MANAGERIAL DECISION SUPPORT TOOLS — DIFFERENT
PERSPECTIVE

Hana Kopékova
Ustav systémového inZzenyrstvi a informatiky, FEBivErzita Pardubice

Abstract

Manager who is adjusted to think about decision process in the terms of intuitive process,
rational model, and model of bounded rationality is usually confused with many technical details
describing something he does not understand. To take more advantage of decision support tools
managers need IT professionals to speak with the same language. This article represents an
attempt how to use managerial language in order to describe decision support tools.

Keywords
Decision, decision support tools, gathering infaiiorg model of bounded rationality, rational
model.

1. Introduction

Decision-making process represents undoubtedlyssenéial and indispensable part of human
life. Every day brings new problems that must bivesy accompanied by decisions having
different impact. Some these problems need fastisal whence act of decision-making is done
by individual, mostly using intuition and previoesperience.

o Intuitive decision-making, according to Thagard][1f&as three main advantages:
o Speed — an emotional reaction can be immediatéeadddirectly to a decision.

o Interest — basing decision on emotions helps tarenthat the decisions take into account
what decision maker really care about.

o Action — the positive feeling toward an option vdkd directly to action.

Nevertheless emotion based intuitive decision-n@kican also have some serious
disadvantages. An option may seem emotionally dpgebecause of failure to consider other
available options. Another problem with intuitios that it may be based on inaccurate or
irrelevant information. Finally, intuitive reasomins problematic in group situations where
decisions need to be made collectively.

Intuitive decision-making is purely based on reatspn who acts as decision-maker. Due to
this fact no ICT tools can be used to make suchgs®easier and it is also reason why | will not
cover this branch in more detail. Moreover managjedecision-making should not be so
dependent on one person.

Theory of decision-making has taken, as its subjeatters how individuals and groups make
decisions [2], [4], [5]. The goal for much of thigork has been the production of a model of
decision making - a model general enough to desdnitividual cases of decision making while
drawing out important generalities across diffeiadividuals and situations.

One example of decision-making model, that candszmbed and supported by information
and communication technologies, represents ratiomadel. It assume that a decision maker
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posses a utility function (an ordering by prefeeamong all the possible outcomes of choice),
that all the alternatives among which choice cobkl made were known, and that the
consequences of choosing each alternative coutddrrtained [9], [11].

Unlike intuitive decision-making, this type of deicin-making process can be described and
divided into steps, for example according to Bazerifi]:

o Define the problem, characterizing the general psepof your decision.

o ldentify the criteria, specifying the goals or atijees that you want to be able to
accomplish.

o Weight the criteria, deciding the relative imporarof the goals.

o Generate alternatives, identifying possible coursieaction that might accomplish your
various goals.

o Rate each alternative on each criterion, assesbhmgxtent to which each action would
accomplish each goal.

o Compute the optimal decision, evaluating each radtiere by multiplying the expected
effectiveness of each alternative with respect ¢atarion times the weight of the criterion,
then adding up the expected value of the altereatith respect to all criteria.

Although the assumptions of rational model (reswudtsd alternatives are ascertained,
information are complete and so on) cannot be featiseven remotely for most complex
situations in the real world, they may be satisfeggbroximately in some isolated problem
situations without uncertainty.

The computational tool of linear programming, whisha powerful method for maximizing
goal achievement or minimizing costs while satisfyiall kinds of side conditions, can find
optimal result within the limits of approximatiom guch model to real world conditions.

Problem of scheduling, time tabling and routing banalso covered in the rational model of
decision-making due to certainty of results. Methaded to solve these problems range from
pure statistical methods to artificial intelligenoethods (genetic algorithms, neural networks...).
All these methods are now applied by computersaieducomplexity and time requirements.

Although examples of rational decision-making psscare not rare, limits of incomplete
information, inconsistency, and institutional coasits on alternatives brings us to the models of
limited (bounded) rationality. These models retdie same process of decision-making but
incorporate many additional limitations. Simon [¥scribes ‘satisfying’ behavior - a decision
making process which searches for ‘good enoughonsgt rather than an optimum solution. With
satisfying decision making becomes something wigctarried out in a limited time, and with
some limits on the individuals concerned.

Theories of bounded rationality have been develdpedcorporate the importance of rules
and identities in decision making. Rules and idm#tiare important logics which are used in
deciding what to do - the so called ‘institutionapects of activity.
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Figure 1: Steps of decision making in bounded reality. Freelgpted from [3]

2. Problem formulation

Model of bounded reality covers the most frequestislon making situations in the real
world. Taking this model as a basic framework, nowant to introduce great amount of tools
from the range of information and communicationl¢oibat can be useful in decision making
process.

