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Pirate Physics: Simple Machines App for the iPad 
Jennifer Bundy, Christine Chow, Katie McFeely, and Lyn Lyn Tang 
  

Design Objectives and Significance 

Design Goal 

Our objective was to design a tablet-based game for children from ages seven to ten to use in an informal 

setting. Through field research and observation, we identified a point of view to use as a focus for our design: A 

curious third grader needs to engage in activities that stimulate his interest because he is naturally curious but needs 

ideas and tools to explore. Using our iPad game, children will learn about the six simple machines: pulleys, levers, 

screws, wheels and axles, inclined planes and wedges.  Specifically, our learning objectives are that players will be 

able to: 

1. Identify each type of simple machine within a more complex system 

2. Use each simple machine appropriately in a virtual simulation 

The iPad application will introduce simple machines and their functions, let users interact with each simple 

machines and ask users to utilize combinations of simple machines to solve a problem by creating their own Rube 

Goldberg machine. Incorporated in the app is a social network element, where children can upload their virtual Rube 

Goldberg machines and vote on their favorite creations from other users. 

 

Form and Function 

Initially we considered integrating a physical component into our design where children would build simple 

machines in real life and then complete a virtual activity on an iPad. As a part of the design process, we discovered 

that our time was best spent integrating the exploration and building components of our design into a single iPad 

application. This helped us streamline our work and use our time during user tests in a more focused manner. 

We used two rounds of prototype testing to determine the final form and function of our project, asking 

children to interact with our prototypes and give us feedback (Hanna, Risden, Czerwinski & Alexander, 1999). Our 

users’ responses to our prototypes informed large changes to our initial idea. 

Our interactive iPad application has a low barrier to entry. Users choose an avatar, enter their name, and 

then click “Start.” Users may start a new game or continue with a previous game. Because our field work and user 

testing showed that our users like short interactions, enabling them to revisit previous games allows them to play the 

game in short bursts, while still working towards a sustained goal. 
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Image 1: Screen shot of Start screen 

 

Much like in popular games like Angry Birds, a short, engaging video begins immediately. This video is an 

introduction to the game’s narrative and also serves to introduce users to the basic mechanics of simple machines. 

This feature facilitates an endogenous user experience; we embedded learning into the game so that it is a stand-

alone experience with no prior knowledge required. The introductory video introduces the six simple machines to the 

users in a cartoon-format: 

 

You just landed a job as a pirate but have to make it to the ship before it sets sail! Along the way you 

encounter a series of challenges to overcome, each one featuring a different simple machine and it’s 

possible uses: 

○ Screws - Use them to hold things together or move down screw-shaped structures to save energy 

○ Wheel and Axles - Roll heavy things along 

○ Pulleys - Raise, lower or move something heavy 

○ Wedges - Use it to stop things from moving, force objects open or cut things down 

○ Levers - Lift or move heavy loads 

○ Inclined planes - A slanted surface that makes it easier to move objects up or down 
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Image 2: Storyboard of introductory video 

 

After completing the introductory video, a map with six, simple-machine-themed islands and the mainland 

appear on screen. Users touch the island of their choice to select their first challenge. 

 

Image 3: Image of the Main Map and Lever Island 

 

Each island provides a snack-sized interaction for the user. Users can complete a task on one island and 

their work will be saved. Island-based challenges can be completed in any order. Our application is leveled, so that 
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each island’s challenge becomes progressively more difficult, in order to keep users engaged. As a user completes 

island-based challenges and progresses to higher levels of difficulty, two things happen: 

1. A user may choose a new color for her avatar each time a challenge is won. 

2. The tool that the user collects is added to her toolbox (see Image 3) and may be used on any subsequent 

island challenge. 

