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Abstract

For many people, exercise is simply boring, so they turn to devices that can help them keep their minds off what they’re doing while they exercise.  Entertainment fitness uses technology to engage users rather than distract them.
Tetris Weightlifting is a prototype entertainment fitness system that allows players to lift weights as the means of control for a modified version of Tetris.  User testing with the device suggests great potential for combining casual games with exercise activity.

Introduction to this project

I have long held an interest in both electronic games (ever since the days of the original Nintendo) and exercise (ever since I joined the track team in middle school).  After some thinking, I began to wonder just how I might be able to combine both of those interests with my studies in human computer interaction. 

When looking for ideas, I started by considering physical interfaces that had been tried in the past.  From my search, I found that gaming was where the most innovation had taken place; though desktop computing has seen its share of unique input devices, video games seem to inspire novel interfaces on a much more regular basis.

Physical interfaces for gaming have taken a wide variety of interesting forms.  Direct manipulation interfaces have been tried on numerous occasions, including Nintendo’s Power Glove for the NES and more recently the motion sensing controller announced for the upcoming Wii.  Gaming controllers have also frequently used input from more than just users’ hands.  Full body control was seen with limited success with Sega’s Activator controller for the Genesis and foot-based control has appeared everywhere from foot pedals in racing games to pressure sensitive mats such as Nintendo’s Power Pad and more recently the dance pads for games such as Dance Dance Revolution (Wikipedia, 2006).

Rationale behind entertainment fitness

The world today faces a great health crisis.  Obesity is an epidemic of growing proportions, especially in America.  Despite numerous advances in medicine, more and more people are having problems with their weight.  In fact, obesity “kills more Americans every year than AIDS, all cancers and all accidents combined” (American Medical Association, 2005).  In looking for the root causes of obesity, two changes in modern lifestyle are likely candidates to address.  More so than in generations past, snack foods, high calorie beverages, and other less than healthy foods have become staples in many households.  In addition, a look at the promotions for fast-food restaurants in recent years reveals another problematic trend: people are eating larger and larger portions at every meal.  Though a serious problem, it may be very difficult to solve through technological means.  The second lifestyle change that has spread through society is a shift towards more sedentary jobs and social activities.  Several generations past it would be common to till a field during the day and go for a walk in the woods to relax in the evening; now, however, a more common routine would be to type at a computer during the day and lounge on a couch at night while watching television.  Of these two factors contributing to obesity, it is this issue of inactivity that may be the easiest to address via technology.

Though many people are increasingly choosing sedentary activities for leisure, most are not necessarily adverse to physical activity.  As the success of many advertising campaigns and infomercials will testify, people have a general willingness to try something if they can be convinced that it is new and exciting.  Further, activities such as extreme sports (such as rock-climbing and skateboarding) have seen large growth in popularity during the past several years.  Their growth in participation, though, has been comparatively much smaller, likely due to the relatively high barriers for entry to participate.  Creating new means of exercise that share similarly high amounts of excitement, but with much lower barriers for entry, could be a potential way to encourage larger numbers of people to stay fit.

When looking into ideas for technology to help prevent people from becoming overweight, one of the first things to investigate might be the technologies that are contributing towards the problem.  Video games are one of the fastest growing means of sedentary leisure, especially among children.  The successes of a small number of more active games, such as Dance Dance Revolution, suggests that it may be possible to combine video games with fitness activities to make them more attractive.  Most of these games have focused on fast-paced aerobic activity with a fairly steep learning curve: this combination may or may not be the most effective tool for allowing such games to achieve widespread use.  The frequent requirements of quick reflexes and a highly tuned sense of rhythm further limit the appeal of music-based games.  In looking at other possible forms of exercise entertainment, it maybe wise to consider the merits and potential drawbacks of various forms of both games and exercise. 

Competitive sports have long been an avenue for both exercise and entertainment.  Participation in competitive sports, however, carries a certain amount of associated stress.  Due to the many rules often involved in competitive sports, especially team sports, the complexity level is higher than many people are comfortable with.  Further, in team sports, the need to coordinate with others to schedule games adds a social pressure to keep participating, but also requires a greater amount of commitment.

