Attachment 1
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Teacher’s Guide

This teacher’s guide provides step-by-step instructions for preparing and conducting the Payloads Game.  It includes sections on objectives, facilities and materials, what to do ahead of time, procedures for administering the game (introduction, product development, product launch, conclusion), takeaways from the exercise, and alternative forms of the game that we have tried.  This guide is supplemented by an article, “Conveying Cross-Functional Product Development Concepts: The Payloads 9.8 Mars Lander Exercise,” that places the game in context with other course material, and other web site attachments that provide student handouts, instructor PowerPoint presentations, and evidence of game effectiveness.

Objectives:  A fun and stimulating exercise that: 

· Provides students an opportunity to work with a team in designing a new product.

· Enables students to discover cross-functional issues in new product development, including leadership and conflict resolution over multiple performance criteria and alternative design concepts.

· Introduces students to technical issues in new product development including performance tradeoffs and synergies, issues in simplicity, commonality and modularity, and beta test timing and interpretation.
Facilities and Materials

Although we describe a game rich in resource requirements, we have also conducted games with fewer resources as indicated in the section below on alternative forms of the game. The game we use most often involves:

· 35 to 50 students organized in teams of 5 or 6.  

· A staff that includes an instructor and instructor’s assistant. 

· Introduction and wrap up in a horseshoe shaped classroom.

· A Design Center equipped with movable 4’X4’ tables for each team to develop its products. 

· A bull’s eye on a plastic sheet about 4 meters by 4 meters

· A cherry picker (courtesy of University’s physical plant department) capable of reaching an altitude of 50 ft. (We have also used a 35 ft. scissor lift and a 35 ft. balcony.)

The competing teams develop small-scale models of a landing module from a limited set of materials kitted for each team:

Discrete Parts

· balloons—6

· Styrofoam cups—8

· plastic—2 sheets (11”x11”)

· newspaper—2 single-sheet sections  

· straws—6 

· paper clips—4 

· rubber bands—4 

· pipe cleaners—6 

· eggs—2 chicken eggs and 2 quail eggs (tip – they should be at room temperature or adhesives such as duct tape will not stick) 

· pop sickle sticks—8

· typing paper—2

· bubble gum sticks—6

· hole reinforcers—8

Non-discrete Parts – parts continuous in measure, but limited in supply

· duct tape—1 meter

· string—2 meters.

· rubber cement – 1 bottle.

Tools not to be used in the products

· scissors

· ruler

· markers (assorted colors) 

· zip-style plastic bag (the materials are contained in this bag)

What to do ahead of time:

1. Get an assistant. (It really helps to have another person assist with the exercise.)

2. Prepare the material kits. Include an inventory list in the kit (see above).

3. Prepare target—a simple bull’s eye on a tarp or sheet of plastic ground cover that exceeds 3 meters in diameter (see the diagram of a bull’s eye in the information provided to Customer—NASA Representative in Attachment 3). We create the bull’s eye with colored tape on a large, black tarp. Each time we condut the exercise, we cover the bull’s eye with a clear plastic sheet to protect it from the unavoidable mess of broken eggs. The plastic may be discarded, and the bull’s eye re-used.

4. Copy and collate the materials. Each student will receive in class:

· the four-page Overview handout shown in Attachment 2, and

· one role-playing sheet (from the roles shown in Attachment 3) folded and sealed in a letter envelope with the role labeled on the outside of the envelope (if the team is larger, two students can play the manufacturing engineer role; for a smaller team, one student can play customer and marketer).

5. Prepare work stations in the Design Center — tables with team names and numbers. A circular or square table four feet in diameter is ideal for a team of six.

6. Cover the tables with butcher paper to protect them from scratching, gluing or coloring that might occur during product development.

7. Place the zip-style bag containing the parts check list and inventory of materials available for product development.

8. Prepare the instructor’s Inspection Station in the Design Center including: 

· a flipchart for posting the time in development (each minute=one week), and

· a place where the instructors can inspect the products (50% of product visible) and receive the Cost Worksheets from the Manufacturing Engineers of each team.

Procedures for administering the Payloads 9.8 Exercise:

Game introduction in the classroom (about 20 minutes) -- see Attachment 2 for PowerPoint presentation
1. Introduce the game and its objectives at appropriate points during the introduction.

