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Abstract. This research-oriented study is concerned withkih@wledge of students’ modeling
competencies. The study used a sample of first-yeeminess undergraduate students who
developed simple (deterministic & non-optimizationpdels with Microsoft Excel. The students
were required to choose business of their choidegare recommendations to have it profitable or
more profitable. To help them achieve this end,td@eher presented to the students his solution
regarding a taxi business within a local area, tg@reviously explained to the students various
ways to do “what-if” analyses. By referring to thramework of Galbraith and Stillman (2006),
this paper mainly presents some of frequent mosfethfficulties regarding the transition from
real world problem statement to mathematical moddiese difficulties deal with selecting
variables, initializing variables, and relating iedles. Possible reasons for such difficulties and
suggestions for further research are included.

| ntroduction

In general, many students experience difficultias moving between the real and the
mathematical world (Crouch & Haines, 2004). Thigasticularly true for genuine modeling
tasks (e.g. Choose business of your choice andrgo@mmendations to have it profitable or
more profitable) where modelers have to formulatblems to solve in mathematical terms.
It is thus important to realize and appropriatedaldwith the role of context in the modeling
process (Galbraith & Stillman, 2001). The use chte®logy may improve the matters (see
Keune & Nenning, 2003), enabling us to concentoatsubtasks causing the most difficulties
in moving between the real and the mathematicaldvdio achieve this end, Microsoft Excel
can be used. As regards business applicationssdifizware can be used for “what-if” and
optimization analyses (Conway & Ragsdale, 1997; &eban, 1999). Moreover, it can be
used as a DSS (Decision Support System) tool (C&leRowley, 1996; Heys, 2008),
especially when various add-ins are utilized (8ig1Tools for simulations, RiskOptimizer for
simulations with optimizations, and XLMiner for dainining). It is important to underline
that although utilizing powerful technology can prate better understanding of mathematics
(Kadijevich, Haapasalo & Hvorecky, 2005), studentay find challenging to develop a
technology-based solutions to problems whose uyidgrinathematics is known to them (see
Parramore, 2007).

Through searching for critical aspects relevantramsitions between main stages in the
modeling process (messy real world situation, watd problem statement, mathematical
model, mathematical solution, real world meaningnathematical solution, and evaluation—
revise model or accept solution), Galbraith andinsin (2006) find that the transition from
real world problem statement to mathematical masl@ne of the most difficult part of the
modeling cycle. As regards this transition, beimghaerned with technology-supported
modeling, these researchers recognize the following critical activities:



Identifying dependent and independent variablesnidusion in algebraic model,
Realizing that independent variable must be unigdefined,

Representing elements mathematically so formuladeaapplied,

Making relevant assumptions,

Choosing technology/mathematical tables to enaddmutation,

Choosing technology to automate application of ida®a to multiple cases,

Choosing technology to produce graphical represientaf model,

Choosing to use technology to verify algebraic ¢igna

Perceiving a graph can be used on function gragheéraot data plotters to verify an
algebraic equation. (see p. 147)

CoNoRWNE

By using a sample of first-year business undergadistudents who developed simple
(deterministic & non-optimization) models with Magoft Excel, we analyzed the
shortcomings of the developed models. This anabdgenced that many modelers are likely
to fail in selecting variables, initializing vari@s, and relating variables. These three areas of
shortcomings, which are respectively related toalb@ve-mentioned activities 1&2, 4, and 3,
are exemplified in a section to follow. Before thisction we describe the learning task to be
done and the help offered to the modelers.

L earning task and help offered
Learning task

The students were required to choose businesseofdhoice and give recommendations to
have it profitable or more profitable.

Bearing in mind that prior modelers’ competenceamflicable mathematics and technology
are to be ensured (Galbraith & Stillman, 2006), twed to make both mathematical and
technological prerequisites as simple as possibiékeed, the developed models just reflected
simple deterministic and non-optimization businsgsations, as will be exemplified by
spreadsheet screenshots given below. Furthermegejred Excel tools (or commands to
more precise) only dealt with “what-if” analyses.

Because of such prerequisites, learning challemgge mostly related to three transitions:
from messy real world situation to real word problstatement, from real world problem
statement to mathematical model, and from evalnato report. Contrary to students in
Galbraith and Stillman (2006) who, for example,dugigleo animations to clarify situations to
be modeled, our students had themselves to copeallithese learning challenges. However,
a modest help was offered to the students.

