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	Chapter 2:

Decision Making, Systems, Modeling, and Support




learning Objectives for Part II
1. Understand the conceptual foundations of decision making

2. Understand Simon’s four phases of decision making: intelligence, design, choice, and implementation

3. Understand the concept of rationality and its impact on decision making   
4. Understand the foundations, definitions, and capabilities of decision support systems (DSS) and business intelligence (BI)

5. Describe DSS components and technology levels 

6. Describe the various types of DSS and explain their use

7. Explain the importance of databases and database management

8. Explain the importance of models and model management

In Part II, we concentrate on decision making, the decision support methodology, technology components, and development. Throughout, we highlight the major impacts of the Internet on DSS. Chapter 2 contains an overview of the conceptual foundations of decision making, the reason that all DSS are developed. Chapter 3 provides an overview of DSS: its characteristics, structure, uses, and types. Some of the major components of DSS are presented in Chapter 4.

Learning Objectives for Chapter 2
1. Understand the conceptual foundations of decision making

2. Understand Simon’s four phases of decision making: intelligence, design, choice, and implementation

3. Recognize the concepts of rationality and bounded rationality and how they relate to decision making

4. Differentiate between the concepts of making a choice and establishing a principle of choice

5. Learn how DSS support for decision making can be provided in practice

6. Understand the systems approach 
CHAPTER OVERVIEW
Our major focus in this book is the support of decision making through computer-based information systems. The purpose of this chapter is to describe the conceptual foundations of decision making and how support is provided. This chapter includes the following sections:

CHAPTER OUTLINE

2.1 
OPENING VIGNETTE: DECISION MODELING AT HP USING SPREADSHEETS



(
Questions for the Opening Vignette


A.
What we can learn from this vignette
2.2 
DECISION MAKING: Introduction and definitions


A.
Characteristics of decision making


B.
A working definition of decision making

C. Decision Making and Problem Solving
D. Decision-Making Disciplines

E. Decision Style and Decision Makers


1.
Decision Style



2.
Decision Makers



(
Section 2.2 Review Questions

2.3 
models


A.
Iconic (scale) models


B.
Analog models


C.
Mental models


D.
Mathematical (quantitative) models


E.
The benefits of models



(
Section 2.3 Review Questions

2.4 
phases of the decision-making process



(
Section 2.4 Review Questions

2.5 
Decision making: The intelligence phase


A.
Problem (or opportunity) identification
(
Application Case 2.1: Making Elevators go Faster!

B.
Problem classification


C.
Problem decomposition


D.
Problem ownership




(
Section 2.5 Review Questions

2.6 
Decision making: The design phase


A.
Selection of a principle of choice


B.
Normative models
(
Technology Insights 2.1: The Difference Between a Criterion and a Constraint

(
Technology Insights 2.2: Are Decision Makers Really Rational?

C.
Suboptimization


D.
Descriptive models


E.
Good enough or satisficing


F.
Developing (generating) alternatives


G.
Measuring outcomes

H.
Risk


I.
Scenarios


J.
Possible scenarios


K.
Errors in decision making




(
Section 2.6 Review Questions

2.7 
Decision making: The choice phase



(
Section 2.7 Review Questions

2.8 
Decision making: The implementation phase



(
Section 2.8 Review Questions

2.9 
how decisions are supported


A.
Support for the Intelligence phase

B.
Support for the Design phase

(
Technology Insights 2.3: Decision Making in the Digital Age

C.
Support for the Choice phase


D.
Support for the Implementation phase


E.
New technology support for decision making

(
Application Case 2.2: Advanced Technology for Museums: RFID Makes Art Come Alive



(
Section 2.9 Review Questions

2.10 
resources, links and the teradata university network connection


A.
Resources and links


B.
Cases


C.
Vendors, products and demos


D.
Periodicals

E.
The Teradata University Connection

Chapter Highlights

Key Terms

Questions for Discussion
Exercises


Teradata Student Network (TSN) and Other Hands-On Exercises


Team Assignments and Role-Playing 


Internet Exercises

(
End of Chapter Application Case: Decisions and Risk Management(!) that Led to the Subprime Mortgage Crisis
(
Questions for the Case
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TEACHING TIPS/ADDITIONAL INFORMATION (  (  (  (  (  (  (  (
This chapter has two major themes: (a) how decisions are made, and (b) how the decision-making process (and hence the people who make them) can be supported.