2. Explain general game details: 

· Show videos of Apollo 13 and/or Angry Red Planet.

· Distribute the four-page Overview handout (Attachment 2).

· Explain that “Following two major failures related to exploration of the planet Mars, NASA officials have begun to rethink the agency’s development strategy.  Their emphasis on “faster, better, cheaper” may have led to the demise of the Mars Climate Orbiter and the Mars Polar Lander. A new program is now in its first phase, and potential contractors are being asked to submit prototypes for Martian landing modules. Your company has decided to participate in the competition. If you succeed, it could mean huge profits for your struggling new enterprise. A high-cost, unsuccessful design could put you under.  Yours is one of several teams that will enter the competition to develop two separate landing modules. One module will carry a small robot equipped with a camera to record and transmit information about conditions on the surface of Mars. The other will carry a larger and heavier robot equipped with atmospheric monitoring and chemical processing technologies. NASA officials have made the decision to contract for separate landing devices in order to minimize risk -- if one apparatus fails, the other can still be OK.”

· Explain that “During the competitive phase, potential contractors will create small-scale models of the landing devices, and they all will be tested under Earth-gravity conditions. Each landing module will be judged on its ability to protect its payload, and on its performance during the drop. NASA is also watching the competing teams to see which one can work quickly and effectively. A more agile team is attractive to NASA because it wants a contractor who can respond rapidly as new ideas and demands are introduced. Although NASA is rethinking its strategy, a culture of cost-cutting still holds firm, and it will require all competitors to use the same surplus materials.”

3. Distribute the role-playing information (Attachment 3) to individual members of each team. Each one should be labeled with the role, team name and team number.  Allow time for reading and questions.   Explain that: 

· Team members will learn different things from their role instructions and it is each person’s job to communicate key facts to his or her team during product development.  Teams are told they will be evaluated on profit, but each individual (role) has information about some, not all aspects of the game.  

· Fabulous prizes will be awarded to the functional representatives whose teams achieve certain performance criteria associated with their roles.  

· Each team may perform a beta test any time during development.  While beta test conditions may not be completely realistic (e.g., drop from a chair or table), we remind students that most real-life product beta tests are conducted under conditions that do not completely reflect actual operating conditions. We tell students that materials broken (such as eggs) during testing must be replaced at cost, and we ask them to clean up after the game.

4. Dispatch the class (less Manufacturing Engineers) to the Design Center where the instructor’s assistant awaits.

5. The instructor stays in the classroom (about 10 minutes) to train the Manufacturing Engineers.  Explain details they received in their handouts such as the: 

· distinction between tools, non-discrete parts and discrete parts, 

· cost structure and the embedded commonality incentives, and

· need to tabulate costs for the materials used on their Cost Worksheets. (When product development is finished, the team should help the Manufacturing Engineer tabulate the costs associated with materials used.  They may accomplish this by accounting for the materials used in the product as well as wasted, or by using the inventory list to compare what is left with the beginning inventory.)
6. Dispatch the Manufacturing Engineers to the Design Center.  Explain to them that because of the extra training, “You will join the rest of the team about 5 minutes after the product development has begun, but everyone knows that manufacturing is last to be consulted about product development.”

Product Development in the Design Center (about 60 minutes)

1. While the instructor is training the Manufacturing Engineers in the classroom, the instructor’s assistant:
· Identifies the Design Center inspection station where final designs and worksheets are submitted.

· Disperses teams to their designated work stations.

· Reminds teams to take 3 minutes to check their parts inventories against the list that is provided with each kit.

· Starts the clock. We use a large digital timing clock that all participants can see. This may be acquired through shops that carry equipment for organized sports.

2. The instructor and Manufacturing Engineers join the rest of the class:

· The instructor and instructor’s assistant oversee group activity, answer questions of clarification that teams may have, and make note of teaming interactions. 

· When development is finished, the team helps the Manufacturing Engineer tabulate the costs associated with materials used. 

· The team brings its product and completed Cost Worksheet to the Instructor’s Station where the instructor or assistant: 

a. Checks the products for 50% visibility.  (If unsatisfactory, the team must return to their work station and modify the product. This is important because the instructor needs to see enough after the drop to know if an egg is cracked or broken.)

b. Records the development time and cost for each team (the cost associated with development time is from a table in the handout the Research and Development Engineer receives. 

c. Asks each team to store its product safely prior to launch.

