SimSE Waterfall Model Course Module

1. Introduction/Background
Since this particular model was purposed to emulate a waterfall process, we developed the model to reward the player for following the proper steps and practices of the waterfall model and penalize them for doing otherwise. In parallel, we aimed to teach a number of non-waterfall-specific lessons about the software engineering process in general. 

2. How to Use This Module

This module is designed to be used as part of a course in which relevant software engineering concepts (namely, software processes and the waterfall process model in particular) are being taught. SimSE is intended to be used as a complementary component to a course, not as a standalone instructional tool. Therefore, software engineering in general and the waterfall life cycle model in particular should be introduced to students either before, or in parallel with the students’ exposure to the waterfall game (either through lectures (see Section 6), readings (see Section 7), or some other method). SimSE’s main strength lies in its ability to allow students to put concepts into practice that they otherwise would not have the opportunity to experience through other instructional methods. 
Before students are given the assignment to play SimSE, it is imperative that they watch at least the SimSE Gameplay video tutorial, and strongly recommended that they also watch the Explanatory Tool and Game Branching video tutorials as well. All video tutorials are available at http://www.ics.uci.edu/~emilyo/SimSE/downloads.html#Videos. Our experience with SimSE has shown again and again how crucial the instruction a student receives in learning to play the game is to their success in learning from it. These video tutorials have been designed to specifically highlight and address aspects of SimSE that are critical for students to understand for a maximally effective educational experience. Therefore, we suggest that you not only assign the students to watch these videos on their own time, but, if time and resources allow, show them in class as well, emphasize how important they are to watch, and also point them to the SimSE player’s manual, available at http://www.ics.uci.edu/~emilyo/SimSE/downloads.html#Docs. If time and resources further warrant, students should be required to attend a TA-lead training session, in which they are shown the videos, given a printed player’s manual and, and then allowed to try playing the game for a while with the TA (who should have already studied the manual and played SimSE themselves) available to answer any questions they may have.

Students should be given the questions to answer for this module (see Section 8) at the time they are asked to play the waterfall model. Having the questions to refer to while they play helps point them to some of the more subtle lessons encoded in the model, as well as provides you, as an instructor, with a way to assess whether or not they have completed the assignment and learned the concepts.
One could use this module as a mandatory part of a course, or else make it an extra-credit assignment. Given that the exercise is actually quite involved, especially when multiple models are assigned, somewhere in the order of 5-10% extra credit is recommended. Certain prerequisites for this particular module apply (see Section 4).
3. Learning Objectives

These lessons were taken from our compendium of 86 “fundamental rules of software engineering”, available at http://www.ics.uci.edu/~emilyo/SimSE/se_rules.html. The following two waterfall-specific lessons were implemented in this model: 
· Do requirements, followed by design, followed by implementation, followed by integration, followed by testing. The player must adhere to this sequence, although they can do some activities in parallel, as long as they are not performing a later development activity for a development product that has not been worked on in an earlier phase. For instance, a player may have their employees work on coding at the same time they are working on design, as long as the code is not more complete than the design document, in which case the player would incur a penalty—namely, development of the later artifact becomes slower than usual, and more errors are introduced. This enforces that, while each complete phase does not have to be entirely finished by the time the next phase begins, each feature must be specified before it is designed, designed before it is coded, coded before it is integrated, and integrated before it is tested. Furthermore, if the player goes back to a previous phase and works on, say, the design document after they have already worked on the code to a completeness level greater than that of the design document (e.g., the code is 90% complete whereas the design document is only 60% complete), some new errors will appear in the code. This represents to the player that they implemented some features for which there was no design, and now that they have gone back and properly designed those features, they have found that much of this un-designed code was erroneous. 

· At the end of each phase, perform quality assurance activities (e.g., reviews, inspections), followed by correction of any discovered errors. Although working on two phases in parallel is acceptable in certain situations (as mentioned previously), any uncorrected errors in an artifact (e.g., requirements document) will be carried over into the next phase’s artifact (e.g., design document) if they are not discovered and corrected before work on the next phase begins. 
In addition to these waterfall-specific lessons, the SimSE waterfall model also aims to teach the following lessons that are general to most software engineering processes: 

· If you do not create a high quality design, integration will be slower and many more integration errors will be introduced. The speed of integration and the number of errors that are introduced into the code during integration are directly dependent on the completeness and correctness of the design. If the player spends an adequate amount of effort and resources on the design phase, they will be rewarded with a faster integration and a more correct system. 

· Developers’ productivity varies greatly depending on their individual skills, and matching the tasks to the skills and motivation of the people available increases productivity [1, 3, 5]. The employees that the player is given to manage each have different skill levels in requirements, design, coding, and testing. In any given development activity, this skill level is the greatest influencing factor on their productivity, as well as on the rate at which they introduce errors into the artifact on which they are working. Hence, when a player assigns tasks only to employees that are skilled at those tasks, the project will be finished faster, and fewer errors will be introduced. 

