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Introduction

This assignment represents the next prototype of the Subes (Sound Cubes) idea and prototype that I presented in assignment 2. This report details the refining of this idea to a stage where it can be presented as a working prototype to a user group for testing. A methodology has been established to direct how the prototype will be presented to the user group. The feedback produced by the user group will dictate the path that future prototypes of the Subes will follow.
Subes: as Presented in Assignment 2
‘Subes’, or Sound Cubes, is a sound toy that could be found in the home or educational environment. Subes uses a Lego like approach where the user joins together discrete modular cubes in series to produce an audible output. 

Subes can only be joined together in particular ways both to produce any result at all and to not damage the Subes. To enforce correct connection the Subes have one or zero inputs and zero or more output plugs. Input plugs can not physically be attached to input plugs and neither can output plugs be attached to output plugs.

Each Sube has a purpose either to produce a sound or alter the signal given to it by another Sube. Altering the signal might mean that the Sube may turn itself on and off in a uniform manner thus making the Sube(s) attached (that do make sound) produce a beat. 

This simple configuration would make buzzer one and two alternate quickly. Buzzer three would increase and decrease in a quick wave like patten. The repeater Sube will repeat what it hears while its button is pressed. If the wave Sube where placed between the alternator and buzzer one then a more unusual effect could be established.
Developing the enclosure

The enclosure of each Sube is what is presented to the user. The Subes can be complicated interactive elements so presenting a clean, smooth and non-threatening visual to the user will put the user at ease. To this end it was my intention to build smooth white cubes with minimal hard edges. Where controls, such as knobs or switches, were needed they should be simple and few. White and subtle was my theme.

First Enclosure Design

The first approach stemmed from my development of the paper prototypes using a traditional approach to box building where cutting is kept to a minimum by bending the material into shape where ever possible. The white plastic I was using did not react well to this method. Its thickness prevented it from being bent to meet on corners and the inaccuracy of bending such thick material eventually resulted in this approach being abandoned. 
	[image: image1]
This design prevented the sides from being joined and mounting the electronics package inside would have been difficult at best.
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	A wooden block was made to assist in the bending of the enclosure but it provided no solution.


Second Enclosure Design

After the first design I realised I would need to use more cuts and that the bends in the plastic could only be used in situations where the inaccuracy they created could be counteracted elsewhere. The bending could only occur on the side corners of the enclosures – not the top or bottom. The inaccuracy caused by bending could be over come by trimming the join on one side and using separate pieces of plastic on the top and bottom and trimming those to size.

A critical event occurred upon the purchase of the plastic for the enclosures. After purchasing some powerful glue and trying some experimental gluing I discovered that nothing sticks to the plastic. It is most probably a polypropylene plastic and therefore completely unglue-able. This stumped me and was certainly the final nail in the coffin for the first enclosure design. At the same time I had been doing some soldiering of circuits for a Sube and after an hour of scratching my head wondered, vaguely, if the plastic would melt and reform instead of burning away. Some brief experiments proved successful. The two pieces of plastic brought together, heated on the contact edges with a soldiering iron, went semi-fluidic and then quickly hardened in a joined state. The join was not super solid by itself but with supporting struts to strengthen extremely sturdy structures could be accomplished.
	[image: image3]

	Experiments with the soldiering iron joining pieces of plastic. Notice the two struts at the point of contact to help strengthen the join between the two pieces of plastic.
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The side walls are one complete strip of plastic bent four times and joined on one side. The top is trimmed to shape and joined
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	A wooden block was made to assist in the bending of the enclosure and it resulted in a clean, reasonably square, box.
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	Each enclosure is made of two main sections – the base (right) and the box (left). The electronics sits on the base and the box joins to the base by a screw on one side.


The Subes

Alternator Sube

The alternator Sube takes an input from another Sube (recommended that it be the Power Sube) and turns it into a beat that a Buzzer Sube might turn into a sound. The period of the beat can be adjusted by a knob on the top of the Sube and the two output connectors are turned on and off in turn. The original idea called for a slider as the control mechanism but availability and price of sliders prevented this approach.
The Alternator Sube had already been built for assignment 2 as a proof of concept. All that was required at this stage was reducing the electronics in size. The success of this Sube was critical event. The successful integration of existing materials (electronic kit from Jaycar) and my own circuit design proved that I had enough knowledge to get the project started and that this style of approach is a viable solution.
	[image: image7]
The complete Alternator Sube.
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	The electronics package of the Alternator Sube.