Many console and PC games also involve competition and share many of the same traits as competitive exercise.  In many massively multiplayer online role-playing games, for example, gamers often align themselves with various factions in the games (such as guilds), competing with others and facing social pressure to participate from their peers.  Like real world competitive sports, these games also carry with them the added complexity of rules for play, though they are often either enforced for the player or are less codified.

When looking at non-competitive means of exercise and gaming, personal fitness and casual gaming are the most prominent activities of each area.  Personal fitness activities include non-competitive running, weight-lifting, and various outdoor sports.  Participants generally exercise alone and rarely have spectators, unlike in competitive sports.  Casual gaming, likewise, is often a solitary activity.  Casual games include simple often web-based games such as Bejeweled, Mahjongg, and Solitaire, and word or number based games such as Sudoku.  These games generally lack the time pressures of action-oriented games and in many cases are electronic adaptations of older, physical games.

In contrast to the higher barriers for entry posed by competitive sports and more action-oriented gaming, personal fitness activities and casual gaming are both much more easily approachable by newcomers.  Looking at exercise equipment in particular, such as weight benches and treadmills, the pattern of use is very similar to that of casual games.  Both cases are instances of things designed almost entirely for the purpose of interacting with them.  Though users may set goals for themselves as a measurement of progress, the activities themselves are generally not designed with a specific goal in mind other than for the user to gain enjoyment or fulfillment.

If looking simply to try to get someone started who isn’t currently active, having the barrier for entry as low as possible may be the best approach.  In this light, combining exercise equipment with casual games holds considerable promise.  Existing exercise equipment already makes use of numerous affordances and is common enough most people, even those who do not exercise regularly, have established mental models regarding its use.  Traditionally, most exercise devices allow for a very limited number of types of user “input” – often relying on two distinct actions (usually corresponding in some way to right and left).  Likewise, casual games tend to rely on very limited sets of controls.  A recent finalist in the 2006 Independent Games Festival, Strange Attractors, even relies on only a single button for input.  By using variations on existing exercise equipment, users will have a much better expectation of how to interact with devices.

Using casual games could also give devices broad appeal.  Whereas the average console game is designed to appeal to the demographic of 18-24 year old men, casual games are designed with the intention that anyone can play and enjoy them.  Currently, “Puzzle/Board/Game

Show/Trivia/Card” games are the most frequently played of all online games (Entertainment Software Association, 2006).  Further, the slower pace of casual games may be much more suited to the pacing of use for most fitness equipment than action-oriented games would be.

From a development perspective, it may also be easier to develop casual games to incorporate into exercise equipment.  Due to the relative technological simplicity of these games, they have much low hardware requirements and require few specialized coding skills to implement.  Given their simpler forms of repetitive game-play, little to no time needs to be spent developing plots for these games.  Further, since simple concepts often require less complicated imagery to convey, it may be possible to use cheaper display technologies when implementing the visual interfaces for casual games in exercise devices.  With the relatively low cost to develop casual games and implement them in hardware, there is little reason not to incorporate them into exercise equipment.

Well planned combinations of casual games and exercise devices have the potential to motivate larger numbers of people to both exercise and enjoy gaming.  The potential exists for many groups to benefit from these devices: game companies could reach a broad untapped market for their products; exercise equipment manufacturers could see increased sales; and the general public could play their way into better health.

Additional thoughts on Entertainment Fitness
One of the only gaming devices related to strength training on the market at present is PowerGrid Fitness’s Killowat, a general purpose gaming controller for the Playstation 2 that uses for isometric exercise.  Users exert force against a large control stick that takes the place of the analog stick on a standard Playstation controller.  It has the benefit that it will work with any almost any existing Playstation game; however this benefit also means that the potential market for such a device will most likely be limited to only a subsection of those who enjoy Playstation games.

Although console games require quick movements and are not designed for the most ideal pacing of exercise activity, PowerGrid’s research has shown that the rapid movements required to play many Playstation games are safe.  PowerGrid’s research, however, has focused primarily on validating that the Killowat works as a means of exercise rather than how enjoyable it is from an interaction design perspective.
On the subject of quick motions and the possibility for combining weightlifting with gaming, Dr. Daniel Drury, associated with PowerGrid Fitness has stated: “The requirement of moving any mass over any range of motion would effectively make the player too slow to be competitive, have fun, or stay motivated to play” (Drury, 2004).  This study directly challenges this assertion.  Many types of games can be enjoyable without having to move quickly.  Looking at the history of games, games that proceed at a leisurely pace and require reflection in between actions are as common as games that require fast response time: ancient Egyptian hieroglyphs for example, show evidence of both board games, such as Senet, and ball games, including an early variation of floor hockey (Wikipedia, 2006).

