
PROBLEM SOLVING TOOLS


Part of the challenge of solving problems in organizations is working in groups, and your experiences in this course will be no exception.  Working in groups can both aid and hinder work effectiveness.  Groups often perform better than individuals due to opportunities for division of labor and because members bring a variety of knowledge, skills, and abilities that can be applied to different tasks.  However, there are a number of factors that typically prevent groups from performing as well as they could or as well as individual members.  For example, groups take more time to solve problems, members get side-tracked, and there may not be a direct correspondence between how much members participate in group discussions and the value of their respective contributions.


Working in a group that is disorganized or does not stay on task can be frustrating and time consuming.  Time is a scarce resource for most students.  Therefore, it is to your advantage to conduct group meetings to be as efficient and productive as possible.  The purpose of this manual is to describe some systematic processes and tools that can help groups solve problems more effectively.


The tools described below are adapted from Xerox Corporation's Problem-Solving Process User's Manual (1992) and reflect basic steps in problem-solving: (1) identify the problem(s), (2) diagnose the problem causes; and (3) identify appropriate solutions.  The tools are directed at solving problems involving qualitative data, and they are applicable to solving a wide range of problems encountered in managerial decision making.  (Note: there are additional methods that should be used when quantitative data are available, such as cost-benefit analysis and descriptive and inferential statistical analysis.  These methods are not included in this handout.)


Using a systematic approach to problem solving can help groups and individuals make better judgments and decisions and can help decision makers to avoid common pitfalls of ineffective problem solving such as:

-
Jumping to a conclusion before effectively analyzing all aspects of the problem

-
Failure to gather critical data, either about the problem or proposed solutions

-
Tackling problems that are beyond the control or influence of the group

-
Working on problems that are too general, too large, or not well defined

-
Failing to develop adequate rationale for a solution


The tools are divided into three categories: generating and organizing ideas,  evaluating ideas and reaching consensus, and diagnosing problem causes.  At the end of the handout, there are some suggestions for choosing and combining the tools to support problem solving.  In addition to these tools, it is important to assign group roles, such as leader, facilitator, scribe, and timekeeper. A description of these roles and how to use them can be found in the reading assignments for the course.  

PRIVATE 
Tools for Generating and Organizing Ideastc  \l 1 "Tools for Generating and Organizing Ideas"
PRIVATE 
Brainstormingtc  \l 2 "Brainstorming"

What it is: Brainstorming is an idea-generating technique pioneered by Alex Osborn.  In brainstorming, a group of people report their ideas as they think of them.  The rationale for this approach is the belief that brainstorming techniques increase group creativity by allowing members to hear and elaborate on the ideas of others.  The goal of brainstorm is to generate as many ideas as possible, regardless of idea quality.  


When to use brainstorming:  Brainstorming can be used in many of the steps in the problem solving process.  It can be used to identify problems, root causes of problems, goals, solutions, and potential consequences of solutions.  


How to conduct brainstorming sessions:

The "rules" of brainstorming are as follows:


-
Do not evaluate ideas.


-
Encourage wild ideas.


-
Build on others' ideas.


-
Strive for quantity of ideas.


There are two basic steps in brainstorming: (1) generating ideas and (2) clarifying ideas.


Generating Ideas.  There are several ways to conduct brainstorming sessions.  In all methods, one person serves as the scribe, writes the topic at the top of flipchart or board (e.g. "Ideas to deal with problem of low employee morale"), and records the group's ideas below.   In the first approach, called "Free Wheeling", group members call out their ideas spontaneously, and the scribe records the ideas.  In the "Round Robin" approach, group members contribute ideas, in turn.  They may pass on any round.  The session continues until all members have passed during the round.  In the "Slip" method, members work independently and write down their ideas on index cards or post-it notes.  The ideas are then collected, shared with the group, and organized.  A fourth method is to use a two step approach combining the slip method with one of the other two approaches.  That is, in the first step, members write down their ideas working alone; in the second step, ideas are shared with the group and members may clarify and build on the ideas after they are shared (the scribe records all ideas at this time).  Ideas can be shared either by collecting and reporting the ideas or by using the free-wheeling or round robin approach.  


