it means in the real world. To maximize 

gains, lab assistants should emphasize the mathematical content of Logo 

activities and the connection between these concepts a.nd the world a.round 

them <Delclos et al., 19$4). 

GROUPING 

Three alternatives were considered when deterimining the best 

grouping strategy. 

- Students worl<ing a.lone at the computer. 

- Students worKing in pairs. 

- Students worl<ing in groups o-f more than two. 

It would seem that the ideal situation would be to have one computer 

per student. However , -from personal e:<perience and review of research 

(eg. Biggst 1973>t I have found that students seem to worK best in groups 

of twos. With more than two people it is difficult for all students to 

participat e \ilith the actual implementation of the computer. The}' cannot 

get close enough to the computer to actively participate to the e:dent that 

they need t o. With onl-y one student to a. computer, t he brighter students 
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usually do fine but the average and / or below average students la.ck the 

benefit from peer involvement •-t1here they can share ideas, share computer 

skills, a.nd worl< together toward solving problems. 

Students seem to learn best when their attitudes a.re positive (Wagner, 

1983). Grouping students by preference would improve attitudes. 

However, abilities of the two students should be ~ept in mind. When two 

students a.re ,vorKing together at the computer , the faster learner will 

often dominate the slower learner and essentially do ail the worK. 

FE:E:DBACK 

It is important that students receive continuous feedback <Peeck, 1979), 

F eedbacl< should be provided in t he following three forms. 

- From computer (immediate feedba.cK) 

- From lab instructor during lab and through 

comments a.bout completed la.b a.C'tivities. 

- From peers 

STUDENT E:VALUATION 

Student evaluat ion will be carried out by individual lab assistants. The 

lab assistants should keep in mind t hat mathemat ics is open-er.ded. There 

may not be simply one correct a.nswer t solution, or method of discovery. 
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E:ven though it is desirable for· students -to complete all la.b activities, 

students should be encouraged to carry out investigations in individual 

areas of interest. E:va.lua.tion of students should include ea.ch of the 

following: 

- La.b pa.rticipa. tion 

- Successful completion of lab activities 
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DEV8LOPMENT OF LOGO ACTIVITIES 

LIAllflllG TH!OIIT 

Logo activities (disl< a.nd manual> will be provided a.s the primary source 

of instruction. e:a.ch lesson will provide the students with objectives, 

sa.mple activities, Logo procedures, and problems for discovery. Logo 

a.ctivities will follow course topics. Activities will be designed to aid 

students in understanding a. concept rather than simply providing 

opportunities for students to write procedures presenting ideas tha.t they 

already understand. 

Extensive worl< by Goldstein (19:35) has been done using Logo to tea.ch 

elementary geometry. Goldstein's studies provide a number of guidelines 

for implementing Logo a.s a tool for teaching mathematics. His studies 
l 
I 

support my personal belief that Logo should be used a.s a. drawing board to\ 

provide students with a.n environment for investigating mathema.tics and to\ 

enha.nce their understanding of ma.thema.tical concepts. Sti.idents should be 

exposed to the Logo language, not for t he purpose of learning a high level 

programming languaget but for the purpose of communicating in a. 

mathematical environment . Goldstein advocates providing students with 
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prepared Logo procedures which can be easily manipulated .a.nd expanded 

upon. The software <simple procedures) should set the stage for student 

e>:ploration ra.ther than controlling student discovery with set questions 

and responses. This is a. very different approach to computerized 

instl"'ucUon. There a.re no set questions, ol"der, or responses, a.s found in 

traditional educational software. Students worl<ing with simple Loge 

procedures still have the full power of the language a.t thfir finger tips. 

St udents can utilize this power to differing degrees depending on their 

varying levels of unders'ta.nding. 

A similar instructional model using Logo to teach elemen1ary student 

teachers was implement ed and evaluat~d b~1 du Boulay (1979) at the 

University of Edinburgh. The results showed "!:hat using Logo's graphics 

capabilities to provide visual illustrations of mathematical ideas and rules 

leads to ir,creased ma.the ma. tica.l ;.;ndersta.nding as well a.s improved 

attitudes to\vard ma.tnemati::s and computers. However, writing procedures 

to reworK algorithms that students already Knew wa.s not advantageous and 

wa.s described bt most students a.s quite "fr1.Jstra.ting." Writing a. progra.rn 

to simulate an algorithm did in fa.ct reinforce the steps taken to carry out 

the a.lgorithmt but it tool< quite a long time a.nd did not result in a.n 

understanding of why 'the algorithm wcrKed. 

A Logo "microworld" ca.n provide a rich environment for students to 

c:on.Jecture , test t hose conjectures, r-efine them, and focus en mathema.tica.i 

generalizations <Jensen, 1986). Pa.pert (19:30j describes a. "microworld" as 

a s"h.ge where mathematical thinKing can hatch and develop with ease. It is 
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in this type of a.n environment that students can actively search for and 

discover exciting ma.thema.tica.l concepts. 

Micl"oworlds have been designed for the first two courses in the 

Virginia. Tech elementary ma.thematics series (1611 .and 1612). A brief 

descl"iption of ea.ch is given on the following pages. Ea.ch "micl"oworld" wa.s 

developed using the MIT Logo programming la.ngua.ge fol" the Apple II 

series a.nd revised to be used with the IBM Logo language. Sample lab 

activities ca.n be found in Appendi:< A. Complete procedures a.re listed in 

Appendix B. 
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D8:SCRIPT!ON OF THE: MICROWORLDS 

Whole Numbers 

The student is provided with two different models for exploring 

addition, subtraction, multiplica.tion1 and division of whole numbers. The 

first model provides the student with a number of procedures to produce a 

desired set of objects on the screen (eg. 4 red squares, 5 blue circles; or 6 

blacK hats). Students a.re encouraged to write their own procedures to 

draw other objeci:s on the computer's screen. The students ca.n than 

ma.nipula. te the objects to discover properties of operations on whole 

numbers. 

B:xa.mple 1: After having the computer draw two sets of squares, one set 

containing 5 squares and one containing 3 squares, the student can then 

determine the total number of square on the screen (see Figure 2). The 

students might also compare the combined set to a set combining 3 squares 

with 5 squares. 1 s there any di ff ere nee in the results? 

? 

? 

••• 

FIGURE£ 2 

Logo Screen: Addition Model 

••• 
I 
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8:xample 2: After having the computer draw a row of 7 ha.ts, the student 

can then manipulate the computer to ~r-a.s~ (tal<e-a.wa.y) 3 of the ha.ts (see 

Figure 3). How many remain? What would happen if you tried to ta.Ke 7 

ha.ts a.way form a set of 3 ha.ts? 

? 

? 

.a. ..a. ..a. --- JII.. .... ---

FIGURE 3 

Logo Screen: Subtraction Model 

? 

? 

--- ..a. --- ..&. 

S:xa.mple 3: Draw two rows o-f ha.ts. Let the top row contain 8 ha.ts and the 

bottom row contain 3 hats. Keep adding one hat at a. time to the bottom 

row (see Figure 4). How many do you need -to add in order to get the same 

number on b:rl:h rows? 

--- --- ..a. ......... ..&. ..a. ---
.0. .0. _a_ 

? 
? 

Figure 4 

Logo Screen: Subtraction Model 

...&. ..&. ..A ..A. ..A. .a. ..A. AL 

.0. .0. ..a. ..0. 

? 

? I 
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E>:ample 4: Students can 1ooK a.t multiplication a.nd division a.s repeated 

addition and repeated subtraction respectively, The student can have the 

computer draw a set of S red circles, one time, two times, three times, and 

so on <see Figure 5). The reverse can be used to simulate division. The 

student can draw i S circles on the screen and then erase 3 a.t a time until 

they a.re all gone. How many groups of 3 were erased? Were there any left 

over? 

? 
? 

••• •• 

Figure S 

••• •• 

Logo Screen: Multiplication Model 

? 

? 

• •• •• ••• • • • •• •• 

The set of procedures discussed above, allows students to approach 

operations on whole numbers using manipulation of objects. A second 

model allows students to simulate addition, subtraction, multiplication and 

division using motion. Students are provided with a set of procedures that 

draw a number line and allow the students to move forward and bacKward 

on the number line. A forward motion on the number line means .addition, a. 

bacKwa.rd mo-tion means subtraction, etc. 
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e:xample S: Af1:er drawing the number line the student is asKed to 

determine the position of the turtle after e:<ecuting the commands F S 

(forward 5 units> and F 4 (forward 4 units) (see Figure 6). 

? 
? 

IS> 

<II 11111 111111 I I> 

Figure 6 

Logo Screen: Number Line Model 

Number Theory 

? 
? 

< I 111111111111111 > 

A number of procedures a.re provided for the purpose of exploring 

number theory topics such a.s prime and composite numbers, odd and even 

numberst multiples and factor-s. One procedure draws a. number of objects 

on the screen, depending on the given input, and groups the objects into 

the specified number of items. 

e:xample 1: The student may use the pr-ocedures to draw 7 squares and 

group them by twos (see Figure 7). After- experimenting with 7, the 

student wiil discover that when you try to group 7 ob.,iects by 2, 3. 4, 5, or, 

6t there is a.lwa.ys a. remainder. Working with other groups of ob jects (eg. 4 
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squarest 8 squarest or 9 squares) students can discover properties of 

primes and composites. 

? 

? 

Figure 7 

Logo Screen: Primes a.nd Composites 

? 

? 

Another group of procedures provide opportunities for discovering the 

difference between even a.nd odd numbers. 

Example 2: Given a.n input, the computer draws the indica.ted number of 

objects by sta.cKing one on top of the other <see F'igure 8), Odd numbers 

will always have one stacK with just one square. 

? 

? 

Figure 8 

I I I I 

Logo Screen: Odd a.nd S:ven Numbers 

? 

? 

I I I I 
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Example 3: Additional procedures allow students to draw a "train" of a 

certain length <see Figure 9). The students can then draw a. number of 

"train cars" to equal the length of the original "train." Using these 

procfdurest students ca.n discover properties of factors and multiples. 

? 

? 

Figure 9 

Logo Screen: Factors 

Integers 

? 
? 

I I 
t:-:-s-;J::S::1:S-S:1:-S:) 

Two different models for performing operations on integers are used. 

In the first, the student is provided with procedures that draw a. number 

line on the screen going from -24 to 24. The student then uses the F 

(forward) and B (bacKward) commands to discover what happens when you 

move forward (-4) units or ba.cKwa.rd (-8) units. Does ba.cl<ward a negative 

number of units move you 1:o the left or to the right? Using the idea. of 

movement, the students can discover exciting properties for adding, 

subtra.cting, multiplying, and dividing positive and negative integers. 
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8:>:a.mple 1: Use the number line to find i:he sum of 7 and -12 (see Figure 

10). 

i> 

111111111 I I I I I I I I I I 
? 
? 

Figure 10 

Logo Screen: Addition of Integers 

.. 

11111111111111111111 

? 
? 

A second set of procedures provides students with simple simulations 

of real life applications of negative and positive integers. The procedures 

draw items such a.s a. thermometer, a. time li:,e with BC and AD, a. bani< 

a.ccountt or a. hot air balloon. Problems a.re provided that students a.re to 

solve using these procedures. 

&>:ample 2: At 12:00 noon the temperature is O degrees celcius. The 

temperature rises 8 degrees over the ne:d 2 hours. What is the 

temperature at 2:00 PM (see Figure 1 i l? What will be the temperature if it 

drops 12 degrees? 



? 

? 

Figure 11 

Logo Screen: Addition of Integers 

Fractions 
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? 
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In this lab, students are provided with a set of procedures that 

simulate cutting a pie into different fractional parts. Students explore 

the terms denominator, numerator, half, fourth, third, etc. Students a.re 

then a.sKed to write their own procedures for dividing a "chocolate bar" 

into different fractional parts <see Figure 12). Finally, students write 

procedures to move fractional units along the base of their candy bar. 

