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ABSTRACT Modeling can give ideas about mathematics at an early age through easy introductory examples,

stimulating students to learn applied mathematics sooner than it is common in most of schools through awide
variety of computer-aided teaching methods and approaches. Modeling in the real world is possible to apply
in the curriculum of secondary level; this article discusses how to teach mathematics students an introduction
of ABC (activity based cost) methodology and how to make links to algebra and arithmetic concepts. The
ABC is amethodology for supporting decision on strategic and operational planning of companies and away
to estimate their activity related costs and performance. After an introduction to this methodology and a

pedagogical argumentation favoring the usage of modeling in secondary school classes, this article suggests
how to use financial spreadsheet software like the ones that are common in most personal computers
nowadays to develop simpleinvestigations that can potentially bring significant insights to students.
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INTRODUCTION

"It I1s not just the role that mathematics, science, and technology play in the changing
economy and workplace that matters. Mathematics and science have become so pervasive
in daily life that we tend to overlook them. Literacy in these areas affects the ability to
understand weather and stock reports, develop a personal financial plan, or understand a
doctor’s advice. Taking advantage of mathematical and scientific information does not
generally require an expert’s grasp of those disciplines. But it does require a distinctive
approach to analyzing information. We all have to be able to make accurate observations,
devel op conjectures, and test hypotheses —in short, we have to be familiar with a scientific
approach”. (NCMST, 2000)

The dentific goproach can be devdoped through modding and smulation.
Nowadays, the exigence of computers alows educators to teach many subjects in a way
not possible in the pagt, with severd pedagogica advantages (MISKULIN, 1999).

Particularly, modeding can give idess about mathemdics & an ealy age through
eesy introductory examples, dimulating sudents to learn gpplied mathematics sooner than
it is common in most of schools through a wide variety of computer-aided teaching
methods and approaches Also, modding exercisss dlow dudents to cusomize ther
learning (AMORIM, 2001), which turns the learning experience more efficient.

Modding in the red world is possble to goply in the curiculum of sscondary leve
(AMORIM and MACHADO, 2001); this aticle discusses how to teach Mathematics
dudents an introduction of ABC (activity-based coding) methodology in a smple but
effident way. The ABC methodology is a wel-know way to edimate activity costs and
performance and orient managers to improverment opportunities.

After an introduction to this methodology and a pedagogicd argumentation favoring
the usage of modeding in secondary school dasses this artide suggests how to use financial
Soreadsheet software like the ones that are common in most persond  computers nowadays
to devdop smple invedtigaions that can potetidly bring dgnificat ingghts to  the
dudents The intent is to show how ABC can hdp dudents to goply Mathemaics to
underdand thelr surrounding environment while gpplying concepts of fractions, variation
taxes, matrices, €.




THE ABC METHODOLOGY

Both in Brazil and globdly there ae many obsades to the Internet use for
educaion and training; in the specific case of education, some of the issues are: shortage of
computers, modems and Internet  connection in dassooms,  insuffident  teecher training;
funding; school budget covering Internet time lack of interet of adminigrators and lack
of gppropriate content. In wha concerns content, this work intends to contribute offering a
possible gpproach to teach the ABC methodology to primary and secondary levels.

The trend to globdize makets (dients, suppliers, legidation, eic) and business
entities makes more pressure to companies to re-organize the way they make their business
to offer better products and services concerning qudity and cods Traditiond management
practices are not suitable any longer in thisglobd environment.

The ABC methodology emerged to support companies with cost and performance
management  practices more oriented to products sarvices and dients The ABC
methodology orients the company to find opportunities to improve itS processes.
Attempting to figure the cogts of the actud adtivities that are necessary to produce a
specific product or to ddiver a specific sarvice this non-traditiond accounting method
focuses on "cogt drivers' that can guide dlocations. The usage of this methodology alows
the manager to minimize unnecessty nonvalue added cods didinguishing them from
necessay vaue-added cods That's why nowadays companies integrate ABC into critica
management systems and use it to make day-to-day decisons

With the purpose of teeching ABC, KAPLAN (1998) shows an gpplication
aopropriate to the management leve. The intent in this work is to show how ABC can hep
dudents to goply meahematics to underdand their surrounding environment while goplying
concepts of fractions, variaion taxes and meatrices.

The ABC condders that every product or service of a company is performed by a
sequence of ectivities In this levd, it is where the company resources (energy, raw
materid, personnd, maching, ec) are consumed. This ssquence of activities can be very
long and describe how the company utilizes its avalable resources. For indance, in a fas-
food shop, it comprises dnce the activities rdaed to dorage of the ingredients
(hamburgers, soft drinks, potatoes, etc.) until the food ddivery to the customers. In a
factory, it would comprise different activities but ill related to the goods produced by this
company.

