
FIRST® Tech Challenge Mentor's Guide

Explaining the Rules and the Challenge 
Each year at Kick-off (usually in mid-September), a new Game and Game Manual will be released, outlining the overall concept 
of the game, problems to be solved, rules, guidelines and policies for the FTC® Game. All team members should read the game 
manual carefully as soon as possible. 

Before diving into the challenge, begin by discussing game rules extensively without referencing robot design at all. Make sure 
everyone on the team has a good understanding of the game before moving into brainstorming, so that no time is wasted on 
ideas that may not be permitted or that might be ineffective for the game as a whole. 

Watch the video released by FIRST® several times, but also read the game manual very carefully for important details that may 
be only mentioned briefly in the video. Have both Mentors and students read the game manual thoroughly and ask questions. 

Create a team handbook that outlines all team responsibilities, rules, procedures and commitments. This will help to ensure 
that everyone, including parents, understands how the team operates and what the rules are. 

A contract can be another effective tool to set expectations. Have everyone outline concise expectations and come to an 
understanding of what is expected of each member and the team as a whole. 

The Engineering Notebook
One of the goals of FIRST® and the FIRST Tech Challenge is to recognize the engineering design process and “the journey” 
a team makes during the phases of the problem definition, concept design, system-level design, detailed design, test and 
verification, and production. The notes in the book will follow the team’s progress throughout the season. Judges will review the 
Engineering Notebook to better understand the team, its robot design, and how the team works. Teams should always check 
the Official Game Manual for more information on the Engineering Notebook.

Use the Engineering Notebook to:
• Document obstacles that will be faced.
• Highlighted lessons that will be learned.
• Sketch or draw ideas for development and testing.
• Record the results of development and testing.
• Document teams decisions.

FTC® Engineering Notebook Format
Teams may choose to use electronic or online programs to create their Engineering Notebook. Only one Engineering Notebook 
will be required per team. 

a) Written
• Spiral-bound, laboratory, or documentation notebooks are available through schools or local stationary supply stores. 
• FTC Program Sponsor, Rockwell Collins, provides spiral bound notebooks for each team with each kit of parts, or 
software upgrade package. It is not required that teams use the provided notebooks, but teams must choose a notebook 
that complies with FTC Notebook Requirements. 

b) Electronic/Online
• For the purposes of judging, teams must print out their Engineering Notebooks and place them in a binder, no larger 
than 1”. 

• All pages must be numbered and in order. 
• Only one copy is required per team. 
• Check usfirst.org or contact FIRST for additional information about electronic or online Engineering Notebooks. 

FTC Engineering Notebook General Requirements
• Do not use a loose-leaf binder if the team’s Engineering Notebook is hand written. 
• All notebook entries should be completed in permanent ink, and not in pencil. 
• Each page should be numbered, signed, and dated.
• Pages should not be removed or replaced. 
• No pages or large areas should be left blank. 
• Document everything! Include:

• Sketches and photos
• Discussions from team meetings
• Design evolution

Preparing the Team
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• Processes
• AHA! moments 
• Obstacles and resolutions
• Each team member’s thoughts throughout the journey. 

• When adding photos or outside information to the notebook, tape or glue the item into the notebook and outline them 
with permanent ink. This will indicate that something was there if it falls out.

FTC® Engineering Notebook Suggestions
• Read and understand the guidelines for good notebook pages, as presented in the Game Manual, before making any 
entries. 

• Make sure the team name and number are on the cover in a neat, professional manner. 
• Make entries at every build meeting. Consider prompting students to start marking entries at least half an hour before 
the end of the meeting. 

• Organize the Engineering Notebook so that an outsider will understand the team and its journey. 
• Start the notebook by introducing each team member and Mentor with a brief paragraph and photo.
• Document a failure as precisely as a success. Failures may outnumber successes considerably, but there is always 
something to learn from them. This demonstrates innovative thinking and a critical investigation of new approaches. 

• Be as visual as possible. Try to include a picture, diagram, sketch, flowchart, etc. on every page. This will help judges 
process the information more effectively and quickly. 

• Everyone on the team should make a contribution to the notebook. This provides everyone with at least some experience 
with documentation and creates a well-rounded notebook. Train new students on correct notebook procedures and have 
them do some practice entries before writing in the actual notebook. 