Moving along the boti:om of the candy bar students can compare fractional 

parts, looK at the sums and differ1:nces of fractional parts, and e>:plore 

multiplication of fractions. 



? 
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Figure 12 

i 

Logo Screen: Frac1:ions 

Probability 
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Two labs are dedica1:ed to this topic. Students a.re provided wi1:h 

procedures for simulating the tossing of a. coin, the throwing of a. dice, or 

the throwing of a. pair of die. Students are asl<ed to perform cer1:a.in 

experiments using the computer for e>:haustive runs of the e>:periment. 

The students are a.lso provided with procedures to help them graphically 

represent their e>:perimenta.l data. (see Figure 13). Additional procedures 

a.re provided for different card games and dice games that simulate 

mathematical probability. 

? 
? 

F"igure 13 

Logo Screen: Graphing Experiments 

? ,, 
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Counting (Permutations and Combinations) 

These activities lea.d students 1:hrough r·ea.l life problems involving 

permuta.tions a.nd combinations. Computer procedures are provided and 

developed by the student to perform e>:haustive operations. The student 

is provided with a simple procedure to find 1:he factorial of a number. The 

s1:udents can then build on this procedure to develop tools for calculating 

permutations a.nd combinations in order to solve complicated mathematical 

problems. 
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E:VALUATION 

I 
I ... IL1'&TIO• 

1 '----LIADl-111-G -THIO_at_~r 
This instructional unit offers a. new approach to teaching and 

investigating elementary mathematics topics. The evaluation of the 

instructional model consists of a -formative evaluation and a summa:tive 

evaluation. The four components to be evaluated are Logo activities, 

attitudes i:oward learning and teaching mathematics, attitudes toward 

using computers to learn ma.thematics, and understanding of mathematical 

concepts. 

At this time, Logo "microworlds" and lab ac1:ivities have been developed 

to accompany ma.thematics topics which a.re taught in the first two 

quarters of the 1600 series. As these activities have been developed, they 

have been implemented in the weeKly labs, evaluated, and revised. The 

formative evaluation for this stage of developement is outlined below. 
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A. OBJB:CTIVE: B:va.luate logo activities with respect to: 

1) Completion of tasKs. 

2) Ease of computer operation. 

3) Clarity of activity materials. 

4) Content. 

Operational Outcome: F a.vorable participant a.nd lab 

assistant attitudes toward the. successfulness of lab 

activities a.nd their implementation. 

Data Collection Format: 

1) Prior to implementation of ea.ch lab, a. one to one 

evaluation was performed with a minimum of 2 people. 

Learners were chosen to represent a t ypical target 

audience. learners were placed in a relaxed setting. 

The learners were guided a.nd questioned on all areas 

of the instructional unit. 

2) During initial implementation, weel<ly meetings 

were held wi th course instructors, Logo specialist, 

and lab assistant s to discuss revisions of pa.st labs 

and development and implementation of future la.bs. 

3) Informal interviews were held with participants. 
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Criteria: Adequate responses a.nd discussion. 

Response: F'eedbacK w!ls used for revision of lab activities 

a.nd development of new activities. 

B. OBJB:CTIVE: Measure student attitudes toward using the computer 

to learn ma.thema.tics. 

Operational Outcome: Improved participant attitudes toward 

using computers for learning ma.thematics. 

Data. Collection Format: 

1 > Informal interviews were held with participants. 

2> Students were a.sKed to discuss (in small groups) 

a.nd give feedbacK on strengths and limitations of Logo 

activities. 

Criteria: Positive attitudes. 

Response: FeedbacK was used to determine which mathematical 

t opics had been improperly addressed or 

neglected. Students' a tti i.udes toward 

programming mathematical algorithms they 

already Knew were not favorable. However~ 
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discovering "new" ma.thematics within existing 

Logo "microworlds" and e>:pa.nding on -those 

"microworlds" was favorable. 

A -final set of labs for the spring quarter will be developed. 

implementedt and formatively eva.lua.ted a.s described above. Formative 

evaluations of all labs will be used for further revisions which will be 

carried out dui'ing the summer of i 9:::7. The completed and finalized 

activities will be implemented during the 1987-88 school year and 

formative a.nd summative eva.lua.tions will be completed as described below. 

A. OEJE:CTIVB:: Measure student attitudes toward 

teaching and learning ma.thematics. 

Operational Outcome: Improved participant attitudes 

toward learning ma.thematics. 

Da.ta. Collection Format: 

1) WeeKly interviews with a minimum of 5 

pa.rticipa.nts. 

2) Mid-term and final questionnaires <free r-esponse} 

to a.11 participants. 
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Criteria: Posii:ive attitudes. 

Alternative: In areas of non-improvement, reevaluate labs 

in order to determine where areas a.re improperly 

addressed or neglected. If necessary, revise labs 

using alternative medium. 

B. OBJE:CTIVE:: Measure student attitudes toward using the computer 

to learn ma.thematics. 

Operational Outcome: Improved participant attitudes toward 

using computers for learning ma.thematics. 

Data Collection Format: 

i) WeeKly interviews with a minimum of 5 

participants. 

2) Mid-term and final questionnaires (free response) 

given to all participants. 

Criteria.: Positive attitudes. 
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Alternative: Ir. areas of nor.-improvementt reevaluate labs 

in order to determine where a.rei.s a.re improperly 

addresseci or neglected. If necessary, revise labs 

using alternative medium. 

C. OBJECTIVE: Measure student understanding of mathematical 

concepts. 

Operational Outcome: Improved scores on mathematics exam. 

Data Collection Format: Pre a.nd post exa.mir.a.1:ion 1:o assess 

students' understanding of ma.thema.tica.l concepts. 

The exam is to be developed by course instructors. 

Criteria.: 70% of students (or bet-ter} obtaining 

improved ma:thematical understanding. 

Alternative: Reevaluate how topics a.re being 

explored. Reevaluate which topics a.re being explored. 
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D. OEJS:CTIVE: Evaluate Logo activities with respect to: 

1 > Completion of iasKs 

2) 8:a.se of computer operation 

3) Clarity of activity ma.teria.ls 

4) Content 

Opera.tiona.l Outcome: F avora.ble participant a.nd lab 

assistant attitudes toward the successfulness of lab 

a.cti vi ties a.nd their imple menta. tion. 

Data. Collection Format: 

1) Lab assistants will be asKed to fill out weeKly 

evaluations of the Logo labs. 

2) Students participating in the labs will be a.sKed to 

fill out mid-term a.nd final evaluations of Logo la.bs. 

Criteria: Adequate respons~s and discussion. 

Alternative: Use feedba.cK for continual revision 

of lab a.cti vi ties. 



APPENDIX A 

SAMPLS: LOGO ACTIV:iTIE:S 

LOGO AND WHOLE NUMBS:RS 

QgTTlNG STARTED 

Loa.d the Logo la.ngua.ge dis!<. 

Insert the Logo Activii:y dis!< into drive A a.r.d type LOAD 

"WHOLE.NUMBERS 

During this la.bt we will explore the four operations of addition, 

subtraction. multiplication. and division of whole numbers. The 

WHOLE.NUMBER file will provide you with a number of models for 

addition, subtraction. multiplication, and division. You will be a.sl<ed to 

create addi"tional models on your own. 

ADDITION 

What does it mean to add 4 and 5? 

We will begir. by combining different groups of objects. Use the procedure 

Move: to help you navigate about the screen. MOVE needs 2 inputs (a.n x 

coordinate a.nd a. y coordinate). 8: xample:MOVE 30 40 

56 
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Before starting, execute the procedure SIZS:. This procedure will allow you 

to control the size of the figures tha.t you ar·e drawing. 

E>: ecute the procedure SIZE anytime during these activities if you want 

larger or smaller figures. SIZE needs one input. 8:xample: SIZE 30 will 

draw all figures with sides of length 30. 

Use the procedure PLACS: .SQUARS: to place 4 squares anywhere on the 

screen. 

PLACE .SQUARE 4 

Now place 5 red squares anywhere on the screen. First, change the color. 

SE:TPALLET O 

SETPC 2 

These two commands together change the 

color to RED. 

How many squares are there on the screen? _____ _ 

Clear the screen. 

Have the turtle discover the sum of the following: 

3 brown squares a.nd 7 green squares 

Try these activities with figures o-ther than squares. To do this, wri'tg a 

proc:eC:ure to draw any figure with sides of length :S. Edit the 

PLACS:.SQUAREi: procedure so that it places figures other then squares on 

the sci'een. 
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S red items a.nd 3 red items 

5 red items a.nd 2 brown items 

Do not era.se the la.st problem. Move the turtle above the row you just 

ma.de. 

Have the turtle a.dd the following: 

2 brown items a.nd S red items 

What did you discover about the la.st two problems? 

Let's start again with a clean screen. Have the turtle place 7 red ha.ts on 

the screen (PLACE.HAT 7). Once it ha.s drawn the hats. place the tur1:le 

ba.cK in its starting position on the left side. 

Draw over one of the hats in a. different color (eg. green). 

COVB:R.HAT 1 

How many red hats? _____ _ 

How many grP.en hats (or any ot her color)? _____ _ 

Draw over a.nether hat in green. 

Now how many red ha.t:.? _______ _ 

How many green hats? ______ _ 

Do we s-till have the same number of hats that we began with? ____ _ 
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What can we say about the following three statements? 

7 RS:D hats 

6 RED hats AND 1 GRS:E:N hat 

5 RED hats AND 2 GREEN hats 

Continue coloring in one hat a.t a time and fill in the following chart: 

RED hats 

7 

6 

5 

0 

GRS:E:N hats 

0 

1 

2 

E>:ecute the procedure ADD. ADD needs 2 INPUTS. 

8::<a.mple: ADD 3 4 

HOW COULD YOU IMPROVE THIS PROCE:DURE: ? Carry out your 

improvements. 
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write three addition story problems a.nd describe how you might use Logo 

to help you find the solution. 

WHAT ABOUT SUET:RACTION? 

I ha.ve 9 ca.ndy bars and I give 4 of them a.way. How ma.ny do I ha.ve left? 

Let the turtle help you discover the answer. 

Have the turtle place 9 squares on the computer screen. 

Now place the turtle bad< on top of the first square. 

Type TAKE.AWAY.SQUARS:S 4 

How many candy bars are left? ______ _ 

Try the following: 

6 candy bars minus 4 candy bars 

10 quarters minus 10 quarters 

7 cooKies minus 2 cooKies 

What would happen if we switched that last problem a.round and ma.de it 2 

cool<ies minus 7 cool<ies? 
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When we discover a problem that we can not worK using the set of whole 

numbers, we say that that operation is not closed under the set cf whole 

numbers. 

Give two other subtraction problems that a.re impossible to worK using the 

set of whole numbers. 

1. --------------------------

2. --------------------------

ANOTHE:R MODE:L FOR SUBTRACTION 

Have the turtle draw 8 squares on the screen. 

Now have the turtle place S tr-iangles just above the set of squares. 

Use the procedure PLACE.TRI 5 

Which set of ob,,iects is larger? __________ _ 

Haw many more in the larger set? _____________ _ 

e:rase the screen and have the turtle redraw the 8 squares a.nd S triangles 

but rather than placing one set above the other, place the triangles inside 

the squares. How many squares are left without triangles? 

E>:plain how you could use Logo to simula.te a third model of subt;-a.ction. 
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MULTIPLICATION 

Wha.t does it mean to say 3 times 5? 

Lets thinK of the first number a.s the number of repetitions a.nd the sacond 

number a.s the qua.n"tity of i"tems. For exa.mple, we ha.ve 3 baskets \,vhich 

ea.ch contain 5 eggs. We want to determine how many eggs we ha.ve. 

Have the turtle move anywhere on the screen and dra.w S eggs. 

EGGS S 

Pla.ce two more sets of S eggs anywhere on 'the screen. 