The advantages and disadvantages of each method are:


                    +                     


                    -                     



Free Wheeling

- very spontaneous



- some individuals may dominate


- easy to build on other's ideas

- ideas may get lost if everyone








  talks at once


Round Robin

- everyone can participate equally

- hard to wait one's turn


- discussion is more focused


- some ideas may get lost








- less spontaneous











- reluctance to pass


Slip Method

- anonymity may encourage creativity
- cannot build on others' ideas


- useful for large groups


- can be more time consuming


- not necessary to speak out


- difficult to clarify others' ideas


Two-Step Approach


- anonymity (step 1)



- time consuming


- produces greatest quantity (steps 1+2)


- allows clarification (2)


- can build on others’ ideas (2)


Clarifying Ideas.  After the brainstorming process is complete, it is important to determine if all members have a clear understanding of each item on the list.  Clarification is often needed because the scribe may not have captured the contributor’s intended meaning when recording the ideas and a shared understanding of the ideas is needed before proceeding with subsequent steps.  


Go through the list of ideas and determine if all members have a clear understanding of each item.  If not, the person who contributed the idea should briefly explain what he or she meant by the comment.


Regardless of the brainstorming method used, the clarified ideas must be reviewed and evaluated.  The following section describes tools for reducing the list of ideas and reaching consensus.  

PRIVATE 
Idea Sorttc  \l 2 "Idea Sort"

What it is: The purpose of sorting your ideas is to identify some underlying themes in the data and reduce a large number of ideas to a more manageable and meaningful set.  


When to sort ideas: Sorting and categorizing is done after brainstorming and clarification.  This activity is helpful when trying to identify problems and problem causes and it provides direction for generating solutions.  Sorting works particularly well with the slip method of brainstorming, but it can be used with any brainstorming approach.


For example, imagine that we are trying to solve a problem of poor performance in an organization and we have brainstormed the following possible reasons for the problem: 


-
organization doesn't effectively train people for jobs


-
few opportunities for promotions so little incentive to learn new skills


-
merit increases too small to be motivating


-
performance reviews aren't taken seriously; some are never conducted


-
quality of materials is low


-
pay ranges are not competitive


-
machines break down


-
understaffed


-
management says they reward performance but really reward seniority


A sort of these ideas shows some underlying themes among them:  


Performance Evaluation System

-
management says they reward performance but really reward seniority


-
performance reviews aren't taken seriously; some are never conducted


Compensation, Rewards

-
pay ranges are not competitive


-
merit increases are too small to be motivating


-
few opportunities for promotions so little incentive to learn new skills


Selection and Training

-
understaffed


-
organization doesn't effectively train people for jobs


Machines and Materials

-
quality of materials is low


-
machines break down


How to sort ideas:

-
Ideas are written on index cards or post-it notes (one idea per card or note).


-
Working together as a group, sort the ideas into categories of ideas that share common characteristics.


-
Give each category a name that describes the underlying theme.


-
Use whatever number of categories you believe makes sense.


-
Discuss and resolve differing viewpoints regarding the number and types of categories.

Tools for Analyzing Problem Causes
Cause-and-Effect Diagrams
Cause-and-effect diagrams are a systematic way to look at problems and to identify the root causes that create or contribute to those effects.  Cause-and-effect diagrams are also known as fishbones (because of their shape) or Ishikawa diagrams (after their inventor, Dr. Kaoru Ishikawa, the Japanese quality control statistician).  Cause-and-effect analysis helps get at a range of possible causes and helps to address the question of "why" a particular problem occurred.

The cause-and-effect diagram shown below is an example of using this tool to diagnose the possible causes of a lamp that isn't functioning correctly.  The “as-is”, or problem statement, "lamp doesn't light" appears at the head.  The bones represent the major causes that could explain why the lamp doesn't light.  The arrows represent the specific causes within each major cause.

Cause-and-Effect Diagram
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How to use cause-and-effect analysis:

-
Determine the effect to be analyzed and write it on the end of a sheet of paper (the fish's head).

-
Draw a horizontal line from the head across the paper, with one slanted line (the "bones") for each of the main factors that contributes to the effect.  For example, for technical problems, the factors: Personnel, Machines, Materials, Method, and Environment are frequently used.  For human resource management problems, the factors might include: Selection, Training, Evaluation, Rewards, Job Design, and Labor Relations.

-
Label each major "bone", and then write the specific factors that the group considers to be the possible causes.  It may be helpful to brainstorm to identify these factors.  Then, for each factor, repeatedly ask the question "why" to attempt to identify the root cause.  For example, the specific factor of "missing" on the main factor of "bulb" in the light bulb example could be diagnosed further by continuing to ask why:



Bulb Missing



why?



Ann took it.




why?




Bulb in her lamp burned out late last night and she needed light to finish her homework.




Bulb in her lamp burned out and she's cheap.




She's a kleptomaniac.


(Note: it may be necessary to ask "why" for each of these specific causes as well).