Design

When determining what to choose for my capstone project, I looked at many different ideas within entertainment fitness.

Some the ideas I chose not to pursue included:
· Fitness-based massively multiplayer online role-playing game (MMORPG)

· Users operate small fitness devices (i.e.: an ab-crunch type workout device) with adjustable difficulty.

· Using different devices could correspond to different class skills

· In-game progression could be partly based on real-world progression (i.e.: you can do more if you get stronger).  This could make a game much more interesting to people more interested in athletic activity (and possibly less interesting to some of the current demographic that commonly plays MMORPGs).

· Physical limitations could provide a built-in limiter to help prevent addiction and extremely long anti-social playing behavior.

· A potential downside is that currently MMORPGs have a limited audience, therefore even a fitness MMORPG might just wind up catering to gamers.

· Modifying existing exercise equipment to allow for “competition”

· A bank of exercise bikes or rowing machines could be networked together.

· Users in a gym could “race” against each other.

· A group of “rowers” at one gym could race against a team from another gym.

Ultimately, I decided to try creating a weightlifting-based interface.

Design criteria

In my designs, I set for myself the criteria that rather than designing something marketable only to current gamers, I would try to design something with the potential to expand the audience for games and motivate larger numbers of people to exercise.

Weightlifting hardware
Given my experiences with existing weight lifting equipment, I felt it important to allow users to adjust the amount of weight they would lift.  Initially, I considered several using a means of electronic adjustment for weight.  After considering several ideas, including using a pump system to pump water into and out of buckets from a larger reservoir and using increasing tension via elastic bands that could be wound with a high torque servo motor, I concluded that electronic adjustment would be too costly and time consuming to implement.  As such, I settled on a system for manual adjustment allowing the user to physically place weights in buckets.  Though not as exciting as some of the more exotic ideas that I had come up with for electronic adjustment, it was inexpensive, efficient, and I felt it was well-suited for a prototype implementation.  Given that most high-end weightlifting equipment found in gyms requires users to add weights manually, users of existing equipment should find the system somewhat familiar.
As a further note, having weights placed behind the user and lifted via pulleys helps to isolate the user from the source of weight and eliminates the possibility that they might be injured if they were to drop the weights suddenly.

Detecting input

Once I had settled on adding weights to buckets as the means of weight adjustment, I then faced the task of determining how to detect their movement.  My first thought, using optical mice to track the movement of the cables (or alternately, the pulleys), did not work: it was too difficult to keep the mice close enough to and aligned precisely enough against objects in motions.

My next avenue of attack at the problem was to try using Phidgets distance sensors to determine and track the height of each bucket.  Though I had initial concerns regarding the range of distances the sensors would read, they covered almost the entire range of distances the buckets moved through.  Due to the small amount of distance required before the sensors would begin to detect objects, I had to add two boards for the buckets to sit upon so that they would be within range of the sensors when at rest.

In developing the software to interpret values from the sensors, I encountered a small issue common to working with Phidgets analog sensors: the starting values for sensors are inconsistent, varying each time the software is started.  Since I could not depend on a fixed starting (or maximum) value from the sensors, I found it better to use approximated thresholds to estimate the position of each bucket.

The current software for the sensors works as follows:

· Two distance thresholds are used to determine states for the pulleys.

· Reaching threshold one is used to determine if the bucket is in motion.

· Reaching threshold two is used to determine if a key-press should be triggered.

· Software allows for three distinct types of input depending on how the user interacts with the two pulleys.

· If both of the buckets have reached threshold one, wait until both have reached threshold two in order to trigger a down arrow key-press.

· If only the left bucket has reached threshold one, wait until it reaches threshold two to trigger a left arrow key-press.

· If only the right bucket has reached threshold one, wait until it reaches threshold two to trigger a right arrow key-press.