This products and sarvices affect in some way the activities rdaed to them.
Smilaly, theses ativities affect the use and consuming of resources These rddions ae
identified and quantified by the methodology and they are cdled cos drives These
activities can have different objectives products, sarvices and dients. They are cdled cost
objectives.

There are two types of cost drivers the resource driver and the activity driver. The
resource driver modds the causd reaion between the resource and the activity. And the
activity driver modeds the causd rdaion between the activity and the products and
svices. This driver edimaion is a citicd phese of the ABC methodology and is
implemented in two steps

So, congdeing the example of fas-food shop, the manager knows how much of
hamburgers, bread, etc the shop spends every period (week, month or year). And the
manager knows dso how many sandwiches A and B were made. So, the manager has the
tota cost of these ingredients spent in this period and wants to estimate the unit cost of the
sandwich A and B. Each kind of sandwich has a sequence of activities that produce it. Each




adtivity of this ssquence consumes some time and resources A spedific ativity, frying
hamburgers for example, consumes some energy, personnd and meat (it is a smplified
view). It is necessary to edimaie how much of these resources are consumed to fry one
hamburger. These causal rdations are the resource drivers. Of course, the energy is used for
many activities directly rdated to sandwiches or not. It can be a complex cdculation to
edimae how much a machine to fry hamburgers consumes of energy and therefore it is
important thet thisinformation is given for free

The dudents know, for ingance, a KW/h cogts U$ 0,50 and to fry one hamburger,
the machine consumes 500 W/h. Then the students can esimate how much codts to fry one
hamburger. But the hamburger is not the whole sandwich. It is necessary to cdculae the
costs reated to mayonnaise, breed, tomatoes, etc. Then, once the students know how the
activities affect the resources (resource drivers), it is time to edimate how the activities
affect the production of sandwiches (activity drivers).

CASE STUDIESAND TUTORIALS

An interesing cae dudy tha shows how ABC assgns cods accuratey to two
products, which are smilar hotdogs produced by a fictitious hotdog shop cdled HD is part
of a tutorid developed a Campinas State Univerdty Laboratory of Research on Computer
Aided Mahemética Education (LAPEMMEC
http//vwvwoempemfaeunlcaﬂpbrllapemmec) The fird kind of hotdog hes the followmg
components.  breed, sausage, mayonnaise, ketchup, and mustard. The second one has
additionaly a second sausage, potato cream, specid tomato sauce and onions. The totd
working time of the shop is 6 hours At fird, the activities being peformed by
organizational resources are identified. After, resource codts are assgned to the activities
Then, dl the products, sarvices, and cusomers of the shop are identified. At lagt, activity
cods ae assgned to these outputs via activity cogt drivers. This tutorid on ABC intends to
include the HD hotdog shop case study. The purpose is to e this tutorid in a Campinas
city school during the second term of 2001 to test the methodology suggested here.

At the Internet, a huge quantity of papers and tutorids relaed to the ABC
methodology can be found. For example, the following dte from the IMSE Department at
The Univerdty of Texas a Arlington, which is manly rdaed to indudrid enginesring, hes
acomprehengve lis of papers: http:/mww.uta.eduw/ie/aoc.htm.

CFO Europe is a monthly magazine published by The Economist Group. At the ste
http:/Aww.cfoeurope.comy199810f.html, for example, Robet Keplan, the Havad
Busness School professor credited with being the founding father of activity-based costing
(ABC), suggests that "ABC has stagnated over the last five to seven years'. With ABC,
however, every cos is traced to a cudomer, service or supplier. The dte
http:/mww.cfoeurope.com/200104g.html, in turn, suggests tha ABC hedps companies to
understand what makes money and what doesn't.

An interesting tutoria from the Department of he Navy Acquistion Reform Office
can be found a http:/Aww.aco-ref.navy.miliwcp/abc2.html. It suggests, for indance, thet
ABC provides vighility to informaion that was previoudy hidden in a traditiond
acoounting sysem.

At the dte http/AMww.pitt.edw/~roztocki/abc/abctutor/, a tutorid cdled
“Introduction to Activity Basad Coding - Internet ABC Online Presentation” from Narcyz
Roztocki & the Universty of Rittsburgh offers many illugtrations on how to apply the ABC




to red dtudions. At hitp://mwww.pitt.edu/~roztocki/abc/abcrefer.ntm a lis of references is
offered.