Fig. 1 gives a pictorial summary of necessary stpthe individual and group decision
making. It also depicts the inclusion and integratf personal and institutional aspects of such
activity. The sections that follow describe eachpsof individually looking for possible ICT
tools.

Identification of the problem to be solved can keeysimple in the case of allocation of tasks.
If the problem is allocated to manager’s respofigibihe/she can continue with the step two
without usage of any tool. But the situation doebaVve to be so clear. Managers are supposed to
be proactive and look for sources of possible iangers. In this situation ICT tools can be
used in their diversity, starting from text docurtsernspreadsheets, databases to methods of
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machine learning. Especially methods of unsupedviearning can be used to find something
new. Unsupervised learning is a method of macHeening where a model is fit to
observations. It is distinguished from supervisedriiing by the fact that there is no apriori
output. Such techniques are adopted in data mitoo{s enabling even managers without
previous IT education to use them. This is veryangnt presumption for all ICT tools that can
be used in decision making. Working with these gaalst be clear and user friendly otherwise
they remain as the nice technical gadgets stayig® shelf.

Understanding of the problem is composed of dedailescription of the problem, separation
of unique features of the problem, specificationcbénges and testing of causes. This step of
decision making is very important. Even small nkstén setting of causes can overthrow the
whole process of decision making. Results that dida¢ found would not lead to satisfying
solution of the problem and the whole process walde to necessary start again. Due to these
facts, managers should not pass this step withgageaiof any tools. For example modeling tools
normally employed for business process modeling amsed in this step if companies have
them. If it is not possible, any drawing program sarve in the similar way. In the case of very
important and sensitive problem, expert systemsigeomanagers with best information. An
expert system is regarded as the embodiment withicomputer of a knowledge-based
component from an expert skill in such a form tihat system can offer intelligent advice or take
an intelligent decision about a processing functibrdesirable additional characteristic, which
many would consider fundamental, is the capabdftyhe system, on demand, to justify its own
line of reasoning in a manner directly intelligibéethe enquirer [13]. Main problems with expert
system rise from their advantage. Due to theirmenrity, creation of the expert system is very
lengthy and demanding which is adequate to itsepripplication of such tool is therefore
evincible only in the case where claims committgavbong decision are too high.

Setting of managerial objectives is one of thestepich are predisposed to personal attitudes
and organizational rules. Rational model of dedsmaking assume maximizing of utility
function but organization may prefer alternativgegbves or manager as a decision maker may
prefer different strategy according to previouscpca. Influence of these institutional aspects is
in the most cases necessary and it does not havavio negative impact. Unfortunately in this
step managers can not use any ICT tool to suppeoisidn making.

Afterwards setting managerial objectives, decisimeker has to select one from two ways.
Either he can choose to continue in decision magnogess alone or involve other persons into
this process. Both alternatives have their pros @ms. Great advantage of individual decision
making is time point of view. Individual decisiotake less time but on the other hand amount of
information used is determined only by managerawedge. Another disadvantage can be seen
in the influence of personal attitudes that caresgively narrow process of decision making (too
few alternatives, simplified comparison and evabraof alternatives...). Group decision is on
the other hand much more time-demanding, requocorgmunication in group. Nevertheless ICT
tools can be very helpful in supporting group comioation (instant messaging, video
conference, sms communication, e-mail, and othelstoan make communication faster and
easier).

Decision about individual or group solution of pieis should not be supported by ICT tools
since the amount of decisive facts is too hugerandtable.

In the event of choosing group decision making, tla@o step represent selection of
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appropriate decision making style. According to][@¥anager can choose one out of five styles.
The way of selection can be represented as a dedige but with some restrictions (model does
not give explicit recommendation, differentiatiom@ng styles is insufficient, and so on). New
version of their model can be described mathenlbtibg seven equations, giving great space to
ICT usage. Manual calculation of such model is v@ynanding in comparison with computer
application that takes only minimum time and comagiohal capacity.

Allocation of tasks is purely dependant on decisioakers, how they distribute tasks, roles
and responsibility. | suggest no usage of ICT ia hep.

Following five steps are common for both; group a&mdlvidual decision. Differences can be
found in the way of seeking solution, gatheringmiation and so on.