Handle-grip buttons
I wanted to avoid having an extra set of wires going to the handle-grips, since they would be in motion during exercise.  However, I found it quite difficult to find a source to buy wireless buttons.  Since I could not find buttons on their own, I began looking at various devices that I could disassemble to extract the necessary electronics.  My first thought was to use the hardware from a wireless doorbell kit.  When looking at them, however, I found that it was difficult to determine where the appropriate solder points on the receiver would be in order to detect the signal from the remote button.  Further, I wanted to be able to send a different signal from the button in each grip and the wireless doorbells I was able to find only sent a single signal.

After some more searching, I began looking at inexpensive radio control cars.  I concluded that it should be possible to connect a relay in place of the car’s motor – the relay could then be connected to one of the digital inputs on a Phidgets interface kit.  In addition, most radio control cars are available in both 29MHz and 47MHz models, making it easy to send two distinct signals. 

My first attempt with a two-function radio control car (made to travel in reverse by default and go forward when a button on the remote was pressed) ended in disappointment.  I found that since the car was intended to always be in motion, the relay was always triggered and therefore I could not easily tell the difference between whether or not the button on the remote was pressed.  Though I might have been able to address this problem by adding a diode to the relay input so that it would only trigger when a positive voltage was present, ultimately I found an easier solution before I had the chance to purchase diodes.

The solution that I ended up using in the final design for the device was to use full-function radio control cars (purchased for only $3 on clearance, though they can be easily found for $10-$15 or less at regular prices).  By simply removing the motor from a car and connecting a 5V relay in its place, I could feed the output from the relay into a Phidgets digital input connection and distinguish between when a button was or was not being pressed.  Once I had tested with the remote that came with the car, I needed only to solder two wires onto the contact points inside the remote in order to attach my own button.

Given that full-function R/C cars use two motors, it should be possible to adapt this technique to detect input from at least four buttons (possibly more if a more complex circuit were used) from a single remote.  It may also be possible to use the hardware from a more expensive R/C car (~$50) that supports variable speed to transmit the values from Phidgets analog sensors wirelessly.  For the purposes of this project, one digital button per remote was enough to meet my needs.

Overall Hardware Design
All-in-all, developing the hardware for the device was an interesting project.  Unlike many HCI prototypes, Tetris Weightlifting was a very large physical device.  As such, it required a larger amount of space and larger array of physical tools to construct.

Though I was able to construct the system using my own resources, further university studies could benefit greatly from dedicated facilities for physical construction, such as a departmental woodworking shop.

Software design

During the initial phases of my design, I had considered developing a new game specifically designed for the physical interface I planned to develop.  As my work on finishing the hardware for the game progressed, however, I found that developing a game from scratch was more than the time that I had available would allow for.  At that point, I began considering ideas of existing games that could be modified for use in an entertainment fitness device.

A recent article on “The 200 Greatest Games” in Electronic Gaming Monthly included an comment by Alexey Pajitnov on his creation of Tetris: “I had no score, no acceleration [of the pieces], but I just couldn’t finish these parts… because I just sat and played with my half-working program.”  After reading that, I began to wonder: if Tetris was fun when only half-finished, could it still be fun and engaging if time were removed as an element of gameplay?

Would removing time simply make the game a more reflective activity?  Given that pentominoes were the original inspiration for the game, and those far predate computing, perhaps so (AtariHQ, 2005). 

As one of my primary motivations for using an existing game in my prototype was to cut down on development time, I began looking at various open source Tetris clones and eventually settled upon one simply titled “Java Tetris.”  As I had hoped, the key change of eliminating the factor of pieces dropping automatically was relatively straightforward and only required commenting out one line of code.

After making that small change, however, I found that the game simply didn’t “feel” right in my initial testing.  After some deliberation, I concluded that the problem was that pieces took far too long to reach the bottom of the playing field.  To address this, I tried reducing the playing field to half its original height (moving from a 12x22 grid to a 12x11 grid).  With the reduced playing area, I found the game much more enjoyable.  After trying other variations in size, I finally settled upon a playing area of 10x10.

Though reducing the size of the playing field did not result in the pieces themselves moving any faster, I found that it greatly increased the perceived “feel” of the game.  I believe the difference in how the game felt stemmed from the reduction in time spent dealing with each piece: since each needs to move less before settling, new pieces appear more quickly.

As an additional benefit for exercise applications, it may be that since each piece may likely be moved more towards one of the two sides than the other, cutting the time to deal with each piece helps to even out the effort required from each arm to move the pieces

User study

Users were given a brief introduction to how the system worked and were asked to sign an informed consent statement describing what they would be asked to do.