How many eggs do we have in a.11? _____ _ 

Have the tur"tle solve 'this series of problems: 

1 times 4 red eggs is ___ _ 

2 times 4 red eggs is ____ _ 

3 times 4 red eggs is ____ _ 

4 times 4 red eggs is ____ _ 

5 times 4 red eggs is ____ _ 

6 times 4 red eggs is ____ _ 

HOW 9:LSE: MIGHT WE USE LOGO TO MODE:L MULTIPLICATION? 
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DIVISION 

Have the turtle draw 12 squares on the screen either in a straight row or 

in multiple rows. 

What is 12 DI\/1D8D BY 3? 

Wha.t does 12 DIVIDE:D EY 3 mean? 

Let's say that we have 12 students tha.t we wa.nt to divide into groups. We 

want to put 3 students into each group. How many groups will we ha.ve? 

Take the 12 squares that you have drawn on the screen. Change the pen 

color and use the COVER.SQUARE procedure to group 3 of the squares 

together. 

COV8:R.SQUAR8 3 

Continue covering three a:t a time until there a.re no longer 3 left to cover. 

How many different groups of 3 do you have? _____ _ Were there any 

squares left over? _____ _ 

Try the same process with 10 squares, covering 3 a.t a time. 

How many groups did you have? ----
This is called the -----------
How many were left over? _____ _ 

This is called the ----------------
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Use the turtle to help you complete the following chart. 

QUOTIENT 

6 DIVIDED BY 1 

6 DIVIDED BY 2 

6 DIVIDES BY 3 

6 DIVIDED BY 4 

6 DIVIDED BYS 

6 DIVIDS:D BY 6 

REMAINDER 

Lis1: all o-f the numbers that you ca.n divided 6 by a.nd ha.ve no remainder. 

These numbers are called FACTORS of 6. 

What are the factors of 4? ____________ _ 

Clear trie screen a.nd type in the following. 

LOGS 

Let this picture represent 3 logs. Suppose yo1.J have 9 frogs that you need 

to place on these three logs. You want ea.ch log to have the same number 

of frogs. How many frogs will be on ea.ch log? ____ _ 
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Use one of the figures that you have created to represent a frog. Keep 

pla.cing one frog on each log until you have placed all 9 frogs. 

MORE: WITH WHOLE NUMBE:RS 

Clear the screen a.nd type NUMBER.LINE:. 

Each sla.sh ma.rK on your number line represents 1 unit. One 1Jnit is 10 

turtle steps. 

The following procedures a.re a.va.ilable to help you a.dd, subtract, multiply, 

and divide using the number line. 

TO F Needs one input. F 4 moves you forward 40 turtle 

steps. 

TO B Needs one input. B 4 moves you ba.c~ 40 turtle steps. 

CLEAR Clears the previous problem and gets you ready for 

the ne>:t problem without erasing the number line. 

With the number line on the screen, determine what 1 + 3 equals. 

Type F i F' 3 

Where is the turtle located. 

Type CLEAR before working another problem. 
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Type in ea.ch of the following sets of commands. Write an equa.tion to 

represent ea.ch group of commands. 

F 4 F 7 

F 8 E 5 

F8 E3 F6 

F3 F3 F3 

4+7= 11 

F 12 E 4 B 4 B 4 

Use the number line to solve each of the following problems. 

Add 4 and 8 

Subtract 3 from 7 

Mul"tiply 3 by 4 

Divide 10 by 2 

LOGO COMMANDS 

Write 8 story problems involving addition, subtraction, multiplication, a.nd 

division of whole numbers. Use the number line to find the correct answer . 
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LOGO AND NUMEE11 THEORY 

In today's lab, we will spend time exploring different topics in number 

theory. We will looK a:t the following topics: 

! . PRIMES AND COMPOSITES 

2. FACTORS AND MULTIPLES OF A NUMBER 

3. ODD AND EVEN NUMBERS 

To get s1:a.r1:ed, boot the Logo language disK and load the file 

NUMBER.THEORY from the activity disK. 

Once again, begin by e>:ecuting the SIZE procedure. You might want to 

begin with SIZE 25. Anytime during the lesson, you can execute the SIZE: 

procedure to change the size of the ab jects you are drawing. This will help 

you if you need to draw many items on the screen. 

Have the turtle place 8 squares (use the PLACE: .SQUARE: procedure) across 

the screen. 

Place the turtle bad< at the first square and change the color. 

Type: COVER.SQUARES i 

Continue grouping by 1 until all the 8 squares have been used. 

How many times did you have to group? _______ _ 

F"eel in the following statement. 
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8 can be divided into ______ groups of 1 with O left over. 

Follow the same process to answer the following questions. 

8 can be divided into groups of 2 with left over. 

8 can be divided into groups of 3 with left over. 

8 can be divided into groups of 4 with left over. 

8 can be divided into groups of 5 with left over. 

8 can be divided into groups of 6 with •- lef't over. 

8 can be divided into groups of 7 with left over. 

8 can be divided into groups of 8 with left over. 

Which groupings from the previous pa.ge ended with O left over? 

8 groups of 1 t 

All of these numbers a.re called F' ACTORS of B. 

List the factors of 8 in increasing order (smallest to largest>. 

1, ________________________ 18 (do not repeat 

factors> 

How many different wa.ys ca.n you group 7 objects a.nd ha.ve O left over? 

List the factors of 7. _____________ _ 
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If we divide 10 by 5 a.nd ha.ve no remainder, then we can say, "5 goes into 

10 evenly", "5 divides 10", "10 is divisible by 5", or "5 is a factor of 10," 

To determine if 5 is a factor of 10, type DIVIDE 10 S. Are there a.ny 

squares that were not changed? ________ Does 5 DIVIDE 10 

a:YENLY? _________ • ls 5 a factor of 10? _______ _ 

__________ _ 

Is 3 a factor of 10? ________ _ 

Is 2 a factor of 10? ---------
List the factors of: 

Why or why not? 

Why or why not? 

1 ___________________ _ 

2 ___________________ _ 

3 ___________________ _ 

4 ___________________ _ 

s ___________________ _ 
6 ___________________ _ 

7 ___________________ _ 

8 ___________________ _ 

9 ___________________ _ 

10 ___________________ _ 

What number is a facfor of every number in the list above? 
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What other characteristics do you find in common between all of the 

numbers or par-t of the numbers? 

Which numbers only have two factors, 1 a.nd itself? 

These numbers are called PFUME:S. They ha.ve 2 and only 2 factors. 

Which numbers from the list a.bove have mor-e tha.n 2 factors? 

These numbers are called COMPOSlTE:S. Composite numbers have more than 

2 factors. 

How many different factors does the number 1 have? ______ _ 

Is the number 1 PRIME ? ______ _ COMPOSlTS: ? _____ _ 

The number 1 is a. special case. We say that it is neither prime nor 

composite. 

FACTOR TRAIN 
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You ha.ve two procedures in this activity called TRAIN and CAR. TRAIN 

needs 1 input, the length of the TRAIN. E>:ample: TRAIN 80. CAR needs 2 

inputs, the length of each be~: ca.r and the number of box ca.rs. E:xample: 

Car 40 2 

Have the compu"ter draw a. TRAIN of leng"th 160. 

Have the turtle place 4 box ca.rs of length 40 directly under the train. Yi:lu 

should see that the entire train is the same length as the 4 box ca.rs. 

We can say that 4 times 40 equals 160. Four and 40 are FACTORS of 160. 

Find 10 more factors cf 160. To do this1 find 5 different sets of box ca.rs 

that are also the same length as -the original train. 

1. CAR 

2. 

3. 

4. 

5. 

List i2 facfors of 160. 

Are there more? ------
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Dra.w 3 more tra.ins of different lengths. Determine a.s many sets of ca.rs 

a.s possible tha.t equal the length of the original tra.in. Record your 

results. 

E;VEN or ODD 

Type BOXES 8 

Type BOXES using a number of different inputs. Record your inpu'ts below 

the picture 1:ha..t best Tepresents the picture that was drawn on your 

screen. 

8:VEN NUMBERS ODD NUMBERS 

Logo ha.s a command called RE:MAINDE:R. Remainder needs 2 inputs, the 

dividend and the divisort and outputs the remainder. 

Type REMAINDER 8 2 

Use this command to determine the remainder of a.ny even number divided 

by 2, 
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Use the REMAINDS:R command to determine the remainder when any odd 

number is divided by 2. 

WHAT OBSE:RVATIONS CAN YOU MAKE ABOUT EVEN NUMBE:RS AND ODD 

NUMBS:RS? 

MULTIPLES 

Clear the screen and place 3 squares anywhere? 

How many squares a.re on the screen? 3 That was easy! 

Now move the turtle to a new location a.nd place three more square. 

How many squares are there no\v? ___ _ 

Continue drawing 3 squares and counting the number of squares on the 

screen. Record your results below. 

DRAWINGS 

0 

1 

2 

NUMBe:R OF SQUARES 

0 

3 

6 
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4 

5 

6 

7 

8 

9 

10 
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9 

All of the numbers in the second column a.re called multiples of 3. 

Can you Keep drawing 3 more squares over and over aga.in? ____ _ 

Do you get another multiple of 3 every time you draw 3 more squares? 

How many multiples of 3 can you possibly get? 

How might you describe all the numbers in the first column? 

The set of whole number (numbers in the first column) are infinite. They_ go 

on forever. 
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If there is a. number in the second column to represent every number in the 

first column then the multiples of 3 a.re also _______ _ 

We represent an infinite set by listing a. number of its members followed 

by 3 dots. 

8:XAMPLE: SET OF MULTIPLES OF 3 

{ o. 3t 6, 9, 12, ••• } 

Find the multiples of 6. 

List all the multiples that 3 a.nd 6 have in common. 

Find the multiples of 8. 

Find the multiples of i 2. 

List all of the multiples that 8 and 12 have in common. 

24 is called the least common multiple of 8 and 12. Why do )'OU thinK it is 

given tha.t name ? 
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Now that you have e>:perimented with different number theory concepts, 

write your own definition for ea.ch of the following: 

PRIME 

FACTOR 

MULTIPLS: 

COMPOSITE: 
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LOGO AND INTEGEF1S 

In this la.b we will looK at operations on the set of integers. We will use 

movement on the number line to looK a.t a.dditiont subtra.ctiont and 

mult:iplica.t:ion of negative a.nd positive numbers. We will a.lso looK a.t 

some daily situations which involve caicula.t:ions using negative and 

positive numbers. 

Boot the Logo la.ngua.ge disK a.nd loa.d INTE:GERS from your activity disK. 

TYPE: NUMBE:R.LINE 

The following procedures will help you explore operations using negative 

a.nd positive numbers. 

TO F needs one input; F 1 moves you forward 10 turtle steps or 1 unit on 

the number line. 

TO B needs one input; B 2 moves you bacK 20 turtle steps or 2 units on the 

number line. 

CLEAR clears the most r·ecent problem without era.sing the number line. 

We wa.nt to use this number line a.nd the turtle to discover some things 

a.bout negative and positive numbers. 

If you typed F -S, what direction do you th:inK the turtle would go in, left 

or righ1:? ________ _ 
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Try it. 

What if you type B -S 

Let's thinK of addition as forward movement and subtraction as ba.cKwa.rd 

movement. If we want to add a. negative number we will use F followed by 

a. negative input. 

Place the turtle at the or-igin of the number line. 

ADD 5 AND 6 

F S F 6 

WHS:RE IS THS: TURTLg LOCATS:D? 

Sta.r-t a.gain and ADD 4 a.nd -3. 

F' 4 F' -3 

E>:per-iment with adding a negative number- to a positive number. 

What have you discovered? Write a. rule for adding a negative to a. 

positive. 
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NOW ADD A NEGATIVE TO A NEGATIVE: 

ADD -6 AND -3 

F -6 F -3 

B:xperimeni: wii:h adding two negatives. Ma.Ke up problems of your own. 

