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[bookmark: _Toc324597887]Project Description (as written from the onset of the project)
Pixel Pushers is an educational game and modification project based out of Carnegie Mellon University’s Entertainment Technology Center under the supervision of our client, MinecraftEdu. We are creating a toolset that allows teachers to create lessons in the popular indie game Minecraft, easily share those lessons with other educators, and allows them to effectively monitor and review their students’ progress. Further, we aim to explore what academic subjects best lend themselves to the game’s format through a series of proof-of-concept lessons. Finally, we want the student experience to be as safe and constructive as possible, whether sessions are being held in real classrooms or virtual youth centers.

The goal of the Pixel Pushers project is to make game-based learning through the MinecraftEdu software more accessible to students and educators alike. With the target student age ranging from K-12, and a target teacher audience spanning continents and countless disciplines, we aim to create a flexible application that enables educators to use the fun game environment of Minecraft to effectually complement their lesson plan.

We are funded by the MacArthur Foundation in support of WorkingExamples.org, for our client MinecraftEdu. For more information, visit our website http://www.etc.cmu.edu/projects/minecraft/
[bookmark: _Toc324597888]Learning by Teaching
We devoted one semester, roughly four months, to explore the game-based learning potential of Minecraft by creating lessons and introducing them to students. Our client provided the specialized toolset MinecraftEdu, which was originally created for classroom instruction. Since MinecraftEdu specifically targets teachers, we also aimed to learn about both the student and teacher experience.
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	           Pixel Pushers Playtesting with students at Elizabeth Forward Middle School

[bookmark: _Toc324597889]Main Takeaways
· Minecraft is toy, with its own interesting rules that might outweigh the interest of the lesson
· Minecraft is about exploration, building, and creativity. Don’t stifle these!
· Restrictions in any lesson should be minimal and transparent
· Try to leverage indirect control to guide students, don’t fight against it
· Be aware of disruptive elements, and avoid them when possible
· Let students play! The learning should ideally come out of the play
[bookmark: _Toc324597890]Practices to Avoid
When Minecraft is first approached by a newcomer, first impressions usually include: “open-ended”, “free-roaming”, “sandbox”, and even “personal.” However, when today’s current educational games are concerned it’s very much the opposite, as educational games tend to be linear in their experience. This presents an innate and apparent problem to creating an educational environment within Minecraft, as most known ways of creating educational games have been within a very linear space. That being said, there are several practices that can be attempted to overcome this particular boundary. Although many of these practices may seem logical, there are a number that should be avoided, as we have discovered that they work counter-productively or, in some cases, break an experience altogether. In this post-mortem, we will be looking over the practices that we have found to be ineffective throughout the semester and our reasoning behind their shortcomings.

Don’t use Minecraft to teach without having let students use Minecraft to play
Students need to have a vocabulary and understanding of that virtual world before they can take educational content in, and apply that understanding outside of Minecraft. We were still able to have reasonably successful playtests with students who were learning Minecraft on the spot, but they still required assistance during the playtest. For a much smoother playtest, we recommend to coordinate a time with the students to learn how to play Minecraft ahead of time.

Don’t have educational goals that are more boring than Minecraft’s inherent goals as a toy
This goes hand-in-hand with designing a lesson that goes against the innate principles of Minecraft- including educational goals that deteriorate the overarching toy-like goal of Minecraft only works to remove the point of games-based learning altogether. In other words, we found that an educational game loses its purpose when the education gets in the way of the fun. 

Don’t use Minecraft to teach if you’re less experienced than your students in the game world
Otherwise, you run a very serious risk of students viewing it as a consequence-free playtime.  The dynamics of a teacher-student relationship can change in this scenario - not necessarily a bad thing, depending on the level of students or a teacher’s style.

Students, when presented with a Minecraft lesson that contains extraneous mechanics, have been noted to miss the lesson entirely while some were barely able to start by the time the class period finished.

Avoid competition for students who are brand new to Minecraft
While this is somewhat related to the first warning, but including a competitive element in a lesson generates problems for both the designer and the students playing through the lesson. On the designer's side, there is one major problem with including a competitive element: Minecraft itself was designed to allow cooperation; to instill an element of competition requires the designer to take extra steps in creating an experience that is linear enough to counteract Minecraft's open-world/cooperation element (for further explanation, please refer to the Minecart Race Post Mortem).

Other problems for the designer include having to foolproof the game. While this is true for most, if not all, competitive games, a competitive game in Minecraft means having to balance two abilities all players innately have above all else: building and destroying, two abilities that lend themselves greatly to Minecraft's cooperative and open-world vibe. By allowing a player to build and destroy as part of the game's rule set, the designer opens a slew of possibilities for the game to be cheated in/broken. In other words, creating a competitive game within Minecraft has the strong possibility of requiring the designer to fight against what Minecraft is for the sake of his or her game working. While doing so may not necessarily be wrong, it has proven to be very problematic in its execution due to the number of variables that need to be kept in check.

In terms of problems for the students, one of the major problems with playing competitive games is having students acquiesce to restrictions on building and destroying after having just learned the ability to build and destroy as part of Minecraft's general control. In our playtests featuring competitive gameplay, students often asked why they could not build and destroy as they pleased and became preoccupied with the loss of two of Minecraft's largest mechanics rather than focusing on the lesson and playing by its rules. In addition, another problem was coordinating students to participate in a single activity. Again, having to rally students to arrive at the same location to do the same activity works against the nature of Minecraft's open world vibe, another restriction that was met with protest from the students who experienced it.

Avoid small team (teams of 3-5) formation
While one of Minecraft's strengths is cooperation, the formation of small teams falls under the purview of game elements that work against students' inclinations in Minecraft. Forming teams essentially tells students that they need to avoid interaction with a very large bulk of other students in the class on top of keeping track of their own few teammates. In a server with the entire class exploring and playing in Minecraft, having to stick to a certain group or avoid another has proven to be disorienting for both the teacher and the students, as there are just simply too many students in a given classroom for a teacher to simultaneously keep track of/for students to take into account.

Don’t use MinecraftEdu’s restrictive tools/blocks without a compelling reason
Fighting against Minecraft’s inherent strengths will remove the point of games-based learning. We found that it's better to create lessons that play into Minecraft's strengths, as they not only prove to be easier to design, but they also lend themselves well to creating learning opportunities for students to experience while employing a sense of exploration and cooperation.

Don’t use special (non-core-Minecraft) blocks and tools without explaining their purpose
By including unfamiliar artifacts in Minecraft, students who have already gone through the process of being introduced to Minecraft's inherit mechanics will be confused and frustrated, even while ignoring error text for minutes straight.

Avoid introducing extraneous mechanics
When introducing MinecraftEdu to students, the first hurdle will always be getting students to learn the controls themselves, the second being the "distraction phase", where students are more or less wont to move about in the world aimlessly, trying what they have just learned as far as basic controls are concerned. These two phases have taken roughly 15 minutes, and in a ~45 minute class period, the phases don't leave a lot of time to allow students to learn additional mechanics set within the Minecraft lesson in question.

Don’t include swimming segments/allow students to dig down and fall into water
The swimming mechanic is one of the more confusing mechanics of Minecraft. When students are new, the concept of swimming is foreign so be sure to place build disallow blocks under platforms that are on water.

Don’t give students potentially disruptive items (TNT, bow & arrow) without explicit intention
While this may seem obvious at first, there may be lessons that will benefit greatly from the use of destructive tools in Minecraft--such as TNT for teaching lessons in geography and the layers of the earth. However, these tools need to be kept under close watch and used as sparingly as possible, as the potential these items have to disrupt or even ruin a lesson is very high.
[bookmark: _Toc324597891]Lesson Creation Tips
Play Minecraft. To use Minecraft in the classroom effectively you need to understand the game and what it does and does not do well.

Try ‘Survival’ Mode. It lets you see the game as players see it and this perspective is valuable. Play on survival (put it on easy if you want) and survive your first night and day. Mine for resources and craft some items, starting out with torches to light up the night. Dig yourself a mine shaft (not straight down!) and use the stone to build yourself a house. This is the best way to get the spirit of the game. 

Get to know the MinecraftEdu special tools. Once you are comfortable with the basics of both the survival mode and creative mode of Minecraft, head over to MinecraftEdu and check out the special teacher tools. 

Set reasonable goals and restrictions. Minecraft is a game of exploring, finding, crafting, and building. Try to incorporate as many of these aspects into your lessons as possible.

Identify material that works well with Minecraft. Begin with the concepts to be taught when deciding what to do with Minecraft in the classroom. 

Think of ways to use the strengths of Minecraft in your lessons. Some possible strengths include:
Exploration				No mess to clean up, so go crazy
Building				Safe place to experiment
Modeling				It is a toy
Discrete units of blocks				Roleplaying

Connect Minecraft lessons with other class materials. Imagine activities that students can do inside of MinecraftEdu that will tie into what it is that they are already learning.

Become involved in the community. There is a wealth of information about Minecraft and MinecraftEdu available online. With almost 6 million players, learning how others approach a problem could be incredibly useful.

Try out other teachers lessons and share your own. There is no need to reinvent the wheel with every lesson. Use other lessons as templates for future lessons. If sharing your lesson online, consider letting people contact you about your lesson so you can improve it and learn from their experiences.

Don’t be afraid of duplication. Using a program like MCEdit allows you to make many copies of a single level or structure you create.

Allow time for reflection. Let the students see what they and their classmates have built.
Turn on creative mode for the students at the end of a lesson. It is a lot of fun for the students to fly around and look at the world from another angle.

Make it bigger than you think you need to. Any room seems a lot smaller, especially with 20 kids in it. Make stairs and hallways a few blocks wide if there is going to be a lot of foot traffic.

Make it look grand. Open up vistas if you can.

Design after real-world things. Think of things like monuments and amphitheaters. These will make great spaces to conduct an activity around. Things like stages and bleachers make for natural magnets.

If possible, use maps with random seed instead of the flat grass map. It is more interesting to be in a lush world, even if you are restricted to a part of it.

Use indirect control. If you want your students to go somewhere, the easiest way to get them to go there naturally is to put something cool and interesting there. Imagine a jungle with a massive tower made of gold and diamond in the middle. Most kids are going to naturally head towards the tower.

Use exotic materials and colors. Make what you want kids to pay attention to stand out.











[bookmark: _Toc324597892]Our Lessons
Over the course of the semester, Pixel Pushers developed a series of proof-of-concept lessons for playtesting.  “How is Minecraft best used in the classroom?” was the primary question for research, with these lessons covering many different subjects and styles of teaching.

Each section details the lesson’s documentation as well as the postmortem which is an examination of the lesson after-the-fact. 

[bookmark: _Toc324597893]Contour Line Lesson - Yotam Haimberg
Contour lines are an incredible difficult concept to grasp, especially considering the conventional representation of a three-dimensional space on a two-dimensional piece of paper. This guided lesson takes advantages of Minecraft’s terrain capabilities and empowers students to trace contour lines along elevation changes on an island.

Screenshots
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The two views of the island that this lesson emphasizes: the “ground level” and “bird’s eye” views

Objective
The objective is to fully immerse students in a three-dimensional world and encourage them to navigate the space around contour lines. By navigating around the space after tracing the contour lines, students will begin to understand the relationship of elevation changes and contour lines. In particular, students will interact with the relationship of elevation and color, as well as the relationship of distance between lines and steepness of elevation.

This lesson is a supplement to existing coursework related to contour lines. This lesson also assumes that students have a loose understanding of contour lines, or at least have been introduced to the concept. 

Activities
Students enter the lesson on one part of an island, open a chest to choose a color of dyed wool, and trace the elevation changes around this contained space with the colored wool. Each elevation change is denoted with a different color of wool and a small sign indicates the current distance, in blocks, above sea level on a particular elevation.
After tracing the island all the way around, the students may fly up and look at the island from the top, reinforcing the connection of mapping a terrain with contour lines.