3. After the end of the design period, the instructors

· Ask the Marketing Representatives share their product concepts with the other teams.

· Dispatch the group for product test at the launch site.

Product Launch outside (about 30 minutes) – we drop the products from 50 ft. using a cherry picker provided by the University’s Physical Plant Department.

· The instructor’s assistant leaves the Design Center a few minutes early to be fitted into protective gear for the ride in the cherry picker.

· When the students arrive at the launch site, they are asked to give their products to the instructor’s assistant, who is already positioned in the cherry picker bucket.

· After the cabin is raised, a tape measure is used to calibrate the elevation to 50 feet. 

· The instructor’s assistant drops raw chicken and quail eggs until the cabin is positioned directly above the bull’s eye.  

· During these calibrations, the instructor entertains the class on the ground by timing the drops using a stopwatch. This verifies findings of Sir Isaac Newton that objects of different masses do indeed accelerate at the same rate in free fall.

· The instructor’s assistant drops the products after asking the corresponding teams to identify themselves.  (We have found it best to drop all the small products (quail eggs) first, and then the large eggs, which tend to break more frequently because of their greater mass-to-shell ratio.)

· Three activities occur concurrently during the next fifteen minutes: 

i. the instructor’s assistant clears the launch site, 

ii. the instructor computes team revenues based on product type, breakage and drop accuracy, and 

iii. team members reflect on key learning issues using the Payloads Exercise Individual Reflections Form (Attachment 2), then discuss their insights with the team.

Game Debrief in the classroom (about 45 minutes) -- see Attachment 5 for PowerPoint presentation

1. Recognize the winning team. 

2. Give out awards to functional representatives (e.g., egg coloring kits for accuracy, least material cost, shortest development time, etc.).

3. Select one or more teams (depending on time available) to give presentations about the social (teaming/leadership) and technical factors that influenced their performance.

4. Emphasize the key ‘takeaways’ of technical and social issues.

Takeaways from the Payloads Exercise 

General Lessons

The major benefit of the exercise is the way it teaches a number of key aspects of new product design and development:

· Students experience integration of functions, which provides the benefits of multiple perspectives and the costs of conflicting goals. Whatever instructors can do to strengthen students’ commitment to their roles will add to the essential experience of cross-functional integration. Their individual rewards for functional performance offer one venue for encouraging this sort of goal orientation.

· Students are forced into problem solving associated with those conflicting goals. For example, it is common to observe students arguing over additional costs of parts versus features desired by the customer.

· Students focus their R & D efforts on customer criteria—building a product that works according to the customer’s needs (see Attachment 3). This aspect of the exercise can be influenced by instructions or examples given beforehand to point out the value of incorporating features that customers appear to desire.

· Students experience the pressures of time-to-market and encounter prospective performance trade-offs associated with increasing development speed. Groups routinely experience the frenzy of working to a deadline.

· Students experience the “fuzzy front end,” that period of time after the idea has been presented but before any plan is decided and implemented. The value of the exercise lies in the experience as well as the discussion that follows. Seldom do teams establish a planning process before embarking on the product development task at hand, and this offers an important learning point.

Social Takeaways

Another important objective of the exercise is to provide an opportunity to learn team/conflict management:
· Students appreciate that functional orientation may hinder communication of important program elements.

· Students learn the importance of a “big picture” perspective, which fosters openness to other perspectives. Each member’s initial contribution tends to be colored by his or her specific role information and objectives. The exercise helps students recognize that these specific perspectives must be communicated, blended and sometimes compromised for the good of the project.

· Students practice consensus decision-making.

· Students evaluate the role of leadership in a project team. This outcome is achieved in the subsequent discussion.

Technical Takeaways

The exercise also illustrates technical concepts that are difficult to convey in a lecture or discussion format. The technical concepts that we typically address include the following:

1. The importance of part commonality. For example: 

· Both product packages of the same design can save money via common parts

· A stick and a pipe cleaner cost $20,000; but two sticks cost only $30,000. 