PROBLEM 

(-4) + (-5) 

LOGO COMMAND 

F -4 F -5 

Write a. rule for what you have discovered a.bout adding 2 negative 

numbers. 

ADDING A POSITIVE TO A NS:GATIYS: 

Remember: we a.re still adding so use FORWARD 

ADD -5 and :3 

ADD -7 AND 3 

LOGO COMMANDS 
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ADD -3 AND 10 

What rule can you derive for adding a. positive to a negative. 

SUBTRACTION 

We said at the beginning of this la.b that we would thinJ.< of addition as 

forward movement and subtraction as bacl<ward movement. lf we want to 

subtract 5 from 8 we must first go forward 8 and then bacJ.< 5. 

Try this problem. Where did the turtle end up? _____ _ 

SUBTRACTING A POSITIVE FROM A POSITIVE: 

PROBLEM 

8 - 3 

10 - 4 

7 - 7 

3 - 8 

2 - 6 

LOGO COMMANDS 

F ~: B 3 

What happens when the second number is larger then the first. Using what 

you have discovered with the turtlet write a rule for this condition. 
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SUBTRACTING A NS:GATIVE FROM ,4. POSITIVE 

4 - (-2) 

F' 4 B -2 

Where is the turtle located? __________ _ 

Which direction did the turtle move when you typed 

B -2 ? _________ _ 

What do you thinK it means to subtract a negative number? 

Could you rewrite this problem using only forward movement? 

8:>:periment with a few more problems. 

PROBLEM LOGO COM MA.ND 
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Write a rule for subtracting a negative from a. positive. 

SUBTRACTING A NS:GATIVB: FROM A NS:GATIVE 

- S - (-8) 

F -5 B -8 

Could you rewrite this problem using only forward movement? 

MaKe up some more problems and experiment with the turtle. 

What are your conclusions for subtracting a. negative from a. negative. 

MULTIPLICATION 

In multiplication, lets thinK of the first number as the number of 

repetitions. If the first number is negative then we will repeat the second 
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number going BACK. If the first n1Jmber is positive, we will repeat the 

second number going FORWARD 

4 times S 

4 TELLS US HOW MANY TIMES TO REPEAT 

SINCE THE 4 IS POSITIVE: wE WILL GO FORWARD 5, 4 TIME:S 

FS FS FS F S 

OR 

RE:PE:A T 4 C F S J 

MORE: PROBLEMS: 

3 times -2 

REPEAT 3 C F -2J 

WHAT DIRECTION DID THE TURTLE: GO IN? 

Try the following: 

4 times -2 

2 times -B 

3 times -1 

wa.s your final answer for these positive or negative? _____ _ 
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TRY: -S times 2 

REMEMBE:R OUR RULE: The negative 5 tells us to move in a ba.cKwa.rd 

direction. The S tells us how many times to repeat. 

REPEAT 5 CB 2J 

Which direction did the turtle move in? ___________ _ 

Try the following 

-4 times 3 

-2 times 1 

-4 times 1 

What did you discover about the statement: a negative times a positive is 

a. --------------
Now we want to multiply a. negative by a. negative. 

Remember our rules . Looi< a.t the first number. It tells us how many to 

repeat and in wha.t direction. TH& SECOND NUMBER IS SIMPLY THE 

QUANTITY. 

-2 times -5 

Re:PEAT 2 CB -SJ 

Which direction did the turtle move in? --------
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Try the following: LOGO COMMANDS 

-3 times -2 

-2 times -8 

-5 times -2 

-3 times -4 

What can you conclude a.bout multiplying a negative by a negative? 

When do we need to use negative numbers? There a.re many times in real 

life that we deal with both negative and positive numbers. We state the 

temperature as 3 degrees celsius or -5 degrees celsius meaning 3 degrees 

above O or 5 degrees below O. Ea.nl<s use negative and positive numbers to 

represent wi-thdra.wa.ls a.nd deposits respectively. The stocK ma.rl<et uses 

negative and positive numbers to indica.-te a loss or a. gain in the ma.rKet. 

There .;.re many other examples in the real wor-ld for negative and positive 

numbers. 

Clear the screen and type in THS:RMOM8TER 8. The 8 r-epresents the 

starting temperature~ 8 degrees above O. 

What if the temperature drops 5 deg:--ees? Type DROPS to determine the 

new temperature. 

No,_.., type RIS2: 7? What does the thermomei:er read now? 
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Write 3 story problems dealing with temperature and use the thermometer 

to find the answers. 

Clear the screen and type BANK 80. The 80 represents the amount of 

money you have in the banK. Your money will be representsd by a green bar 

a.cross the screen. 

What if you write a. check for $90? Your account should be overdrawn. 

Type WITHDRAW 90 

Watch what happens to your bani< account. You better ma.Ke a. DS:?OSIT 

quicKly. Write 3 story problems dealing with your banK account. 

Now type BALLOON. 

You should have c1 picture of a hot a.ir balloon on your screen. Right now, 

the balloon is stable a.t 1000 ft up. It is stable because it has equal 

a.mounts of hot air bags and sand bags, 5 each. 

You have two procedures that you can use to help the balloon go up and 

down. You can change the number of hot air bags with the procedure 

HOT .AIR followed by one input. You ca.n change the number of sand bags 

with the procedure SAND followed by one input. 

Bef ore typing in the following commands, determine if you thinK they will 

ma.Ke the balloon go up or down. 



HOT.AIR 3 

SAND -2 

HOT.AIR -5 

SAND 3 
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ogscRIBE IN DETAIL, 4 DlfifiE:REn•lT WAYS THAT YOU CAN MAKE THE: 

BALLOON Move:. HOW DO TH8Se: MODELS RELATE TO ADDITION AND 

SUBTRACTION OF NEGATIVE AND POSITIVE NUMBERS. 
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PROBABILITY 

Today's lab will provide you wii:h the opportunity to discover the world of 

probability. You will need the following items before beginning: 

Pencil 

Pa.per 

Lab Manual 

Logo Language DisK 

Storage DisK with Lo.b Activities 

A Penny or Other Coin 

A Pair of Dice 

F'or today's lesson, load LAB.TWO in-to your computer's memory. Now you 

should be ready to begin. 

WHAT IS PROBABILITY? 

We use probability when we loo!< a.t situations in which several thing_s can 

happen and predict how likely ea.ch is to happen. When we toss a. coin, 

there are two possible ways for it t o land. It will show a head (H) or a tail 

(T) . What is the probability that a. head will come up when you toss a. coin? 

There are two possible ways for a coin to land, each as liKely a.s the other. 

Only one of these is a head. Therefore, we say: 

THE: PROBABILITY OF A HEAD IS 1/2 . 

To shorten this we will wri te Pr(Hea.d) = 1/2 or Pr(H) = i/2. 
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Flip a coin 10 times and record the number of heads and the number of tails 

that occurred, 

HEADS _____ _ 

TAILS _____ _ 

Is it possible to flip a coin 3 times and get exactly 3 heads? ____ _ 

Wha.t a.bout 10 times and get exac1:ly 10 heads? Yes. it is possible but not 

very probable, Why not? 

It would seem even less proba.bl2 to flip a coin 1000 times and get exactly 

1000 heads. 

Flip a. coin 20 times and record the number of heads and tails that 

occurred. 

HEADS -----
TAILS ____ _ 

Was it exactly 10 heads and 10 tails? _____ Why or why not? 

About how ma.ny heads do you thinK you would get if you flipped a coin 1000 

times ______ , 10,000 times ______ , or 1,000,000 times 
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It would be silly to sit and flip a coin even 100 times. We can let the 

computer simulate this process for us. LAB.ONS: contains a. procedure 

called FLIP. FLIP needs one input to indicate how many times to FLIP the 

coin. For example: FL!P 100 will flip the coin 100 times and tell you how 

ma.ny heads a.nd how many tails occurred. Use the procedure to complete 

the following cha.rt: 

NUMBER OF FLIPS 

NUMBER OF HEADS 

NUMBER OF TAILS 

100 500 1000 1000000 

Does the number of heads for 500 tosses seem to be S times the number of 

heads for 100 tosses? 

How do you e>:plain these results? 

ROLLING A DIE 

What are the possible outcomes when you roll a. single die? 

___________ • How many outcomes did you list? _____ _ 

If we want to determine the probabiiity of rolling a three, we must 

consider two questions. How many ways ca.n I roll a three? 1 How many 

possible rolls? 6, Therefore , we sa.y: 
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Pr<3> = 1/6 

What is the probability of rolling a number- greater then 4? There are 2 

numbers greater than 4 (S and 6). Therefore we say: 

?r<number > 4 on a die)= 2/6 or 1/3. 

Mathematic:ally, we define the probability of a.n event to be: 

number of ways a.n event can happen 

total number of possible events 

Use the definition to solve the problems below. 

1. Given a single diet what is the probability of rolling eac:h of the 

following: 

a.. a 1? 

b. a. multiple of 4? 

c. a. 1 or a. S? 

d. a multiple of 2? 

e. a. number less than or equal to 3? 

2. If you have a. spinner with 1-10 equal divisionst what is the probability 

of spinning each of the following: 

a. a 6? 
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b. a. number less than 9? 

c. an even number? 

d. and even number greater than 7? 

e. a perfect square? 

3. lf you have a bag of marbles -- 3 blue, 4 red, 2 white, a.nd 1 orange, what 

is the probability of drawing ea.ch of the following: 

a. a. blue marble? 

b. a.n orange marble? 

c. a marble tha.t is noi: white? 

d. a. red, blue, white, or orange marble? 

e. a. green marble? 

f. a. marble that is not pinl<? 

HOW BIG CAN A PROBABILITY BS:? 

What is the probability of rolling a one digit number when you roll a single 

die? You Know that there a.re 6 possible outcomes; 1, 2, 3, 4, 5, and 6. All 

of these a.re 1 digit numbers. Therefore, Pr(rolling a one digit number) = 

6 / 6 or 1. 

Rolling a one digit number is certain to happen ; its probability is 1. This 

is the largest probability an event ca.n have. 

Write four examples of events that a.re certain to happen. 



1. 

2. 

3. 

4. 
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Wha.t a.bout the other extreme? How small can a probability be? The 

probability of shooting a hole-in-one in golf is 1110,000. Tha.t is pretty 

small but it can happen. 

Can you thinK of a. smaller probability? What is the probability of rolling a 

2 digit number with a. single die? How many 2 digit numbers a.re possible 

when you roll a. single die? ___ _ 

Pr(rolling a. 2 digit number with a. single die) = 0/6 or O. 

Write 4 e>:amples of events that are impossib le? 

1. 

') ... 
3. 

4. 

Probabilities va.ry form 0 to 1. They can be written as a. f raction, decimal, 

or percent. 

For e>:ample: Pr(head) = 1/2 = .50 = 50%. 
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The probability of having two girls in a. two-child fa.mily is 1/4. Write this 

probability as a decimal and a percent. 

If you roll a die 12 timest would you expect to get 2 ones. 2 twos. 2 threes 

a.nd so on? 

Since the probability for any given outcome is 116, we would expect our 

outcomes to be fairly similar. 

Roll a die i O times and record your results below. Repeat the process for 

20 rolls. 

NOTE : IF YOU DO NOT HAVE ADIB:, YOU CAN use: THE COMPUTER TO 

SIMULATE THIS. SIMPLY TYPE THS: FOLLOWING IN IMMEDIATE MODE: 

PRINT RANDOM 6 + 1 

RANDOM 6 SELECTS A NUMBS:R FROM OTO S. ADDING THE 1 CONV8RTS 

THE NUMBERS FORM 1 TO 6. 



NUMBE:R 

1 

2 

3 

4 

s 
6 

TALLY 
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TOTAL TALLY TOTAL 

10 20 

The more times we roll a. die, the more exact our results become. Let's roll 

the die 100, 500, a.nd 1000 times and record your results. 