 

 

 

Image 4: Challenges for Inclined Plane, Screw, Pulley and Wedge Islands 

 

Each island’s challenge centers around the pirate theme: 

● Inclined Plane Island: Roll a coconut back to the boat 

● Lever Island: Use a rock to collect food from a tree 

● Wedge Island: Use an axe to release a stuck anchor 

● Screw Island: Repair a leak in the punctured boat 

● Pulley Island: Collect water from a well 
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● Wheel and Axle Island: Collect treasure using a wooden box 

After completing challenges on all of the islands, the user is given her next task. A short video plays and shows an 

example of a character completing a task of raising a sail using a Rube-Goldberg-style combination of simple 

machines. The user is instructed to press “go.” The machine begins, and through a series of steps delivers uses a 

boulder to raise the sail onto the mast of the boat. 

 

Image 5: Storyboard of Rube-Goldberg machine 

The video pauses, showing the Rube-Goldberg machine at rest. Then, the application guides the user in the 

following interaction to assess whether users can identify each type of machine. If they cannot, the application 

provides feedback and retests until the learning objective is met. 

1. The user is asked to touch the pulley. 

2. If the user is correct, the application asks the user to identify each subsequent machine. 

3. If the user is incorrect, the application highlights a pulley so that the user can press it correctly.  

4. The user must identify each simple machine without a hint before the application will move forward 

After correctly identifying each simple machine without a hint, the user is instructed to create her own Rube-Goldberg 

style machine in a setting different from the one shown in the previous video. 

 

Image 6: Main Island Screen 
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Here, the user can test how her machine works by touching “play” to animate the machine’s action. She can 

build or interact in the way of her choice. Once she completes the task - delivering the treasure to the boat - in a 

manner that she likes, she may share her results by touching the “capture” icon. This saves her work.  

Once finished with the game, the user has the option to enter her work into a competition with other users. 

Using the Hall of Fame functionality, user may view and “play” other users’ designs and vote for favorite designs. The 

Hall of Fame is an important social component of the game that lets users interact with each other and cultivate new 

ideas. 

  

Image 7: Hall of Fame 

Interactive Scenario 

Kayla attends third grade at a California public school where science is not a requirement. Her grades are 

average. Her parents have an iPad that she uses sometimes when they are traveling or at home while her father is 

preparing meals. Typically her interactions with the iPad are short, but she likes playing games. She would not 

describe herself as interested in science, as her exposure to formal science learning is infrequent - her teacher 

introduces short, dry science topics once a week. She likes making and sharing things; her current interest is making 

necklaces and bracelets for friends. Kayla needs a way to engage in activities that stimulate her imagination. 

On a car trip to Tahoe, Kayla’s parents let her play with the iPad. She sees a new game is on the screen, 

and she is intrigued by the colorful icon. Kayla chooses a sheep as her avatar and touches the ‘start’ button.  She 

watches the video, laughing at the pirate animation and watching to learn about the tools she will use to collect her 

treasure (see Image 2 for a storyboard of this tutorial). 

Kayla sees the map, and touches the island that catches her eye: Inclined Plane Island. She watches as her 

pirate ship zooms across the screen and screeches to a halt at the island she selected. She sees a new screen, 

which explains her challenge: Get the coconut back to the ship. She drags a few inclined planes onto the screen, 

pinching to make them smaller and larger. She experiments with a few configurations until the coconut travels down 
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the inclined planes that she carefully placed, and onto the boat. Kayla exits the game, moving on to another game. 

She spent no longer than four minutes with the game while in the car. 

On another day, Kayla’s dad is cooking dinner and hands her the iPad. She remembers the “pirate game” 

and launches it by pressing its icon. She presses “resume game” and again watches the short entry video. The map 

indicates that she has already been to Inclined Plane Island and the inclined plane is activated in her toolkit. She 

touches Pulley Island and her ship sails to it. This time, she is asked to complete a slightly more challenging task then 

she completed on Inclined Plane Island. After she completes the task, Kayla exits to play another game. 

On other days and times, Kayla works her way through all six islands. At one point, she says to her father, 

“Watch this!” and demonstrates how the pulley she added to the challenge at Pulley Island brings water to the surface 

of the well. 