Setting criteria for evaluation of alternatives negent such activity where only criteria with
defined qualities are selected. Those requiremamscompleteness, lucidity, null redundancy,
and minimal range. Seeking for appropriate criteslaould always start with managerial
objectives, considering the fact that these catevill serve as an indicator of fulfilment of
managerial objectives. For each partial objectiutd be set minimally one criterion,
nevertheless criteria set in this way are inswéhtiand must be completed by other ones.
Identification of subjects whose interest can heched shows us other important criteria which
must be applied in order to make decision acceptatmpatibility with personal interests.
Second thing that must be accepted during the psoaksetting criteria is possibility of negative
impact of final decision. Such impact is usuallyt covered in managerial objectives but it is
necessary to formulate it in this stage. From tbmtpof view of ICT tools, we can find only
databases with possible criteria prepared duriegipus decision making to be used.

Next step in decision making is creation of altéxes. It is a case of demanding creative
process covering systematic and analytical metlaodsmethods giving much space to creative
inspiration. Examples of particular methods ardadiswing: brainstorming, brainwriting, Delft
method, bionics, morphological analysis, decisioges, matrix of hypothesis and so forth.
Except from brainstorming, other methods can bdiegpy ICT preparing the environment for
straightforward interpretation. If the problem &sled on quantitative data (value of sales, number
of claims, results of statistical measurements.is) possible to engage management information
system (MIS) as indirect tool using preprocessetd @a data mining tools that can discover
hidden dependences. Due to this new informatiomager is able to change original alternative
or to create new one. The last but not least isipihty of using expert systems, which is the
most expensive but in some cases indispensable pfablem in this step represent the fact that
all the process is highly dependent upon institiicconstraints. The situation is affected by the
same elements as it was described in the steptofgsenanagerial objectives. For the most part
of situations, rational model is then broken. Néweess number and quality of alternatives is
very important for the whole decision process.

Searching for consequences is closely connectddongttion of alternatives and sometimes it
is mixed together. Process of searching dependieotype of solved problem but in all cases it
must be done according to required criteria. Qtatnte problems can be easily solved using
mathematical modeling. In this case we can find yri&T tools which can be used directly for
finding consequences, either these tools are dperily for selected problems, or general. lll
structured qualitative problems are more dependeiatecision maker or other expert.
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Comparison of alternatives and the act of choicesubject to influence of institutional
constraints.

Following steps are not part of decision makingcpss but | mentioned them here just to see
that even good decision that is poorly implemertad spoil the whole process.

3. Gathering of information

Rational model and model of bounded rationalityirdefsteps of decision process without
emphasis on data gathering. It is given as anicthvat will be done somehow. | would like to
stress necessity of textual data and to show wihietihods appears to be effective.

Automated processing of text documents can presierglifications and generalisation, which
allow us to decide on the base of small amountasks and widen this decision on all cases.
Unfortunately, this approach is commonly used hgtoo much text documents and only little
time to read them. Usage of text categorizationhodt can also significantly lower manager
workload.

Methods suitable to support managerial decisioninggirocess must fulfil these criteria:

easy to implement,

fast to process categorization,

cheap,

stable for differences in length of document,

learning model build from small number of documents
high precision.

O O o o o o

Three methods which are easy to apply were tdsteteing used in managerial decision-
making. These methods are K-nearest neighbour,fRmedgorithm and Naive Bayes algorithm.
In the testing environment | used 50 documents zeci language; 25 of them were focused
directly on the branch of waste management anddsie25 documents were not specialised —
only covered problem of the environment. The slsbrtsocument had only 98 words and the
longest had 1400 words. For feature selection weedl three different methods: Chi-square,
Mutual information, and Information gain [7], [6bif the weighting of words was used TFIDF
weighting [8]. After the pre-processing stage daszbwas filled with 10571 words.

The result can be seen in Table 1 (CCl means dtyrelassified instances and K means
Kappa statistics).

Table 1: Effectiveness of classificators
Naive Bayes K-NN Rocchio algorithm
CCI [%] | K [%] | CCI [%] | K [%] | CCI [%]| K [%]
Chi-squar{ 96,00 92,000 66,00 32,00 100,00 100,00
Mutual informatiop 96,000 92,000 68,00 36,000 100,00 100,00,
Information gaip 92,00 84,00 50,000 0,000 100,00 100,00

K nearest neighbour algorithm is very sensitivéetogth differences (documents using same
words have long Euclidean distance between thaheif differ in length) so it is not suitable to
support managerial decision-making as it was desdrihere. On the other hand Rocchio
algorithm and Naive Bayes can serve as very hetpall
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