You could do this very simply by typing : REPEAT 100 C PRINT RANDOM 6 + 

1 J However, the hundred numbers would soon scroll off your screen a.nd 

you would ha.ve a difficult time tallying them. 

This la.b has a procedures ca.lled ROLL.DIE: to help you simulate this 

activity a.nd tally the results. ROLL.DIE needs one input. For example, to 

simulate rolling the die 100 times, 

type ROLL.DIE 100 

Record your results. 



NUMBER 

1 

2 

3 

4 

s 
6 
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100 ROLLS 500 ~OLLS 1000 :ROLLS 

What did you expect to happen in each case? 

1 ... Jere your Ernpecta.tions best met with 100. soo. or 1000 rolls of the die? 

Why do you thin!< this happened? 

Ma.Ke a bar cha.rt to record your findings for 1000 rolls. This lab has a 

procedure GRAPH that will help you. Type GRAPH. The screen should 

clear and you should see the following at the bottom of your computer 

screen: 

HOW MANY BARS? 

8:nter 6 since there were 6 diHe-reni: outcomes. 

You will then be a.sl<ed to enter the si:< totals from your chart. Use i:he 

PRINT SCREEN Key on the number pad to pr-int your gra.ph. 
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EXPERIMENT 

Lisi the possible sums when you roll 2 dice: 

Wha.t sum do you thinK will occur most frequently? ____ _ 

Roll two regular dice 20 times. Tally a.nd total the sums below. 

SUM 2 3 4 5 6 7 8 9 10 11 12 

TALLY 

TOTAL 

Use the computer to simulate rolling the two dice 100, S00, and 1000 times. 

Ma.Ke sure to record your results below. The procedure ROLL.TWO.DICE 

will help you. 

Type: ROLL.TWO.DICE 100 

SUM 2 3 4 5 6 7 :3 9 10 11 12 

TOTAL 

100 

TOTAL 



500 

TOTAL 

1000 
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Use the computer to maKe a. bar graph to show the frequency of each sum 

(use the results after 1000 rolls). Print your graph. 

What sum occurred most often after 1000 roles? ------
What sum do you predict will occur most often after 5000 roles? 

______ Why? 

S:XP€RIMENT 

List the possible differences that can occur when you roll 2 regular dice? 

Which difference do you thinK will occur most of-ten? ___ _ 

Roll two regular dice 20 times and record the differences below. 

DIFFERENCE 0 1 2 3 4 5 

TALLY 

TOTAL 
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To have the computer simulate the difference of two dice, we need to 

change our procedure. E:dit the procedure ROLL.TWO.DICE so that the line 

MAKE "X :A + :B 

becomes MAKE "X ABS ( :A - :B) 

ABS stands for absolute value. Why do we need to ta.l<e the absolute value 

of the difference of :A and :B? 

Once you have made the change, run the procedure ROLL.TWO.DICE: three 

times using 100, 500, and 1000 as your inputs. Record your results and 

then use the computer to graph one of the results. 

Was your prediction a.bout the difference that would occur most often 

correct? 

ThinK about rolling two regular dice. How ma.ny possible outcomes do you 

thinK there a.re ? (not possible sums) 

Suppose you have one red and one whi'te die. List the possible outcomes 

from rolling the red die. _________________ _ 

List the possible outcomes for rolling the white 

die. ____________ _ 

When you roll your two dice, there are many ways they can la.nd. Remember, 

a. 4 and a 2 ca.n appear two ways. You could roll a 4 on the red die and a 2 

on t he white die or a 4 on the white die and a 2 on the red die. 
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Complete the following char-t to list ill the possible ways two dice can 

land. List the red die first. 

1, 1 2,1 3,1 4,1 S,1 6,1 

1,2 

1,3 

1,4 

1,5 

1,6 6,6 

How many different outc:omes are there? _ _ _ _ _ _ _ 

How many different sums? ________ _ 

Complete the following table with the pairs that you found above. Ea.ch 

pair should appear above the number that is its sum. 

1,3 

2,1 2,2 

1,1 1,2 3,1 

2 3 4 s 6 7 8 9 10 11 12 

How many ways can you roll a 7? ---

What is the probability of rolling a 7? __ _ 
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Find the probability of each of the following events if you are rolling two 

regular dice. 

Pr(a sum of 6 or 8) 

Pr(a.n odd sum) 

Pr(a sum of 7 or 11) 

Pr(a sum of 2, 3, or 12) 

Pr<a sum that is a multiple of 4) 

Pr a sum that is greater than 6) 

The different possibilities of a two-child family are 

BOY -- GIRL 

GIRL -- BOY 

BOY -- BOY 

GIRL -- GIRL 

There are four different outcomes. We say that the Pr<of having two gir'ls) 

= 1/4. What is the Pr(of having a one girl and one boy>? 

List the different possibilities for a three child family. 

Use your data from the three child family to find each of -the following: 

Pr<a.11 boys) 

Pr<two beys and one girl) 
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Pr(noi: a.11 boys> 

Car-ry oui: an ex perimeni: to see if your- answers a.r-e cor-reci:. 

Have the computer randomly choose a 1 (boy ) or a 2 (girl) three times ai7d 

prini: the results on the screen. The ser-ies 1 2 1 would represeni: a. family 

with 2 boys and 1 girl. Run the experiment 100 times. If 23 times oui: of 

100, there a.re 2 boys a.nd 1 gir-1 t hen the probabilii:y of 1:his event is 

23/100 or approximately 1/4. Dei:ermine the e>:perimeni:al probability for 

ea.ch of the quesi:ions a.bove. Are your- answers similar-? E:xplain. 
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PROBABILITY 

TO GB:T STARTED 

Boot the Lego Language disK. 

Loa.d LAB.THRE:B; from your storage disK. 

A WELL KNOW DICE: GAME 

In the game of Hazard, two regular dice are rolled. The basic rules are: 

-- If the shooter rolls a. sum of 7 or 11 on the first roll, he or she wins. 

-- If the shooter rolls a sum of 2t 3, or 12 on the first roll, he or she 

loses. 

-- If neither of these happen, the number roiled on the first roll is called 

the II point" • 

-- The player continues to roll until the "point" number or a 7 comes up. !f 

a. 7 comes up first, the player loses. If the "point" comes up before a. 

seven, the plays "ma.Kes the point" and wins. 
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The results tha.t add up to 7 ha.ve been circled. Circle all the results tha.t 

add up to 11. 

6 * * * * * * 
s * * * * * * 
4 * * * * * * 
3 * * * * * * 
2 * * * * * * 
1 * * * * * * 

1 2 3 4 s 6 

How many equally lil<ely outcomes a.re there rolling two dice? 

How many of those outcomes give a. sum of 7 or 11? ___ _ 

What is ?r<rolling a. 7 or 11)? ____ _ 

Pr<winning on the first roll) ? ___ _ 

Draw squares around the outcomes tha.t give a. sum of 2, 3, and 12. 

What is Pr(2>? ____ Pr<3>? ____ Pr(i2)? ______ ?r<losing on 

the first roll)? ________ _ 

Wha.t is Pr(for not winning and not losing on the first roll) ? _____ _ 

What is 1 - Pr<win on first roll or lose an first roll)? _______ _ 
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8:>:plain why the above two statements a.re the sa.me? 

Roll a pair of dice 20 times. Keep tra.cK of how many times you win, lose, 

or neither win or lose on the first roll, according to the rules above. 

Use -the procedure HAZARD with one input to simula.te the ga.me for 100, 

500, and 1000 rolls. Print your numerical resul-ts as well as a bar cha.rt 

depicting the wins, loses, and neii:her. 

What is the ra.tio of wins/loses for all three trials? The computer can 

ea.sily a.ct as a calculator. 8: :<ample: type PRINT 234/112 to find the 

ratio of 234 to 112. 

Ratio of wins to loses: 

100 rolls 

500 rolls 

1000 rolls 

E:xplain why these ratios would be close to 2/1. 

PROBABILITY WITH AND WITHOUT RE:PLACEMENT 

Suppose you have a. large bag of M & M candies. Select 10 pieces and place 

them in your hand: 2 tan, 3 brown, 2 yellow, 1 green, and 2 orange. Close 

your eyes and picK one piece of candy.Ea.tall of the pieces of tha.t same 

color. 
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What is Pr(cf eating the yellow pieces first)? 

What is Pr(of eating the green pieces first>? 

After eating all of one colort replace them with the same color and number 

of pieces. For e:<ample, if you ate 2 yellow, replace them with 2 yellow. 

Now, what is Pr<of eating yellow pieces second)? 

Pr(of ea:ting green pieces second>? 

If you happened to select the yellow pieces 10 times in a row and always 

replace them, what is Pr(of eating yellow pieces on the eleventh trial>? 

Does the probability of eating a. particular color change from trial to trial? 

Why is this so? 

Now, let us assume that we do not have enough candies to replace the 

eaten pieces. Our first pie!< is yellow so we eat the 2 yellow pieces. How 

many pieces are left? ______ _ 

Now given that we ate the yellow first and that they were not replaced, 

what is: 

Pr<ea.ting green second)? 

Pr(eating yellow second)? 

Pr(eating orange third if you ate green second)? 

Pr<eating brown third if you ate orange second>? 
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Explain how replacing the candies or not replacing the candies effects the 

probability on the next round of eating. 

Problem: You a.re one of 25 members of a club. The club announces that it 

will have a. drawing each weeK for 12 weeKs to give a prize away to one of 

its members. What is the probability of you winning the third weeK if any 

member can win more tha.n once? Wha.t is the probability of winning the 

third weeK if a. member ca.n only win one~!"? How are these two questions 

different? 

HOW MANY WAYS 

Suppose you are trying to decide what to wear. You have several possible 

choices and it is hard to decide. You have three shirtst two swea.ters. and 

2 pair of jeans. How many outfits can >'OU have? Using the cartesian 

product of multiplication. we can determine that there are 3 X 2 X 2 or 12 

different outfits to choose from. There is another way to looK a.t this 

problem. Use a. tree diagram. Counting a.long the branches in a tree 

diagram shows that there are 12 outfits for you to wear, 

Logo can help you dra.w trees for all diffHent combinations. Use the 

procedure TREE with one input. The input indicates the level of yc•ur tree 
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(example: the tree above ha.s three levels; shirt, sweater, and jeans.) The 

procedure will then prompt you to enter the number of objects for each 

level. 

Have the computer draw a. tree diagram for each of the following 

situations. Print the diagram, label the levels, a.nd tally the total number 

of possible events. 

1. Number of meals if there a.re 3 soups, 4 entrees, and 2 desseri:s. 

2. Number of gift bo>:es if there are 4 different wrapping papers, 2 

different bows, and 2 different gift tags. 

Now thinK about tossing two coins. Have the mputer draw a tree to 

repr-esent the possible oui:comes. What is Pr<Hea.d on firsi: coin)? 

Fr(Head on second coin>? ---- ------

Lisi: the paired outcomes for tossing two coins: 

__ How many ways a.r·e there for 2 coins to land? ______ _ 

What is Fr<HH>? ____ _ 

The tree diagram shows how to find the Pr(HH). 

On the first coin you can get a head or a. tail. On the second coin you ca.n 

also get a head or a. tail no matter wh~t resulted on the first coin. 



Pr<Hea.d on first coin) = i/2 

Pr(Head on second coin) = 1 / 2 
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Pr<HH> = Pr<Head on first) X Pr(Hea.d on second) = 1 /2 X 1 /2 

= 1/ 4 

Find : 

Pr<HT>? ____ _ Pr<TT>? ____ _ Pr(TH)? ___ _ 

Use the computer to draw a tree diagram to show the results of tossing: 

3 coins 

4 coins 

Find: Pr<HHH) ? ___ _ Pr<TTTT)? _____ _ 

NOTE: THE PROBABILITY OF 8:VS:NTS A AND E OCCURRING= PR<A) 

TIMES PR<B> 

IF THE TWO EVENTS ARE INDEPENDE:NT. INDEPE:NDS:NT MEANS THAT 

ONE: EVENT DOES NOT INFLUENCE THE OTHE:R EVE:NT. 