Today Kayla is in the airport with her parents and they offer her the iPad as they wait for their flight to board. 

Kayla begins playing our game again. This time, she watches the video that shows her a series of machines and 

other items (see Image 5). The “play” button flashes and she presses it. The scene animates, and in Rube-Goldberg 

style the action carries a boulder from one side of the screen to the other, raising the mast in the process. After the 

animation, Kayla is prompted to touch a pulley. She touches the lever instead, so one of the pulleys on-screen begins 

to glow. Kayla realizes she touched the wrong machine and touches the glowing pulley. She is prompted to touch the 

remaining machines, one at a time, and touches them correctly. The game prompts her to touch the pulley again, and 

this time she correctly identifies it. 

Now, Kayla sees a blank scene and is asked to create her own combination of machines to get her treasure 

back to the boat. She spends over 5 minutes choosing combinations of machines, sizing them, and pressing “play” to 

experiment with the results. Once she’s happy with her work, she presses “share”. She is taken to the Hall of Fame 

site, where she can view other users’ work. She watches a few top creations in action, and votes for a creation by 

another third grader from New York City. 

Kayla returns to the game often, to create new combinations of machines, play them, and view the Hall of 

Fame to vote for other users and see whether they like what she has made. 

 

Design Rationale  

“The objects and people around the child determine to a significant degree the risks and supports for growth, 

as well as the kinds of interactions that are likely to take place.” (Super and Harkness, 1999, 285). 

Super and Harkness describe the importance of considering the entire ecosystem in which children are 

growing up while developing new learning technologies. Going into the project, many different factors went into our 
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design, from the content and method of delivery we chose, to the ways we sought to enhance users’ motivation to 

play the game and tasks appropriate to early elementary-aged users. Our team felt strongly that our goal would be to 

create something that helped students acquire knowledge about science that was accessible and relevant. Ultimately 

we decided on using an iPad game to facilitate a user’s interaction with simple machines. We took into consideration 

a variety of factors to determine the flow of the game. 

Initially interested in the area of science, we referenced the California State Science Standards for first to 

third grade to determine the specific content area and learning objectives we might include in our game. In the 

physical sciences, second and third graders learn about motion and energy (California Department of Education, 

2003). We also considered preconceptions and naive physics as a way to limit the scope of our project. Starting from 

birth, children constantly form schemas of how the world works based on observation. Children are great observers of 

the world and as a result, “do not approach subjects new to them with empty minds” (Perkins & Simmons, 1988). 

When discussing science, particularly physics, children’s’ preconceptions can color the way they think about what is 

happening. However, these observational models do not always accurately explain the theory behind why things work 

as they do. One of the hardest parts of teaching science is moving students from an Aristotelian and observational 

way of perceiving the world to a Galilean view that is counter-intuitive but lays out theories that more accurately 

describe occurrences in the physical world (Gregory, 1997). Furthermore, studies have shown that preconceptions 

may never go away, but that people become adept at suppressing the information from prior knowledge and using 

the more advanced Newtonian knowledge (Petitto & Dunbar, 2004). Pettito and Dunbar propose that physics 

misconceptions must be addressed at an early age, before naïve ideas become firmly entrenched (2004, 14). By 

giving children realistic experiences with simple machines through a virtual environment, we hope to address any 

preconceptions they may have about simple machines that are not accurate and provide them with a framework for 

what simple machines do at an early age. 