FTC Engineering Notebook Samples
Show the samples below to the team. Talk about what makes this sample a strong notebook and how it could be improved. 
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Team Meetings 
It is important to set a regular schedule and procedure for team meetings. Make sure all Mentors, team members, and parents 
are aware of commitments and the procedure to be followed at meetings. 

Where to Meet
Teams can meet anywhere that is appropriate. For a school-based program, the school itself is ideal. Schools usually have the 
computers and space to set up a playing field. Depending on the situation, teams may also meet in a private home, a meeting 
hall, or a company conference room. 

Notes:
• Be sure that planned activities and work hours do not conflict with the host’s use of the work site. 
• Evening or weekend use of the building may require special authorization. Be sure to ask permission to use the site’s 
computers to program the team’s robot. Before installing software, inform the site host.

• Schools may require background checks for any adults working in the school. These take time. Ask the site to 
explain any adult supervision and child safety requirements to team Mentors.

Select a work place that has as many of the following as possible: 

• Internet access
• Enough space to host the entire team, the competition field, the computers, and all kit parts
• A secure place to store the kit and partially assembled robot between team meetings
• Good lighting, at least in the work table area
• Simple sets of tools for working with kit parts 
• Work tables and chairs.
• Space for at least a partial practice field. Room on the ends will be needed for drivers 

Note: A full-sized field is 12’ X 12’. 

Working with the Site Host
Meet with the person in charge of the host site and ask for a Volunteer to act as liaison between the team and host. Explain the 
concept behind FTC®, and that the benefits of having a team extend far beyond the team members. Email a progress report to 
the liaison once or twice a week and ask that he or she update others at the site about the team’s progress. 
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Team Meetings
At the first team meeting, outline a list of rules and procedures to be followed throughout the coming weeks. Work with 
students to establish these rules and explain that some are inflexible (such as rules about safety, Gracious Professionalism™ 
or respect), and other rules may be open to revision as the team evolves and discovers new approaches to problems or 
procedural challenges (such as who completes documentation tasks in the engineering notebook, and at what point in the 
meeting this occurs). 

General Guidelines for Effective Meetings:
• Maintain an accurate team email list that includes parents. 
• Start and end on time. This helps parents and lets students know that punctuality is important and that time must be 
used effectively. 

• Keep most meetings in the range of 2-3 hours. This is long enough to get organized and accomplish something, but 
focused enough that students do not lose interest. Aim to meet for about five hours per week, starting immediately after 
the new game is announced. Time management is a key factor in a team’s success. 

• Towards the end of the season, meetings may need to be longer for testing and repairs.
• If a meeting is right after school, have a snack ready at the start. (This also may help ensure students will show up on 
time). Make clear rules about eating and drinking near the robot, tools, and playing field. .

• Schedule approximately 15 minutes at the end of every meeting for clean-up. If some team members are going to stay 
and work longer, clean-up should still be complete at the end of the normal time. This should include maintenance 
such as sweeping the floor, cleaning up from snack time, and dumping trash. In terms of clean-up, teams should be 
encouraged to pick up after themselves. The Coach should do nothing more than lock doors when the team is done. 

• Take pictures of team meetings and events. Use a checklist of team members so there are at least some pictures of 
every student. 

Setting Expectations
• Clearly communicate meeting schedules. Meeting notices should go out weekly, at least a day before the meeting. 
Include a short description of the purpose of the meeting, but keep emails brief and to the point. 

• Take attendance at the beginning of each meeting. Set clear expectations for participation from the first meeting and 
follow up with team members who are frequently absent. Not every meeting will involve every student. Some meetings 
may focus on programming, while others may focus on driver training. 

• Keep students aware of deadlines. At the beginning of each meeting, have a brief progress review and set the objectives 
for the day. Document objectives and progress in the engineering notebook at the end of each meeting.

• Identify what the team is working to accomplish and establish criteria for agreement as necessary. It is also a good 
idea to write the objectives for the day on a board, a large piece of paper, or another visually prominent place in the 
workspace. This will help students stay focused throughout the meeting. 

• Review the team’s Engineering Notebook, team goals, and the team calendar weekly to see if the team is on track. 
• Ensure students are sharing tasks.