These possible causes suggest different actions to solve the problem.  The group then needs to evaluate the likelihood of each of the possible causes to determine what the most significant factor(s) is(are) causing the effect and determine where to direct remedial action.

-
One can also use cause-and-effect diagrams to identify what factors must be present in order to implement a recommended solution successfully.  In this case, the effect would be the "desired state" rather than the current problem ("as is") statement

PRIVATE 
Force Field Analysistc  \l 2 "Force Field Analysis"

What it is: Force field analysis, developed by social psychologist Kurt Lewin, helps to identify those forces that enable and inhibit you from reaching your goals.  It is useful in helping to identify areas at which to target remedial action.  


When to use force field analysis: After consensus about problems and goals is reached; before generating alternative solutions.  


The force-field diagram below was used to analyze the problem of low performance.  The items listed under the "helping" column are those that are enabling the desired state.  The items listed under the "hindering" column are (some of) the items that are inhibiting the organization from reaching the desired state and serve to maintain the current undesirable state.  (Note: view this document in “print layout” to see the lines and arrows.)



AS IS:






SHOULD BE:
Productivity is 20% below projections

Productivity should be on target. 


          Helping







Hindering

incumbents have good knowledge, 


management says they reward performance

skills, & abilities

 



but really reward seniority

         








performance appraisal forms identify


performance reviews aren't taken 

proper performance criteria

 


seriously; some are never conducted


top management is committed to



pay ranges are not competitive

making necessary changes













merit increases are too small


















machines break down


How to Use Force Field Analysis: 
-
Draw a line down the center of the page or board.  This represents the "as is" situation, or the current problem.

-
At the right edge of the paper, draw a second vertical line.  This represents the desired state.

-
Using a brainstorming method, generate and list the forces that are enabling the desired state to the left of the center line and the forces that are inhibiting the desired state (i.e. those that are maintaining the current state) to the right of the center line.   


The forces are often shown as arrows.  In addition, it may be helpful to assess the relative strength of the enabling and inhibiting forces by using arrows that are sized proportionately to the problem or by using a scale (e.g. 5 = very strong, 4 = strong, 3 = moderate, 2 = low, 1 = weak).   Once the diagram is complete, your group can use the information to generate ideas about how to increase the number of helping forces and decrease the number of hindering forces.

PRIVATE 
Tools for Evaluating Ideas and Reaching Consensustc  \l 1 "Tools for Evaluating Ideas and Reaching Consensus"

Almost every step of the problem solving process requires that groups converge.  Although consensus is commonly used to mean unanimity, it can be more constructive to think about consensus as general agreement.  That is, consensus is reached when all members of the group are willing to accept a decision.  Although a decision may not be each individual's first choice, the members consider it to be a workable approach and in the best interests of the group.  


Establishing consensus in groups can be a difficult endeavor.  Reaching consensus can be particularly challenging when the relevant data are subjective and therefore are open to opinion or when group members have conflicting interests.  This is often the case in managerial decision making.  Further, choosing the best alternatives may be difficult because the amount of influence that group members exert on the group choice may be due to factors that are unrelated to member competence or the soundness of their ideas (e.g. how frequently or loudly they speak; political factors, etc.).


Reaching consensus requires that group members listen to each other so that divergent viewpoints can be explored and members can understand why they are not in agreement.  The tools described below are not intended to make the decision for the group (although some tools can be used for making a final decision), but can help the group assess where each member stands and how far the group is from reaching general agreement.  Some of the tools will help set the stage for problem analysis and solution specification, as well.


When using these tools, it is recommended that all members come up with their answers independently, write them down, and then share them with the group.  This process will help prevent individuals from being swayed by other group members.  The group then explores differing viewpoints and attempts to reach general agreement.  

PRIVATE 
List Reductiontc  \l 2 "List Reduction"

What it is: List reduction is used to process the output from a brainstorming session.  The goals of list reduction are to reduce the ideas to a manageable number that is consistent with important criteria.


When to use list reduction: After a brainstorming session when the group has generated a long list of ideas.


How to use list reduction: After ideas have been generated and clarified, identify some filters or criteria that should be satisfied for an item to remain in consideration.   For example, when generating recommendations to solve a problem, some filters might include: 


-
Is the solution practical/feasible?


-
Is it relevant to the problem?


- 
Will the solution be acceptable to key players?


Keeping the criteria in mind, the group members vote on each item: yes if it satisfies the criteria; no if it does not.  A simple majority keeps an item on the list.  For items with fewer votes, you may wish to bracket the items and return to them later, if necessary.  After the initial round of voting, the process is repeated until the list is reduced to a manageable number of options.