Before playing, users were asked to do some upper-body stretching exercises.  Given the more physical demanding nature of the study, this was a precaution added to help ensure that users were not injured due to strained muscles.  In retrospect, the amount of weight that users were asked to lift in this study may not have been enough to require stretching before use.  Nevertheless, it may be wise to err on the side of caution when testing larger physical interfaces. 

Unlike most user studies in the field of human computer interaction, testing exercise devices requires greater attention to the physical limitations of users and the risks they may face from participating in the study.  Weight-lifting, in particular, carries with it some risk of muscle-strain.  By limiting the amount of weight that users lifted and requiring them to undertake stretching exercises at the start of the study, some of these risks were reduced. 

Users were told to play for as long as they wished.  They were told to stop if they were tired, bored, or otherwise felt like stopping.  Initially, a cap of 20 minutes of play time was specified to ensure that no one continued to exercise for an excessive amount of time.  This limitation, however, proved to be largely unnecessary, as only one user came close to that time span: most users finished play within a few minutes.  Though the average time users spent playing was less than was initially expected, the short duration falls squarely in line with the amount of time most users would commonly spend using a traditional weight-lifting device.

Users gave feedback throughout the testing and were asked to complete a short survey on their thoughts about the interaction.

Study results
In total, I conducted user testing with 15 users.  Though I had initially expected that the user population for my study might be segmented into “gamers” and “fitness enthusiasts”, the users had a diverse amount of experience with both gaming and exercise.  Further study might try testing with a large user population to look for differences in reactions between more sports-oriented and more technically-oriented users.  It is possibly, however, that such distinct groups might not exist: recent statistics show that “79% of game players of all ages report exercising or

playing sports an average of 20 hours a month” (Entertainment Software Association, 2006).
User response was overwhelmingly positive.  The users adapted to the control mechanism very quickly and generally had few problems, save one.  One of the most consistent areas of confusion for users was determining what to do when pieces reached the bottom of the playing area.  Though users who had played Tetris extensively in the past appreciated the game dynamic of being able to slide pieces left and right once they reach the bottom, most users found the idea that an additional downward movement would be required to cause a piece to “settle” somewhat counter-intuitive.  In fact, many users became confused when encountering pieces that they initially believed to be “stuck” at the bottom of the screen.  Even after an initial explanation, some had to be prompted to make an additional downward move on to the next piece. 

Removing the ability to slide pieces once they reach the bottom might fit better with users’ mental models, but might also make the game more difficult (since it would make it more difficult to fix mistakes in piece placement).  Given that only one user in the study expressed a positive reaction when discovering the mechanics of the existing behavior, the risk of increasing the difficulty may outweigh the potential benefits of adapting to users’ expectations.

During the second test, I found that handles needed to be glued more tightly – this was a definite reminder that when designing a physical interface, it needs to be as solidly constructed as possible.

In this test, the user also attempted motions with the hand grips that I had not anticipated: they pulled one of the grips, held it to continue lateral motion, then pulled down the other grip while still holding the first.  To their surprise, the game treated this motion as holding left + down (or right + down), rather than stopping the lateral motion and moving only downward as expected.  After this test session, I modified the software for the sensors to accommodate this behavior.

Many of the users expressed a desire for more multimedia feedback.  Given the constraints on development time, the graphics for the game were simplistic and audio cues were nonexistent.  Using more aesthetically pleasing graphics, adding sound effects, or using other means of multimedia might help to improve users’ experiences and keep them engaged for longer periods of time.  As a side-note, the one sound that was present within the device (clanking weights) was somewhat of a distraction to users.  Future work would need to do something to dampen the sound from the activity.  In the current device, this could be addressed by putting insulating material between weights.  In a more advanced iteration it could be solved by using adjustable tension rather than actual weights.

One of the most interesting behaviors I observed was that users chose when to stop playing based on in-game cues rather than based on how much exercise they had done.  For example, rather than deciding they would do a set number of repetitions, they would set a goal to clear a certain number of lines or to reach a target score.  As a result, many exercised for slightly longer periods than they otherwise would have with normal exercise equipment.  What is also interesting is that even users who did not find the game particularly engaging were engaged enough that they tended to forget about the physical activity.  One caveat to this observation is that the current system did not give users visual feedback of how many repetitions they had done: adding such a metric to the visual display might cause some users to focus on that rather than the more abstract numbers provided by the game.