Lesson Plan
Preparation
In World Options in the Teacher Menu, ensure that “Allow Day/Night Cycle” is toggled off and “Students can build” is toggled on. This is necessary so that students can trace with the colored wool. Also ensure that the chest is filled with the assortment of wool.
Starting the Lesson
Students will enter the lesson on top of the black and white checked block, known as the Spawn block. 
Guide students toward the chest (which can be opened with Right Click) and have them choose a color of wool. 
The bottom elevations will require more tracing so encourage students to collaborate for the lower elevations, particularly the white, magenta, and purple elevations.
Adjusting for completion speed
If some students are progressing faster than others, encourage those students to fill in the island with the appropriate colors, or ask them check the rest of the island for any inconsistencies with the coloring.
Ending the lesson
Once all students have traced the mountain, toggle “Creative Mode” (Teacher Menu -> General Options) and instruct students to fly above the island and look down at their work. Students can be teleported to the observation deck prior to giving them “Creative Mode.” This is a great opportunity for reflection since they can see the contour lines on the 3D terrain.
Suggested Reflection questions
· Look at the parts of the island that have their contour lines closer together. What does that mean? What do lines that are further apart mean? 
· Why are different colors used?
· Why is it important to know the contour of a map?
· What surprised you about the process?



Support Files
The next page is a student handout that contains key information relating to Minecraft.


Contour Line (Student Handout)
Contour lines provide an incredible amount of detail about anything from elevation to sea depth, or even to air quality and noise pollution. These lines simply join points of equal value. For elevation, contour lines represent points of equal elevation above sea level.

In this lesson you will trace contour lines in a 3D space within Minecraft. Take careful note of the signs that label the current elevation. A properly labeled map helps the reader quickly interpret the shape of the terrain.

To start tracing the lines, open the chest with Right Click and choose one of the colors of wool. Remember to work together and collaborate with your classmates!

Choose the elevation that matches the color you selected and begin to trace the outside. Trace as closely as you can to the side of the land! 
[image: C:\Users\yhaimber\Desktop\bad.jpg]












[image: C:\Users\yhaimber\Desktop\good.jpg]











Minecraft Tips
· Right-click a chest to open it.  You can then click and drag materials from the chest into your inventory.  The bottom row of your inventory is what you can use in your hand.
· The “E” key opens your inventory.  You can select what is in your hand by pressing the 1-9 keys.
· Right-click to place a block.  Hold left-click to remove a block.
· You can see where your block will be placed by watching the black outline around the blocks.
· Communicate with your classmates – you’ll have to work together to complete the contour lines.

Credits
This MinecraftEdu map was designed by Yotam Haimberg as part of the Pixel Pushers project team at Carnegie Mellon University’s Entertainment Technology Center. The project team worked closely with MinecraftEdu to develop tools and lessons for teachers so they could easily integrate MinecraftEdu into their curriculum. 

I’d like to thank:
· EduElfie for continuously thinking of new ways that Minecraft can be used. He had the thought the Minecraft lends itself well to contour lines and this lesson is an extension of that. His original video is available here: http://www.youtube.com/watch?v=qD2keQvu578

· The teachers at Elizabeth Forward Middle School for providing valuable feedback as well as a special thank you to Paul Callaghan testing the lesson with his students

· Joel Levin for his feedback on how to organize the map for a large class of students

· The entire Pixel Pushers team for their support and willingness to playtest early versions of the lesson!



[bookmark: _Toc324597894]Contour line postmortem
The idea for the contour lines lesson came directly from EduElfie’s video in which he proposed Minecraft as a tool for learning contour lines. In his example video, he used one color of wool to make lines around elevation changes. I wanted to expand upon this to hopefully capture Minecraft’s native ability to display terrain. Contour lines are a traditionally difficult concept to grasp, particularly because a 3D shape is translated onto a 2D piece of paper. By keeping this lesson within the rendered world, the process can remain within a 3D space.

Playtest Overview
Internal Playtest
Naïve playtest with four science teachers
Naïve student playtest with 21 students in a 7th grade Earth & Space Science class
Repeated student playtest with 20 students in a different 7th grade Earth & Space Science class 
Note: This class had been introduced to Minecraft with the Tower Challenge so they were familiar with Minecraft, but not this lesson specifically

What went right?
· Teachers loved the concept. In fact, everyone I spoke with about the concept thought it was a natural application of the software. 
· It accurately maps the contour space of elevation and slope changes. By placing colored blocks around levels of elevation, it quickly provides a wealth of information to anyone looking at the area from above.
· The students understood the task with very little instruction. In the playtest, one student in particular had collected the colored wool, and traced one entire contour by herself. Another student had understood the principle traced a partial contour before becoming distracted (explained below).
· Teleportation was understood and well utilized. The students spawned into the world on a smaller island that was filled with chests of wool. They took the wool they needed and walked through the teleportation gate to travel to the main island.

What went wrong?
· Introducing a new toy at the same time as introducing a lesson with learning objectives. To many of the students in the playtest, Minecraft was new and playing with the system within the game world was far more interesting than tracing contour lines. They had to first grasp what Minecraft is by itself, perhaps in freeform play, before they could learn from a guided lesson.
· Students could destroy anything. I had not set any limits on what could and could not be destroyed. As soon as the students spawned on the first Starting Island, they dug down and fell into the holes which forced them underwater. Additionally, they destroyed key aspects of the world that served to remind the students of important information, such as the ordering of the colors for elevation changes (the “Contour Totem Pole”) or signs that give the students hints. Anecdotally speaking, the students also leveled parts of the mountain. The teacher we were playtesting with had no problem with this aspect because “if they want to destroy the hill, then that’s their grade. They are not following the objectives I laid out for them.” That said, he would have liked for the important, lesson-related information to be preserved.
· Providing many, easily obtainable raw materials immediately in conjunction with a new toy. Since Minecraft is new, many students were unsure what to do and simply wanted to explore. One student had previous experience and immediately rushed to the top of the mountain. Once he was there, he built a tall tower which inspired the other students to follow suit. The aforementioned student who became distracted was far more interested in engaging with that than with tracing contour lines.
· Lava. I put lava at the top of the mountain to add flavor to the island. Turns out when students fell into it, they could not navigate out of the lava because of the fire on their screen.
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In the first test, students built a number of towers with minimal engagement with the lesson itself.

What changed?
· Map overhaul to include greater control of student building. I set the entire map to disallow student building and then created a large plane of dirt underneath the entire Contour Island. Under this plane I built an array of Student Build Allow Blocks to allow students to build and destroy blocks above these blocks. To preserve the signs and “Contour Totem Pole” I placed Student Build Disallow Blocks that would prevent these key pieces from being destroyed.
· An additional, identical island and competition.  To encourage more interest in the lesson material, I used MCEdit to duplicate the original island. For the second playtest, I split the class into two teams (10 students per team) and tasked each team with the same goal. By introducing the competitive aspect, the students were far more engaged because they wanted to best the other team. Coincidentally, the teams were split almost entirely by gender: one team was primarily boys and the other was primarily girls. Unsurprisingly, the team of almost all girls performed much better since the primary task involves cooperation and collaboration with a group of ten students. The team with almost all boys still engaged with the lesson, but two students in particular were set on disruptive the experience for the other students.
· Sign changes. I added W, A, S, and D information to the signs in the starting island. I also mentioned how many of each color to take and reminded the students to come back to the starting island if they need more.
· Removed lava. 

Conclusion
I felt that this lesson successfully integrated a high-level concept into the Minecraft environment. Minecraft natural ability to generate terrain makes it ideal for mapping the contours. I believe that as students acclimate to Minecraft and understand its vocabulary, they will find more use from this lesson. I also believe that this lesson should primarily be used as a supplement and only used after students have been introduced to the concept of contour lines. 


Student Playtest #1
March 30th, Paul Callaghan’s 7th Grade Earth & Space Science Class

Notable Timestamps
0 to 7 minutes: An introduction from Paul about contour lines with some review questions. The server also went down but that was resolved quickly

9 minutes: Students ran to the top of the mountain on the main island and started to lay down red wool correctly; two students began to destroy the top of the mountain. One student was placing white wool correctly

14 minutes: Students began to build towers straight up into the sky from the top of the mountain. By this point all students had left the starting island and were on the main island

25 minutes: Many students were placing colors haphazardly. One student was working on the pink layer intermittently while another had been working steadfastly on the purple layer

30 minuets: Students are granted flight and fly around the island. The steadfast student completes the purple layer and is the only student in the class to complete one entire contour line


Afterward, Dave B. posed the question based on his observation: Did the tutorial totem inspire the students to build the towers, and would they have done it as quickly if they had not seen it?


Interview 1: Student A and Student B, interviewed together
What surprised you?
A: Everyone built towers instead of lines.
B: That we could fly
What frustrated you?
B: Falling in holes!
A: Exactly!  We couldn’t get out.
What did you learn?
A: Computer skills, like typing.  (Note: Student A only used one hand for the experience.)
B: Computer things; (with additional prompting by Yotam) like moving with WASD.
What else did you want to see?
A: That we could swim.  Seeing Atlantis would be cool.
B: It would be cool to build underwater.

Interview 2: Student C, had completed the purple layer
What surprised you?
C: I have played regular Minecraft with cousin before, so nothing really surprised me.
What frustrated you?
C: People kept building towers, and not doing work. They also used incorrect colors.
What did you learn?
C: I kind of knew about contour lines.  I also learned that they don’t really care about contour lines. 
What else did you want to see?
C: Make it easier to get back to the wool island, or have wool on the main island.

Interview 3: Student D, started the white layer but was distracted by the towers
What surprised you?
D: That you could do so much. It was fun to build towers.
What frustrated you?
C: Nothing.
What did you learn?
C: No clue. 
What else did you want to see?
C: Nothing. I hadn’t played Minecraft before.

Student Playtest #2
April 18th, Mike Baer’s 7th Grade Earth & Space Science Class

Notable Timestamps 
0 to 5 minutes:  Mike gave a recap of the last lesson the students encountered (tower challenge) and introduced contour likes. He also split the class into two parts, the left vs. the right or blue vs. gold. All students join the world.

7 minutes: All students are on their team’s island

15 minutes: Most students are working on the white and pink layers. Some boys are building towers, others are diligently working.

20 minutes: Boys are running out of wool and just changing to different colors. Girls are returning to the starting island to retrieve more wool.

30 minutes: Girls are nearly finished with the island correctly. The boys have been struggling through some members working and some members goofing off. Students are given flights to look around.

34 minutes: Mike talks about the depression on the island and how none of the students noticed it. This was a key teachable moment since the students knew what a depression was, but not how to map it with contour lines.

Overheard quotes
 “I’ve done 3 layers. Stop building towers! I’m doing so much!”
“You need white? I have white”
“I ran out of blocks…”
“Are we supposed to build white on the mountain, or in the water?”
“I wish I could fly around the island”

Interview 1: Student A, Boys team
What surprised you?
A: How much I liked it.  It was fun.  That you could fly.
What frustrated you?
A: Other people on team goofed around, built towers.
What did you learn?
A: More about contour lines, how to build stuff.
What else did you want to see?
A: How to make other buildings.

Interview 2: Student B, Girls team
What surprised you?
B: I couldn’t fly until it was given.
What frustrated you?
B: Can only see the whole island if you fly, had to wait.  Dug myself in a hole, had to build stairs out  
    and waste material.
What did you learn?
B: What a depression was.  Didn’t notice it until flying, and how big it was.
What else did you want to see?
B: Not really.  Square heads are different, neat.  I wanted to see more varied character avatars.

Interview 3: Student C, Girls team
What surprised you?
C: That you could delete blocks, fly.
What frustrated you?
C: Other people deleting blocks.
What did you learn?
C: That you could layer the island, make caves.
What else did you want to see?
C: I wanted to see if you can make a waterfall.  And you can.  (Must’ve found this in creative mode?  
   Or someone else that she saw.)