PRIVATE 
Weighted Votingtc  \l 2 "Weighted Voting"

What it is: Weighted voting offers a quick way to quantify the preferences of the group members and reduce a list of options.  It also can be used to make a final choice.  Weighted voting differs from most of the other methods in that there is no discussion or evaluation of relevant criteria.  


When to use weighted voting: After a brainstorming session to reduce a list or to reach consensus about problems or solutions.  


How to use weighted voting: In weighted voting, each member receives a set number of votes (one recommendation is 1½ 
the number of options, but this number of votes may be too large if a large number of options have been generated -- in which case you may wish to choose a smaller, arbitrary number such as 5 or 10 votes).  Working alone, members decide how to distribute their votes among the options to reflect their relative preferences.  Members then report how they distributed their votes and the ideas with the largest total numbers of votes are retained. 


Some guidelines for weighted voting include:


-
Spread out votes to represent your relative feelings about the options rather than to lump all your votes on a single favorite.


-
Write down how you wish to distribute your votes before any votes are recorded


The reduced list consists of the options with the greatest numbers of points.  If the list is still to large for your purpose, repeat the procedure on the reduced list. 


If you have a small number of options, it may be helpful to set up a matrix such as: 

	
	Options

	Team members
	A
	B
	C
	D
	E

	Fernando
	
	
	
	
	

	Vanessa
	
	
	
	
	

	Ranga
	
	
	
	
	

	Kristina
	
	
	
	
	

	Total
	
	
	
	
	


PRIVATE 
Balance Sheetstc  \l 2 "Balance Sheets"

What they are: Balance sheets allow a group to identify and review the pro's and con's of a variety of options.  Balance sheets help to organize information and to facilitate group discussion, and they are simpler and faster to use than many of the other tools.  The chart documenting the pro's and con's of the different methods of brainstorming on page 3 is a balance sheet.
 


When to use balance sheets: After brainstorming possible solutions to problems.  May be done before or after the list of ideas is organized/reduced.


How to use balance sheets: To use a balance sheet, set up a large grid with two columns (labeled "+" and "-", respectively) and a row for each option.  Enter the positive and negative aspects for each of the options, in turn.



Another use of balance sheets is for evaluating your group meeting effectiveness.   At the end of the meeting, use a round-robin brainstorming approach to list “plusses” and “minuses” of the meeting process and outcomes.

PRIVATE 
Criteria Rating Formstc  \l 2 "Criteria Rating Forms"

What they are: Criteria rating forms allow you to assign subjective, quantitative values to important decision criteria.  Criteria rating forms are intended to help you evaluate all ideas in a consistent way and may also be used to make a group choice.  If you have ever made a major purchase, such as a car or home, or a major decision, such as which college or university to attend, you may have used a criteria rating form. 


When to use criteria rating forms: After a brainstorming session to evaluate and select the problems or goals that the group will tackle or to evaluate the potential solutions generated.


The form on the following page shows a weighted criteria rating form for evaluating and selecting schools to attend.  The factors that were considered include cost, reputation of the school, job placement rate, and location/quality of life.  Further, the criteria had varying degrees of importance to the decision maker.  For instance, reputation was considered twice as important as location and equally important to cost, and so on. 


How to use criteria rating forms:
· Decide what factors or criteria are to be considered

· Reach agreement on their definitions

· Determine what weights, if any, should be assigned

· Agree on the scale to be used to evaluate the criteria (e.g. 1 to 3; 1 to 5) and agree on the definitions of the response options (e.g. what does "high cost" mean)


-
Discuss each cell on the form to arrive at a consensus rating.  It is easiest and will produce the least bias if you rate all options on a particular criterion (e.g. rate all schools on cost, then rate all schools on reputation, etc.).  Member can assign the ratings individually and then share them with the group.

Criteria Rating Form for Schools:

	
	

Options

	Criterion
	Scale

	Weight
	School A
	School B
	School C

	Cost
	1 (high) to 5 (low)
	6
	(3) 18

	(1) 6
	(2) 12

	Reputation
	1 (poor) to 5 (excellent)
	6
	(4) 24
	(4) 24
	(1) 6

	Placement
	1 (poor) to 5 (excellent)
	4
	(2) 8
	(3) 12
	(4) 16

	Location
	1 (boring) to 5 (fun)
	3
	(1) 3
	(1) 3
	(5) 15

	Total
	
	
	53
	45
	49



You can use an alternative form of a criteria rating form to evaluate the extent to which your possible solutions correspond to your goals and/or problems and root causes.  Array your solutions across the top of the form and your goals along the side (in place of criteria).  The ratings in the cells indicate the degree to which the solution solves or threatens the goal.  Assign positive ratings to solutions that meet your goals, negative ratings to solutions that impair the goals, and ratings of zero for solutions that won't effect the goal or that will leave the current state unchanged.  The point totals can be used to reduce the list of alternatives or to select a final solution or solutions.