In the first few tests, I began with 2.5 pounds of weight in each bucket and gradually added weight in 2.5 pound increments, up to maximum of 10 pounds per bucket.  I found that the motion of the buckets was fast and unsteady at the 2.5 pound level, but became smoother as weight was added.  Further, I discovered that most users only started to “feel” like they were lifting a significant amount of weight once they reached 7.5 or 10 pounds (often 7.5 for women, 10 for men).  In later tests, I had users begin with 10 pounds and reduced the amount to 7.5 if 10 pounds was too much for them.

Though I had originally thought that increasing weight at intervals could pose an enjoyable game-play dynamic, I found it to be mostly unnecessary.  As long as a user is lifting enough weight to “feel” like they are exercising, lifting the same amount of weight gradually becomes more difficult (since many repetitions are tiring).  Given the variations in how much weight was necessary for users to reach that threshold (including a small number for whom 10 pounds seemed a little too light), adjustable weight may be a useful feature in this type of device.  A further refinement of the current system would be to allow for a wider range of possible weights and to allow users to adjust the amount of weight via software controls (as requested by several users).

As I began testing users of various heights, I found that the height of the chair the users sat in had to be adjusted based on how tall they were – shorter users needed to be higher up in order to move the weights enough to trigger the software thresholds.  An improvement for future work might be to devise a more elegant means of ensuring that users of any height can sit down and use the device without needing to make adjustments.

Potential Markets
Combining entertainment and fitness has definite potential.  In looking what markets might be most receptive to larger sized entertainment fitness devices there are at least three main possibilities: the home, the arcade, and the gym.  Of these three, the home market might prove the most challenging.  It is possible that the development costs for a device could result in the first few generations being too costly for the average consumer.  In comparison to the average price of most existing exercise devices, such as home gyms or treadmills, there does appear to be a market for high-priced, high-quality fitness equipment.  Similarly, though it is uncommon to find large gaming devices in the average home, many people are comfortable with dedicating space in their house to exercise equipment.

The next possible target is the arcade.  Traditionally games using larger physical interfaces have been found in arcades, often as the precursor to scaled-down versions for home use (as in the case of Dance Dance Revolution).  Entertainment fitness devices, though, may provide an interesting challenge to incorporate into the economic model of an arcade, however.  Unlike most arcade games, which often quickly increase in difficulty and are over quickly, an entertainment fitness device may not necessarily have an inherent limit on how long a gaming session can last.  Arcades with flat-fee admission rates or time-based access fees might find entertainment fitness easier to incorporate into their business models.

One other possible location for placing entertainment fitness equipment is the gym.  People already expect to find large exercise devices in a gym – adding electronic games to something that looks like existing equipment would not stray far from the types of things users expect to see in a gym.  The easiest path into gyms might be through the sales channels of existing fitness equipment manufacturers.  It may, however, be harder to convince fitness companies to buy in to the idea of adding electronic entertainment to their devices than to convince video game developers to design games for fitness equipment.  Given that these types of devices could be designed as replacements for or simply improvements of existing weight-lifting equipment, having added entertainment value in devices could be a marketing advantage for both exercise equipment manufacturers and gyms.
Concluding Thoughts
In retrospect, the design process that I followed centered around two major principles.  I would describe them as design by exclusion and justified intuition.

Design by exclusion summaries my desire to do something new and different.  By looking at the domain of solutions that had come before in the design spaces I was researching, I tried to focus my brainstorming on what things had not been done.  In some cases, this was a matter of taking a “devil’s advocate” approach and speculating what the opposite of an existing product or solution might be.  In other cases, it required careful thought to figure out where unexplored areas might be.

