
Project for IND404 & IKT406 System Dynamics

Deliverables: 


Well-documented and tested model(s) with paper
Start of project: 

Monday 23 February 2004 at 09:00 am

Delivery of paper: 

Friday 12 March 2004 at 04:00 pm

1 About the Project

1.1 Background
This is the first of four obligatory projects. The four obligatory projects will count altogether 25% to the grade in the course in System Dynamics.
1.2 Pedagogic Goals of this Project

The course in System Dynamics has covered the basic methodology, including a thorough exposition of the principles for model development.
This project has several basic pedagogic goals. The staff in charge of this course (myself: Jose J Gonzalez, and the project coaches Ph.D. fellow Agata Sawicka, and student assistants Kristian Melhuus Brandser, Henning Arnold Jorkjend and Silje Salte) will help you achieve these goals – and we will test how well you achieve them.
1. The first pedagogic goal is to improve your ability of reading a problem description – experience from obligatory projects and examinations shows that the majority of students do not read sufficiently well the available information. This aspect – which in my experience is valid for all courses that I have taught during thirty years (in probability & statistics, mechanics, physics, computer science, software engineering, system dynamics, etc) – is crucial: Most students don’t get the grade they hope to achieve, because they speed up to tackle the problem in question without having read carefully and digested the problem (or project) description. Your report will be analyzed for how well you have utilized the available information in the project description.

2. The second pedagogic goal is to improve your ability to utilize other sources of information. You should find help for most of the issues of this project if you look up in the relevant chapters of the recommended book for this course, e.g. of John D. Sterman 2000. Business Dynamics : Systems Thinking and Modeling for a Complex World. Boston: Irwin/McGraw-Hill. Also, the course slides contain useful information. Accordingly, this project will also test if you are able to identify and use relevant information in literature that is at your disposition. Note, however, that your report must show that you have understood the information – just copying sentences, figures, etc from the book or the course slides is not good enough. Be aware, though, that there is some danger in following an existing model template too closely. The best method is to grasp the essential principles and develop your own model in a free manner!
3. The third pedagogic goal is that you apply successfully the basic methodology on a fairly simple case. In fact, the project case the case is much simpler than the case used in the Model Development section of this course. In order for you to succeed, it is required that you form a clear picture of what it means to develop a good model and how you assess it (both the model under development and the final result).
4. The fourth pedagogic goal is that you write a good report: It should be “to the point,” containing all relevant information while you avoid including irrelevant information or too many words. To test how well you perform in this task, it is required that you form a clear picture of what it means to write concisely a good report and how you assess it. (Concise = konsis, kortfattet.)

5. The fifth pedagogic goal is to learn how to evaluate by self-assessment. This is a goal that concerns all the points above and it has been referred to several times: Defining and using a quality assurance system so that a) you form a clear picture of what characterizes a good project, b) evaluate if what you are doing while you are solving the project is matching appropriate quality criteria, and c) you change your course in time if you are going astray. 
Note that all goals have general validity for any subject you are learning – in fact for any task that you are solving – no matter which course. In fact, they have validity for any task that you will be solving in your professional life.
1.3 Evaluation by self-assessment

We will use evaluation by self-assessment in the obligatory projects (and in the final examination paper as well).

Evaluation by self-assessment serves three important purposes:

1. It is a quality assurance criterion that will help you achieve a good result.

2. It will give meaning to what you are doing and you will understand and learn better: You will be working smarter!

3. You will propose the grade for your project! The project coachs (in addition to me, it will be Ph.D. fellow Agata Sawicka, and student assistants Kristian Melhuus Brandser, Henning Arnold Jorkjend and Silje Salte) as well as selected student groups will read your report and your evaluation and give you their grading. This feedback will make you learn and become more conscious of what is a good result, thus letting you improve during the course.

Wednesday 18 February at 10:00 a.m. in Aud F you get an introduction to the principles of evaluation by self-assessment. Participation in this session is obligatory for all project groups!

Monday 23 February at 09:00 am all groups meet in Aud F. Guided by the project coachs Ph.D. fellow Agata Sawicka, and student assistants Kristian Melhuus Brandser, Henning Arnold Jorkjend and Silje Salte, you participate in a process leading to the binding definition of evaluation categories and evaluation criteria for the project. Participation in this session is obligatory for all project groups! In fact, participation – not only being there but also been active – is very much in your own interest. Otherwise you risk letting others define what is good for you and you risk also that you do not know well the binding evaluation categories and evaluation criteria that will be applied to determine your grade.