· The greater the number of developers working on a task simultaneously, the faster that task is finished, but more overall effort is required due to the growing need for communication among developers (Brooks’ Law) [2]. For each development activity, the productivity of each developer is decreased by a small factor for each additional employee working on that same activity. 

· Software inspections are more effective the earlier they are performed [6]. To demonstrate the fact that software inspections are more effective the earlier they are done during development, the more integrated the code is, the less effective an inspection will be at finding errors in the code. 

· The better a test is prepared for, the higher the amount of detected errors. Before doing system testing, the player should ensure that their employees have developed a system test plan. The more complete and correct that test plan is, the more efficient testing will be. 

· Monetary incentives increase motivation, which leads to increased productivity (but faster expenditures) [6]. The player can give their employees pay raises and bonuses, which will increase their mood by an amount proportional to the amount of the raise or bonus. As a result, the employee’s productivity will also increase. Bonuses have a short-term effect on productivity, while pay raises have a longer one. Both pay raises and bonuses are taken out of the project budget, so players must use caution in how they dole out such incentives.
· The use of software engineering tools leads to increased productivity [6]. The waterfall model allows the player to obtain up to four different tools: a requirements capture tool, a design environment, an integrated development environment (IDE), and an automated testing tool. Some of these tools have a cost associated with them, while others are free (in accordance with the common practice of downloading free software engineering tools off of the Internet), so the player must also balance the potential benefit of the tool with the monetary cost. Each tool has a productivity increase factor and an error rate decrease factor, both of which are hidden from the player (until the end of the game). When a tool is used in a development task, the productivity of the developers involved in that task is increased accordingly, and at the same time the error rate is decreased. 

· New requirements frequently emerge during development since they could not be identified until portions of the system had been designed or implemented [4]. During game play, the customer introduces new requirements at random. In some cases, they will also give the player more time and/or money to finish the project. Introducing new requirements increases the required size of the artifacts, so if the player has time it is in their best interest to go back and work these new requirements into each artifact. 

In addition to these, there are a number of other general workplace issues not specific to software engineering that are included in the model to add realism and make things more interesting. For instance, employees sometimes get sick, take breaks when they are tired, become less productive when they are tired, and quit when they are upset about something significant (e.g., a pay cut).
4. Prerequisites

A student should have a basic understanding of software engineering and the waterfall life cycle model. (See Sections 6 and 7 for ways to achieve this.) Because this model is rather complex, encodes the largest number of lessons of any SimSE model, has the largest number of underlying variables of any SimSE model, and gives the player the least guidance of any SimSE model (allowing them to perform almost any action at any time), a student should also have played at least one or two other SimSE models before, so that they are not a “SimSE beginner.” Our experience has shown that a “SimSE beginner” playing the waterfall model tends to get rather lost and not learn the concepts as well one who is more comfortable with SimSE.

5. Time Commitment
The average time to play a single waterfall game is 30-60 minutes, but, of course, it is likely to take several times playing the game for the student to learn the concepts and be able to answer the questions. Students should be given at least one week of out-of-class time to play the game and answer the questions (see Section 8).

6. Suggested Supporting Lectures

The slides that accompany Ian Sommerville’s Software Engineering textbook are a good resource. The latest version of these slides are available at http://www.cs.st-andrews.ac.uk/~ifs/Books/SE8/Presentations/index.html. The slides for Chapter 4 include some about the waterfall model.
7. Optional Supplementary Readings

1. Sommerville, I., Software Engineering. 8th ed. 2008: Addison-Wesley.
2. Boehm, B.W., Software Engineering Economics. 1981, Upper Saddle River, NJ: Prentice Hall, Inc.
3. Brooks, F.P., The Mythical Man-Month: Essays on Software Engineering. 2 ed. 1995, Boston, MA: Addison-Wesley.

4. Navarro, E.O. “The Fundamental Rules” of Software Engineering. 2008 [Available from: http://www.ics.uci.edu/~emilyo/SimSE/se_rules.html].
8. Assignment

Instructions

First, watch the SimSE video tutorials at http://www.ics.uci.edu/~emilyo/SimSE/downloads.html#Videos  Then download the SimSE player’s manual at http://www.ics.uci.edu/~emilyo/SimSE/downloads.html#Docs. Be sure to watch the video and read the manual carefully, as they will highlight several important things that will significantly help you in successfully playing SimSE and correctly answering the questions. Then download the waterfall game at http://www.ics.uci.edu/~emilyo/SimSE/downloads.html#Games. (Be sure to download the game and not the model, as the model is not executable.) The download consists of a “readme” text file and an executable game, which you can run by simply double-clicking on it. If you do not have the current version of Java installed on your machine, you will have the opportunity to install it when you try to run a game. 

Questions

We recommend choosing approximately five of the following questions to use with this module.