Science is one subject where children can be easily intimidated. We wanted to ensure that the space of 

engagement had a positive affect on their attitude towards science. Research indicates that science is one area 

where informal settings have a positive impact on students’ attitudes towards the subject (Bell, Lewenstein, Shouse, 

& Feder, 2009). Within informal contexts, play has the potential to create valuable learning spaces. Play can be 

described as “having the following four attributes: 1) it is usually voluntary; 2) it is intrinsically motivating, that is, it is 

pleasurable for its own sake and is not dependent on external rewards; 3) it involves some level of active, often 

physical, engagement; and 4) it is distinct from other behavior by having a make-believe quality” (Reiber, 1996, 2). A 

game-based application was a natural step when considering the qualities of play and our desire to lower the barrier 

to science access. 
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To choose a technology appropriate for this domain, we considered the technology’s ease of use. We found 

that, among our target user group, mobile devices show promise. In fact, “64 percent of the kids said that it [a mobile 

device] was ‘easy’ or ‘very easy’ to use” (Chiong & Shuler, 2010, 17). Moreover, research suggests that children can 

learn from mobile devices. For instance, an application called “Martha Speaks” seeks to improve vocabulary; it has 

been shown to increase vocabulary, especially in older children (Chiong & Shuler, 2010, 18). Because there is 

potential for children to learn new vocabulary and to build a cognitive model of what certain processes involve using a 

mobile device, we anticipate that children can also receive feedback on how a simple machine works. 

The simulation of a pirate and treasure island theme taps into players’ prior knowledge while stimulating 

their curiosity and thirst for discovery. The rationale behind this design decision involves a consideration of factors 

that make the game intrinsically motivating to learners. Rieber (1996) asserted, “Fantasy is used to encourage 

learners to imagine that they are completing the activity in a context in which they are really not present. The fantasy 

context can be further classified as being either endogenous or exogenous to the game's content” (9). However, 

within this virtual world, the simple machines and user actions obey the laws of physics. According to Piaget, early 

elementary-aged children in the concrete-operational phase thrive with realistic representations of the natural world 

and physical manipulatives  (Piaget,1971). 

Applying the framework of endogenous and exogenous games, our game demonstrates some overlap 

between the two. Our game can be considered exogenous in the sense that it presents a ready-made system for 

users to input content; the game is structured to offer players the chance to interact with the six simple machines. In 

an endogenous context, Squire (2006) described learners as “bring[ing] existing identities and experiences that color 

interpretations of the game experience.” The learning that takes place is “[d]oing, experimenting, discovering for the 

purposes of action in the world. Players learn in role-playing games for the purposes of acting within an identity” 

(Squire, 2006, 24). And so, although our game has some components that would be considered exogenous, it is 

primarily endogenous, because the content and game are intertwined together. Children are able to exercise their 

powers of imagination and take on new roles. Given this, they are able to explore and interact with the concepts and 

ideas in the game. Additionally, children can return to a previously completed level and attempt to solve the challenge 

using newly unlocked tools, enabling them to reposition themselves and take another approach toward the challenge. 

This also shows that there is more than one solution.  

Based on recommendations from class readings, our goal was not to deliver content, but to “design an 

experience” (Squire, 2006, 20). Differences in generational learning styles were taken into account as we thought 

about designing for young children. We considered that our target players are seen as “more inquisitive, self-directed 

learners: they are more skeptical and analytical, more inclined toward critical thinking, and more likely to challenge 
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and question established authorities than previous generations.” (Buckingham, 2008, 16). In addition, it was also 

important for us to consider that, for young children, learning through technology is “carried out without explicit 

teaching: it involves active exploration, ‘learning by doing’, apprenticeship rather than direct instruction.” (17). So it 

follows that in our game we included minimal explicit written instructions about how to use the game or the 

technology itself. We also added a social component into our game to further design an “experience.” Players can 

collaborate by sharing their products and creations, and voting on their favorites. Collaboration, we found through 

research, also impacts player motivation (Paris, 1998). We intend for the social component of our game to provide a 

space where users can share their successes with others and learn from what other have built. 

Considerable attention went into designing a game that would stimulate the intellectual interests of children 

from the start and enable them to continue playing and learning. A research study conducted on the sustained 

interests of children with apps showed that incentives play an influential role in motivating children to continue playing 

(Chiong & Shuler, 2010, 19). Moreover, players can instantly start playing the game and participate in the activities, 

averting any needless wait time.  Findings from the research study have shown that “[c]hildren often got bored or 

impatient if they had to wait for content to load between questions” (Chiong & Shuler, 2010, 19). By offering the ability 

to quickly begin the game, players are engaged from the start. Cordova and Lepper’s study suggests that embedding 

“abstract learning activities” in a fantasy context will improve learner “motivation, involvement, and learning.” In 

addition, learning was further improved when students “were allowed choices regarding incidental aspects of these 

contexts” (Cordova & Lepper, 1996, 726). 