Interview 4: Student D, Boys Team
What surprised you?
D: Nothing.
What frustrated you?
D: Sometimes I was disconnected from the lesson.
What did you learn?
D: Building contour lines, and that each level has a new color. It was helpful to have it in 3D.
What else did you want to see?
D: More tower building! 
 

Interview 5: Student E, Girls Team
What surprised you?
E: Nothing.
What frustrated you?
E: Games are confusing and frustrating
What did you learn?
E: The 3D was helpful for doing contour lines. I did one line.
What else did you want to see?
E: Nothing.

Interview 6: Student f, Boys Team
What surprised you?
E: There wasn’t much to do with science here.
What frustrated you?
E: Trying to find the edges of where to put the blocks. My teammates destroying stuff all the time 
     and not helping.
What did you learn?
E: Contour lines.
What else did you want to see?
E: Fly all the time, I could get more done if I could fly. 


Interview 7: Student G, Boys Team
What surprised you?
E: Nothing.
What frustrated you?
E: The other kids. There was a lot of pointless tower building.
What did you learn?
E: I liked building contour lines.
What else did you want to see?
E: Build more stuff, more towers, any kind of building up!







[bookmark: _Toc324597895]Minecart Race (Synonyms/Antonyms) - Eugene Kang
This lesson is a competitive relay race within a classroom split up into teams of four. Students must answer questions correctly and quickly in order to pass a "baton" (aka a minecart) between each other to reach the goal before an opposing team does.

Screenshots

[image: U:\ewkang\Desktop\MinecraftEdu\Race1.jpg]
This is where the first student in the race will begin (from the checkered box).
[image: U:\ewkang\Desktop\MinecraftEdu\Race2.jpg]
The yellow and red railing is the "powered rail", the students will be activating these by choosing the right answer. An activated powered rail will allow students to push their minecart to the next student.

[image: U:\ewkang\Desktop\MinecraftEdu\Race3.jpg]
Each student will be presented with a sign, which will prompt him/her to find the correct answer to a question. The possible choices for the question are on the three signs behind the first one.


[image: U:\ewkang\Desktop\MinecraftEdu\Race4.jpg]
When a student picks a correct answer, he/she will see a lever, which, when pulled, will activate the powered rail above to allow students to continue the race.
[image: U:\ewkang\Desktop\MinecraftEdu\Race5.jpg]
All students who are not starting the race will be waiting in these rooms for their turn.

Objective
The lesson is very linear, neither freeform or creative. Students will be practicing their knowledge on antonyms/synonyms as well as learning the value of teamwork.


Activities 
1. Each student will be given 20 ladders (via the "give all" function in the menu--which is accessed by pressing "p")  to begin. 
2. When all students enter the game, they will be on a floating island with teleporters, each one transporting whoever right-clicks it to a designated race track. 
3. Take each team of 4 and assign each one to a teleporter. 
4. Once each team has gone through their own teleporter, each team will be at their designated track. 
5. Each team will then have another teleporter in front of them, the teleporter allows students to send themselves to one of three rooms located somewhere along the racetrack. Have one student go to each room. There will be one student remaining at the beginning of the track.
6. The one student who stays behind will start the race.  
7. In the beginning of the race, the starting student will find a treasure chest with a diamond pickaxe in it--the student will take the pickaxe. 
8. The student will then be presented with a sign, prompting the student to think of a one word/phrase answer to a question.
9. Behind that sign are three other signs, each with a possible answer on it, with only one of the signs being the correct choice.
10. When a student chooses an answer, he/she will find a column of iron in front of said answer.
11. The student will dig down into the pile until he/she opens up a narrow hallway.
12. If the student is correct, then the hallway will bear a switch that the student can pull to power a minecart rail. 
13. If the student is incorrect, then there will be a prompt to try again. Once the minecart rail is powered, the student will be able to climb back up (using his/her ladders) to the surface and push the minecart along the now-powered rail. 
14. The minecart will travel up to the next student, pass over a switch, and allow the next student to repeat the process until the whole team has completed the race.
Note: This progression applies to the very first student in the race. The other three students in the team will be teleported and held in large obsidian rooms--each room being equipped with a dispenser, which will give the student in holding a pickaxe when a minecart passes over the room's respective switch. Once the student has a pickaxe, he/she can dig out of his/her room and repeat the process from steps 8 to 14.

Lesson Plan
1. Let the class know that they are about to play a game to practice what they learned in class.
2. Split the class into teams of 4--try to make different teams every time the game is played. Be as random/unbiased in your selections as possible. Once teams are formed, have the students sit as closely to each other as possible (i.e. have students sit in the same row).
3. If there are any students left over due to a class size that is not a multiple of 4, have them act as judges and walk around the room making sure that participating students are not cheating.
3. Explain controls to the game (as seen above).
4. Explain rules to the game (as seen above in Activities).
5. Mention that students need to call out when their team has finished and that claiming completeness is running on the "honor system" in the sense that students need to be honest about their team's progress.
6. Also mention a reward to the team that finishes first, be it candy, a sticker, etc, with each reward decreasing in value the lower a team places. 
7. Once every student has logged in with a team, begin the race by saying "Ready, set, go!"
8. Once a team has finished, let the class know what team has finished, and wait for all teams to finish. Once all teams are done, hand out prizes to the different teams based on placings.
Note: Constantly remind students to not click on/interact with ANYTHING until the race begins.



Minecart Relay Race (Student Handout)
Welcome to the Minecart Relay Race, where your knowledge and teamwork will be put to the test. Here are some tips to help you get started:

Controls for the Minecart Relay Race:
W: Forward			1: Select ladder
S: Back				2: Select pickaxe
A: Strafe left			Mouse: Look around/turn
D: Strafe right			Left-click: Dig
Space bar: Jump			Right-click: Place ladders (when equipped)/
        activate switch/open treasure chest
For all students
1. The rules are the same as a regular relay race--except instead of a baton, players will be pushing a minecart between each other.
2. After your teacher puts you all into groups of four and you're at your seats, the game will begin.
3. Follow what your teacher says and use the teleport blocks as instructed.
4. Once you and the rest of your team make it to your designated tracks, pick three people to use the teleporter at your track to send one person to each room (aka one person in Room 1a, one person in Room 1b, etc.).
5. Follow one of the following set of rules, which depends on where you are located on the track.

For students going first
1. When the race begins, the starting student will right click on the treasure box to retrieve a pickaxe.
2. He/she will then read the sign in front of him/her--it will contain a question related to what the class has been studying.
3. The starting student will then choose an answer from one of the three signs behind the first one.
4. The student will dig down into the silver square front of the answer he/she chooses until a hallway opens up in front of him/her.
5. If the answer is correct, there will be a switch at the end of the hallway, place the cursor over the switch and activate it with right-click. If incorrect, there will be nothing in the hallway.
6. Turn back and climb out of the hallway by placing ladders leading out of the ditch.
7. If the answer was correct, push the minecart down the now-powered track to the next player.
8. Wait and cheer on your teammates!






For students going second, third, and fourth in the race:
1. Once a minecart is pushed to your room, it will trigger a switch that will dispense a pickaxe in your room. Use this pickaxe to dig your way out of the room in the area the signs tell you to.
2. Once you leave the room, follow the same steps as the starting student from steps 2 to 8.

Notes/Tips
· Remember, be honest about the progress of your team. If you call out that your team is finished with the race, be sure that you are not still waiting on one more teammate.
· Try to let your teammates figure out each question on their own--especially since opposing teams will be able to hear the advice and take your advice as their own. Remember, it's a competition!




[bookmark: _Toc324597896]Minecart Relay Race Postmortem
This lesson is a competitive relay race within a classroom split up into teams of four. Students must answer questions correctly and quickly in order to pass a "baton" (aka a minecart) between each other to reach the goal before an opposing team does.

The Results from Playtesting
In short, the game did not work well with students. The game proved to be confusing from beginning to end, as the many steps and directions did not mix well with having to learn the initial controls and basic Minecraft mechanics on top of it all. Most of the class period was spent attempting to get students to their respective places on the race tracks and even then, students were hard pressed to get started, as they were still wont to wander and toy around. However, students who did manage to get started were able to answer questions correctly and in the manner that was expected from the game’s design. In light of this, though, no team was able to complete their respective track before class was up. Here is a quick recap, in timestamps, of what occurred during our playtest of this lesson:
(Note: these timestamps were taken by producer, Anthony Hildebrand, while he was monitoring the playtest via spectator/teacher mode)
Minutes:seconds
0 – instructions complete
1:40 – all students in world
4:30 – instructions on splitting teams
5:30 – Girl 1 and Boy 1 a bit slow, finally done.  Some port blocks having issues.
7:00 – Girl 2 still lost.
8:00 – Girl 3 ported back to the original
9:30 – Boy 2 found the “t” key – “hi”
Boy 3: “hi (boy 2)”
Boy 2: “eat me”
Girl 4, Boy 4 follow suit.
10:30 – I muted students.
11:30 – instructions on track
12:30 – Room became louder, Lauren had to step in on an individual basis
15:00 – teleporters to rooms not working, fixing manually.  Overheard: “Why can’t I dig?”
17:00 – I unmuted.  Vice Principal had noted that this class wasn’t chatting as much.
17:30 – Overheard: “People need to learn how to spell”
18:20 – In-game: “hi mrs. ondecko”
18:50 – I remuted students.  Mrs. O had voiced annoyance with the class’s chatting.
Students wandering aimlessly along track.
20:30 – Still fixing teleport issues.
22:00 – Overheard: “I’m confused.  How do you jump?”
22:30 – Teacher starting the lesson.
23:15 – Girl 1 left the game.
23:40 – “Everyone ready to go?”
25:00 – Actual race start, in theory.
Girl 2 and Boy 5 both at start of track 1.  (There should’ve been only 1 student there.)
(Note: was really difficult to oversee the class given the wide spacing of tracks.)
28:00 – Overheard: “Where’s the minecart at?”  “I pushed the minecart.”
30:00 – teams 1, 2, and 5 seems to have actually answered questions.  End.
[bookmark: _Toc324597897]Roman Architecture Lesson – Anthony Hildebrand
This is a guided exploration lesson intended to act as a three-dimensional model of Roman architecture, allowing students to walk through representations of key Roman structures: road, bridge, aqueduct, and villa.

Objective
This lesson is intended to act as a supplement to textbooks and other materials that have introduced students to Roman culture and architecture.  The lesson was envisioned as a more immersive diagram, allowing students to appreciate these structures spatially and in three dimensions.

An optional second part of the lesson encourages students to think critically about the function of the Roman villa, and how it might be adapted to another circumstance – for instance, a cooler climate.

Activities
Students will enter the lesson on a road that leads to the villa.  Students should proceed down the road, across a bridge and under an aqueduct before they reach the villa itself.  As students explore these features in and around the villa, informational signs provide supplementary details and facts about these features.
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Start							Villa, surrounded by aqueduct

Once students have explored the map, the teacher may open up the nearby building area.  With the materials provided in chests, the students should be encouraged to build a Roman villa of their own – but one for a different circumstance.  Challenge students to explain how and why they would change the design of the villa to meet this new circumstance.  Would this new villa still be “Roman”?  Why or why not?
[image: ]
Destroy these fences, above, to allow students into the building area.
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Chests of building materials can be found on the other side of the aqueduct wall from the villa, in the Building Area.  


Lesson Plan
The World options in the Teacher Menu: “Students Can Build” and “Health And Hunger” should both be toggled off for this lesson. 

[image: ]
Overhead Map of the Lesson

Students will begin the lesson on a road that leads to the villa (at “Start”).  Encourage students to walk across the nearby bridge to the villa grounds, and to explore the world around them.  Fences and walls will prevent students from wandering away from the lesson’s content.

Once students have explored the area around the villa, you may want to open up the building area.  To do so, simply remove some or all of the fence between the Villa and the Building Area, found under the arches of the Aqueduct.