Decision making is the subject of Section 2.2 and Sections 2.4 through 2.8. Support is covered in Sections 2.3 and 2.9. (Section 2.1, the introductory vignette, and Section 2.10, resources and links, apply equally to both.) Some instructors will find the order in the text best, since it covers the types of models used in DSS/BI in Section 2.3 before they come up in the sections that follow. Others will find the intuitive understanding most students have of models sufficient for Sections 2.4–2.8 and will prefer to cover decision making first, support for it second. Either approach can work well.

It is important to stress the relevance of decision-making methods to DSS/BI in covering this chapter. The key reason is in the word “support” in the term DSS. We are discussing systems that support people who make decisions, not systems that make decisions on their own. People who make business decisions are often high enough in the organization to have choices as to how they make their decisions, so it is important to support decision-making methods and styles that they are willing to use.

One way to view this area, which ties into the discussion of systems in Online File W2.2 on systems, is to consider the decision-making system as a whole as consisting of human and automated subsystems. Inputs to the overall system are external and internal (as seen by the organization) data sources and decision requirements. Output is a decision. Internally, the two subsystems communicate in a manner determined by the designers and developers of the automated subsystem. If this is not a suitable interface for the human subsystem, the overall decision-making system will not work well. DSS/BI system designers must see themselves as subsystem designers, where they have limited control over the other major subsystem in the system they are working on, and where they must not suboptimize the automated subsystem at the expense of the overall system. (Suboptimization is covered in this chapter too, in Section 2.6.)

Understanding the phases of decision making is important in developing automated support, as the kind of support needed depends on the decision phase. Teachers should recognize that this subject is taught in several places in the typical business school curriculum, not always from the same point of view. Some instructors draw a strong distinction between decision making and problem solving, whereas this book considers them nearly equivalent. Some instructors consider monitoring to be a fifth phase of the process, whereas this book considers it as the intelligence phase of the next decision. It is not necessary to be dogmatic about one version of the phases versus another. It can help, however, to determine where else these concepts are taught at your institution and how they are approached there.

In Section 2.3, this book groups simulation models and other types of mathematical models, such as linear programming, as “mathematical (quantitative) models.” Students may have been taught a distinction between the two in other courses such as operations management. You may want to recognize this as being beyond the level of breakdown needed for the purpose of this chapter, but at the same time as valid when a finer classification of models is required. 

Section 2.9, “How Decisions Are Supported,” gives a wide range of support possibilities for each phase. In teaching this section, which is critical to students’ careers because it tells them what to look for in specific situations, it can help to add perspective to the lists in each subsection by indicating which of the listed tools are more important in each phase, which are less so. For example, expert systems are listed as being able to support all four of the decision phases. Although this is correct, you can add perspective by pointing out (in this case) that they are most useful in the choice phase, secondarily in design and implementation, and relatively less useful in the intelligence stage of a decision.

Finally, students may have to be reminded (or told for the first time!) that “criterion” is a singular noun whose plural is “criteria.” Saying “The single most important decision criteria is …” is incorrect. Since managers may obtain subconscious clues to a junior staff member’s or job applicant’s competence from his or her ability to use business terms correctly, it’s important for them to learn correct usage when this term comes up in Section 2.4.
ANSWERS TO END OF SECTION REVIEW QUESTIONS(  (  (  (  (  (  
Section 2.1 Review Questions
1.
 What are some of the key questions to be asked in supporting decision making through DSS?
· What are the root issues underlying the decision situation?  Do we understand the problem sufficiently to support it?  

· How structured is the decision? Is it unstructured, semi-structured, or structured?
· Does the decision involve judgment? To what extent?
· What data is needed to solve the problem? 
· Can an existing tool be leveraged or reused?

· Is a tool needed?
· What is the implementation plan?
2. 
What guidelines can be learned from this vignette about developing DSS?
· Before building a model, decision makers should develop a good understanding of the problem that needs to be addressed.
· Coming up with nonmodeling solutions is important because if the problem is due to conflicting priorities, or the misalignment of incentives or unclear lines of authority or plans, then no DSS can help support the decision.
· A model many not be necessary to address the problem.