SUGGESTED USAGE IN CLASSROOM S

The fird attitude would be to suggest students to vist part of the sStes mentioned in this
work. After, the teacher could turn to an exercise of modeling a hotdog shop, for example. Right
after, changes in the modd should be consdered in order to verify how to improve the Situation. It

isafact that ABC can turn to be avery complex problem to solve. On the other hand, ateacher can
easily show the besic principles while avoiding unnecessary complexity on the modd.

The use of software like spreadsheets should be stimulated as a way to teach matrices and
other mathematica concepts while developing cost modds. VORSIM  (http:/Aww.vorsm.comy),
for instance, is a Windows-based tool for the construction and management of economic and other
mathematicd models in the Microsoft Excd (http://www.microsoft.com/officelexcd/), a
spreadsheet for Windows. One of its documented, working models is DWAG; this modd is a partia
equilibrium world agriculturd trade modd which projects world agriculturd trade, production, and
consumption from a base year of 1997 to 2010. It can be suggested to students to visit Stes like this
in order to give them a feding of how developed the field of modeing is and how software can be
used to solve red and complex problems.

Numerous books on Microsoft Exce spreadsheet for Windows and economic and
mathematical smulation models are available and could be used to better prepare classes and
activities for sudents. An ABC cost model for the Microsoft Excd can be viewed at
http://srl.marc.gatech.edu/education/Recycle/ABC.html. This modd was developed a Georgia
Inditute of Technology (Systems Redlization Laboratory - George W. Woodruff School of
Mechanica Engineering).

The use of new techniques like TCO (Totd Cost of Ownership) is aso of interest; these
techniques can be used as motivation to students since a smplified gpproach is possible, in generd.
The TCO technique, for instance, intends to measure all the expenses associated with technology
beyond its initid budgeted and direct costs of hardware and software (SUSTAR, 2001), something
fundamentd, for example, for along-range planning of an educationd IT infrastructure.

FINAL CONS DERATIONS

"Modeling and simulation are inseparable procedures which include the complex activities
associated with the construction of modelsrepresenting real processes, and experimentation with
the models to obtain data on the behavior of the system being modeled” (KOSKOSSIDIS and
BRENNAN, 1984).

Taking complex tasks and bresking them down into highly specified actions that can be
performed by low skill workers is normaly caled deskilling. KINCHELOE (1991) suggests that
teachers should fight deskilling; teachers shouldnt be just consumers of knowledge but aso
producers. In the same sense, students should aso be prepared to be both consumers and producers
of knowledge. A systems thinking can be developed through modeing and smulation and can help
students to better understand the phenomena of their everyday lives while learning more about
mathematics. A systems thinking can be of a fundamenta importance for the ones interested in
knowledge production.

A wide variety of teaching methods and approaches (BASSANEZI, 1994) should be
encouraged as a way to stimulate students to learn science and mathematics (NCMST, 2000). The
gpproach of teaching the ABC methodology to primary and secondary levels suggested in this work
has not been tested yet but at the university levd the training on similar methodologies is a common
part of the curriculum. Anyway, some authors suggest that mathematical modeling can be taught at
any educationa level as a way to enhance mathematica learning (BIEMBENGUT and HEIN,
2000).
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It is well know that both modding and smulation in genera represent one of the primary
methodologies in the treatment of projects that are interdisciplinary in their nature.  Also, modding
and dmulation are directly or indirectly included in dl modern methods of andyss and design.
Teaching the ABC methodology to the secondary level and maybe even to the primary one can be a
way to incorporate the nature of systems to the traditiona curricula. In this way, students would
have extensve persona experience in working with systems that are close to the redlity they
experience in ther daily lives.

The globdization of business and savage competition in most industries leads to increasing
cost pressures, which affects even education; in most countries, economic, socia, and technological
drivers are transforming education and turning human capita the chief source of economica vaue.

Emphasizing applications of scientific knowledge and skills is possible especidly with the
usage of computer-based education. The understanding of the connections between daily-life and
technology should be exploited while relating mathematics and science to the needs and interests of
the pupils. Further work could consider the adaptation of other engineering methodologies to the
redity of both secondary and primary level students in order to create a set of instructiona contents
to be shared by teachers in their aim to enhance the teaching of mathematical disciplines. In order to
keep their classes updated, teachers must dragtically change the way they access and provide
information to their students.

The intent in this work was to show how ABC methodology can potentialy help students to
gpply mathematics to understand their surrounding environment while applying concepts of dgebra
and arithmetic.
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