Working Together
• Use brainstorming techniques to get input from everyone and write down all ideas. Weigh alternatives against the 
objective criteria that have been previously established. Some common techniques are weighted voting, combining 
similar ideas, testing the feasibility of an idea, and group consensus.

• Write down any decisions and state which ones will be implemented. 
• Be sure to ask if there is anyone who does not understand the solution/plan.
• Implement the selected solution and make sure what is put into practice meets the original intent.
• Have some team-building activities to help all members of the team get to know each other and some of their key 
interests. 

• Teach members how to organize the tools and parts according to an established system, or have the team agree on a 
system of its own. Label the locations for storing different items. 

Communication and Brainstorming Tools for Meetings:
All students learn differently. Use the tools below to facilitate instruction and learning at meetings. 

1. Language Tools
Use a variety of approaches to get students to contribute to the conversation. These words and phrases will help facilitate the 
group, work with all learning styles, and encourage the team members to use logical thinking skills. 
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• Consider...
• What would happen if?
• What do you think?
• How do you think we should approach this?
• How do you suppose?
• Think about what might make….
• Visualize...
• Compare...
• Close your eyes and picture…..

2.  Learning Styles
• When people use their senses, they take in information and they learn. Some people learn best by seeing something, 
others by hearing, and others by hands-on activity. For many people, it is a combination, but one style of learning 
probably dominates the others. It is important to understand the characteristics of these different styles in order to reach 
every person.

• Talk to students about the way they learn and about which experiences are the most effective and engaging for them. 

Preparing the Team for the Season
From the beginning, it is important for the team to establish good work habits and practices. The following practices are simple, 
effective ways to promote learning, and enhance a team’s performance overall. 

General Best Practices for Teams
• Document frequently and thoroughly. 
• Monitor the forums on the FIRST® website regularly for clarification on building materials, game rules, permitted 
strategies, and more. Remember that the FTC® Game Q&A forum is the only place to get an official answer to game 
questions (http://ftcforum.usfirst.org).

• In a notebook, record all findings so other team members aren’t repeatedly searching for the same information. 
• Keep track of the last date the forums were used. It is useful to have a point of reference for forums that have new 
postings. 

• Have Mentors post questions on forums when necessary, but only after checking to make sure a question is not being 
repeated. 

• Mentors will receive a login code with their team’s registration. 
• Limit posts to one question per post. 
• Break up multiple questions into multiple postings so it is easier for others to search for answers. 

• Use the correct names for all TETRIX®, LEGO®, HiTechnic elements, standard building parts (including screws, nuts, 
washers, and so on), and all tools used to build the robot. 

• This is helpful and efficient in daily communication about the robot and its components. 
• Using accurate terminology will better prepare students for school and careers in the future. 
• It is important to use accurate terminology in engineering notebooks and when speaking with judges at tournaments. 

• Name the structures on the robot intelligently. Use names that clearly explain the purpose of major structures, or that 
are analogous to other machines. Use those names consistently in casual discussion, engineering notebooks, judging 
presentations, and computer code comments and variable names. 

• This reinforces learning for students. 
• It also helps students make connections to similar structures in real-life or in similar technology. 
• It is important to use accurate terminology in engineering notebooks and when speaking with judges at tournaments. 

Some common names for robot structures are: 
• The chassis is the basic frame of the robot on which other items are mounted.
• The drive train refers to the combination of motors, wheels, gears, chains, etc. that make the robot move over distance.
• A hopper is a container on the robot that stores game scoring elements.
• A harvester is a mechanism used to convey game elements from the field into the hopper.
• An indexer is a mechanism that helps feed game elements from a hopper into a scoring mechanism.
• An agitator is a mechanism that prevents game elements from becoming jammed in the hopper or while being indexed 
(often by shaking or moving).

• An effector or actuator is a general term for a mechanism on the robot that performs a specific task, typically using 
servos or motors, such as an arm. End-effectors are effectors that are at an extremity, such as a gripper attached to an 
arm. 
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Preparing the Team for Judging 
Judging is an important part of competition and should be taken seriously. It is something that should be practiced throughout 
the season. 

In some competitions, Mentors may be present, but may not speak. A Mentor’s participation is dictated by the specific event’s 
guidelines, and not all competitions allow Mentors to be present. It is up to the student members of the team to showcase 
what they have accomplished and talk about their robot, so it is a good idea to assign one or two students the role of team 
representative or spokesperson. However, all members of the team should be prepared to speak about their own experience 
and areas of expertise. 