PRIVATE 
Point-Scoring Systemstc  \l 2 "Point-Scoring Systems"

What it is: A point-scoring model is a variation of a criteria rating form that produces weighted total point values.  


When to use point-scoring: After a brainstorming session to evaluate and select the problems or goals that the group will tackle or to evaluate the potential solutions generated.


How to use point-scoring: An arbitrary number of points is divided among the criteria, in accordance with their relative importance.  The group then reviews and discusses each option, assigning a number of points, up to the maximum for each category.  The totals help clarify the group's preferences.


The process of using a point-scoring system is similar to the criteria rating form, i.e. determine the criteria, distribute the points, and review all options and decide how to allocate the points.


For example, a point-scoring system for the evaluation of schools might look like this:

	
	

Options

	Criterion
	Maximum Points
	School A
	School B
	School C

	Cost
	500
	250
	100
	200

	Reputation
	500
	425
	375
	125

	Placement
	350
	200
	250
	325

	Location
	250
	50
	60
	225

	Total
	1600
	925
	785
	875


PRIVATE 
Paired Comparisonstc  \l 2 "Paired Comparisons"

What it is: Paired comparisons involve considering all possible pairs of problems or solutions and choosing the item from each pair that is "higher" or "better" with respect to some criterion.  Like weighted voting, paired comparisons can help a group quantify the preferences of the members.  It can be used to reduce a short list, assess where members stand, or choose an alternative.  


When to use paired comparisons:  After brainstorming or list reduction of problems, goals, or solutions to reduce a list further or to make a decision.  Paired comparisons are useful when you are dealing with a small number of options; with a large list, the task becomes unwieldy (the number of comparisons you must make is n(n-1)/2.  Further, paired comparisons should only be used when you are evaluating the options on one dimension. 


How to use paired comparisons: Each member, working alone, considers all possible pairs of options and chooses the option that he or she prefers in each pair.  The score for each option is the number of times it was chosen.  The members' scores are summed.


For example, imagine that a couple is planning a vacation and choosing among three options: Alaska (A), the Bahamas (B), and Cleveland (C).  He prefers A over B, A over C, and B over C.  Option A is preferred twice (2 points), B is preferred once (1 point), and C is never preferred (no points).  She prefers B over A, C over A, and B over C.  Her point values for A, B, and C are 0, 2, and 1, respectively, and their total points for A, B, and C are 2, 3, and 1, respectively.  The couple might use the information to narrow down the list and discuss options A and B in more detail or they might go straight to the Bahamas.

Combining the Toolstc  \l 1 "Combining the Tools"

The preceding pages described a wide variety of problem solving tools.  It is not practical or necessary to use all of them when solving problems.  Below are some suggestions for how your group might use the tools to solve problems.


-
Identify the core problem(s) and the causes of the problem(s)


1.
Use brainstorming to identify all problems.  



2.
Reduce the list of problems with list reduction or weighted voting.



3.
Organize the remaining list by sorting the items.



4.
Reach consensus about the key problem(s) using weighted voting, criteria rating forms, point scoring, or paired comparisons.


-
Identify your goals for the situation.  Identify constraints in the situation that may impede meeting your goals.



Use the same procedures as above.  


-
Identify available alternatives.


Use brainstorming


-
Evaluate each alternative with respect to the goals and problems you identified.  Identify possible limitations and negative consequences of implementing the solutions.  



Use balance sheets, list reduction, criteria rating forms, or point scoring systems.


-
Choose the best alternative.


Using the results of one of the methods listed in the previous step or use weighted voting.




� Used with permission of Xerox Corporation, Corporate Quality Office.  Adapted from Problem-Solving Process User's Manual, © 1992 Xerox Corporation.  All rights reserved.  The content of this manual was adapted from Xerox training materials solely for use by Carnegie Mellon University.  May not be reprinted or redistributed without permission of the copyright holder. 





� Note that the scales are defined so that higher scale values represent more desirable states of the criteria.  Therefore, for criteria such as "cost", a "1" reflects high cost and a "5" reflects low cost.





� Number in parentheses is unweighted rating.
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