Help offered

Having previously explained to the students variousys to achieve “what-if” analyses
within Excel by using its commands Tools/Goal Sdaita/Table, and Tools/Scenarios, the
teacher (the author of this paper) presented tostbhdents his solution regarding a taxi
business within a local area. The goal (How to mhusiness profitable?) was achieved
through answering the following question: How ma@agsengers, on average, are required by
a profitable taxi business? This question was arsWweith the Goal Seek command that
found the number of passengers when the sum ofreglgpayments and an expected income
equaled zero. This is represented on Screenshot 1.
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30-day airport taxi service

1

2 |Input data

3 |Tax (in %) 20%

4 |Gasoline cost per tour 20.00 € Goal Seek

5 |Toursperday 3 | sete [se815 =l

6 |Number of passengers pertour } 51 | 1o vslue: o

L Cost of ticket 10.00 € By changing cel: "}F?ﬁ_ EI
8 |Payments (monthly)

& Paymarts — =

10 |Driver bruto salary
Owner bruto salary

—_
—_ |

12 |Minibus loan payment . 39800 €
13 |Minibus service & insurance | 260.00 €
14 |[TOTAL 3,949.00 €
15

' 16 |Income (monthly) 4,500.00 €
17

18 |Neto profit (monthly) | 44080 €

Screenshot 1. Help provided

For these data, the Goal Seek returns 4,39 pagssenge model-grounded business
recommendation would be: “For 3 tours per day andOsEUR ticket, the number of
passengers should at least be 4 or 5, with 5 présss often!” or “Very rarely have tours
with less than 4 passengers!”

Findings

The modelers worked on a modeling project thateths8-4 week. They mostly worked in
groups of 2 or 3 students. As this task was optjgust 20-30% of all students chose to work
on it. About fifteen solutions to this task wereabzed for each of the two last academic
years. The subsections to follow summarize mainrtsbmings regarding selecting,
initializing, and relating variables. Note that $betree types of shortcomings, which emerged
from an informal and explorative study, usuallylueihce each other.

Selecting variables

This shortcoming frequently occurs when modelds fe view the costs of a production or a
service through its fixed and variable parts. Coeisifor example, celebrating an anniversary.
The costs for a music band and a place to be retidedot depend on the number of
participants, whereas the costs for food and dionke served do so. Screenshot 2 illustrates
this shortcoming. Although the modelers made trsgirdition between fixed and variable
costs, these costs were in fact all fixed as thenddor the number of guests was not used.

It is important to underline that specifying fix@hd variable costs in an appropriate and
exhaustive way is a key step in developing a gassiness plan. While terrexhaustivels
related to selecting variables, teappropriaterelates to initializing variables.

Initializing variables

This shortcoming deals with assigning inappropriakies to (some of) selected variables.
For example, the values of payments, costs andriaamay not be realistic or even wrong,



especially if the modelers are not familiar witle ttontext of the analyzed business situation.
Needless to say, such initializations would yielgsibess recommendations that are not
context-grounded.

Initializing variables is, for example, related selecting variables (directly) and relating
variables (indirectly). Ask, for example, weathke tvalue of the fixed cost is appropriate in
terms of its underlying fixed costs.

Ticket price (EUR) 30

No of tables 221 ?

No of guests 132

No of waithers 4 7

Payments

for restorant 1000

for waithers 100

for organizers 200

for decoration 100

\for music 200 The number of waithers depends on the number of guests!
\for food 00 For example, one waither per 20 guests

\for drink 500 Payments for food and drink depend on the number of guests
for security 50

Fixed costs 1350

Variable costs 1600 Data in B22 and B24 are not used!

Total 2950

Income

from tickets 3960

Profit 1010

Screenshot 2. Fixed or variable costs
Relating variables

This shortcoming occurs when variables are wrooglyappropriately related. In Screenshot
2, the variable cost is not expressed in term&®iumber of participants. Another example,
presented on Screenshot 3, is related to criticiVity 2 mentioned in the Introduction. If
students do not diversify different services ofterg.e. cleaning car, washing car, and
cleaning & washing car) with respect to the numiieserved customers, and also combine
such diversified payments and incomes, the anabygitse profit will be wrong or incomplete.

Profitability of car washing service ELEMENTS VALUES
Serice 1 (51) 15.00 €
PAYMENTS Murnber of days per month 30
Mumber of cars per day 4| PROEIT
far running busines 1,000.00 € INCOME 1,800.00 € {1,300.00) € |
for investrment 300.00 £
for flat TAX rate 200.00 ELEMENTS VALUES
for warkers 1,000.00 € Senice 2 (51) 10.00 €
for water 200.00 € Mumber of days per month 25
for electicity 250,00 € Murnber of cars per day 5|  PROFIT
far marketing 150.00 £ INCOME 1,250.00 € {1,550.00) € |
TOTAL 3,100.00 €
Services | ELEMENTS VALUES
Serice 2 (B1) 22.00 £
51 Cleaning inside 15.00 € MNumber of days per month 30
52 Washing outside 10.00 € Nurber of cars per day 5| PROFIT |
51 & 52 2200 INCOME 3,300.00 € 20000 £ ]

Screenshot 3. Relating variables



Discussion
Initializing variables reconsidered

The question of initializing variables again apge&ahen several business scenarios are to be
generated and compared (e.g. “What would the outcamder optimal, favorable and
unfavorable market conditions be?”). The modelbtss tshould not only know what input
variables are critical to their output variablesit lalso what values of these critical input
variables should be used for different scenaridsees€ issues, which are relevant to the
transition from evaluation to report, are connectath selecting, initializing and relating
variables in the transition from real world problestatement to mathematical model. An
example of the use of scenarios is given on Schegrds Because the modeler’s approach to
her problem was disintegrated with respect to wbfié services offered (see Screenshot 3),
such a use of scenarios, though context-groundex wseless concerning a business
recommendation to propose.