One of the aids in coming up with something different was to start out by looking at where the overlap might be between two seemingly unrelated domains (gaming and fitness).  Analyzing these types of overlaps can produce odd, yet interestingly successful results (i.e.: open source software + dairy farming = Linux-powered robotic milking machines) (Linux Devices, 2005).
Justified intuition was also a major design practice that I followed.  This principle centers on having a strong “gut feeling” that an idea will ultimately prove successful (hence intuition).  Beyond simply coming up with an idea and proceeding with it, the practice involves taking time to investigate exactly why the idea seems like a good one.  Although justified intuition is very different from many traditional design approaches, I feel that it is a much more honest description of the practical approach taken by many designers.
Likely because the modern discipline of human computer interaction has roots in more mentally-oriented disciplines such as cognitive and computer science, it seems that many focus solely on software and forget about the more physical background that HCI has in areas like ergonomics.  One side effect of this is that new physical interfaces, especially large ones, are quite rare to appear.  With the rise in interest in areas like pervasive computing, though, there may be more opportunity to develop new means of interacting with our environments through subtle interfaces both large and small.
Given the very positive reception that this project received, more investigation into using games as a prototyping tool may be warranted.  Whereas new interfaces (whether they be software or hardware) for productivity tasks may face resistance from users of existing systems due to comfort with existing systems or fears about job security, new interfaces for gaming may be perceived as less threatening.  As such, it may be possible to prototype interface changes within the context of games to gauge their possible success in more utilitarian applications.
Appendix A:

Responses from debriefing questions 

1.
I exercise:

(1 = Never / 5 = Frequently)
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Average:
3.53

1b.
(if other than Never) What do you do for exercise? (aerobic? / anaerobic?)

Aerobic, mostly – biking, dancing

Fast walking (on track)


Aerobic (running) 3x per week

Anaerobic


Ultimate Frisbee

Anaerobic, running, elliptical, bike, stairs, free weights, machines, abs stuff

Anaerobic, i.e. lifting

Gardening, work

Run / aerobic weight training

2.
I play video games:

(1 = Never / 5 = Frequently)
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Average:
2.07

2b.
(if other than Never) What types of games do you currently play?

Currently, I don’t play many.  Mostly adventure/character-driven games.  I also like puzzle games.  I played a lot of Tetris back in the day.

Nintendo NES emulator games, online euchre

PC based

Only at other people’s houses

FPS, MMORPG, metaverse, adventure, interactive narrative, RPG, stealth, platform

Warcraft 3

www.netives.com speedmarbles

Old platform games on emulators

3.
This activity was:

(1 = Too Difficult / 5 = Too Easy)
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Average: 3.60

4.
I enjoyed this activity:

(1 = Strongly Disagree / 5 = Strongly Agree)
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Average: 4.27

5.
I would be interested in playing similar types of interactive games:

(1 = Never / 5 = Frequently)
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6.
What improvements do you think could be made to enhance a game like this?

Figuring out the personal adjustments – height, length of arms for the downward pull – seems important.  If might be fun to modify the controls to target different kinds of workouts.


Communication/comparisons with other players

It was cool!


Give user feedback at the end of the game on reps, calories burned, etc.

Make the game competitive in some way (optionally)

Have differing levels of difficulty

Align the game difficulty with actual scientifically valid exercise methods


Better ergonomy of the handles


Tell me how many reps I did

I might worry that I might get a better workout in one arm than the other…

Use other exercises/games

This was awesome!


Checking that the load & activity is balanced for both arms

The speeds, etc. & other factors of the game (virtual) could be more linked to the phidgets (which I’m sure you will do in a further iteration pretty soon)

Faster, more variety

More challenge

If the game play dictated the proper exercise actions, like watching an exercise video except with the game showing what to do through play, that would be a big incentive.

The need to hold down the controls to force the pieces lower is a potentially nice feature to change the kind of exercise.  Maybe with variable weight resistance, that can be controlled in some way to fit with proper exercise habits.  Maybe the pumping action also serves to stockpile some resource or lessen the resistance.

I think this is a great start for this kind of approach.  In terms of making it more convenient, if we can change the level of weight/intensity while we are playing the game, it may make me staying playing this longer.

And if we can play this collaboratively with, for example, a friend distantly, it would be even more enjoyable.

It got boring quickly, if its going to be different than other lifting devices needs to be glitzy.  Could be fun though

Sound is needed

Needs more weights

Other games could be interesting

Small technical improvements could be made such as having blocks drop by gravity as well as user control

Using cushions on weight pads and ergonomics-minded design will make it more usable

Difficulty is too easy, it takes away from “fun”

Felt more like exercise than fun.

The movement could be made more natural, like a bicep curl, or pressing

Vary the movements to work different muscles

Appendix B:

Game screens
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Figure 1: unmodified Java Tetris
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Figure 2: modified Tetris Weightlifting client
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