Building materials will be found in chests in the Building Area, against the wall of the Aqueduct.  Buried one block beneath the Building Area is a large plane of “Build Allow” blocks, allowing students to build within the enclosed Building Area even if the “Students Can Build” option is turned off.



Student Handout
Below is the student handout to go with this lesson.


Roman Architecture (Student Handout)
The ancient Romans were master architects.  Many of their engineering concepts formed a basis for modern architecture, while many of their roads and structures still stand today.  

In this lesson, you’ll be exploring a Roman road, bridge, aqueduct, and a Roman villa.  

The Roman villa served as a home to higher class or wealthier families.  The villa in this lesson is built to scale – if each block is 1 meter cubed, a small villa would be about this size.

Roman roads and bridges helped maintain a large empire.  With over 80,000 kilometers of paved roads, they helped to communicate and move armies and trade goods more quickly.

Roman aqueducts were mostly built underground, but needed to cross over rivers or canyons.  Roman aqueducts needed to be built at an angle so that water would flow downhill, but needed to be as close to level as possible to bring water to a city over a long distance.

Arches were an important part of Roman architecture as they allowed the construction of large structures with less material than it would take to build a solid wall.  In addition, no single part of an arch supports the weight above it – the weight above is distributed across the arch, helping to keep the structure stable.

Building

Later in the lesson, you’ll construct your own Roman villa with the rest of the class.  The Roman villa in this lesson is built for a warm, Mediterranean climate.  How would you build a villa for a cooler climate?

Tips for building:
· Right-click a chest to open it.  You can then click and drag materials from the chest into your inventory.  The bottom row of your inventory is what you can use in your hand.
· The “E” key opens your inventory.  You can select what is in your hand by pressing the 1-9 keys.
· Right-click to place a block.  Hold left-click to remove a block.
· Communicate with your classmates – you’ll have to work together to complete a villa.

Once you’ve finished:
· How did you build this villa for a cooler climate?  What did you change from the original villa, and why did you change that?
· Do you think this new villa is still “Roman”?  Why or why not?




[bookmark: _Toc324597898]Roman Architecture Postmortem
The lesson could be termed a mild success from the teacher & students view, while extremely helpful to our project in terms of seeing the dynamics of an actual class working with MinecraftEdu.  One major misstep was our failure to recognize that Minecraft, as a sort of “digital toy,” comes with a many intrinsic goals before students can really stop to consider any sort of educational content.  As a new digital world, students first need to test the limits of that world and their own capabilities within it.  To “get their bearings” as it were, and to just play with the systems before they can treat it as any sort of analogue to the real world.

A few students seemed to make a conscious effort to explore the architecture, especially the villa.  I made it a point to interview these students about their experiences.  However, few actually stated that they learned anything related to Roman architecture.  This is a case where it’s hard to ascertain if they were too shy to voice details about their experience, or if the learning didn’t really “stick.”  Some said they “learned about Roman architecture” – but when pressed, could give no details.  It’s difficult to say whether those students were saying what they thought we wanted to hear or were shy.  Most students said they learned something about Minecraft and how the game or the world works.

This was unsurprising in retrospect, as it was an introduction to the game world for many of the students.  Students were too busy learning how to move in the world, the limits of the world, and what they could do within it to really absorb content from within the game world and apply it back to their experiences and knowledge in the real world.  A great demonstration, though, of a new key point in our research: the “how” to teach using Minecraft is as or more important that “what” to teach in Minecraft.

The lesson was structured as to begin with a tour through the bridge, villa, and aqueduct, followed by a free building session.  Due to a minor misstep by Mr. W, I felt compelled to open the building area early.  Many students seemed to be unstoppable in their desire to head to the building area, even while less-experienced students still hadn’t left the spawn area and were getting used to the controls.

Many students made a beeline for the building area, despite the fact that fences made it inaccessible.  It may be worth keeping students “in the dark” about future steps, so as to keep them in the moment and prevent them from jumping ahead.  On the flip side, a given class has varying levels of skill and knowledge regarding computers, Minecraft itself, and also about the lesson’s educational content.  Keeping all the students on the same page is a challenge.

While this was a science class, all of the students were starting to discuss Roman culture and civilization in their current history classes as a part of their core curriculum.  In Mr. W’s introduction to the lesson, some students already knew about villas and aqueducts, and even hypocausts (not included in the lesson itself, but an example “teachable moment” in the teacher’s documentation to perhaps bring up after the conclusion of the lesson.)

In the building section, something surprising to us was the fact that students dug up almost all of the layer of grass directly above the plane of “Build Allow” blocks.  Students’ first inclination was to build as individuals or in small groups.  When Mr. W encouraged teamwork, one student wryly responded “no” audibly through the class.  However, Boy 1 (a student with previous Minecraft experience) and a few others then made a more conscious effort to be more inclusive in their buildings.  Boy 1 and his group that later joined him seemed to have the most impressive villa.
Interestingly, at the end of the lesson, students began to replicate the aqueduct, and to look back at the original structures as more of a touchstone for their own constructions.  As we approached the 30-minute mark, it was more common to see students slowly walking through the villa and reading signs.  This came after all students had been to the building area, so there was something about the lesson that drew the students back to the villa.

It may have been more fruitful to start students with a building assignment, and to simply leave the scale model of the villa and the representations of other architectural structures as an open resource.  Telling students to explore the villa (even with the later intention of having this inform their building) didn’t seem to be a strong motivator, especially as an external motivator.  However, after students had started building, the fact that many students came back to the villa to explore the space and read about the different features points to a possible internal motivation to learn for the purpose of their construction.  A longer class period would undoubtedly have been helpful, as our team seemed to share an opinion that a 40-minute class period is restrictive for this sort of non-lecture learning.

It can’t be discounted that frustration with the building area might have been another factor.  While the class was encouraged to collaborate on a structure, students began to build many independent structures.  The building area was designed to be extremely generous for a single, collaborative structure, but was probably cramped for the many individual structures.  Further, while it was a definite minority in the class, there is evidence of some students destroying others’ structures.

Notable Timestamps
First 5 minutes: some students stayed in the spawning area, figuring out controls, talking to each other.
Students found chests before being prompted.
1-3 students actually built in the building area before the 8-minute mark.
8 minutes: all students had left the villa
15 minutes: students began to collaborate
17 minutes: students began walking away from the building area
30 minutes: students started to duplicate the aqueduct.

Start of Lesson
Children very loud to start.  “This is cool.”
When Mr. W was relating Step I (input your name), four boys were already in.
Boy 1: “Get out!”  “I’m working.”
Boy next to Boy 1: “How are you doing stuff?”  Boy 1 unresponsive.
Later, Boy 1 said “give me a pick!” He had previous Minecraft experience, but was (at least initially) unaware that the teacher restrictions were what kept him from digging – not a lack of tools.

Opening Building Area
The opening of the building area happened early.  Mr. W didn’t realize that only the teacher could open the area, and was telling the students to remove the fences.  Further, the children knew the building part was coming.  Many had run straight to the fence between Villa + Building area, wanting to jump over or get through.  Feeling pressured, and not wanting to correct Mr. W in front of the class, I opened the building area.



Chat and Speech
After a student found (or already knew about) the “t” function to chat alone, it spread like wildfire through the class.  Lots of chat like “hi guys its Ethan” or “Hi abbey.”  A few game-relevant messages were exchanged over the course of the lesson:

Boy 6: I need help
Boy 1 (while building): (Boy 9) help me with a villa
Girl 3: Where is (Girl 4)
Boy 1: (girl 4) move
Mr. W: “Should we build a villa together?”
Student (male): “No.”
(Later) Mr. W: “Join (Boy 1)”
Boy 1: join me, I can use some help
Girl 2: does anyone know how to do this
Girl 1: look at the instructions
Boy 9: hello (Boy 1) do you want me to help
Boy 7: amy can’t find my villa
Mr. W to Boy 8: “Build a villa for a colder climate.”
Student: “I put a roof on mine.”

[bookmark: _Toc324597899]Scientific Method – Yotam Haimberg
This was my first attempt at a lesson. I saw lessons in Minecraft as abstractions of existing lessons. Since the world in Minecraft does not map at all to our physical world, I thought of what I can do that would abstract this idea. Reflecting on science, I felt that I could teach the Scientific Method and its process by using Minecraft as a platform for students to ask questions about the Minecraft world and then constructing a way to answer their question. 

This lesson was introduced first to the team who had understood it nicely but had expressed concerns about its use in the classroom. When I had introduced it to teachers, they understood what it was trying to teach, but they started to disrupt and distract each other with the materials that were provided to carry out the experiments. 
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What went right?
· Concept abstraction. Minecraft handles itself in a way far different from how we expect our normal world to operate. I proposed four topics (Inelastic collision, explosion radius, projectile distance, and absence of light) with questions and an associated, guided experiment to carry them out. In our playtest with teachers, they understood what the experiments were set out to answer
· Separated bays for each experiment. By creating different spaces for each experiment, it minimizes the risk of one experiment interfering with another.  With that said, a determined student can still disrupt any experiment. 

What went wrong?
· Must be facilitated. The way the experiments are set up now, no one read the signs and proceeded to use the materials as they saw fit. I had to serve as a facilitator and explain what each experiment was doing, especially to playtesters who were not as familiar with the vocabulary of Minecraft.
· Disruptive behavior is distracting in such a driven lesson. This lesson was designed to be guided. In two experiments, TNT and bows with arrows are available. This inevitably led to the playtesters using them in unintended ways because it was much more appealing to them.

What was suggested to change?
· Solo play. Let students roam the map on their own to grasp things at their own pace. With a crowd  around each experiment, the lesson objectives have a higher chance to become muddled.
· Angle Data for shooting the bow and arrow. Currently, there is no way to see the player camera’s angle above the horizontal plane. One suggestion was to create an arch way at the beginning of the range with colors that lead to optimal or sub-optimal shooting distances.
Conclusion
This lesson was a great proof-of-concept in the sense of showing what can be abstracted within the Minecraft environment. The scientific method is a process to understand the world around us and that process maps well to Minecraft because participate in the same process. Unfortunately, basic questions about our actual world map better to learning the scientific method because there is more of a knowledge base about how the actual world operates. In contrast, the Minecraft world and its associated vocabulary are unfamiliar so to truly grasp the scientific method in this context, an advanced knowledge of Minecraft is recommended.


[bookmark: _Toc324597900]Spatial Reasoning – Szu Yuan Scott Chen
In this lesson the students will go through a series of rooms, and each room will contain a certain amount of white cubes and a quiz block. The students need to observe the white cubes inside the room and answer the question inside the quiz block. The stucture in each room will be more and more complex, asking the students to observe the structure in all direction.

A 2-part final challenge will be given when all students completed the initial course. The first part will be a competition to see who is the fastest on counting blocks in a more complicated structure. The second part will give the students the ability to build blocks on their own, and after 5 minutes of building the students will be asked to estimate the number of blocks on the structure.

Objective
The students will be more proficient in navigating and observing in a digital 3d space. The students will also understand better on spatial reasoning and have to use multiplication and estimation to solve the questions.

Time Management & Instructions
This lesson is simple to run and requires minimum set up.
15 minutes

1. When all of the students log into the world, make sure all students understand how to use the quiz block and also navigate the space.
2. 2. Once all students are ready, destroy the black-colored blocks to let the students proceed to their lesson. (Make sure Creative Mode is turned on)10 minutes

3. 3. Wait for all students to gather at the black door outside of the cave.
4. 4. Once all students are ready open destroy the door and proceed to the first part of the final challenge
5. 5. Give around 5~10 minutes for students to count the blocks, and whoever comes closest in counting the blocks wins.10-15 minutes

6. 6. Once the first part is finished open the black gate and proceed to part 2
7. 7. Press the hotkey “B” and give all students 10 gold blocks, number can vary depending on time, students can only build on top of the green blocks.
8. 8. Give around 5~10 minutes for students to finish building the structure, and ask them to estimate the number of blocks in the structure.