Buzzer Subes

There are three Buzzer Subes that take input from other Subes and turn it into a noise. The volume of the noise will depend on the strength of the input and the pitch of the noise will depend on the electronics within the Sube. The Buzzer Subes were uncomplicated and quick to assemble.
	[image: image9]
The three Buzzer Subes.
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	The electronics package of a Buzzer Sube.


Wave Sube
The Wave Sube takes an input from another Sube and turns it into a wave. If a Buzzer Sube was attached to one of the outputs the buzzer’s volume would decrease and increase in a wave like pattern. The Wave Sube was the most complex and difficult Sube. Its electronics package proved extremely complicated and three attempts where made at its construction.
	[image: image11]
	The first design was based on a circuit diagram of the Wien approach. The Wien approach is an older style of solution used in electronics. The circuit never worked in any useable manner. Its failure was most probably the incorrect selection of electronic components and some deep misunderstanding of its implementation.
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	The second design was based on an electronics kit sold by Jaycar Electronics. The kit produces a siren noise and my hope was that this noise occurred as a wave from a high pitch to a low pitch. Unfortunately the kit produces the noise as square wave with no gentle transition from high to low pitch.


The third design was a miracle by my father. He has a background in electronics and knew of an intergraded circuit that, with a minimum of additional components, would produce a sign wave. The chip did create a sign wave with much perseverance. Unfortunately the Sube could not be made to work reliably and eventually seised operation completely. It required at least four batteries to be packaged within its enclosure and would only work if all the batteries where brand new. This was critical point and if this circuit did not work the wave Sube would have failed as a viable part of the prototype. I believe the idea is still feasible but I need to find a different way of approaching this problem. For the purposes of this prototype I have included the Sube so that my users can, at least, understand where it fits into the system of Subes.
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Power Sube

All Subes need to be attached either directly or indirectly to the Power Sube to work. The Power Sube has four output connectors. The Sube was easy to build and at one point included a small lamp, originally purchased for the Wave Sube. The lamp drew to much current from the system and had to be removed. I believe that in a future prototype the Power Sube should have two nine volt batteries in it. The system is often underpowered and fails to work properly due to power loss. I can not fix this issue at this stage in the prototype as most of the electronics packages have been equipped to handle nine volts.
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The Power Sube assembled.
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	The electronics package of the Power Sube.


Repeater Sube

The Repeater Sube has a microphone, speaker two push-button switches and a slide switch on its exterior. The slide switch is in either record or play back mode. One push button temporarily stops the Sube playing back and the other button causes the Sube to record while it is pressed. 

The original idea proposed that a sensitive area would be covered (by a hand or finger) and that the Sube starts recording any sound it hears. When the hand is removed it will start repeating what it just heard until the sensitive area is covered again. This approach could not be achieved due to the complexity of rewiring the inputs to the circuit board and the very high chance of destroying the board in the process. Instead the three controls were exposed through the enclosure.
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The Repeater Sube assembled.
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	The electronics package of the Repeater Sube.


Splitter Sube

The Splitter Sube takes input from another Sube and turns it into three identical outputs. For example it might take a beat signal from the Alternator Sube (see above) and turn it into three identical beats for the Buzzer Subes to use.
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The electronics package of the Splitter Sube.

	The Splitter Sube assembled.
	


Sube Connectors

Inputs can be physically attached to outputs. When a Sube is attached directly or indirectly to the power Sube its output will light up to indicated that it is active and will produce some kind out output if connected to the input of another Sube.
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	[image: image22]

	An output and input connector from two different Subes
	The electronics package of each output connector.


Final Packaging

To present the Subes as a complete package I constructed a simple box from the remaining materials. The box protects the Subes and gives an idea of how the Subes might be presented in a final product.
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User Testing: the Initial Trial

Before executing a user trial I wanted to know how a small number of users (my friends) reacted to the Subes. I wanted to see their initial reactions, if they could use the Subes at all and their immediate reactions to the Subes. This would allow me to rework the Subes (to a minimum) and confirm some of my speculations about what needed to be changed. Effectively I wanted to throw the Subes at a group of people and just see what they do.