We incorporated choices, control and appropriate challenges to engage children and motivate them to 

explore and continue playing our game. Paris describes choice, control and challenge as three of six important 

motivational processes (Paris, 1998). We chose iPad technology as the platform for our game, in part, because it 

enables choice, customization, and differentiated learning. According to a research report from the Joan Ganz 

Cooney Center at Sesame Workshop, “there are significant opportunities for genuinely supporting differentiated, 

autonomous, and individualized learning through mobile devices” (Chiong & Shuler, 2010, 8). To take advantage of 

these affordances, we added multiple layers of the interactivity, personalization, and choice into our game.  

First, when a player start at the landing page, he can immediately choose his own avatar. The feature of 

customization contributes to the way a player wants to present himself  in the avatar world. In a study on motivating 

factors of virtual worlds, Ryan, Rigby, and Przybyiski (2006) argued that “a widely valued and discussed construct in 

the gaming industry is that of presence, or providing the player with a sense of non-mediated ‘immersion’ in a game 

environment ....presence was associated with need satisfaction, such that in games where people felt greater 

autonomy to pursue in-game goals and interests and the competence to carry out effective actions, feelings of 
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presence were heightened” (361). This suggests that the presence of virtual avatars are interlinked with players’ 

affective experience and self-views of competence. 

As soon as players are launched into the world of simple machines, they can personalize their experience 

by choosing which island to visit and determining the path and trajectory of their game play. At the level of the 

individual islands, players are presented with opportunities to work with the tools in the manner of their choosing and 

learn about them through play. We intended for players to interact with the material in a personal and meaningful 

way, because research suggests that children who are engaged with a personal, interactive experience show 

“significantly higher levels of learning than those in the generic fantasy conditions”  (Cordova & Lepper, 1996, 725). In 

addition, the same study shows that giving children “some degree of choice over various instructionally irrelevant 

aspects” of a game can have positively impact player learning (Cordova & Lepper, 1996, 725). In our design users  

appeared to fare better in terms of learning when provided with choices. 

In our design, we also considered control as another factor that could motivate players. We built a certain 

amount of structure into the game, so the user has room to tinker and play, but the interaction is not entirely free-

form. At the same time, while the game provides scaffolds for learning about simple machines, it incorporates a 

degree of flexibility and allows for a level of creativity for players to come up with solutions and ways to problem 

solve. After each level, the machine from the island is unlocked, added to their tool box, and available for use in 

subsequent levels. Furthermore, after successfully a completing a level, players can change the color of their avatars 

and further customize the appearance.  

To encourage users to play the game repeatedly, we added learning challenges as a component of our 

design. Rieber confirms that appropriate levels of challenge are especially essential in optimizing “flow” (Rieber, 

1996, 7). Because we designed for young children who have a wide range of prior knowledge and experiences, the 

game needed to be flexible enough to give basic content knowledge if needed, but also provide open-ended 

challenges for children that already understood the mechanics of simple machines. We decided to go with a format 

where children could choose their own path but with initial challenges that were fairly structured to ensure all users 

understood what the tools did. The players progress to open-ended challenges where they decide how to fit the 

simple machines together to create a task, with no explicit right or wrong answer. 