Spatial Reasoning (Student Handout)

IMPORTANT BLOCKS

[image: ][image: ]
Quiz Blocks				  Outlined Blocks


TIPS
· Right click to interact with the quiz blocks
· There is 1 quiz block in every room, make sure you fill in the answer in ALL quiz blocks
· Answer all questions in numbers (0,1,2,3 etc.)
· Try not to stand too close to the outlined blocks
· Always look for paintings, also read the signs


CONTROLS
· W: Move forward		Space bar: Jump		
· S: Move backward		Mouse: Look around
· A: Move left			Right Click: Place blocks, interact with 	
· D: Move Right					  Quiz blocks





[bookmark: _Toc324597901]Spatial Reasoning Postmortem
In this lesson we want to teach the students ways of observing a three dimensional structure, and to be able to get a better grasp how certain parts of the structure were hidden from view. 

This lesson also serves as a great introductory tool for students to be more used to navigating inside a 3-D digital world with WASD control scheme.

Furthermore, this is the first lesson that implements quiz blocks and this will be the first playtest of quiz blocks with the students.
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What went right?
The students are well behaved even when there are a lot of restrictions in the lesson (i.e. no build, no destroy, and a linear path) 
Students were wondering at first why couldn’t they do anything at the beginning. When the initial gate was opened and showing them a direction where they can progress, the students quickly forget the restrictions and proceeded all the way to the end.

The quiz block was successfully used during the lesson.
Since there is a tutorial right in the beginning of the lesson on how to use the quiz block, the student had no problem answering quiz blocks throughout the whole lesson. In the end of the lesson, we successfully gathered all the answers from the student and were able to review each student’s performance on this lesson.

The students navigated through the whole first part without teacher aid.
The lesson was designed so the teachers will have the least amount of preparation to do, and this proved to be successful.

What went wrong?
No feedback on the quiz blocks.
Students received no visual feedback on whether the answer was right or wrong, and some students thought it was broken so they just ignored every quiz block afterwards.

The first group activity became a huge guessing game.
Since there are no quiz blocks in both rooms the students just shouting out random numbers until they got the correct answer.

The last room was unsuccessful.
After the students had finished building the structure, everyone just took a quick random guess on the number of blocks and then started to run around the room. We haven’t found out the most effective to tally the number of blocks without destroying them.


What did the students learned? (in quotes)
“I learned how to count blocks”
“I learned multiplication”
“I learned how to navigate inside a 3D space”

Conclusion
The lesson was much more successful than anticipated since there are multiple restrictions on the students in the beginning and also this is the first time we used quiz blocks inside a lesson for playtest. We learned that it is okay to have restrictions in your lesson as long as you give them a clear goal and not change the restrictions multiple times (one time is okay). Also since this is the second time the students played Minecraft, they are much more focus on the tasks they were given and less drawn into the visuals and interactions inside the game. In the end, the quiz block was proven to be a very useful addition to the MinecraftEdu software and with more polishing and play testing we believe this lesson can be a great introductory lesson for students who are less comfortable navigating inside a 3d space.



[bookmark: _Toc324597902]Statistics Lesson “The Mushroom Experiment” – Dave Faulkner
This lesson is intended to teach core statistical concepts to students in junior high or high school.  In this lesson the students run an experiment, then build a histogram showing the results of the experiment. The students then run the experiment again and compare the results of the two experiments. It is possible to teach this lesson in one class period, although you may choose to cover part one of this lesson one day, and part two the next day. This lesson is set up to accommodate up to 25 students.

The main concepts covered in this lesson are histogram and distribution. Many other statistical concepts can be woven into the lesson. This lesson can be customized to match the level of your students. If your students are more advanced you may want to use this lesson to teach or review other statistical concepts such as frequency, intervals, outlier, normal distributions, mean, standard deviation, hypothesis, variation / variability / dispersion, and population.

This should not be the first lesson taught using MinecraftEdu. Students must be familiar with moving around inside of Minecraft and placing blocks before participating in this lesson. This lesson requires the students to switch their attention between the Minecraft world and your statistics lecture.

Lesson Overview
· The students enter the world and look at the example histograms.
· Begin the lecture by having the students make observations about the example histograms. Review key vocabulary.
· Explain the experiment to the students. They have to collect as many mushrooms as they can in four minutes. They each have their own island to collect mushrooms on.
· Line the students up next to the portals, one portal per student. Begin the timer and turn on student building. The students break through the fences and each warp to an island.
· After four minutes turn off student building. Warp the students back to the area with the histograms.
· The students build a set of histograms using blocks.
· Review key concepts and vocabulary.
· In part 2 the students run the experiment again. The world will need to be reloaded to reset the mushrooms on all of the islands. The students will have to re-join the server once the world has been reloaded. The students will be kicked out of the MinecraftEdu world between part one and two. This is the most logical place to break this lesson into two class sessions if you feel you will not have enough time to cover everything in one lesson.
· Run the experiment a second time.
· The students will then build another set of histograms.
· Put the screenshot you took of the results of the first experiment up on the projector.
· Compare the results of experiment one and two and talk about differences in the histograms.

2

Set Up and Tips
After loading the Mushroom Experiment MinecraftEdu world, turn off student building. You will turn it back on when you are ready to run the experiment. Make sure that night and weather are also turned off.

Make sure you have turned on creative mode for yourself. This will allow you to fly. Turn on long distance building so you can easily add or remove blocks and ladders. Put ladders and obsidian in your inventory so that they are readily available to you when you are teaching the lesson.

As students enter the world they will spawn next to two histograms. The histograms represent the heights of male and females. Let the students run around and investigate the histograms as the other students join the world.
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A projector is needed when teaching this lesson. Letting the kids see your screen is useful for pointing out specific parts of a histogram. At the end of part two of this lesson, you will be comparing screenshots of the histograms the students have built and talking about the differences between them.

Make sure you know how to take a screenshot before beginning this lesson. To take a screenshot on a PC, press printscreen and then paste the screen into Microsoft Paint. See this link for more detailed instructions (http://www.wikihow.com/Take-a-Screenshot-in-Microsoft-Windows)
Note: To take a screenshot on a Mac, press Command + Shift + 3 (all at the same time) and a screenshot will be saved to your desktop.

Freezing students while giving parts of the lecture may increase the students’ attention to the lecture. Freeze them for a few moments at a time when covering the main points of the lecture. For instance, freeze the students when going over the aims of the experiments, before you have them place a block to represent the number of mushrooms they collected, and when reviewing the key points of the lesson.

Lesson Details - Part 1A
The students enter MinecraftEdu and spawn in an area with two histograms. The students can check out the histograms built out of blocks while waiting for their classmates to join the world.
When all students are in the world, freeze them all. 

Review Histogram
· A chart that shows how a set of data is distributed.

Ask students when you begin - “Make an observation about this set of data represented by blue and yellow blocks”.

Concepts to review:
· Talk about why the distributions are shaped the way they are.
· Review that frequency is shown on the y (vertical) axis and intervals are shown on the x (horizontal) axis. Talk about why x axis data is separated into classes and why the stacks are called “bins”.
· Talk about how the rectangles of a histogram are drawn so that they touch each other to indicate that the original variable is continuous.

Tell your students - “We are going to answer a statistical question - How many mushrooms will the students in this class collect in four minutes?”

Part 1B
The students will now run the experiment. They have four minutes to collect as many mushrooms as they can. Have the students line up in the gates by the portals.

Tell your students - “When I say go, you will punch through the fence separating you from the portal block in front of you. Run over the portal and you will be warped to your own mushroom island. You will have four minutes to collect as many mushrooms as you can!”

Make sure that each student is in their own gate. Turn on student building and start the clock. Tell your students to begin. Give your students a one minute, thirty second, and ten second warning. Turn off student building at end of the four minutes. Be sure to turn off student building before you warp the students back to the area with the histograms.

While the students are collecting their mushrooms close off all of the gates leading to the portal blocks. This is to make sure that when you warp the students back to the area with the histograms they don’t just warp themselves back to the islands. Use the teacher tools included in MinecraftEdu to do this quickly.

If students have technical issues when they warp, have them re-load the world. Sometimes the world doesn’t load the islands fast enough and the students fall through the ground. Exiting the world and re-loading should take care of this issue.



Part 1C
After the four minutes are up and student building has been turned off, use the teacher
command “Warp all Students to me” to warp all students to the stone area where the histograms are being built.

Note that there are three areas where the students will be building histograms. The blocks with green circles are build allow blocks, a special MinecraftEdu block that allows students to build on top of them even when you have disabled student building. One of the areas with the build allow blocks is for the total number of mushrooms collected. The other two areas are for observations of number of red mushrooms collected and brown mushrooms collected. 
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Note that there is bug with the large signs. Anything you type on the signs will be gone the next time you load the world. Before the lesson you may want to label the signs “Number of Mushrooms Total”, “Number of Red Mushrooms”, and “Number of Brown Mushrooms”. The total mushrooms histogram should go on the longer line closest to the islands.

Tell your students - “We are going to build a histogram representing our results of the data. I’m going to give you a Minecraft block to place at the correct place on this line of values. Put the block on the line at the place that represents the total number of mushrooms you collected. The frequency of the data is mapped to the vertical (y) axis. This means that for each observation
of collected mushrooms in a bin, the bin will grow taller. You will probably have to climb up the stack to get to the top to place your block, use the ladders I am putting on the sides of the blocks. Only place the one block I give you, and make sure you place it at the correct place on the line. You won’t be able to destroy any blocks once they are placed so place them carefully. Hold onto the mushrooms you collected, you will need them. We are placing the blocks on this line (point to the green blocks closest to the islands). We will be using the other two green lines in a moment”.

Use the “Give” menu to give all students one block of obsidian. Obsidian is used because it cannot be destroyed by the students. If a student makes a mistake and places their block of obsidian in the incorrect place, you will have to destroy it yourself and give that student another block of obsidian to place. Use the teacher tools to place ladders on the blocks as they are placed so students can climb up to place their block on top.

Have the students place their block on the timeline at the value that corresponds to their result in the experiment. You will see a distribution began to form as the students place their blocks. After they have built a distribution representing the total number of mushrooms collected, have the students build another distribution representing the total number of red mushrooms. Do this again for brown mushrooms. At this point all three lines will have distributions.
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Part 1D
Once everyone has placed their block review the histogram:
· Talk about the distribution of the histogram.
· Review mean and standard deviation.
· Look at the data. Are there any outliers?
· Review normal distributions and all of the different types of data that form normal distributions.
· Review any other concepts that you want to cover at this point in the lesson.

Take a screenshot of this first set of histograms that the students have built. Because you will be running the experiment again it is important to have a picture of the first histograms to compare to the histograms the students will build in the second part of this lesson. Make sure you rename the screenshots to something appropriate and save them so you will be able to find them later.

Stop the server. This will kick everyone out of the world. It is a good idea to save a copy of
the world so you can load it up later to look at what the students did. Make sure to rename the save file so that you don’t overwrite the original world. If you overwrite the original Mushroom Experiment world you will have to re-download it to run part two of this lesson.

Part 2
Tell the students that they will run the experiment again. Ask them to make a hypothesis about what will happen when they run the experiment again. Will the peak of the data move right, left, or stay the same?  Why? Will the variance go up or down? Will there be more outliers than before?

Repeat all of the steps in part 1. The students will build three histograms just as before. Put the screenshot you took of the first set of histograms up on the projector so that the students can see the current histograms and the histograms from part one at the same time.

Have your students make observations about the difference between the first histogram and the second that the students made. Talk about if their hypothesis was correct and possible reasons why or why not. Ask them if the mean (peak) greater or less than before. Did the mean move left or right compared to the first histogram? What changed about standard deviation (spread) between the two distributions?