Scenario Summary

Current Walues: had acceptahla good

Changing Cells:
Service cost 1500€ 20000€ 1500 1200€
No. of service provided ] 10 15 20
Result Cells:
Income 7500 € 200.00€ 22500€ 24000 €

Screenshot 4. Initializing variables
Reasons for the three shortcomings

Possible grounds for shortcomings in selectingratating variables can be extrapolated from
the literature. First, technology perceived as atara(see Galbraith, 2002) does not require
everything to be specified. In other words, for somodelers technology may act in a smart
way (even if the things are not clear to modelel® wse it and they do not realize that).
Second, because in the SOLO model (Biggs & Collir®32) person’s understanding of a
task progresses from single aspect (uni-structesponse) to several, but disjoint, aspects
(multi-structural response) to several, integratspects (relational response), some modelers
may give multi-structural responses as evidencefaaenshots 3 and 4.

The modelers’ presentations of their solutions aéae that most of them had problems to
understand the analyzed business context. Becdusecb problems, many students were
concerned with the limitations of their models witkspect to the detailedness and
appropriateness of their input variables as wellttes values assigned to them, which
influenced the quality of selecting, initializingdrelating variables.

Features of Excel and the three shortcomings

Variables and relations among them cannot be tjréeindled in Excel. Instead ok2we
have to use 2*B1, provided that cell B1 storesvhkie ofx. Furthermore, a cell in Excel
refers to four kinds of entities: an abstract obgarh as “=A2”, a concrete object like “=5", a
positional object such as “B5”, or a material objéecause of a box present on the
spreadsheet (Haspekian, 2005). However, due todhei (first-year undergraduate students),
the majority of modelers did not have problem vdtich an intermediacy and complexity of
the tool, which should be taken into account ahdeéd be, adequately didactically treated.



The utility of spreadsheet models in business isallg derived from ‘what-if' analyses or
scenario solutions accompanying them. As undetliog Teo and Tang (1999), ‘what-if’
analyses (i.e. their outcomes) can indicate errotise developed spreadsheets when values in
question do not look appropriate. However, the nerdedid not use ‘what-if’ analyses and
scenario solutions in that way. Even if they, &ample, help modeler realize that the
content of a cell is to be a formula not a consthigher task to select variables and relate
them is independent of Excel. Because of that, sems may be corrected with many new
ones made (see Teo & Tang, 1999).

Suggestions for further research

The modelers analyzed business situations withrmé@testic, non-optimization models,

which required repeated calculations. But this yas a part of the landscape involving four
types of models: deterministic with no optimizatiodeterministic with optimization,

stochastic with no optimization, and stochastichwaiptimization. For this landscape with
calculations, simulations, optimizations, and sitiohs with optimizations, selecting,
initializing and relating variables may become ety initializing and relating modeling

objects. Further studies may examine the followguggstions: “What are these modeling
objects?” and “What reasons are likely to causeatsbmings in selecting, initializing and
relating them?”

When using models, their results may be clear,itbuiay not be clear what initialization of
variables to apply, what to infer when using modelh such (repeatedly) changed data, and
what to require for the analyzed business to im@rdy Because of such metacognitive
decisions, it was not surprising that making bussneecommendations that are both model-
grounded and context-grounded was simply out o€lreaf most students in this study.
Having realized that, the framework of Galbraitld &tillman (2006) may be extended with
some detail on the activities of communicatingtifjusig and report writing regarding the
transition from evaluation to report. The centrakiaty of justifying (concerning the
proposed business recommendation not the validitheapplied model) may, for example,
include the sub-activities of identifying criticadput and output variables, choosing critical
values of these input variables, comparing obtasesshario solutions, and finding the values
of the input and output variables that support meo@ndations to propose.

A refinement of this framework may also be needwmdtlie above-listed activities regarding
the transition from real world problem statement rmathematical model (see the
Introduction). Apart from row or column related @ations (e.g. C2=A2*B2, C3=A3*B3,
.., C7=A7*B7) given by copy & paste commands, chongsiechnology to automate
application of formulae to multiple cases (Activdy is, viewed in the context of this study,
relevant to model validation (by means of ‘whatafialyses or scenario solutions) and the
transition from evaluation to report, not to thansition from real world problem statement to
mathematical model. In general, a refinement of tamework may be undertaken to reflect
different types of models and versatile technolsdjiee Microsoft Excel and its add-ins.
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