I suspected the Subes would need labelling and the users were initially confused by trying to remember the purpose of each Sube. The system is not complete and suffers from a number of bugs that prevent a user from jumping straight in without any guidance. My user group did work out how to use the Subes and seemed to gleam some enjoyment from their experience. This experience has now allowed me generate a more homed user questionnaire experience for the next group of users I interview.
User Testing: Actual Trials
The Subes prototype is not yet at a point where a user could establish its purpose and how to use it without exterior prompting and support. Some of the components are unreliable and could be damaged if the Subes are connected in specific combinations. Therefore the user surveying for this prototype will establish the following:

· The user can understand the potential of the product.
· The user is entertained by the prototype.

· The user can establish a simple and safe combination of Subes and see the result of the connections.

· How the user reacts to the presentation of the Subes

· What other types of Sube the user considers would be a good addition to the system

· How competent the user is with sound and how much sophistication of the user-interface the user can withstand.

· How the questionnaire influenced their understanding of the Subes.
The survey will be applied to a group of four people and it will be divided into three sections:

1. Introduction of the questionnaire and explanation of the Subes system.
2. Handing over the Subes to the group and offering assistance where requested.

3. Requesting that the group members fill in a questionnaire.
My expectations are that the user group will be initially confused at the purpose of the Subes and will understand the Subes purpose after instruction. By holding this trial in a group setting I hope that the members will help each other understand and, possibly, create a larger range of responses as apposed to what the users might produce individually.

My users may pick faults in the Subes and suggest alterations and improvements. Getting the Subes to this level of readiness has taken an immense amount of time. It is inferred that user suggestion and alterations would be recorded but only implemented in the next prototype of the Subes.
Questionnaire

1 = lowest, 5 = highest
	1. Your age 
	

	2. Your Gender
	M
	F

	3. Please rate your musical background.
	1
	2
	3
	4
	5

	4. Do you like synthesised musical instruments or devices?
	1
	2
	3
	4
	5

	5. Please rate your level of curiosity when you where first introduced to the Subes 
	1
	2
	3
	4
	5

	6. Please describe your initial impression of the Subes.

[comments]



	7. The developer of the Subes intends that each Sube have a sleek white appearance with minimal controls. Based on what has been presented to you can you visualise this final product? 
	Y
	N

	8. Do you think the idea of the Subes works well with this method of presentation? 
	Y
	N

	[comments]



	9. Does the labelling on each sube adequately identify that Sube for you?
	Y
	N

	10. Were you able to connect two or more Subes together? 
	Y
	N

	11. Where you able to produce an audible or visual result from connecting two or more Subes together?
	Y
	N

	[Comments]



	12. Do you understand what is being accomplished by connecting two or more Subes together?
	Y
	N

	13. Do you have a favourite Sube?
	Y
	N

	14. If yes what was the Sube and why did you like it?



	15. The repeater Sube is the most complicated of the Subes – did you understand its function?
	Y
	N

	16. Where you able to use the repeater Sube?


	17. Do you think the Subes could be more complex – ie have more controls on them?
	Y
	N

	18. What other types of Sube would you consider as a good addition to the system?


	19. Please rate how well the presenter explained the Subes.
	1
	2
	3
	4
	5

	20. How important was the presenter’s explanation to you in understanding how the Subes function.
	1
	2
	3
	4
	5

	21. General comments




Interpretations of the Questionnaire

The interpretations of the user questionnaire and interviews are divided into three sections. The first is a statistical analysis of the questionnaire by pie chart. The second comments on the some of the written feed back and the third is an analysis of the user testing methodology.
Statistical Analysis
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	The majority of the respondents are male and almost half of them have musical experience. A preference to toward synthesised music is limited.
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	[image: image33.emf]Q10. Able to connect Subes
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	The respondents where initially engaged by the Subes and could envisage a final product. The respondents where able to identify a Sube and understand its purpose and how it connected together with other Subes. Not all the respondents were able to get a result from the system but everyone appears to understand how it works.
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	[image: image38.emf]Q17. Subes could be more complex

Yes

44%

No

56%


	[image: image39.emf]Q19. Rate explanation of Subes (5 = high)
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	The Repeater Sube appears to the be most popular Sube even though it is far more complex than the other Subes while the respondents state that Subes should not be any more complex. This infers, to me, that the level of complexity of the Repeater Sube would be the upper bound of complexity of any Sube in a future product. I believe my explanation of the Subes could be more polished as it may be confusing or misleading to some respondents.