Review the two sets of histograms:
· Review variance. Observe the differences in the variance between the two sets of histograms.
· Talk about standard deviation, and how standard deviation is a measure of variance.
· Review population and how statistical inferences can be drawn about populations.
· Review random sampling and how it related to the current experiment. Would kids in other schools get similar results if they ran this experiment? What about kids in other grades?
· Take a screenshot of the second set of histograms and save it with your first screenshot. If you decide to save the final world, make sure to give it a unique name.
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Resources
Standard Deviation -  http://easycalculation.com/statistics/standard-deviation.php
Histogram - http://en.wikipedia.org/wiki/Histogram
Normal Distribution -  http://en.wikipedia.org/wiki/Normal_distribution  
http://www.experiment-resources.com/normal-probability-distribution.html


[bookmark: _Toc324597903]Statistics Postmortem
This lesson is intended to teach core statistical concepts to students in junior high or high school. In this lesson the students run an experiment, then build a histogram showing the results of the experiment. The students then run the experiment again and compare the results of the two experiments. Please see the complete lesson plan for a detailed walkthrough of the lesson.

Playtest Participants
This lesson was playtested in the classroom with students in 9th and 10th grade. The majority of the students were male. The students had previously playtested the Tower Challenge MinecraftEdu lesson and so were familiar with how to play the game.

About how this Lesson was Administered
There were three playtest observers present at the playtest session. These observers were logged into the MinecraftEdu world as teachers. This gave them the access to all of the teachers tools available in MinecraftEdu. Spectate mode was turned on for each of the observers, making them invisible to all other players in the world. These observers assisted with some of the tasks required of the teacher during this lesson. The playtest observers allowed the playtest administrator to give the statistics lecture and administer the playtest while walking around the room.

The observers handled a number of technical tasks during the lesson. They handled tasks such as turning on and off student building at the beginning and end of the two mushroom collecting sessions, and helping students with technical problems. The observers replaced the destroyed fencing to ensure that students could not warp back to the islands after each collecting session. The observers also handled giving the students blocks after the mushroom collecting sessions and placing ladders on the block stacks so students could reach the top of a stack. When students placed a block at an incorrect spot, the observers destroyed it and gave the student another block to place. In short they gave the test administrator the freedom to lecture and interact with the students without having to worry about any of the technical considerations of running a MinecraftEdu lesson. This contributed to how smoothly the lesson went

Because the playtest administrator did not have to deal with any of the technical considerations of the lesson, a large amount of material was covered in one 50 minute lesson. It is likely that one teacher dealing with a class full of students will have to cover fewer concepts in one class session. Management of the Mushroom Experiment MinecraftEdu world is needed during the lesson. For this reason it may be better to cover this lesson over two class periods.

Challenges, Difficulties, and Lessons Learned
This is not an easy lesson to administer or receive. The pace of this lesson is quick and the demands on both the teacher and the students are high. The teacher has to keep on top of a lot of things and lecture at the same time. This lesson demands a lot of attention from the students. They have to listen to the teacher, navigate the lesson world, and apply what they are learning. They must switch between these things very quickly while the lesson is going on.

Despite the high load of the lesson, using MinecraftEdu to run an experiment and apply knowledge of statistical concepts can be an effective way to teach statistics to high school students. The students were engaged with the content and all the students participated in the lesson. Lecturing while the students navigated the world was a good way to impart knowledge and have the students immediately process and apply that knowledge. At the beginning of this lesson the students could not recall ever having heard the words histogram, distribution, variance, or variability. By the end of the lesson the students were correctly using this vocabulary to describe what they had learned.

The mushroom gathering task seemed to be fun for most of the students. Mixing a fun task with a more serious task seems to be a good way to use Minecraft in the classroom. The experimentation islands are designed to be fun to run around and explore. There are tons of mushrooms hidden behind blocks and on top of hills. At the same time as they are running around collecting mushrooms, students are gathering data that they will then describe by building a histogram. The task has both a fun side and a serious side. The tasks seemed to balance each other out so that the students were engaged and had some freedom, but also knew they had a job to do.

The difference in the amount of time it took the students to build the first set of histograms compared to the second set of histograms was notable. The students built the second set of histograms more quickly and with fewer mistakes than the first set of histograms. It might make a good homework or extra credit assignment to have the students go out and find a set of data, then describe that set of data inside of MinecraftEdu by building a histogram.

The students talked to one another during the lesson and taught each other about the concepts that were confusing them. The fact that students communicated with one another during the lesson and taught each other about the concepts being learned is a strong argument for teaching with MinecraftEdu. The students want to know the concepts being taught because they want to participate with the lesson and be a part of what is going on inside the game world. The engagement that the students feel with the game generalizes to the lesson and seems to motivate them to pay attention to the concepts being taught.

A few technical issues arose during the lesson. There were a number of problems with students falling through world when they warped to their experimentation islands. It seems that with a large number of students, Minecraft can have problems loading the chunks of the world that the students are trying to warp to. This results in students being warped to a island that is not there, and they fall through the ground. The solution to this is to have the student reload the world. They come back in at the same place that they left from, and the world loads correctly. This is a bit of a problem in that is skews the data gathered from the test, but it is something that can be addressed in the lecture about variance and distribution.

If a student gets stuck or messes up on an island, it is difficult or impossible to help them. There are 25 islands, each with a single student on it. The teacher controls can be used to warp to a student, but the warping process can be disorienting. Because the lesson world is so large, it can be difficult to find your way back to the area with the histograms once you have warped away.

A few students had problems placing blocks in the wrong spot on the number line. Because student building is turned off for the histogram building part of this lesson, and the students are placing unbreakable (without a special in-game tool) obsidian blocks, if a student places a block in the wrong spot they cannot correct their mistake. The teacher must break the incorrectly placed obsidian block and either give the student a new one or place a block for the student.

Some of the students were placing mushrooms on top of the histogram blocks, or were ‘throwing’ them at one another using the drop feature of the game. This was a problem because the number of mushrooms collected in each student’s inventory was what the experiment was looking at.

This lesson would not have worked if the students had not already had some familiarity with Minecraft. If the students did not understand how to navigate the world and use the game there would be no time to teach them and they would get left behind. If the students had not had at least one session to play around with Minecraft, it is likely that they would have had a harder time focusing on the tasks at hand.

MinecraftEdu affords teachers the ability to make worlds of their own. It is possible to conduct experiments and test hypotheses in a way that would be difficult or expensive in the real world. Because the worlds are digital, it is possible to duplicate one element many times so that each students can experience the exact same thing. That can be very helpful when needing to duplicate something like the experimentation islands 25 times.
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[bookmark: _Toc324597904]Tower Challenge – Dave Faulkner
This is an activity to teach soft skills such as cooperation and communication. The students will be split into four teams and will be tasked with building the tallest climbable structure as possible within the time limit. They will be rated on the size and height of their structures, how well they worked together, and the aesthetic of their structures.


Set Up
Split the class into four teams and have them sit at computer desks grouped by team. Ensure there is an equal distribution of girls (no all-male teams). Launch MinecraftEdu and disallow student digging and building until the challenge begins. Once the teams are established and seated explain that this exercise is about teamwork and communication. Go over the objectives and rules with the students.


Objective
As a team, build the tallest *scalable* tower as possible! At the dawn of the second day all team members must be at the top of the tower with room for at least one more person. The structure must be climbable by the teacher.


Rules
See student handout.


Students are provided with:
· Torches
· Pickaxes
· Shovels
· Axes
· Chests to hold materials
· A crafting table by the base of their tower

Everything else must be dug and crafted by the students.


After time is up
When the second day dawns digging and building must cease. Be sure to disallow digging and building in MinecraftEdu. Allow the students to walk around and look at all of the structures that were built. The height of the structures is counted and the award for tallest structure is given. The teacher then gives out accolades for the team that worked the best together. The students then vote of the best looking structure.




Tower Challenge (Student Handout)

Objective
As a team, build the tallest *climbable* tower as possible! At the dawn of the second day all team members must be at the top of the tower with room for at least one more person. No matter what your tower looks like, it must have room at the top to hold the entire team plus the teacher. The teacher must be able to climb to the top of the tower for the tower to count. 

Rules
Teams have 20 minutes (a Minecraft night and a day) to build the tallest structure that they can.
The team members must work together to build the towers. The towers must be climbable by the teacher! If a team’s tower is not climbable the height of the tower is counted as the max height that the teacher can climb to. All students must be at the top of the tower. Basically just make sure everyone can get to the top of the tower and does so before time runs out.

Be aware that that it is not possible to build above the clouds. If your tower reaches the clouds use the remainder of your time making the tower safe and cool looking.

Do not try to cross into another team’s territory. There is an invisible force field acting as a fence between the teams territories, you won’t be able to cross over.

Remember that there are crafting tables and chests provided for you. You don’t have to use them but they may help. You may craft any item you wish, but ladders will probably be the most helpful.

Build your tower atop the colored blocks at the base of the mountain. The base of the tower must rest on the colored blocks.

Controls
W: Move forward
S: Move backward
A: Move left
D: Move right
Space bar: Jump
E: Open inventory screen
1-9: Select item from inventory bar at bottom of screen
Mouse: Look around
Left click: Hold to dig
Right click: Place item (whatever item you have selected), open a chest, open the crafting table









Tower Challenge (Student Handout)

Planks
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Sticks
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Ladders
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Steps
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[bookmark: _Toc324597905]Tower Challenge Postmortem
This is an activity to teach soft skills such as cooperation and communication. The students were split into teams of 4-5 students and were tasked with building the tallest climbable structure as possible within the time limit. The students were rated on the size and height of their structures, how well they worked together, and the aesthetic of their structures.

Playtest Participants
This lesson was playtested twice in the classroom with two different groups of kids. The first group was a class of eighth graders and the second group was a class of ninth graders. In the eighth grade class five students had played Minecraft previous to the playtest, in the ninth grade class four students had previously played. In both groups the students with Minecraft experience were distributed among the teams. The girls and boys were also mixed up evenly among the teams so there were no single-sex teams.

Challenges and Difficulties in the Classroom
It is very difficult to teach a lesson with Minecraft if the students are new to the game. Ideally the students should have time to run around the game, get used to the controls, and explore the basic game concepts before using the game to teach a lesson.

Technical problems can slow down starting the lesson. Care should be taken to ensure the technical setup of the server and the process of having students join the world goes without any problems.

Some students just won’t get Minecraft or enjoy it. Moving around 3D space inside of a computer makes some people nauseous. Some students will need more time than others to get used to the controls and game concepts. Some students will not want to participate.

Students will find the weaknesses in your lesson world. You really have to make a world solid in every conceivable way. In this lesson the students dug way down into the ground and found tunnels that I did not realize were there. They then ran around these tunnels and had a hard time getting back out. Making sure the students cannot dig below a certain level by using build allow blocks will be helpful in many instances.

Students will have different wants and interests inside of the game world. Some students will want to build tall towers. Others will want to destroy what other kids have made. Others will want to run and explore everywhere they can. Making your world and tasks as intrinsically interesting as possible will help keep everyone’s attention where you want it.

Lessons Learned
Students will teach each other. As soon as one student figures something out, other students will notice and ask how it was done. Game techniques make their way around the classroom very quickly. Students want to show off their skills and knowledge to each other. Leverage this when designing your lessons.

Leverage previous student knowledge and experience. It is a good idea to spread out students with knowledge of the game so that they can teach as many other students as possible. In both the junior high and high school classes, the winning team was the team with the most experienced person on it.

Be wary of gender and social stratifications. Girls are going to want to sit together. Friends want to sit with friends. It might be worth breaking up cliques to force the students to work together outside of their pre-established groups.

Teamwork is hard and takes practice. Kids are not going to work together right off of the bat.
While none of the teams fought during the playtests, there certainly could have been more collaboration. Encourage the students to work together and talk to one another.

Students want to blow stuff up, kill the animals, and destroy things. One of the things that makes video games fun is the ability to do all sorts of things that you cannot do in the real world.
Giving the students free time to play the game without having to pay attention to a lesson will help get it out of their system.