2. The value of design modularity, which allows sub-teams to work concurrently (e.g., to concurrently design devices for the egg protection and wind resistance). Interfaces between concurrent groups then become very important.

3. Design for simplicity (simpler designs tend to perform better).

4. Rapid development (prototyping) tends to perform better.

5. Potential tradeoffs and synergies among design priorities. 

6. The timing and interpretation of beta tests. Students usually learn in the game and the class discussion that ensues that, if they test midway in product development under less comprehensive final conditions, they will likely learn something valuable about product performance.

The first four technical concepts interact. As the number of part types decreases, design complexity may decrease as well. We often also find links between development time and the number of part types. Teams that take longer often fall into the temptations of “feature creep,” adding unnecessary cost by attaching more parts. Analysis of these and other issues is provided in Attachment 7.

Payloads Game Options

We have experimented with alternative forms of the Payloads exercise.  These include a single  (versus two) payloads products, a combined classroom/design center, additional performance criteria, different role scenarios, an option for procuring additional product data, multiple session versions of the game, and different approaches for launching (e.g., we have tossed the payloads from a balcony, a scissor lift, and even the top of a castle wall). 

In addition to objective measures of profit, we have included subjective performance criteria in evaluating relative team performance. The definition of ‘winning’ is up to the instructor. The evaluation may simply be focused on objective attributes such as revenue, cost, part count, time to market, etc, or the instructor may choose to make note of design features and reward those in some way. In one exercise, for instance, we allocated 25 points for time to market, 25 points for unit cost, and 50 points for performance—30 for accuracy, 10 for aesthetics, and 10 for handling ergonomics.  

We have experimented with different team member roles from those presented in Attachment 3 for our base case, and we have also combined these individual information sources into a single source, available to all.  If the instructor wishes to emphasize cross-functional issues, the separation of information is very effective.  If the instructor wishes to focus, instead, on technical and financial issues and, to a lesser extent on teaming issues, it may be appropriate to give everyone the same information.


Another option related to information is to offer additional marketing research in the form of conjoint analysis results.  Each team has some vague knowledge of the desired benefits, but it can get more precise measures by paying $25,000 for a conjoint analysis report that provides utility weights for levels of accuracy, graphic designs, shapes, textures, and components. These results do not guarantee an optimal configuration, but they reduce uncertainty about the customers’ desires. To make use of this option, of course, students must have some background in conjoint analysis, although instructors may design other marketing research reports that might work as well.  Students often overlook the cost effect of the time they spend analyzing and applying the results, which can lead to a useful discussion point about the effects of marketing research on development project costs.  

Finally, we have conducted the game over multiple class sessions.  The introduction, development, launch, and conclusion require about 2½ hours.  Given typical class time constraints, some activities may have to be delayed to subsequent sessions inside or outside class.  For example, student teams may be assigned to debrief initially outside of class and prepare written summaries to submit during the next class period.  This increases the likelihood they will reflect on the exercise while it is still fresh in their minds, and it also prepares them for active participation in the delayed launch and discussion.  Another way to wrap up the exercise is through a web-based threaded discussion.  

In an introductory Operations Management class with Executive MBAs, which meets once a week, we have spread the exercise over three sessions, two in class and one outside.  During the first session in class, we take 20 minutes to introduce general aspects of the game, distribute a sealed package to each EMBA study group containing all the materials and role assignments, and instruct them not to open the package until their team is fully assembled for its midweek study session at an offsite location.  We use a simplified one-product option (chicken egg only) in this case because of the instructor’s reduced level of student contact.  We provide the following modified revenue performance data to the Customer-NASA Representative:
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During the offsite meetings, the teams spend about 60 minutes to develop the product.  Each team is asked to honestly and accurately report its development time. They safely secure their products until the next class session.  During this 3rd session held in class, we take about 75 minutes to test the products and debrief.

Instructors may decide for themselves about these modifications.  For the EMBA course, we use the one egg version with multiple roles and revenue based solely on breakage and accuracy.   We have found that for single-class exercises that stress the operations and engineering aspects, it works best to use the two-egg version, and base revenue only on breakage and accuracy.  For marketing courses, we use in a single class session with the one egg version to de-emphasize the technical concepts, include the “desired design features” criteria, and offer the marketing research option.
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