After players complete the initial open-ended, island-based challenges, they view a short video and 

complete a reflective assessment before they can reach the more free-form, creation stage. The video is semi-

instructional, demonstrating how to complete a challenge similar to the one they will be given, and provides 

scaffolding for users who may not intuitively grasp how to approach these harder challenges. After viewing the 

solution, they are asked to identify the simple machines that are present. Reflective assessment has been shown to 
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close performance gaps between lower and higher achieving students (White & Frederiksen, 2009).  We added 

reflective assessment in order to ensure that players are prepared to create their own Rube-Goldberg like machine, 

and understand how simple machines can be put together in meaningful ways. We also wanted to ensure that the 

learning goal of identifying simple machines in a more complex system was achieved.  

 We designed our game with levels that increase in difficulty, in order to engage players over time and 

provide scaffolding to help players understand increasingly complex topics. Each island’s challenge becomes 

progressively more difficult, and the user can use all the previous tools collected from previous completed levels. 

Research has shown that younger children may abandon games that they find too difficult (Chiong & Shuler, 2010, 

19). This component stretches players’ conceptual understanding, ensuring an adequate level of difficulty but not to a 

point where it overwhelms and discourages play. In order to ensure that players come back again, players can save 

the progress they have made in our game and return to it at a later time, so their effort is not lost and they can begin 

from the more complex level that they are ready to tackle. 

 

Design Process 

Interviews and Observations 

In late January through mid-February, we immersed ourselves in the space of early childhood science 

education and use of technology through interviews and various observations. Each team member conducted a 

parent interview and child observation regarding technology use. We observed children using iPad apps, which was 

the type of technology we focused on using early in the process. From our experiences, we drew a number of 

conclusions that determined the direction of the design. Most of our observations indicated that short engagements 

were necessary to sustain interest and that children were attracted to aspects of customization. Other findings 

included relevance or connection to the child’s everyday life, that time pressures may have unintended consequences 

and children prefer to avoid public failure. 

We engaged in various observations of children in our target age range. Lyn Lyn looked into various 

elementary science curricula and how they address simple machines. Katie and Jennifer observed elementary aged 

students at a children’s discovery center as they interacted with exhibits, both physical and digital, parents and other 

children. From these observations we saw that children spent very little time at exhibits, sometimes as little as a few 

seconds. This observation confirms the earlier finding that we should think about using short engagements within our 

game. However, children can spend a lot of time in one place when being photographed, or photographing 

something. Finally, we observed that children in our target age range of six to 10 expect immediate feedback when 

interacting with something. 
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Prototype One 

Our first prototype was a simple, paper prototype in the spirit of Snyder’s paper prototyping principals 

(Snyder, 2003). We conducted our first prototype test on a low resolution, paper prototype with Anthony, a fifth grade 

boy. Through this prototype test, we learned that Anthony enjoyed being able to invent and work with tools. He 

displayed a positive response to the option to record what he produced. However, the easy levels of the game were 

too simple and therefore not as engaging to him. Anthony found the game was difficult to understand at the start, and 

the barrier to entry was high. 

     

Image 8: First Paper Prototype 

From this first user test, we made improvements to our prototype. In particular, we aimed to make the entry 

point for the game a lower barrier, so that the activity is more intuitive from the start. To that end, we added an 

optional tutorial level. We also used the idea of levels as scaffolds; the first level that children can play is easier but 

still includes an open-ended puzzle to be solved. 

Because of Anthony’s positive reactions to the virtual elements of the game, we decided to focus our design 

efforts on an iPad application only. Additionally, this technology affords learners the ability to manipulate various 

elements on the screen in a tactile manner, and the mobile, compact feature enables them to bring the device with 

them wherever they go and more easily engage with the game. 

During class on February 23, we created a storyboard and gave a short presentation to collect feedback. We 

received some suggestions about authors to consider: Barbara White and Jim Minstrel. Shelley asked us about what 

the social component will look like, and whether users will explain their machines. This feedback was helpful and we 

used it to build our second prototype. 