· Before developing a new tool, decision makers should explore reuse of existing tools.

· The goal of model building is to gain better insight into the problem, not just to generate more numbers.

3. 
What lessons should be kept in mind for successful model implementation?

· Implementation plans should be developed along with the model. Successful implementation results in solving the real problem. 
· Including the end users in the development process enhances the decision makers’ analytical knowledge and capabilities. And by working together, their knowledge and skills complement each other in the final solution and the success of the implementation.
Section 2.2 Review Questions
1. What are the various aspects of decision making?
Aspects of decision making that are important to understand if we are to develop effective computer support include the following:

· characteristics of decision making, such as groupthink, experimentation, and information overload.

· decision styles of the decision makers

· objectives of the decision makers

· supporting disciplines, styles and how they relate to the personal characteristics of the decision maker, and the nature of group involvement in the decision (if any). 

· rationality of the decision maker. A decision maker should not simply apply IT tools blindly. Rather, the decision maker gets support through a rational approach that simplifies reality and provides a relatively quick and inexpensive means of considering various alternative courses of action to arrive at the best or a good solution to the problem.
2. Why is decision making so complex in today’s business environment?
Today’s business environment is extremely dynamic. While the decision is being made, changes may be occurring in the decision-making environment. Those changes may invalidate the assumptions upon which the decision is based. 

There is time pressure from these same changes in the decision-making environment may affect decision quality by imposing time pressure on the decision maker. The fast-changing business environment often requires faster decisions, which may actually be detrimental to decision quality. The cost and expense of collecting information and analyzing a problem, with the difficulty of determining when to stop and make a decision; possible lack of sufficient information to make an intelligent decision; and conversely the possible availability of too much information (information overload).  
3. Identify similarities and differences between individual versus group decision making.
· Individual decision makers need access to data and to experts who can provide advice, while groups additionally need collaboration tools.

· There are often conflicting objectives in a group decision-making setting, but not in an individual setting.

· Groups can be of variable size and may include people from different departments or from different organizations. Collaborating individuals may therefore have different cognitive styles, personality types, and decision styles. Some clash, whereas others are mutually enhancing.

· Consensus can be a difficult political problem in group decision making which is not a problem in individual decision making. 
For these and similar reasons, group decision making can be more complicated than individual decision making. 

4. Compare decision making versus problem solving. Determine whether or not it makes sense to distinguish the two from one another.
They are quite similar activities. Some people consider decision making as the first three steps in problem solving. Others use the terms interchangeably. Those who distinguish between them consider decision making to be the process of making a recommendation, whereas problem solving includes the implementation of the recommendation (and perhaps monitoring its effects to determine whether or not the problem has been solved).

As experts on the subject disagree on whether or not it makes sense to distinguish between the two concepts, there is no single correct answer to the second part of this question. 

5. Define decision style and describe why it is important to consider in the decision-making process.
Decision style is the manner in which a decision maker thinks and reacts to problems. It is important to consider it because different decision styles require different types of support.
Section 2.3 Review Questions
1. Describe the different categories of models.
Categories of models that can be useful in business include iconic (scale, physical) models, analog models, mental models, and mathematical (quantitative) models. Other types of models, such as fashion models or data models as used in system analysis and design, are not relevant to this context but share the underlying concept of representing some aspect of a real system, having advantages over it for a specific purpose and lacking features that would permit them to replace it.

(See also the note on types of models in the “Teaching Tips” section above.) 

2. How can mathematical models provide the benefits listed in the section?
The benefits listed in this section, with the applicability of mathematical models to each, are:

· Model manipulation (changing decision variables or the environment) is much easier than manipulating the real system. Experimentation is easier and does not interfere with the daily operation of the organization. Mathematical models describe their parameters in the form of numbers on paper or data in a computer, which can be changed easily without affecting the operation of the real system.
· Models enable the compression of time. Years of operations can be simulated in minutes or seconds of computer time. The second part of this statement is specifically about mathematical models. However, other types of models enable the compression of time as well. For example, a mental model of which says “if I eat this food, I’ll get an allergic reaction” leads to the decision to avoid it far more quickly, as well as less painfully, than tasting it would. 
· The cost of modeling analysis is much less than the cost of a similar experiment conducted on a real system. This is because a model is typically less expensive than a real system, the compression of time reduces time-related costs such as personnel, and the business does not run the risk of impaired operations while alternatives are investigated in the model.
· The cost of making mistakes during a trial-and-error experiment is much less when models are used rather than real systems. This is because mistakes affect only the model, not the real system.
· The business environment involves considerable uncertainty. With modeling, a manager can estimate the risks resulting from specific actions. Mathematical models allow a decision maker to vary parameters (such as inflation rates, oil prices or demand growth) over as wide a range as desired to reflect all future scenarios of interest.
· Mathematical models enable the analysis of a very large, sometimes infinite, number of possible solutions. Even in simple problems, managers often have a large number of alternatives from which to choose. This benefit is explicitly about mathematical models.
· Models enhance and reinforce learning and training. The operation of a mathematical model can be observed and reviewed, variables changed to see the effects of the change, and mistakes deliberately made to learn how to recover from them.
· Models and solution methods are readily available over the Web. Most models available over the Web are mathematical models.
· There are many Java applets (and other Web programs) that readily solve models. This is true of mathematical models, but generally not of other types.
3. How can mental models be utilized in decision making involving many qualitative factors?
Mental models, which are typically used when a decision involves mostly qualitative factors, can help frame the decision-making situation and can work through scenarios to consider the risks and benefits of alternative decisions.
4. How can modern IT tools help synthesize qualitative and quantitative factors in decision making? 
Modern information technology tools can present qualitative factors along with its analysis of quantitative factors, so decision makers can consider both together and use the qualitative information to guide them to the most useful quantitative analyses. 
Section 2.4 Review Questions
1. List and briefly describe Simon’s four phases of decision making.

Simon’s four phases of decision making are intelligence, design, choice, and implementation.
Intelligence consists of gathering information by examining reality, then identifying and defining the problem. In this phase problem ownership should also be established. 
Design consists of determining alternatives and evaluating them. If the evaluation will require construction of a model, that is done in this phase as well. 
The choice phase consists of selecting a tentative solution and testing its validity. 
Implementation of the decision consists of putting the selected solution into effect. 
See Figure 2.1 .
2. Why is a fifth phase, evaluation, not necessary?

The authors of this book view monitoring as a manifestation of the intelligence phase, applied to the implementation of a decision. Like any other intelligence phase, it may lead to a future decision. See Figure 2.1 .

In evaluating responses to this question, graders should be aware that students may have learned to treat evaluation, or monitoring, as a separate phase in other courses or from other sources. 

3. What can cause a problem to exist in decision making?

A problem is a negative discrepancy between what is and what a decision maker feels should be. This can result from a change in the decision maker’s expectations or from a change in the situation. Expectations can be raised, creating such a discrepancy, by (for example) seeing how competitors have improved their operations. The situation can change in many ways: higher costs, lower market share, etc. See the MMS running case in the Online File W2.1.
Section 2.5 Review Questions
1. What is the difference between a problem and its symptoms?

Problems arise out of dissatisfaction with the way things are going. It is the result of a difference or gap between what we desire and what is or is not) happening. A symptom is how a problem manifests itself. 


A familiar personal example is a high temperature (symptom) and an illness (problem). It is necessary to diagnose and treat the underlying illness. Attempting to relieve the temperature works if the illness is one which the body’s defenses can cure, but, can be disastrous in other situations.


A business example: high prices (problem) and high unsold inventory level (symptom). Another is quality variance in a product (symptom) and poorly calibrated or worn-out manufacturing equipment (problem).
2. Why is it important to classify a problem?

Classifying a problem enables decision makers to use tools that have been developed to deal with problems in that category, perhaps even including a standard solution approach. 

3. What is meant by problem decomposition?

Problem decomposition means dividing a complex problem into subproblems. This helps solve the problem because the smaller subproblems may be simpler to solve; some of the smaller problems may be structured, facilitating their solution, even though the overall problem as a whole is not; solving the easy subproblems enables decision makers to focus their attention on the remaining difficult parts; and decomposition may facilitate communication among decision makers.
4. Why is establishing problem ownership so important in the decision-making process?