1. Describe in detail the process (in terms of the sequence of possible steps that you can take in the game) that this game rewards. 
2. What is the effect of giving an employee a bonus? 
3. What is the effect of giving an employee a pay raise? 

4. Is it worth it to purchase tools? 

5. How is the outcome of the game affected if you fire Andre right at the beginning? 
6. What are the effects of skipping the requirements phase?

7. What are the effects of skipping the design phase?
Answers
1. Create requirements; review requirements; correct requirements; create design; review design; correct design; create code; inspect code; correct code; integrate code; create, review & correct system test plan (although this step can come anywhere after requirements are done or partway done); do system test, correct code, deliver product.
2. A short-term increase in productivity/mood.
3. A longer-term increase in productivity/mood.
4. Yes.
5. This is going to severely hinder the game, because Andre is probably the best all-around employee, good at requirements, design, and coding. Without him you are left with only 2 good designers, and 3 good coders, which is not enough to get a good score. Without him, you are forced to either use too few people on these tasks, or use people who aren’t very good at these tasks, who will slow things down and introduce more errors.
6. Progress in subsequent phases (design and coding) are slower and more errors are introduced in them (in the design document and code).
7. Progress in coding and integration are slower and more errors are introduced into the code through them.
Suggested Explanatory Tool Exercises

Students should be encouraged to work through the following exercises, which will both help them get a better score and answer the questions associated with this model.

1. Graph the actions “SuggestedRequirementsPhaseDuration”, “SuggestedDesignPhaseDuration”, “SuggestedImplIntegrationPhaseDuration”, and “SuggestedTestingPhaseDuration”, along with your requirements, design, implementation, integration, and testing activities, to see if you spent too much or too little time on any activity, as compared to that suggested by the model. (If this creates too busy or too large of an action graph, you can also do them one at a time, e.g., one graph with “SuggestedRequirementsPhaseDuration” and all of your requirements activities, one graph with “SuggestedDesignPhaseDuration” and all of your design activities, etc.) If you find one or more phases in which your efforts are significantly off from the ideal, study the action and rule info associated with the particular phase. For instance, if you find that you spent way too long on requirements activities, study the rules associated with the “CreateRequirements”, “ReviewRequirements”, and “CorrectRequirements” actions.
2. Generate object graphs of your artifacts with their hidden attributes (numUnknownErrors especially) to see if there were errors you did not know about. If so, generate composite graphs of these attributes along with the related development activities to see which actions might have caused them to be introduced, and then study the rules associated with these actions of interest to see what error introduction in these actions is dependent on.
3. Try to discover what the effects of pay raises and bonuses are (questions 2 and 3) by generating a composite graph of these two actions and an employee’s attributes.
9. How to Use This Module with Other Modules

In the past, this module has been successfully used in conjunction with two other SimSE modules, making an assignment that consists collectively of three models/modules and associated questions, and is worth 10% of a student’s final grade. However, this module is also large enough to be used on its own as a smaller assignment, if desired. As stated in Section 4, this module is best used after students have completed one or two other SimSE modules/models.
10. Other Notes
There are several other potentially effective uses for SimSE, most of which have yet to be fully explored:
· Have more advanced students modify an existing model (or build one from scratch, which should only be used with extremely advanced students) using SimSE’s Model Builder tool and one of the existing models (available at http://www.ics.uci.edu/~emilyo/SimSE/downloads.html). This has been tried, and results published in T. Birkhoelzer, E. Oh Navarro, and A. van der Hoek. Teaching by Modeling instead of by Models. Sixth International Workshop on Software Process Simulation and Modeling, May 2005 (available at http://www.ics.uci.edu/~emilyo/papers/ProSim2005.pdf). 
· Our experience has suggested that an observer presence can have a positive effect on learning in SimSE. Although we have not tried this ourselves in classroom settings (only in controlled experiment settings), some suggested ways to try this are having students play SimSE in pairs, or having them play SimSE in a lab setting while observed by an instructor or TA.
· Have students play in teams, especially teams that have also done, or are doing, a class project together. This can add both a collaborative aspect to learning, and, if set up to be a competition between teams, can add a competitive aspect.

· Make the assignment mandatory, rather than optional or extra-credit, to increase motivation.

· Have students play in a lab setting, both to add a competitive aspect and to allow them to collaborate. Keep in mind, however, that a lab setting generally does not provide enough time to play a game enough to be able to answer all the questions. An appropriate approach might be to allow students to play the game first in a lab session (this would also allow them to ask any questions that may arise), and then let them complete the rest of their playing and question-answering out of class.

· If a project is also being done as part of the course, have students pick one or more of the SimSE models and write an essay reflecting on comparisons between the SimSE process model(s) and the one followed in their project.

11. Feedback?

If you have any comments, suggestions, feedback, or experience regarding this course module or SimSE in general, please send an email to Emily Navarro (emilyo@ics.uci.edu).
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