Prototype Two 

Our second prototype was an interactive paper prototype, using some interactive features recommended by 

Snyder (2003). We created screens for each challenge and moving parts to represent the interactive challenges.  
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Image 9: Second Paper Prototype 

 

Image 10: First User Test 

We tested this prototype with two, elementary age users. The first user test with our second prototype was a 

boy age 7, in the second grade. He was very interested in the pirate theme. Through his interactions with the 

prototype, we learned that it is important for the user to be able to manipulate the tools (e.g., make the rope longer, 

break a stick in half) and understand the relative weight of items that must be lifted. He also asked to complete more 

pirate-related tasks. This prototype test also uncovered the importance of a tutorial or primer at the outset of the 

game: Aneesh had difficulty understanding the function of each tool without explanation. 

 

Image 11: Second User Test 

The second user test with prototype two was conducted with another boy aged seven in first grade. He was 

less interested in the pirate theme and asked that he be allowed to make his own customizable avatar. He enjoyed 

solving the problems and wanted to explore more places apart from the islands. He suggested that he be allowed to 

be a fish or a rocket instead of a pirate ship so that he could be more mobile. As he was unfamiliar with the simple 

machines, he needed a lot of guidance and explanation to understand how each tool works. In the final challenge, he 
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wanted to use the inclined plane more than once. Similar to our first user, he would have benefited from being able to 

manipulate the tools to a greater extent. It was especially difficult for him to understand how a lever functioned and he 

tried to use it as a ‘pole’ instead. Also, the pulley components should have been kept together as he chose to use 

them separately instead of as a pulley itself. He liked the idea that he could capture the final solution he had and to 

see how others solved the task.  

As a result of the user tests with the second prototype, we incorporated the following adjustments into our 

final prototype: 

● Allow users to choose the tools more than once in the bigger Rube Goldberg challenges. When a tool is 

touched it will pop up on the screen and it will be possible to have more than one of each tool present. 

● Have the ability to manipulate the tools 

● Have the pieces of the simple machines be fully assembled (pulley has the rope and wheel together) 

● Add an intermediary video segment after completing the six island tasks where characters are building a 

Rube Goldberg machine out of the simple machines to complete a task similar to what the users will do next. 

The children would identify each of the six simple machines before moving on to the final level. 

Our final prototype is deeply rooted in research and fieldwork, and described in detail in the sections above. 

 

Future Steps 

Our user tests and observations provided us rich data to inform our next steps in enhancing our app design. 

Given more time, we would complete more user tests over a larger age range and include both genders in order to 

include more diverse views and cater to a larger user profile. User tests would also be timed to ensure that levels 

present appropriate levels of challenge and are in fact “snack-sized” for our target players to encourage flow within 

the game. Given more time, we would also like to explore the following: 

 

Enhanced customization. We are interested in measuring the impact of our current levels of customization, 

and exploring ways we may build in additional ways for players to customize their experiences. For example, 

in our second user test, the child wished to choose from a larger variety or different avatars and would have 

liked the opportunity to design his own avatar. Two ways we could meet his needs better are by offering a 

“create your own avatar” option, or by giving the user the option of customizing his pirate ship after 

completing each level. This also serves a dual function of providing a source of motivation through the 

game. If time and resources permit, specific user tests to identify avatars that appeal to children could be 

done. 
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Enhanced scaffolding. The video portions of our game seek to instruct users in specific ways. As such, we 

would want to measure the learning outcomes of the videos to ensure our objectives were met. In our 

second prototype test, while our first user had prior knowledge of how simple machines worked, the second 

user required a lot more scaffolding. Although our video illustration provides users with a “model” and 

intuition of how the six simple machines could be used, users with less experience with simple machines 

could benefit from more scaffolding in the form of more explicit instruction of how each machine could be 

used. This could be built in as a simple tutorial at the beginning of each stage to give more hints and tips 

when the user appears to be stuck. 

 

Differentiated learning. Once we have a better understanding of how users of different ages interact with our 

game, we would like to build in more differentiated learning. We anticipate that more advanced users could 

benefit from more challenging options within the game which could require them to include the use of 

specific science principles. For example, they could be given the opportunity to distinguish between classes 

or lengths of levers, which results in greater refinement of the outcome. In addition, future designs could 

include more options and allow for more customized use of each simple machine. We would also consider 

prototyping and testing a more differentiated tutorial function to teach concepts and link to real life examples 

or websites where the simple machines are used for users who want or need additional learning resources. 