MORE PROBABILITY 

The goal of th is activity is to wri t e a Logo procedure or group of 

procedures to r andomly draw a. ca.rd form a. der:K of 52 regular playing cards. 
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We will use this procedure to develop 5ome probability statements a.bout 

our 52 card decK. 

The Logo language, as most lang1Ja.ges, has a. built in primat:ive wh:ich 

randomly selects a number. 

RANDOM 6 randomly selects a number between O and 5 

If you want to randomly assign to the variable "X'' a number from 1 to 13, 

you could use the statements: 

MAK8 "X RANDOM 13 {SELECTS OTO 12} 

MAKE: "X :X + 1 {CONVERTS TO 1 TO 13} 

Another nice feature of Logo is the use of listz. We can write a list of 

items and then select one at a time. 

MAKE "SUITE [HEARTS CLUBS DIAMONDS SPADE:SJ 

To print the third item in the list above, we could type: 

FRINT ITEM 3 :SUITE 

To randomly choose an item, we could type: 

MAKE "X RANDOM 4 

MAKE "XX+ i 

PRINT ITEM :X :SUITE 
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Write a. procedure that will randomly select a card <e>:ample: 2 of HEARTS> 

from a full 52 card decK. Record your procedure below. 

What is Pr<of drawing a. 3 of diamonds from a full decK? ____ _ 

How many 3 of diamonds do you thinl< you would draw if you picKed from a. 

full decK 100 times? _____ 1000 times? _____ _ 5000 times? 

Use the procedure that you have written to randomly draw 1000 cards 

(replacing the ca.rd ea.ch time). Add a command to Keep tract of how many 

times the three of diamonds was drawn. What was your result? 

Was the result what you e>:pected? 

Change your procedure to keep tra.cK of how many times a. Ja.cl< was drawn. 

What is Pr<of drawing any JacK form a full dee!<)? 

How many times do you thin!< you would draw a Jack after 100 drawings 

from a full decl<? 1000 drawings? 

Run your procedure to simulate the drawing of 1000 cards. How many times 

was a Jacl< drawn? 



Come up with 5 other probability statements tha.t we can ma.Ke about our 

dee!< of 52 ca.rds? 

1. 

2. 

3. 

4. 

s. 

What if we do not return the ca.rd to the decK after ea.ch trial. Writing a. 

procedure to simulate this is a little more complicated. You do not need to 

try. However. use what you have learned in this lab to answer ea.ch of the 

following: 

1. PR(dra.wing a. queen on the first draw) 

2. PR(dra.wing a heart of the second draw if the first ca.rd 

was a King of di.Amends.) 

3. PR<drawing 4 Kings in a. row) 

4. PR(drawing a joKer on the second draw if the first draw 

was not a jol<er> 

5. PR(drawing a. King. Queen. JacK. & Ten of hearts in that 

order) 

SA VE YOUR WORK ON YOUR DISK 
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COMBINATIONS AND PERMUTATIONS 

TO GET STARTgD: 

Load the Logo Language disl< 

Load COUNTING from your storage disK 

What are combinations and permutations? Different arrangements of 

objects a.re called permutations. Permutations require that you place 

objects in a certain order <ex, ABC is a different arrangement from BA 

C). Combinations deal with arranging items where order does not matter 

(ex. a committee with John, Maryt and Sally is the same committee as Maryt 

Sally, and John.) 

Suppose you have three different types of coins; a quarter1 a. nicl<el, a.nd a. 

dime. How many different ways can you line them up in a row? 

You can thinK a.bout the possibilities lil<e this: 

If you start with the quarter, the second one could be either a dime or a 

nicKel. If the second is a. dime then the third must be a nicl<ei. Write a.11 

the possible a.rrangments. 

How many possible a.rra.ngments did you find? ___ _ 

Let's loci< at this in a different way. Place three different coins in front 

of you. How ma.ny different choices do you have for picl<ing a. coin':' 
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Thel"e a.re thl"ee, diffel"ent choices. Now, ta.Ke one coin a.way 

(any coin you choose). How many diffel"ent choices do you have for the 

second selection? ___ _ Finally, taKe a.way a second coin. How many 

different coins do you have for the third selection? ____ _ 

First selection: 3 choices 

Second selection: 2 choices 

Thil"d selection: 1 choice 

Using the multiplication principal you discovered in LAB 3, you multiply 

a.nd find 3 X 2 X 1 = 6 possibilities. These different arrangements are 

called permutations. The ol"der of the coins matter in determining the 

number of different arrangements. 

How many permutations are there of 4 diffel"ent coins? _____ _ 

List a.11 of the permutations. 

How many permutations for a.rra.nging the letters ABC DE:? _____ _ 

How many permutations for arranging 26 different letters? This would 

ta.Ke some calculating to find the answer. We would have to multiply 

26 X 25 X 24 X 23 X ... X 1 

The computer can help us find this result. Our procedure is called a. 

recursive procedure because it multiplies over and over a.gain by the ne:<t 

smaller number. List the procedure PE:RMUTATION a.nd see if you can 
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understand how the procedure worKs, Run the _procedure several times to 

determine the permutaion of: 

1 S objects ____ _ 

26 objects ____ _ 

50 objec-ts ____ _ 

In a.11 of the problems above1 you had to find the product of a list of 

numbers starting with a stated number and decreasing by i until you 

reached 1. For ex ample; 5 X 4 X 3 X 2 X 1. Since products liKe this come up 

often in ma.thematicst people have invented a special symbol for them. 

The product of S X 4 X 3 X 2 X 1 can be written as S ! 

The explanation point is called a F ACTOFHAL symbol and the expression 5! 

is read as "five factorial." 

What would 1 ! mean. This is a special situation. lt mal<es little since to 

say, "Start with 1 and write smaller and smaller numbers until you get 

down to 1." If you tried that, you would j.Jst write 1 and be dor,e, 

Mathematicians have agreed that 1~=1. Zero causes even a. worse problem. 

What would 0~ mean? For right now1 we will accept what mathema.-ticians 

have a.greed upon and state that O! = 1. 

Use the procedure Fi ACTORIAL (this procedure is identical to 

PERMUTATION) to determine i:he following: 
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1. 4! 

2. 9! 

3. 10! - 8! 

4, 4! X 5! 

5. 12! / 11! 

6. 7!+6!+5! 

7. A ba.seba.11 tea.m plays with 9 players. How ma.ny different 

batting lineups can the coach have? 

8. How many different wa.ys a.re there to introduce the 11 

starting football players a.ta game? 

9. Thirty-seven planes tooK off in the powder-puff derby. 

How many different finishes are there. 

8:ight swimmers a.re competing in a. sta.te wide competHion. Only the top 4 

receive medals. How many different ways can the medals be given out? 

Ar,y of the eight could place first. Any of the remaining 7 could place 

second. Any of the remaining 6 could place third and any of the remaining S 

could place fourth, Therefore, the number of possible ways that the medals 

could be given out is 

8 

first 

place 

X 7 X 6 X 5 

second 

place 

third 

place 

fourth 

place 
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Wha.t you ha.ve j.Jst done is to loci-< at a permutation situation where you 

have chosen 4 things out of 8. Ma.thematicians sometimes abbreviate this 

with the not a. tion: 

p 

This is read a.s "the permutation of 8 things ta.Ken 4 a.t a. time" or "the 

number cf ways to choose 4 objects out of 8." To find the result. we start 

with 8 a.nd multiply by 4 numbers each one less than the preceeding one. 

Suppose an artist wants to display 5 new paintings but there are only 3 

places in the museum. How ma.ny different ways can the paintings be 

placed in the three places? _____ _ 

In general. if you are choosing r objects out of n, n n . th b 1 •r 1s e sym o you 

would use. 

Write a new procedure for permutations that requires two inputs rather 

than 1. The first input will tell the number to begin with and the second 

input will determine how many numbers to multiply by, MaKe up three 

e>:a.mples for testing your procedure. Record your results below. 

8: >: amples for testing procedure. 

1. 

') 
'- . 

3. 
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PROBLEMS 

1. In Michigan, a. license plate "number" consists of 3 letters followed by 3 

numbers. The vowels a, et i, o, and u a.re NOT allowed. Each of the numbers 

ma.y be a.ny digit, for example, 222 or 000 ma.y be used. How many different 

liscense pla.tes a.re possible. This is a. permutation problem which is a. 

little different. When a. letter is used, it is not "used up." It can be used 

a.gain. Describe how you would solve this problem and use the computer to 

calcula. te your solution. 

2. How ma.ny different 9 digit social security numbers ca.n there be if the 

first digit can not be a zero? 

3. Airplane identification numbers appear in several forms. All U.S. 

airplanes start with N. One form of the ID number has four numbers 

followed by a. letter. The letters It 0, a.nd Z ma.y not be used. How many 

US a.irpla.ne ID numbers of this form a.re possible. 

COMBINATIONS 

By now you should ha.ve a. lot of experience with permutations - arranging 

t hings in order. There a.re a.lso times when you need to use combinations, 

arranging in which order is not important. Suppose your teacher a.sKs for a 

committee of two to plan a class party. It does not matter in which order 

the two a.re picked. How• many committees of two ca.n be selected from a 

class of 21 students? This is a combination problem. Finding answers to 
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combination problems can be quite easy or quite difficult. Lets suppose we 

j.Jst have a class of two students. (Jane and Bob). We can simply list all of 

the possibilities. 

Committees- two students 

Jane and Bob 

List all the possibilities if the class has three students (you might call 

them student A, B, and C). four students, and five students. 

Committees - three students 

Committees - four students 

Committees - five students 

There is a special symbol for combinations. is read this way: "The 

number of combinations of 2 objects selected from 4" or "the number of 

combinations of 4 objects ta.1-<en 2 at a time." In genera.L is read in this 

way: "The number of combinations of n objects ta.ken r at a time." 

A second way of solving combination problems is to use P.;.scal ' s Triangle. 

Blaise Pa.seal was a French mathematician and priest who studied 

probability. What you see below is only pa.rt of Pa.sea.l's triangle. It goes 

on and on, row a.Her row, as far as you want to write the numbers. 
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Pa.seal's Triangle is full of patterns. See if you ca.n discover the pattern 

a.nd a.dd three more rows to the triangle. 

1 

1 

1 s 
6 

1 1 

3 

4 

10 

1S 

2 1 

3 1 

6 4 1 

10 S 

20 15 6 

1 

1 

Find each of the following combinations. 

Looi< a.t the 6th row of Pa.seal's Triangle tha. t contains 1 6 1 S 20 15 6 1. 

This row represents combinations of 6 things ta.Ken O a.t a. time, 1 a.ta 

time, 2 at a time, and all the way to 6 a.t a time. 

E:xtend Pa.seal's triangle to 11 rows. Use the triangle to find the answers 

to ea.ch of the following. Write the mathematical notation for ea.ch 

problem. 

a) Combination of ~: objects ta.Ken 5 a.t a time. 

b) Combination of 4 objects ta.Ken 1 a.t a time, 

c) Combina. tion of 10 objects ta.Ken 6 at a time. 
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d) Combination of S objects ta.Ken O a.t a. time. 

e) Combination of 7 objects bl<er. 4 a.t a time divided by the 

combination of S objects ta.Ken 2 a.t a. time. 

f) Combination of 7 objects i:aKen O a.t a time plus 

combination of 7 objects ta.Ken 1 a.ta. time plus 

combination of 7 objects taken 2 a.t a time plus 

combination of 7 objects ta.Ken 3 a.ta. time plus 

combination of 7 objects ta.l<en 4 a.t a. time plus 

combination of 7 objects ta.Ken S a.t a. time plus 

combination of 7 objects ta.Ken 6 a.t a. time plus 

combination of 7 objects ta.Ken 7 a.t a. time. 