Problem ownership means having the authority, and taking the responsibility, of solving it. Lack of problem ownership means either that someone is not doing his or her job, or that the problem at hand has yet to be identified as belonging to anyone. In either case, it cannot be solved until someone owns it.
Section 2.6 Review Questions
1. Define optimization and contrast it with suboptimization.

Optimization refers to the “best.” (There is no such thing as “more” optimal!) To achieve it, all alternatives must be considered, and the optimal one must be the best. Suboptimization is the optimization of a subsystem, without considering its impacts on other parts of the overall system. What is optimal for a part of a system (or organization) may not be for the entire system (or organization).


For example, a student spending all 24 final exam study hours on DSS may give him/her the best possible grade in that course, but his/her overall average could be better served by studying six hours for each of four exams. The drop from A+ to B in the DSS course would be more than offset by the improvement from Ds to Bs and Cs in the other three.
2. Compare the normative and descriptive approaches to decision making.

Normative decision making uses models, or methods that have perhaps previously been derived from models that tell a decision maker what he or she should do. These prescriptive models are often developed by utilizing optimization methods. The technology of expert systems, which will be discussed later in the book but which students may have seen elsewhere, derives them from the “rules of thumb” used by recognized experts in the field of the decision.
Descriptive decision making uses models that tell a decision maker “what-if.” These are usually simulation models. 
3. Define rational decision making. What does it really mean to be a rational decision maker?

Rational decision making follows the economic assumptions of rationality. A rational decision maker exhibits certain assumed behaviors: (1) Humans are economic beings, whose objective is to maximize the attainment of goals; (2) for a decision-making situation, all viable alternative courses of action and their consequences, or at least the probability and the values of the consequences are known; and (3) decision makers have an order or preference that enables them to rank the desirability of all consequences of the analysis (best to worst).


Being a rational decision maker means making decisions according to these assumptions. 

4. Why do people exhibit bounded rationality when problem solving?

Humans in general have limitations that prevent us from being completely rational. We usually simplify things. Individuals’ evaluation scales for the costs and benefits of a decision may be nonlinear and may not follow those of the organization. (For example, a manager may see great personal benefit in not exceeding a budget by even $1, but very little benefit by coming under it by more than a minimal amount. The view from the executive suite would not have such a sharp cut-off. Economic utility theory addresses this area.) Also, individual characteristics may result in a restricted rationality. 

5. Define scenario. How is a scenario used in decision making?

A scenario is a statement of assumptions about the operating environment of a particular system in a given time. It describes the system's configurations. By changing scenarios and measuring the goal attainment level, it is possible to compare alternatives under different sets of conditions.
6. Some “errors” in decision making can be attributed to the notion of decision making from the gut. Explain what is meant by this and how such errors can happen.

In general, people have a tendency to measure uncertainty and risk badly. They tend to be overconfident and have an illusion of control in decision making. As a result, decisions in which some part of the future is unknown, which is true of most business decisions, are often made more optimistically than they should be.


In addition, those who decide “from the gut” often do not develop a clear picture of all the details and implications of a situation. This approach can save time if a decision maker’s intuition is attuned to a situation from extensive experience, but can lead to errors if it is applied to unfamiliar situations. An executive who has made successful “gut” decisions in the past may not even recognize that his or her experience does not apply to a new, but superficially similar, situation.
Section 2.7 Review Questions
1. Explain the difference between a principle of choice and the actual choice phase of decision making.

A principle of choice is a criterion used to describe the acceptability of a solution approach. In other words, it is a basis for deciding whether one approach or another is superior. A principle of choice is general: that is, it applies to many possible decision-making situations.


The choice phase of decision making uses one or more principles of choice, chosen during this decision phase or prior to it, to select an alternative in a specific situation.
2. Why do some people claim that the choice phase is the point in time when a decision is really made?

Because, in a sense, it is. The decision, choosing one of the available alternatives, is made during this stage. It is, therefore, easy to equate the two. 


However, the choice phase as the term is usually used covers more than this single point in time. It also includes the comparisons that lead up to it and the assessment of robustness and possible adverse consequences that may lead a decision maker to choose an alternative that is less desirable under ideal conditions but also less likely to lead to disaster in other circumstances. 
3. How can sensitivity analysis help in the choice phase?