Plan for moments of reflection. Let the students see what they and their classmates have built.
Turn on creative mode for the students at the end of a lesson. It is a lot of fun for the students to fly around and look at the world from another angle.

Use indirect control. If you want your students to go somewhere, the easiest way to get them to go there naturally is to put something cool and interesting there. Imagine a jungle with a massive tower made of gold and diamond in the middle. Most kids are going to naturally head towards the tower.

A Few Quotes from Students
During the Test -
“I don’t want to build”
“This is fun!”
“I don’t get it”
“Gather wood resources and bring them to me, I’ll make the ladders”
“This is weird”
“I’ll show you what to do”
When the bell rang -
“Aww!”
“Can we stay?”


Playtest Notes - Junior High Class Notes
Timestamps:
0 – Mike: “Who told you to sit down?” (Interesting tone set.)
1 – Students sit down.
130 – Mike starts introduction, 5 students had played Minecraft
230 – Dave starts his introduction, runs through steps to join server. Troubleshooting, as joining
goes a bit slow.
404 – RayliT joined the game (I believe the last)
430 – Dave gives instructions on WASD/mouselook/jumping.
520 – Dave: “walk through pumpkins” Mike: “I don’t think we’re there yet” (class was still slow)
640 – 5 students still at starting staging point.
7 – last student leaves staging point.
10 – Pixel Pushers giving individual walkthroughs. Overheard “this is weird.”
1300 – Students learning the basics.
1414 – Dave gives rundown on how to dig, how to place.
1600 – lots of digging up the ground, a few dirt blocks have been placed.
1830 – Dave preps to start the challenge, ports everyone back to spawn. A few teleport hiccups.
2100 – Dave: “Everyone with the right team and right color? Build the tallest tower as a team
that you can.”
2230 – Dave specified this tower should be within the team’s colored oval.
2300 – Overheard: “You got me in a hole!” “Are we building in the center?” “Where Jonathan
just landed.”
2430 – Girl had raised her hand for a long while before noticed by anyone.
3120 – Dave: “6 minutes left”

Additional Notes
Classroom had Blue in the front left, Red in front right, Green in back left, and Purple in back right.

(Front being where Dave was set up, Left/Right as the class was facing.)
*All of the girls sat in their own rows, even across teams. Blue and Red girls sat in the same row, as did Green and Purple.

It’s probably worth noting that this is an age where there is probably still a fairly strict social divide between boys and girls.


High School Notes
Apologies, no computer of my own made it harder to take notes here. Also, was in conversations with Todd or other EFHS officials most of the time. 
Overheard on Purple Team: “Let me set up a base.” “What do I do?” “I’ll show you.”
(Girl with Minecraft experience helping a boy.)
Teams in columns. If facing the podium/door, went:
Green Purple Blue Red
Interview – 9th grader, some previous knowledge of Minecraft, not much experience with
Minecraft, shy (didn’t get his name for some reason)
What surprised you?
Some kids already knew how to play Minecraft. And that you could do whatever you wanted.
What frustrated you?
Falling off towers. Teamwork – that there wasn’t much of it. Kids destroying towers. Getting
materials. People not listening.
What else would you like to see?
Zombies.
What did you like?
Killing animals.






[bookmark: _Toc324597906]Creating Tools for MinecraftEdu
We developed a series of tools to give teachers greater control over their classroom environment. The tools are briefly described, and then detailed further in a postmortem for each.

Quiz Block
The first is a Quiz Block that allows teachers to ask questions to students in a Minecraft world. A teacher can enter the world, place a block, enter a question (and its answers), and then any student afterwards can click on the block to be given a question. All the students’ answers to a specific quiz can be viewed within the Lesson Review Tool, which is described below.

Quiz Block Postmortem
Purpose
A feature often requested by teachers, the Quiz Block was created to allow them to test the reasoning of the students on the lesson they are currently in. In order to be efficient and interesting, it was designed with several features in mind:
· A teacher can set up a question per quiz block;
· The questions can be multiple choice, true/false or fill in the blank;
· The questions should be saved with the map;
· The teacher should be able to pull from a personal question database, so that he can reuse the same questions on different maps;
· Changing one question in a quiz block should change all the quiz blocks that have the same question ID;
· Upon activating the quiz block, the student must be asked the question that the teacher previously set up;
· Upon submitting the correct answer, the block should activate any connected redstone circuit;
· The student’s answers should be reviewable in the Review Tool by the teacher.

Additional features implemented after testing
It became clear that since the redstone feature would not be as used as only the regular quiz block, the students needed feedback on whether their answer was correct or not. Thus we decided to add an additional feature:
· Upon submitting any answer, a message should pop up stating whether the given answer was correct or incorrect.

Implementation of the quiz block
GUI Elements
The first challenge that immediately came to mind upon starting to implement the quiz block was that Minecraft doesn’t support GUI elements that the quiz block would require in an easy-to use fashion. Thus both the radio button and the drop-down list elements had to be implemented as new GUI elements. Since a regular button already existed, creating a radio button wasn’t very hard, except for implementing its layout. However the drop-down list, including the slider, had to be implemented from scratch. Even then, Minecraft is not a GUI-oriented game at all, so keeping GUI to a minimal can only be a plus for any project working with Minecraft.

Redstone
One of the most frustrating issues with implementing the quiz block was to make it able to power redstone. The first question was: how to store the on/off state of the quiz block? To achieve this, the answer was to look at how the lever status was coded and take inspiration from it. As it turns out, using the block metadata system was enough. The block metadata system is a basically a byte of 4 bits associated with a block, and you can set its value through vanilla Minecraft functions (in the World class). Remembering the state of the quiz block is as simple as changing one bit from 0 to 1 (in this case, I used the most significant bit).

But the worst issue was that even with the proper functions implemented (isPowering, isPoweringTo, isIndirectlyPoweringTo), the block was unable to power redstone properly. The answer was really simple, yet really hard to get to, and if there’s one thing you should remember after reading this postmortem, it’s that you NEED to set the Material of the block to Material.circuits, else it won’t work.

Conclusion
Creating blocks in Minecraft can be really easy, since the code is rather nicely set up, as long as you understand its vocabulary (metadata, material type…). However, it finds its limitations when dealing with UI, so I would recommend giving some thought beforehand as to how to rely on it as few as possible.





Lesson Review Tool
This tool has two major components under the same program: the world viewer and the metric readout.
1. The World Viewer is a modified version of X-Ray* to view worlds/lessons after they have been completed. Our version highlights the blocks placed by specific students to help the teacher see what exactly occurred during the lesson. This could be useful for determining whether a student was participating in the world, whether a group was evenly collaborating, or if a specific student was just causing trouble for everyone else.
2. The Metric Readout is, simply put, a readout of a student’s activity during the lesson. This shows the types of blocks that were placed, removed from the world, or destroyed (destroying a block placed by another student). This readout also shows the teacher how students answered each Quiz Block questions were answered correctly or incorrectly.

*The Minecraft X-Ray program allows Minecraft Players to open their world and specifically search for different types of minerals. This is useful when trying to find elusive and rare materials within the game world, or if you want to just explore a cave network.


Lesson Review Tool Postmortem
Choose the Right IDE, and Don’t be Afraid to Learn a New One
Romain and I had originally chosen Eclipse at the beginning of the semester because of previous experience with it. However, later on, we decided that Netbeans may be the better choice because of the integrated tools (debugging, memory testing, etc). These would prove useful and necessary because we were dealing with a large body of code. Especially since we needed to make sure our additions to the game didn’t affect performance negatively, being able to use these tools made our lives a lot easier. For example, a feature that was introduced into MinecraftEDU created a terrible memory leak the longer a server ran, eventually stopping players from being able to place or destroy blocks. With these tools, we were able to identify the problem in about an hour, whereas without these tools we may have spent an entire work day trying to track it down.

Even though we had experience with Eclipse, Netbeans in the end turned out to be a much better choice. Don’t be afraid to learn new things.
	
Spend Time Researching Existing Tools
When initially tasked with creating the world-viewer for the Lesson Review Tool, instead of trying to build the tool from scratch I decided to first do some research into existing world-viewers. Because of my prior experience with both Minecraft and tools for creating / managing servers, I knew that there were already many other programs that did exactly what I would need for this project. I took the time to try and find an open-source solution that could be built upon.

After about a week of comparing different world-viewers (and making sure that they were open-source), I was able to find the X-Ray tool and co-opt it into the Lesson Review Tool. In this case, I was lucky that such a large community already existed. However, if I weren’t able to find an existing tool / body of code, I would have then looked for techniques that already exist for loading and reading Minecraft worlds. Even in this case, I would look to how Minecraft itself does this, and create something similar.

Either way, be sure to know when, where, and for how long to look for existing work. If I had tried to make the entire tool from scratch, I would have remade a lot of unnecessary code, and the tool would not have been as nearly as nice as it is now.

Make Time for Learning Large Codebases
One drawback of working with the X-Ray tool is that there were about 20 class files, each ranging from 500-4000 lines of code each. Learning how the program runs, in addition to where to inject my own code was time consuming. I had expected this to be time-consuming, but I should have known that it would take much longer than I had planned. Always make more time for yourself when learning a large and unfamiliar codebase.

[bookmark: _Toc324597907]Working with WorkingExamples.org
Working Examples is an online organization geared towards providing users a means of posting “worked examples”, or an example of how an expert/group of experts explicate, explain, and model the solution to a problem. The main features of Working Examples’ website is the ability to post progress on one’s findings as “seeds”, “sprouts”, and “blooms”, each stage symbolizing the stages of fruition in a solution’s growth. These stages are then meant to be shared amongst the Working Examples community as well as sponsors/investors, collaborators, and the general public alike.

For our terms and purposes, we worked with the Working Examples organization itself to post our own work towards solving how to teach in MinecraftEdu as well as providing WE feedback on how to provide a better experience to its users. In our work with WE, the team hit a large road bump in the first few months of the project, as WE was in the midst of experiencing problems with security. WE’s automated system flagged our posts as spam and deleted all posts concerning the Pixel Pushers, as they were currently developing countermeasures against cons and other exploits. After meeting with Anna Roberts, our correspondent for WE, she was able to remedy this problem and we were free to post our progress.

Once we began posting on WE, we found that WE’s utility to the project was not apparent at all. None of the project members were referring to it and our advisors and client found nothing on WE that they could get from our weekly meetings. As for anyone outside of the project looking to learn about the Pixel Pushers, we found our website and wiki covered all bases that we could offer through our WE. We were able to provide this aspect of WE to Anna Roberts as feedback, as we found that WE was limited in its ability to provide anything beyond our basic findings and progress.
























[bookmark: _Toc324597908]Closing Thoughts
Programming
To respond to teacher needs, our client, MinecraftEdu, initially laid out a series of programmer-heavy deliverables.

These included adding secure voice chat to MinecraftEdu, as well as a review tool to give teachers the ability to better oversee and evaluate students’ actions in the game world.  This was in response to a teacher need – especially as many educational systems value concrete metrics by which to measure students.  This need of educational systems is at odds with the inherent structure of Minecraft, as a sandbox experience.

While voice chat was out-of-scope for our 2 programmers, we saw the value of a review tool and began to work on it.  Over the course of the semester, we would scrap some of the more advanced features, like a scrubbable playhead to watch the alteration of the game world over time through students’ actions.  That would be a lot of work for little payoff, and chose instead to have our review tool able to visually examine the final game world from a lesson, as well as providing statistics about each players’ actions in the game world.  These statistics include blocks dug, blocks placed, and blocks destroyed – the last being blocks dug that had previously been placed by a player.