A third wa.y to solve combinations is with the use of fac-toria.ls. 

The combination of 6 things ta.Ken 2 at a. time can be found using the 

following formula.: 

or in general 

2! (6-2)! r! (n-r)! 

'we can use our F' ACTORIAL procedure to solve this. Type in ea.ch of the 

following and record your results. 

FACTORIAL 6 

FACTORIAL 2 

F' ACTORIAL 6-2 
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Now use the computer to calculate the final result. 

Write a. procedure called COMBINATION that will ta.l<e 2 inputs :N a.nd :R 

a.nd find the combination of :N things tal<en :R a.ta. time. 

Test your procedure with the following ex a.mples and ch eel< the a.nswer with 

Pa.sea.l's Triangle. 

1. COMBINATION 8 3 

2. COMBINATION 10 6 

3, COMBINATION 4 4 

4. COMBINATION 5 0 

SA VB: YOUR WORK ON YOUR DISI<. 
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F'RACTIONS 

Fractions were invented long be-fore decimals and have in the past received 

greater emphasis at the elementary level. However, with the use of 

handheld calculators and computers, 'the use of fractions ha.s decreased. 

This is not 1:o say 1:hat fractions will become non-e>:istani:. Concepi:s such 

a.s ha.Ives, thirds, and fourths are here to stay. This lab will provide us 

with the opportunity to explore fractions and develop different models for 

understanding fractions. To begin this lab, you will need the following: 

Lab Manual, Logo Language Disl<, & Activity Disl< 

Load F'RACTIONS from your storage disl<. 

Execui:e the procedure PIE. 

Now e>:ecute the procedure HALF .PIE. 

You have probably l<nown what "a. ha.lf11 is since you were quite young. 

However, write a. general definition of "a. half" that could apply to any item 

or group of items that is divided. 

A HALF' 

We use 1/2 to represent "one half." The 1 is called the numerator and the 

2 is the denominator, 
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What does the 2 in this case represent? ______ _ 

Write a definition for denominator. 

What does the 1 in this case represent? ______ _ 

Write a. definition for numerator. 

How many ha.Ives a.re there in the whole pie? 

written as "two halves" or 2/2. 

This can be 

We can let the number 1 represent the whole pie since we have 1 pie. 

Clear the screen and draw the PIE again. 

Type HALF .PIE again 

Now type FOURTH.PIE 

This procedure divides the PIS: into _____ equal parts. How many 

fourths are in the •.vhole PIE? in one half of the PIE? 

Write two fractions that both represent half of the pie. 

________ These fractions are called equivalent fractions. 

What is two-thirds? Use the example of a. pie to draw a. figure that 

represent two-thirds. E:>:plain what the 2 and the 3 stand for. 

In class we ta.lKed about the PART-WHOLE~ interpretation of fractions. On 

your disK, you have a. procedures called PART .WHOLE. Use this procedure 
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to discover more a.bout fractions. PART.WHOLS: needs two inputs. Type in 

the following examples to determine wha.t the procedure does a.nd what 

ea.ch input is used for. 

8: xa.mples: PART.WHOLE: ~: 3 

PART.WHOLE 4 2 

Wha.t does the first input determine? 

Wha.t does the second input determine ? 

Tr y some more ex a.mple on your own. Write a. fraci:ion tha. t represents the 

results of your examples. 

ANOTHE:R MODE:L OF FRACTIONS 

Write a. simple Logo procedure to dra.w a. rectangular bar on the screen 

similar to the one below. The bar can be of any length and a.ny hiegth. We 

will us our BAR to further investigate fractions and their properties. The 

length of the bar will be our major concern. The hiegth will always sta.y 

the same. We will refer to our ba.r as a. chocolate candy ba.r, 

Record your procedure here: (Mal<e sure the tur·tle is headed straight up 

when you finish any procedure ,) 

TO EAR 
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Have the turtle draw the chocolate bar 

You a.re a.bout to ta.Ke a bite out of your candy bar when a friend asl<s you 

for a bite. Since you a.re a good friendt you decide to divide it evenly among 

the two of you. 

Write a. simple procedure to cut the candy bar in half. Execute both of the 

procedures to ma.Ke sure they worl< together. 

Record your procedure a.nd draw a figure depicting a. candy bar that has 

been cut in half. 

PROCEDURE F'IGURB: 

What name would you give to each of the parts. 

Wha.t mathematical notation would you use to symbolize the portion that 

you will give your friend? _____________ Explain why this 

symbol was chosen. What does it mean. 

Now you and your friend are ready to bite into your portion of the candy 

bar. But wa.itt two more friends are approaching. Now you must divide 

your candy bar into 4 equal parts. Write a procedures to do this. 



Write other procedures to divide your . candy bar into thirds. sixths, 

eighths~ a.nd tenths. 

TO THIRD TO FOURTH TO SIXTH 

TO EIGHTH TO TENTH 

!END 8:ND 

On your computer screen, draw two different bars. Divide one of the bars 

into halvest and the other into thirds. <Note: Remember that S8:TXY ca.n be 

used to help move you a.round the screen.) 

Wha.t is bigger, 1/2 or 1/3? _____ _ 

!Explain why this is true when we have already learned that 3 is greater 

than 2. 

Clear the screen and dra.w 1 bar. Divide the bar into halves. If you now 

divide the ba.r info eighths, will the pieces be bigger or smaller? 

_________ • Try it. How many eighths a.re there in the whole bar? 

____ How many halves a.re there in the whole bar? _____ Write 
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two equivalent fractions tha.t represent the whole bar. 

How ma.ny eighths a.re there in ha.lf of the ba.r? ----- Wri1:e two 

equivalent fractions tha.t represent half of the ba.r. 

Dra.w two new barst divide one into 4 parts a.nd one into 8 pa.r1:s. 

What is larger 3/3 or 2/4? ___ _ 

Write thl'ee inequalities a.nd 3 equali1:ies that would be tl'ue for these two 

candy bars. 

MORE: INVESTIGATION OF FRACTIONS 

Now Wl'ite a procedure tha.t moves t he tul'tle in fractional units of 1/2, 

1 / 4, and 1 / 8 a.long the base of the candy ba.l', 

TO MOVS:.HALF 

FD :30 (or wha.1: ever is ha.lf the length of your candy ba.r) 

E:ND 

TO MOVS:.FOURTH 

TO MOVE.E:IGHTH 
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Now dra.w the ba.r a.nd use your EIGHTH procedure to divide it into 8 pa.rts. 

Place the turtle ba.cK at the left bottom corner of the ca.ndy ba.r facing to 

the right. 

Type MOVE.HALF 

How many eighths a.re in one half? ____ _ 

Now type MOVE.FOU~TH MOVE.FOURTH 

You should now be a.t the end of the ba.r. 1/2 + 1/4 + 1/4 = 1 whole 

List three other combinations that equal 1 whole. 

We can easily write a procedure tha.t will move a.ny fractional pa.rt of the 

ba.r by using inputs. Write a procedure (on the next page) to do this. Your 

input should be in the form 1 /2 t 1/3 t 1 /7. 

TO MOVE: :LENGTH 

Draw the candy bar again and divide it info halves. Use the MOVE 

procedure with inputs to determine other fractions equivalent to 112. For 

example: MOVE 100/200 

Make a. list cf at least S. 
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ADDING F'RACTIONS 

Clear the screen a.nd draw a. new ba.r. Divide the ba.r into 8 equal parts. 

Try ea.ch of the following a.nd record your results. 

MOVE 1/4 + 1/4 

MOYE 5/8 + 2/8 

MOVE 3/4 - 2/4 

In a.11 of these examples, the denominators a.re the same in the two 

fractions that are being added or subtracted. Write a rule for adding 

fractions tha.t have the same denominator. 

Now try e:<a.mples where the denominators are not the same. 

For example : MOVE 1/2 + 1/4 

Write 5 different examples, execute themt and record your results. 

1. 

,, ... 
3. 

4. 

5. 
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Does your rule for adding numbers with the same denominator worl< here? 

Write an appropriate rule a.nd describe how Logo might be 

used to model this rule. 

MULTIPLYING AND DI VIDING FRACTIONS 

Use the MOVE: procedure to help you multiply fractions. Write down five 

multiplication examples, execute them and record your results. 

E:XAMPLE: MOVE 1/2 * 1/ 4 

1. 

2. 

3. 

4. 

s. 

Write a. rule for multiplying fractions. 

Division with fradions can be confusing. What does 1/2 divided by 1/4 

mean. You might remember from '"'hole numbers that one model of division 

was repeat.ed subtraction. 6 2 means how many 2's can ! tal<e away from 

6. 
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How many 1/4 can you ta.Ke away form 1/2. 

Draw a candy bar and divide it into fourths. 

Type MOVE 1 /2 

Now type MOVE -1/4 until you have returned to the starting position. 

How many 1/4 could you ta.Ke away? __ _ 

1/2 1/4 = 2 

Use your Logo procedures to model ea.ch of the following. 

1. 1/2 1/:3 

2. 3/4 1/8 

3. 1 2/6 

E:xplain how you might use your procedures to model each of the following 

examples. 

1. 3/8 1/4 

2. 1 3/5 

Save your worK on your storage disk. 



TO COYE:R.HAT :N 
PC 3 
PLACE: .HAT : N 

!IND 

TO TAKE.AWAY :N 
PC 0 
PLACE.HAT :N 

E:ND 

TO ADD :R :G 
MOVE -120 0 PC 3 
PLACE .SQUARE :R 
MOVE -120 50 
F-LACE:.SQUARE :G 

E:ND 

TO cove:R.TRI :N 
PC 3 
PLACE. TR! : N 

END 

TO COYER.SQUARE :N 
PC 3 
PLACE.SQUARE: :N 

END 

TO PLACE.TRI :N 

APPENDIX B 

LGOG PROCEDURE:S 

REPEAT :N CTRIANGLE :S RT 90 PU FD :S+S LT 90 PDJ 
E:ND 

TO PLACE. HAT :N 
REPEAT :N CHAT :S RT 90 PU FD 5 LT 90 ?DJ 

END 
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TO PLACE.SQUARE :N 
REPEAT :N C SQUARE :S RT 90 PU FD :S+S LT 90 PDJ 

END 

TO HAT 
RT 90 FD S LT 90 
REPEAT 2 C FD :S/2 RT 90 FD (:S-10) RT 90J 
RT 90 FD (: S - S> LT 90 

8:ND 

TO TRIANGLE :S 
REPEAT 3 C FD :S RT 120] 

END 

TO SQUARE 
RE:PEAT 4 C FD :S .RT 90 J 

END 

TO E:GGS :N 
PCS 
HT RE:PEAT :N C EGG PU RT 360/ :N FD 4S PDJ 
ST 

E:ND 

TO EGG 
REPS:AT 36 C FD 2 RT 10J 

END 

TO NUMBER.LINE 
DRAW 
HT 
RT 90 REPEAT 28 C FD 10 LT 90 FD 5 BK 10 FD S RT 90J 
MOYE -120 0 
S8:TH O FD 15 BK 30 PU FD 35 RT 90 PD 