 

Expanded exploration. To take the game one step further, we could build in more levels and challenges to 

allow further exploration. During our second prototype test, both users discussed a preference for having 

more avenues of exploration and completing more pirate-related tasks, or even being able to explore 

underwater. User two suggested that he be allowed to convert into a rocket in order to explore more places. 

More options for exploration could be incorporated into higher levels which need to be “unlocked” and serve 

as a form of motivation for users to complete each task.  

 

Building in a physical component. While our game allows a player to design and test the feasibility of certain 

physics principles, we would like to consider incorporating a physical component into the game. One 

possibility is for the player to make each simple machine by him or herself out of household items. 

Alternatively, “building packs” comprising a miniaturized version of the simple machines as tools could be 

sold as an extension pack for the child to physically build more complex designs. 
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Reflection on the Design Process 

Our team worked cohesively together and spent about two hours each week brainstorming, discussing, and 

making key decisions on how each component of the project should be completed. Team members worked 

independently following work distribution and took initiative to complete various components of the project and often 

doing more than was initially intended, allowing for the project to be completed a week ahead of schedule. 

During the design process, we found that acquiring an in-depth understanding of the user was crucial. Our 

team defined our user point of view through interviews and observations, and defining specific user needs. The most 

fruitful aspect of the design process was likely the observations of children whose ages matched our target users. 

Through those observations, we saw in action the interests, needs and inclinations of a user in that age range. We 

also received some hidden insights by creating sacrificial paper prototypes early on; our first two prototypes were 

very low resolution, and yet those helped us set a vision to improve our game’s mechanics for the next prototype. In 

reflection, it was a very good idea to put our ideas into the hands of users early and gather feedback from children to 

guide our final design. 

 

Potential Impact 

We learned a lot from this project. Looking back, it seems to us that the design process could begin from an 

interest in a particular user -- classified according to age group or learner-type -- or a particular type of subject matter. 

Designers should take time to observe and interview individuals in their target user group; for us, this was a key piece 

of the process. This step is critical to understanding users’ needs and setting a direction for a design. from there, 

making the user’s perspective salient by developing a point of view statement is an easy way to move forward so that 

a specific user and a specific need drives brainstorms and ideation. It is also useful to understand competitors in the 

market, or successful analogs in other domains. As we designed our game, we learned a lot from other iPad apps on 

the market, and yet it still would have been helpful to do a more thorough analysis of physics apps target at early 

elementary users. This would have helped us understand what other apps did well and how they could be improved, 

or if there were features that were appealing to our defined user. 

In designing educational technology tools, it is also important to take into account national or state academic 

standards, to understand users prior knowledge and guide the utility of the tool. Alignment to core standards makes 

the tool more marketable to educators and parents who would be able to see clear value in what the tool provides. 

With the learning principle formulated, it is important to use backward design to determine how the learning principles 
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can be met and assessed through the activity. Only with a clear learning “curriculum” in place, with defined learning 

objectives and outcomes should the ideation process begin.  

Prototyping is crucial for understanding the functionality and appeal of any new design, and paper 

prototyping is preferred as it allows for quick iterations without a large time investment on developing something fully 

functional. In prototyping, the case of less is more such that a simple fuss-free design leaves the user more open to 

evaluating the main concept rather than the surface details.  

Varied user feedback should be obtained at each stage, and while the final design could be very 

complicated, it is important to start small, getting user feedback at every stage so that it is easy to determine exactly 

where improvements could be made. It would have been ideal if we had the flexibility to test and prototype multiple 

solutions simultaneously. However, should there be limited resources, it could be more important to ensure that the 

design group focuses on one aspect of the interaction instead of covering too much ground, leaving room for future 

additions and upgrades. 
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