In response to another teacher need and request, we also created an in-game item: the Quiz Block.  From a student perspective, a student simply walks up to a Quiz Block and right-clicks to interact with it.  A question then pops up on their screen (either multiple choice or short answer) – and they select or input an answer.  The student is told if their answer is correct or incorrect within their personal console readout in the bottom-left of the screen.  A correct answer will activate any attached redstone circuitry – so a teacher can link a door or another device to the Quiz Block if they want to gate or reward a student based on a correct response.

From a teacher perspective, a teacher places a block and interacts with it to edit it.  They choose a type of question and input the question itself, possible responses, and which response is correct.   Previous setups are saved for quick duplication or minor editing the next time a teacher sets up a Quiz Block.  Finally, all student responses are captured and fed back into the Review Tool so that a teacher can see all student answers to a Quiz Block after a session.

Playtesting and Research
Initially, the non-programmers on the team were a bit lost.  It turned out that even with two 2nd-year students on the team, we had no prior experience with an external client project.  As such, we were initially unsure where to draw the line between client authority and student initiative.

At quarters, the faculty encouraged us to follow our passion and design proof-of-concept lessons for research and playtesting.  We presented this to the client and got their approval to go ahead.  It’s worth noting that while MinecraftEdu was our client, the project was paid for by the MacArthur foundation – which may have given us more latitude to define where we were best suited to help the client.  
At first, we set out to create an outline of what Minecraft can best teach, using the Common Core State Standards as a road map or shell to build within.

However, after our first round of student playtests, we discovered something that some of our research had hinted at: the more compelling and valuable question to answer was not WHAT Minecraft could teach, but HOW to teach with Minecraft.

Minecraft, while nominally a game, is more of a toy.  And just as we’ve been saying that it’s like “virtual Legos” as shorthand for much of the semester – it comes with many of the same strengths and weaknesses as a toy, especially when you set out to teach with it.  

Games tend to have goals laid out for you.  In dodgeball, you’re looking to dodge the ball.  In Mario, you’re advancing to the right to save a princess.

Toys, instead, encourage a player to create their own goals.  A child that sits down with a pile of Legos might want to build a cool rocket ship or a castle.  Or, a child might want to see how a Lego brick tastes – basically, the goal of a toy is whatever the player wants it to be.

Which brings us to our first and most important lesson when using Minecraft in the classroom: let students play.  Students need to be able to recognize the limits of the world and their avatars’ limits within that world before any other learning can happen.  After our first playtest, when we asked students what they had learned, they almost all responded with a nugget about Minecraft, no matter what other lesson we were trying to impart, be that about Roman architecture or contour lines.

“What did you learn?” earned answers like “how to move and jump,” or “how to dig/place blocks.”  Almost any learning within Minecraft will be on a slightly abstract level – so students need to be able to map that world in their minds before they can begin to pull lessons out of the game world to apply to their real world knowledge.

Similarly, we learned to keep any restrictions minimal and transparent.  One of Minecraft’s major strengths is that it’s a sandbox experience: defined by creativity and exploration.  Any limits placed on that have to serve the narrative – in this case, that narrative is student engagement, followed by student learning.

Now, MinecraftEdu gives a teacher many useful tools (beyond the base Minecraft game) for teaching a lesson in a classroom.  The ability to freeze or mute students, to enable or disable student building, to set up borders to prevent students from wandering too far, or to teleport students around the world.  We used many of these features in our lessons, with mixed results.

In our Roman architecture lesson, when encouraged to build their own villa, the students proceeded to dig up a good portion of dirt within the building area.  Some wanted to dig up the stone around – not realizing that this was a location-restricted building area, they assumed that they couldn’t dig the stone because they didn’t have access to pickaxes.

Similarly, in our tower challenge, we saw one student running up against a border for a solid 30 seconds, completely disregarding the “you cannot go there” message popping up on his screen continually.  Only after we said “we set up a border so that you can’t leave your team’s area” did the student give up and move on.

Especially because these tools are added restrictions to the base Minecraft game, it’s just as important that students are able to map these features to their understanding of the game world.  
Teaching with Minecraft
Firstly, and this can’t be emphasized enough: let students play in the world for a session or two before you introduce educational content, as mentioned above.

At a basic level – make things big!  Students like to explore, and a class of students is like a gas – they expand to fit their container.  In almost every case, we found that we could have stood to give students a larger space to explore.

Use indirect control.  Students tend to make beelines for interesting features, like mountains.  Be aware of any possible bits of indirect control that might be fighting against your lesson, correct them, and try to build your lesson to incorporate that.

A perfect example is our spatial reasoning lesson – it was a linear, enclosed experience.  After our first round of tests, we were worried about how well it would perform with an actual class.  However, due to some great design, it worked fairly well.  Each room provided students with a new grand vista out of a window, with the path taking students from rooms in the sky to a canyon to a cave system, and it did a great job of pulling students forward through the map.  We’d also encouraged students to go toward any paintings they saw – these were linked to teleporters that would advance them to the next area.

Finally, leverage the agency Minecraft can give students.  We were able to teach an introduction to statistics to a group of 9th, 10th, and 11th graders that had little to no experience with statistics.  We had tasked the students to collect as many mushrooms as possible in 3 minutes, and this served as a dataset for us to examine through histograms.  Because students actually created the dataset, they were really invested in examining and analyzing it.  And even though it was beyond the intended scope of the lesson, students jumped ahead and started some basic hypothesis testing about what would happen the second time they went to collect mushrooms.

Project Takeaway
Playtest early, playtest often.  While we were quick to playtest with teachers, an earlier playtest with students could have really accelerated our work – even if we didn’t have lessons of our own to test.  The simple act of seeing students with Minecraft would have taught us a great deal that other teachers’ accounts just couldn’t convey.

Similarly, anyone looking to teach with Minecraft should aim to see students in front of Minecraft as early as possible.  That actual experience will be more helpful than anything else one can do to prepare.

Proof-of-Concept Lessons Summaries
(Please see our above documentation for more details and analysis.)

1.  Roman Architecture Lesson
Developed for and tested with 6th-grade students, this lesson featured a scale model of a Roman villa, as well as representations of an aqueduct, bridge, and road – with signs littered throughout the map with labels and interesting facts about the various features.

Unfortunately, the lesson’s playtest was also many of the students’ first exposure to Minecraft, so the lesson didn’t teach as well as it might have otherwise.  That said, many students were exploring the space and seemed interested in learning about the material. 

However, the building portion was the focus of the class – and could probably have stood to be reframed as a light competition between two halves of the class as the contour line lesson’s second iteration.  The existing goal didn’t inherently encourage cooperation as students made a mess of the building area.

2.  Minecart Relay Race
Also tested with 6th-grade students, this lesson had the advantage of being able to easily customize content by simply switching out questions and answers on signs.  Originally designed with synonym and antonym questions, this was rewritten by the science teacher whose class we tested with.

Unfortunately, the logistics were a major issue.  As above, this was many of the students first exposure to Minecraft.  Further, the splitting of the class into individuals (from ~20) took much of the class period, especially as there were errors in the teleportation setup.  In that respect, the lesson may have benefited from a system based on the later statistics lesson.

That said, while students learned almost nothing from this lesson, we learned a great deal about removing the strengths of Minecraft from Minecraft.  Building was nonexistent, and digging was a means to an end.  Creativity played no role in this lesson, while it was built to be restrictive.  Not only is making the map “student-proof” a major undertaking, but it was one that only returned disinterested students.

3.  Contour Lines (Version 1)
The goal of this lesson was to have students able to visualize how 3d terrain is mapped to a 2d space.  In Minecraft, it’s as simple as actually drawing contour lines (with colored wool), and then flying above with a bird’s eye view to look down.

This was designed for and playtested with 7th graders – and again, was many of the students’ first experience with Minecraft.  Some students were interested in the assignment, but most built towers into the sky.  The second version would be remade with light competition to make the educational goals more compelling.

4.  Tower Challenge (2 Playtests, 1 Version)
This lesson was designed to teach soft skills – the Minecraft translation of the popular “marshmallow challenge.”  Here, the class was split into 4 or 5 groups and given 15 minutes to build the tallest, scalable tower within their building area (each area was identical).

Students had to gather materials, place materials, and be sure that another player could scale the tower (whether by jumping up block by block or with ladders).  Players were encouraged to communicate and work together to complete this.

This was playtested with a 7th grade class and a class of 9th-11th graders.  Again, this was also an introduction to Minecraft for most students.  However, because this lesson wasn’t far abstracted from the base mechanics of Minecraft, it appeared to be more successful than the previous three – students were engaged, and did seem to take home a lesson regarding teamwork.

That said, it’s hard to say if the marshmallow challenge truly translates well, as skilled players might be able to carry their team more than would be possible in the physical world version.  With the high school class, two teams had reached the highest point possible in the world (which will be increased when MinecraftEdu incorporates Minecraft version 1.2), so the tiebreaker was surface area on top of the tower.

5.  Contour Lines (Version 2)
Changes from version 1 included proofing the map so that students were less likely to fall in the water surrounding the islands, there were now two identical islands for students to draw contour lines on, and the class was split in two with the lesson framed as a competition.

This playtest was with a class of 7th graders (the same class that had first tested the Tower Challenge), and the students were engaged and completed the assignment – with the exception of two troublemakers who were building towers and destroying others’ work.  Additionally, students seemed to take home a lesson about contour lines – better able to understand that abstraction.

6.  Spatial Reasoning
This lesson was inspired by standardized test questions where students are presented with the image of a three-dimensional figure, and asked to conceptualize the figure so that they can, for example, quantify the number of blocks within the figure – often with incomplete information.

This was playtested with a class of 7th graders (the group that had tested the first Contour Lines lesson), though the content was designed for a younger class, 4th or 5th grade.  There were non-educational aspects we were testing here – including our first live test of the Quiz Block we developed, while this lesson was also envisioned as a way to introduce students to basic concepts of Minecraft like navigation and spatial reasoning within a virtual world.  Further, this lesson used a custom texture pack designed for use with mathematical lessons.

Students were engaged and performed well – much better than we thought, even though they were above the intended grade level for the content.  It’s worth noting that this lesson was also fairly restrictive – it was a linear experience – but indirect control and aesthetics were used in a masterful way to keep students moving forward.

7.  Statistics Lesson
This lesson was a Minecraft map supplemented by a basic lecture, intended as an introduction to basic concepts of statistics.  This was tested with a class of 9th-11th graders (the same group that also tested the Tower Challenge).

At first, students were introduced to histograms, as two had been built with blocks in the world representing male and female height distribution in the United Kingdom.

Then, students were each teleported to their own island full of mushrooms, and given 3 minutes to collect as many as possible.  Upon returning, the class built their own histogram showing the distributions of total mushrooms collected, brown mushrooms collected, and red mushrooms collected.  The teacher (one of our team, in this case) then talked about the significance of the histogram and the data it conveyed, and posed questions about what would happen if the experiment was run again.

Students then did so again, building another set of histograms and comparing it to the first set.  Students were really engaged – it helped that they were creating their own data sets, so had some investment in the numbers.  Further, they really jumped ahead of the intended scope, as they were performing some basic hypothesis testing by the end.
There were some minor technical hiccups as having all of the students teleport to individual islands caused some chunk loading errors within Minecraft, but this became a teachable moment as we examined how this affected the data.  It’s also worth noting that this lesson had many members of our team helping to run the lesson in the game world, so it might be more challenging for a lone teacher.  That said, the high school’s statistics teacher had sat in on the lesson and was impressed at how we taught this fairly advanced subject, and that the students took away as much as they did.


[bookmark: _Toc324597909]Contact Information
For additional information about the Pixel Pushers team, please visit our website at http://www.etc.cmu.edu/projects/minecraft/

For specific, project-related inquiries, please contact Anthony Hildebrand at anthonyh at andrew dot cmu dot edu

For information regarding the Entertainment Technology Center graduate program at Carnegie Mellon University, please visit http://www.etc.cmu.edu/site/

For information about MinecraftEdu, please visit http://minecraftedu.com/

For information about the base game of Minecraft, please visit http://www.minecraft.net/
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