8:ND 

TO F :N 
FD :N * 10 
POINT 

E ND 



TO POINT 
LT 90 FD 4 
EK 8 FD 4 
PU FD 15 
RT 90 

B;ND 

TOE :N 
BK :N * 10 
POINT 

B:ND 

TO MOVE: :X :Y 
PU SS:TXY :X :Y 
PD 

B:ND 

TO CLEAR 
PU MOVE -120 16 
PC 0 PD HT 
SETH 90 

134 

REPS:AT 15 C FD 500 LT 90 FD 1 RT 90J 
PC 1 PU MOVE: -120 20 
SS:TH 90 ST 

END 

TO SIZE 
PRINT C B;NTER LENGTH FOR SIDES OF FIGURB;SJ 
MAKE "S FIRST RE:QUS:ST 

B;ND 

NUMBER THEORE:Y 

TO MOVE :X :Y 
PU 
SETXY :X :Y PD 

END 



TO X :S 
RT 45 
MAKE II M (:S*SQRT(2)) 
FD :M EK :M/2 LT 90 
FD :M/2 El< :M 
RT 135 EK :S LT 90 

S:ND 

TO SQUARE :S 
REPE:AT 4 C FD :S RT 90J 

S:ND 

TO PLACE.SQUARE: :N 

135 

RE:PE:AT :N CSG.UARE :S RT 90 PU FD :S + 5 LT 90 PDJ 
E:ND 

TO PLACS:.TRIANGLE :N 
RS:PE:AT :N CTRIANGLS: :S RT 90 PU FD :S + 5 LT 90 PDJ 

S:ND 

TO TRIANGLE :S 
RB:PEAT 3 C FD :S RT 120J 

E:ND 

TO cove:R.SQUARS: :N 
PC 3 
PLACE.SQUARE: :N 

END 

TO SIZE 
PRINT CS:NTER UENGTH FOR SIDE:S OF FIGURE J 
MAKE 11 S FIRST REQUEST 

B:ND 

TO 8:\/8:N.ODD :A 
MAKS: :Y (-20 * (:A/2) ) 
MOVE :Y 0 
RE:PEAT QUOTIENT :A 2 CTWO.SQUARE: J 
Re:PEAT REMAINDE:R :A 2 CSQUARE 20J 

E:ND 



TO TWO.SQUARE 
SQUARE 20 
FD 20 SQUARE 20 
BK 20 
RT 90 FD 20 LT 90 

B:ND 

TO DIVIDS: :B :A 
PC <RANDOM 6+1) 
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REPEAT QUOTIS:NT :B :A CPLACE.SQUARS: :A PC <RANDOM (6+1)J 
END 

TO GROUP .BY : N 
MAKE "C <RANDOM 6 + 1) 
PC:C 
PLACE.X :N 
PRINT CCONTINUS: ••• (YIN> J 
MAKE "Q READCHARACTER 
IF :Q = "Y THEN GROUP.BY :N 

END 

TO TRAIN :L 
REPEAT 2 C FD .25*:l RT 90 FD :L RT 90 J 
FD .25*:L RT 90 FD :l- <.25*:L> 
LT 90 SQUARI:! .25*:L RT 90 FD 5 LT 90 
SQUARE: .15*:L LT 90 FD 5 
RT 90 FD .25*:L 
REPEAT 2 CFD .2*:L RT 90 FD .05*:L RT 90J 

END 

TO CAR :A 
REPEAT 2 C FD 20 RT 90 FD :A RT 90J 
LINES :A 
RT 90 FD :A LT 90 

END 

TO LINES :A 
Re:PEAT 4 C REPS:AT 2 C F"D 5 RT 90 FD :A RT 90J FD SJ 
BK 20 

END 



INTEGE:RS 

TO NUMBER.LINE 
HT HOME RT 90 
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RE:PEAT 24 C FD 10 LT 90 FD 5 BK 10 FD 5 RT 90J 
PU HOMS: 
PD FD 20 BJ< 40 FD 20 
PU FD 30 SETH 0 
PD ST 

END 

TO F :N 
FD :N * 10 
POINT 

END 

TO POINT 
LT 90 FD 4 
BK 8 FD 4 
PU FD 15 
RT 90 

END 

TO B :N 
BK :N * 10 
POINT 

END 

TO MOVE :X :Y 
PU SETXY :X :Y 
PD 

END 

TO CLEAR 
PU MOVE -120 16 
PC O PD HT 
SE:TH 90 
REPEAT 15 C FD 500 LT 90 FD i RT 90J 



PC i PU MOVE -120 20 
SETH 90 ST 

B:ND 

FRACTIONS 

TO HALF .PIE 
PART.WHOLE O 2 

END 

TO FOURTH.PIE 
PART.WHOLE O 4 

S:ND 

TO PIE 
HT REPEAT 36 C FD 7 RT 10J 

END 

TO PART.WHOLE :X :Y 
PIB: PU 
FD 3 RT 90 FD 40 LT 90 PD 
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RE:PB:AT :Y CFD 40 EK 40 RT 360 / :YJ 
SHADE: :X :Y 
PU LT 90 FD 40 RT 90 BK 3 PD 

B:ND 

TO SHADS: :X :Y 
RE:PEAT :X (REPEAT 360 /:Y C FD 40 EK 40 RT 1 JJ 

END 

PROBABILITY 

TO FLIP :A 
MAKE "H 0 
MAKE "T 0 
RB:PEAT 2 CPRINT CJ J 
PRINT CPLEASE G.AIT ... J 
RE:PEAT :A CCOINJ 



139 

REPEAT 2 CPRINT CJ J 
PRINT SE CNUMBER OF HEADS:J :H 
PRINT SE CNUMBE:R OF TAILE:J :T 

END 

TO COIN 
MAKE "X <RANDOM 2> 
IF :X = 0 THE:N MAKE "H :H+1 
IF :X = 1 TH8:N MAKE: "T :T+1 

E:ND 

TO ROLLDIB: :N 
MAKE "DICE COO O O O OJ 
MAKE "NUMBS:RS CONS:: TWO: THRE:S:: FOUR: FIY8:: SIX: J 
REP8:AT 2 CPRINT CJ J 
REPS:AT :N CDIEJ 
REPEAT 2 CPFUNT CJ J 
PRINT <SE [OUTCOMES FORJ :N CROLLS OF A DIE:J) 
PRINT t ___________________ J 
MAKE "X 1 
RS:PS:AT 6 CPRINT SE :NUM ES:R :X :DICE :X MAk'E "X 

:X+i J 
PRINT C ____________________ J 

8:ND 

TO DIB: 
MAK8: "X <RANDOM 6 +1) 
MAKE "DICE :X :DICE :X + 1 

END 

TO GRAPH 
DRAW 
PRINT CHOW MANY EARS?) 
MAKE "X FIRST REQUE:ST 
PU HT SETXY -120 <-60) 
PD REPEAT 2 CFD 180 RT 90 FD 240 RT 90J 
SLASHES 
PU MA.1-.'E "C (-1 * (:X/2*15 + 20)) 
SETXY :C (-60) 
MAKE "N 1 



RE:?E:AT X CBAR MAKE "N :N+iJ 
END 

TOBAR 
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PRINT Se: CS:NTB:R DATA FOR BARJ :N 
MAKE "L FIRST REQUB:ST 
MAKE "W 15 PD 
REPEAT 15 CREPEAT 2 C FD :L RT 90 FD :W RT 90J 

RT 90 FD 1 LT 90 MAKE "L :L-1 MAKE: "W :W-1 J 
PU RT 90 FD 13 LT 90 PD 

END 

TO SLASHES 
.RE:PE:AT 18 CRT 90 FD 240 BK 240 LT 90 FD 10J 

END 

TO HAZARD :A 
MAKE "WINO 
MAKE "LOSE 0 
MAKE "NEITHER 0 
RE:PB:AT 3 CPRINT CJ J 
PRINT C?LEASE WAIT ••• J 
REPEAT 2 CPRINT CJ J 
REPE:AT :A CROLLJ 
PRINT CJ PRINT CJ 
PRINT <SE COUTCOMS:S OF J :A CGAMB:S OF HAZARDJ) 
PRINT c _______________________ J 

PRINT SE CWINS: J :WIN 
PRINT SB: CLOSES:J :LOSS: 
PRINT SE CNEITHER:J :NEITHER 

8:ND 

TO ROLL 
MAKE "C <RANDOM 6 + 1) 
MAKE "D <RANDOM 6 + 1) 
MAKE "E :C + :D 
IF OR :E=7 :E:=11 THS:N MAKE "WIN :WIN+i STOP 
IF :E=12 THE:N MAKE "LOSS: :LOSE+1 STOP 
IF OR :E=2 :B:=3 THB:N MAKE "LOSE :LOSE +1 STOP 
MAKE "NEITHER :NB:ITHER + 1 

B:ND 



TO TREE :L 
DRAW 
GET.DATA :L 
MAKE "TURN1 180/ (:Ni+i) 
MAKE "TURN2 130/(:N2+1) 
MAKE "TURN3 180/(:N3+1) 
PU EK 60 PD SETH -90 

B:ND 

TO GET.DATA 
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PRINT CNUMBER OF 8:VENTS FOR LEVEL 1 J 
MAKE "Ni FIRST REQUEST 
IF :L = 1 THEN STOP 
PRINT CNUMEER OF EVENTS FOR LEVEL 2J 
MAKE II N2 FIRST RB:QUEST 
IF :L = 2 THEN STOP 
PRINT CNUMEER OF E: VENTS FOR LEVEL 3J 
MAKE "N3 FIRST REQUEST 

E:ND 

TO LEVEL1 :Ni 
IF :Ni = 0 THEN STOP 
RT:TURN1 
FD 100 
MAKE "TEMPi HB:ADING 
IF NOT (:L=1) THEN SETH -90 LEVEL2 :N2 
SETH :TEMP1 EI< 100 
U!VELi :Ni-1 

B:ND 

TO LE VEL2 :N2 
IF :N2 = 0 THEN STOP 
RT :TURN2 
FD 45 
MAKE "T8:MP2 HS:ADING 
IF NOT (:L=2) THEN SETH -90 LEVEL3 :N3 
SETH :TEMP2 EI< 100 
LEVEL2 :N2-1 

B:ND 



TO LEVEL3 :N3 
IF :N3 = 0 THS:N STOP 
RT:TURN3 
FD 20 BK 20 
LEVEL3 :N3-1 

E:ND 
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PERMUTATIONS AND COMBINATIONS 

TO FACTORIAL :X 
MAKE "FACT 1 
MAKE "C :X 
RE:PE:AT :X CMAKE: " FACT :FACT* :C MAKS: "C :C+iJ 
PRINT CSE CTHE FACTORIAL OFJ :X CISJ :FACT> 

END 

TO PE:RMUTATION :X 
MAKE "FACT 1 
MAKE "C :X 
REPEAT :X CM AKE II F' ACT :FACT * :C MAKS: "C :C+i J 
PRINT <SB: CTHE PERMUTATIONS OFJ :X [THINGS ISJ 

:FACT> 
END 
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MATHgMATICS EXPLORATlONS USING LOGO: 
A TRAINING MODEL FOR PERSPE:CTIVE: ELEMENTARY TE:ACHERS 

ABSTRACT 

Research shows that many elementary school teachers dislil<e 

ma.thematics and have a fear of teaching the subject. To overcome this 

problem of poor ma.thematics teachers in the elementary schools we need 

to focus on our teacher training programs. This pa.per presents an 

alternative model for the lab portion of a.n undergraduate ma.thematics 

course for elementary school teachers and describes the design process 

used to develop that model. The model reflects the need to provide 

elementary school teachers with mathematical environments where they 

can actively investigate and construct their own ma.thematics. This model 

utilizes the computer and the programming language Logo to develop 

"microworlds", ideal for illustrating important mathematical concepts 

visually and for ma.King abstract ideas concrete. Research indicates that 

the use of the computer in this manner as a tcol for teaching a.nd learning 

ma.thematics can not only enhance mathematical understanding but can 

improve the learnings attitudes a.bout themselves as a. mathematician. 

S:ach lab provides the student with written la.b materials as well as an 

activity disl< with pre-developed Logo "microworlds". The "microworlds" 

set the stage for exploring elementary ma.thematics topics such as 

opera.'tions on whale numbers, number theory, fractions, and probability. 

The written materials provide student behavioral objectives as •we.il as 

guided discovery activities to be used to e>:plore and e>:pa.nd the developed 

11 microworlds. 11 
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