1.4 The Paper

The paper – the report that you write – is the main deliverable. The model or models that you develop are intermediate stages, but what counts and what will be used to evaluate your project is your paper.

Note: 
1. We require that you deliver both your paper AND your model(s). But nevertheless, the models will only be used if it is necessary to check some point in your report. In other words: Everything that you want the reader of your report to become aware of must be in your report!
2. This said – and because your paper must be as short as possible – you should use references whenever possible. For example: Instead of putting in your report the documentation of all units and variables, you can pick the most interesting ones for your report and then refer to the model for the documentation of all the others.

3. The recommended size of the paper is no more than ten pages of text or even shorter, if possible. In addition you can have good figures and tables, when necessary. Feel also free to add a list of contents or other items that make your paper well-structured and easier to read. In your own interest, you should make an effort to use (moderately) “advanced” features of your word processor such as e.g. creating the structure of your document with the outlining facility.
1.5 The Final Grade

As stated above, the final grade will be assessed by the process coaches and selected student groups (in fact, 50% of the groups – the other 50% will assist in the evaluation of the next project).

Be aware that we will inspect your paper for originality: If we find that your paper reminds suspiciously of what is found in other papers, this will lead that both papers will get a lower grade. In other words, while it is important that you share ideas within your group, the fact that the project counts as part of the grading of the course means that there should not sharing of ideas across groups.

2 Project Specification

The concept that some resource grows through contact between two states of the resource is very powerful. You have seen this concept in action in the word of mouth principle acting to power the spread of i-mode devices in Japan. Other cases that can be described by a similar mechanism are e.g. infection of PC’s by computer virus and spread of an idea or an innovation.
In the present project, the case is sales of a high-tech product in a region.
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Assume that a certain hi-tech product has been sold in the Agder province as follows:

(Notice that the calendar used is the bank calendar, where a “year” consists of 12 “months” of 30 days each.)
We will use the above data (see the enclosed file) for constructing a system dynamics simulation model. In relation to such a process: 

1. Explain how such data is used in the system dynamics modeling process. What is the name used in system dynamics for the data given above?
2. What is the time horizon for the problem?

2.1 Assessing the Curve
It is obvious that the sales curve has S-shape. But there are many possible forms of S-shapes.
To understand what kind of S-shape the sales curve is, and in order to develop a good simulation model you need to do the following:
1. Make a reasonable estimate of the market size for the high-tech product in question in Agder. You should substantiate your estimate with a short argument. (No need to use advance methods here!)

2. Assume that the growth rate of the sales curve is given approximately by the equation g((1 – S/M) (S, where S is the number of products sold at any time, M is the estimated market size and g is some constant. Choose a part of the sales curve around the inflection point (why?). What value do you get for g? (Make sure that you give the right units for g as well!). 
2.2 Causal loop diagram

Based on the information gained above construct a preliminary causal loop diagram that is able to explain qualitatively the problem behavior. In other words, you should identify the feedback loops of the model and explain how they are likely to determine model behavior. 
Be aware that a good solution demands a good interpretation of the proportionality constant g. Make a good assumption backed up by some appropriate reasoning.
Hint: If you are stuck, look for help in the materials available to you. But don’t forget to express the ideas in your own terms.

2.3 Stock-and-Flow Model

This section will include many aspects. In your paper it is convenient that you break down the aspects into well-structured pieces (that are present in your document as chapters, sections sub-sections or similar concepts).

All in all, this “Stock-and-Flow Model” section concerns model development, including (but not being restricted to) stock-and-flow model building, model verification, incremental testing & validation, final model validation, policy aspects,… as well as overall aspects like “good practice” as has been demonstrated in the many interactive examples during the course). In addition, it is expected that you calibrate the model parameter (or parameters!) so that your model is able to replicate the sales data with good accuracy. (You should state your goal for good accuracy and argue for that – i.e. not just saying “we opted for so-and-so-much accuracy.”)
Another important issue that you should not overlook is to include a good explanation of model behavior in terms of feedback loops. Note that this aspect is relevant both before you build the actual stock-and-flow model (i.e. as guiding hypothesis) and after the stock-and-flow model has been built and you are able to run it (i.e. in terms of proving the actual relationship between feedback structure and dynamic behavior).
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� Here you must make sure that you understand all words. If necessary, go to the available internet version of the Merriam Webster dictionary (or other dictionaries or lexica that are available to you).
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