Sensitivity analysis determines how an alternative responds to small changes in the input parameters. An alternative that appears best for the nominal set of parameters might produce far worse results for small changes in them. Another alternative, which might not be as attractive if all parameters have their nominal values, might be more robust—that is, it might not degrade as much if they depart from those values. It might therefore be a better choice in practice, since some statistical variation in these values is only to be expected.
Section 2.8 Review Questions
1. Define implementation.

Implementation is defined as the initiation of a new order of things, the introduction of change; putting a recommended solution to work.
2. How can a DSS support the implementation of a decision?

A DSS supports the implementation of a decision through communication, explanation, and justification. In a financial decision, for example, a DSS would include not only the detailed financial goals and cash needs for the near term, but would also provide the calculations, intermediate results, and statistics used to determine the aggregate figures. It also conveys to subordinates that the decision maker has thought through the assumptions behind as decision’s goals and is serious about their importance. Finally, it allows people to explain and justify their suggestions and opinions with graphical support.
Section 2.9 Review Questions
1. Describe how DSS/BI technologies and tools can aid in each phase of decision making.

Intelligence phase: The primary requirement of decision support for the intelligence phase is the ability to scan external and internal information sources for opportunities and problems and to interpret what the scanning discovers. Web tools and sources are extremely useful for environmental scanning. 


Decision support/business intelligence technologies can also help. (Automatic) data mining and (manual) online analytic processing support this phase by identifying relationships among activities and other factors. Geographic information systems (GIS) can be utilized either as stand alone or integrated with these systems, so that a decision maker can determine opportunities and problems in a spatial sense. 


Another aspect of identifying internal problems and opportunities is monitoring operations. Business activity monitoring, business process management and product life-cycle management provide such capability. Routine and ad-hoc reports can also help: regular reports can be designed to assist in problem finding by comparing expectations with current and projected performance.
Design phase: This phase involves generating alternative courses of action, agreeing on choice criteria and their weights, and forecasting the consequences of various alternatives. Several of these activities can use standard models such as financial and forecasting models. Either standard or special models can generate alternatives for structured problems. OLAP and data mining software are useful in identifying relationships to use in such models. An expert system can assist with qualitative methods as well as with the expertise required in selecting quantitative analysis and forecasting models.


A knowledge management system, if available, can be consulted to determine whether such a problem has been encountered before, or if there are experts on hand to provide quick understanding and answers. CRM systems, revenue management systems, ERP, and SCM software are useful in providing models of business processes that can test assumptions and scenarios. If a problem requires brainstorming to help identify important issues and options, a group DSS may prove helpful.
Choice phase: In addition to providing models that rapidly identify a best or good enough alternative, a DSS can support the choice phase through what-if and goal-seeking analyses. Different scenarios can be tested for the selected option to reinforce the final decision. A knowledge management system helps identify similar past experiences; CRM, ERP, and SCM systems can test the impact of each choice. If a group makes the decision, a group support system can provide support to lead to consensus.
Implementation phase: DSS can be used in implementation activities such as decision communication, explanation, and justification. Implementation phase DSS benefits are partly due to the vividness and detail of analyses and reports used for these purposes.


All phases of the decision-making process can be supported by improved communication by collaborative computing through GSS and KMS. Computerized systems can facilitate communication by helping people explain and justify their suggestions and opinions. 


Decision implementation can also be supported by expert systems. An ES can be used as an advisory system regarding implementation problems (such as handling resistance to change). Finally, an ES can provide training that may smooth the course of implementation.


Impacts along the value chain are typically identified by BAM, BPM, SCM, and ERP systems. CRM systems report and update internal records based on the impacts of the implementation. These inputs are then used to identify new problems and opportunities—a return to the intelligence phase.

(Note to graders: The text provides additional examples.) 

2. Describe how new technologies can provide decision-making support.

With the development of mobile commerce (m-commerce), more and more personal devices (personal digital assistants, cell phones, tablet computers, laptop computers) can access information sources, and users can respond to systems with information updates, collaboration efforts, and decisions. This can help salespeople, for example, to be more effective by accessing their CRM while on the road. Constant access to corporate data, inventory and otherwise, can only help them in their work. Wireless devices are taking on greater importance in the enterprise, generally by accessing specialized Web servers that provide data and communication directly to the m-commerce device.
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