Written Feedback
The written feedback from the respondents was generally good and positive. They understood that system was still in a prototype stage and should not yet be considered as a final product. The written question of most interest to me was what ideas the respondents had for potential Subes in a future product. The following are some of these comments:
· More musical notes and tones.
· A bell Sube.

· Additional noise generators or filters.

· Visual output Subes.

· A greater variety of buzzer Subes.

· A deeper pitched Sube.

· A volume Sube.
· A chart to describe the purpose of each Sube.
· A random beat Sube.
· Delay, reverb and echo Subes.
· Funky light Sube for the dark.
Ethnographical Approaches in User Testing
I have used an explorative approach to my user testing where I adjust my approach in the field. There is no pretence that I am an external player and have no effect on the outcome of the user’s experience. The studies of my user testing sessions and results are as much observational as they are quantative and they occur through semi formal to informal conversation and brief surveys.
My first approach to my user testing was unstructured and collected data in a raw form from as wide a perspective as possible. From this experience I was able to start generating categories for information gathering for future testings.

I could not treat my prototype like a deterministic program where inputs are known and specific outputs are expected. My prototype is physically used by humans and its success is determined by their discovery, understanding and enjoyment of the system. My goal is to see that my users enjoy the product I am trying to produce.

The ultimate aim of my user testing would be to assess the worthiness of my prototype by observing and recording the character of naturally occurring human behaviour (OLT). By using the approach of Naturalism I would minimize my effect on the people being studied and then begin to accurately interpret the worthiness of my system of Subes. 
I could only ever get to this level of naturalism through a number of testing schedules where my presence would be necessary. My presence affects user responses and thus how I develop my prototype. This catch-22 situation may lead me to a situation where my final, truly natural, tests result in a failed product because of previous misleading prototype test results. 
I can assume that a better testing group is needed than the people I have employed – I know them all and they are good friends so they may well produce misleading results. To overcome this potential failure through misleading results I need to:

· Take quotes from users.

· Record my own experiences – even if I am completely separate from the user group at testing time.

· Clearly distinguish between my interpretations, judgements and observations.

· Avoid leading questions that prompt the user to provide a staged response.

Avoiding the use of friends and relatives as test subjects is one of the fundamental points of user testing. These people probably want to see me succeed so they will give positive feedback in most situations instead of their true feelings. Strangers or distant acquaintances have nothing to lose from providing their true responses.

Video Recordings
A video of the interviews can be accessed via the attached compact disk in the file called “subeInterviews.exe” for Microsoft Windows. The interviews are also available as ‘subeInterviews.hqx’ for OS X and ‘subeInterviews.swf’ for other systems.
Future Directions

The Subes have been a mixed result. I accept that my knowledge of electronics will have a significant result on the successful functionality of each Sube. I substantially underestimated the shear amount of hours, money and effort that would be required to get the Subes to a point where they are useable in a basic prototype form. The biggest drawback of electronics prototyping, apart from the amount of knowledge required, is that you have nothing until the circuit works. Programming in Macromedia Flash and other multimedia packages allows you to present a prototype even if it doesn’t work properly.  A circuit will either work or not work – there is very little middle ground.
During the creation of the Subes I have been considering where I would go with a next generation prototype:

· The current prototype uses the voltage level from the input Sube as the signal to the connected Subes. The next prototype would use a separate signalling wire and voltage would be held at a steady level across the system. This, I think, would overcome power dropouts at the end of the connected Subes.
· I would need a partner who is technically knowledgeable in electronics. The partner would need to have vested interested in seeing the project succeed.

· Based on how open the user groups are to more controls on each Sube more complex Subes might be added to the system.
· Experimentation with the look, feel and behaviour of each Sube to make it resemble its action. For example Subes that produce soft gentle sounds should be round and mellow as apposed to Subes that produce harsh sounds. This second type of Sube might be pointy and bright.

· Each Sube should have longer connectors.
Conclusion

This assignment has presented the next level of prototyping for the Subes idea that I presented in assignment 2. I have defined my methodology of presenting the prototype to a user group for testing and feed back. I have analysed the results of the user group for the next direction that Subes might take. In addition to what the user group has told me I have described the elements of the Subes I would focus on in the next stage of prototyping.
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