Divide the team into specialists to answer specific kinds of questions and make sure that each student knows the kinds of 
questions may be directed towards them. Everyone should know a little about everything, and a lot about a few things. The 
official team representatives should have a working knowledge of the robot and the team's procedures overall, but should 
sometimes politely direct specific questions to teammates who have a more in-depth knowledge of the subject matter. 

It is a good idea to hold mock judging sessions throughout the season to develop confidence, knowledge of the robot and 
team’s process, and develop public speaking skills. Have all students brainstorm questions they think the judges may ask, 
and have them play the role of both the judge and the teammate. Encourage students to think about why the judge might ask 
these questions. Have team members work in pairs or small groups to prepare answers and provide constructive feedback to 
each other before practicing answering the questions as a team. 

Note: Be prepared to speak about how the robot was designed and built, driving, game strategy, the Engineering Notebook, 
community service, outreach, and fundraising. 

General Tips for Speaking with Judges:
• The entire team should speak at some point. Do not leave anyone out. 
• Hit the most important points first. There is often a limited time, so keep answers short and to the point. Practice will help 
with this. 

• Etiquette is important. Do not interrupt a teammate who is speaking. Practice polite and respectful ways to chime in or 
build upon what someone else says, and ways to pass the question on to a more experienced team mate. 

• Stress community involvement and outreach activities. Talk about how the team is helping to start or assist other FIRST® 
teams. 

Preparing the Drive Team for Competition
Robot drivers and operators should practice throughout the season. Game play can be exciting and stressful. Drivers should 
be prepared to focus through all the fun and chaos. Driver Coaches should also be well-prepared and practiced in their role. 
Driving teams should be comfortable operating the robots for both accuracy and speed, as different matches and different 
opponents will change the way the game needs to be played. 

As a general rule, teams should practice the same way they would play and use the same strategies they plan to deploy at 
events in their everyday practice. When designing strategies, consider the different kinds of hardware failure that could be 
encountered during game play. Review these strategies with the driver team frequently. 

To prepare Drivers and Coaches, design a series of timed drills based on the game. This will give the drivers a way to measure 
their own progress and push themselves to achieve better scores. As the drills are practiced, the results for each Driver can be 
tracked over the course of the season. 

Note: This will demonstrate how the drivers improve, but also show how hardware changes can affect the driver’s ability to 
perform critical game tasks. 

General Guidelines for Driver Training: 
• Build a simple sparring partner robot out of spare parts against which students can play defense. This will teach drivers 
how to deal with opposition on the playing field. 

• Hold joint practice sessions or scrimmages with other teams in the area. This will help reduce stage fright, and prepare 
drivers for the stress that can be felt on the playing field. 

• Teach the drivers to take deep breaths and relax before rounds. 
• Always be extremely respectful towards the referees, opponents, partner teams, and teammates. 
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Preparing the Pit Crew for Competition
The pit crew is another team that needs to be prepared 
throughout the season. Having effective organization of pit 
materials and a team that knows their robot well can make 
a big difference when time is limited and repairs need to 
be made quickly. 

Throughout the season, the pit crew should make a 
checklist of items to review and check on the robot 
between rounds. This comes with experience and a 
thorough knowledge of the robot’s basic construction, 
strengths, and possible points of failure. This checklist 
should be completed routinely throughout the season and 
checked thoroughly between rounds in a match. 

The checklist may include:
• Check the harvester chain tension.
• Check the drive wheels for tightness and wobble.
• Check the overall structure for loose parts or screws.
• Check all motor collar bearings.
• Check the motor gearbox.
• Check the servo motors.
• Charge the batteries.

General Guidelines for Pit Crew Training
• During build sessions, when common problems occur that need to be fixed, time the pit crew to see how long the repair 
takes. 

• Pit crew members should know how long it takes to repair a problem, such as a burned-out motor.

Getting Familar with TETRIX®

The following websites provide resources to help ensure teams are successful in FTC®. Free resources are provided to teams 
and mentors who are interested in becoming more confident and capable with TETRIX® and LEGO® MINDSTORMS® in the 
context of an FTC competition. Activities, challenges, building guides and sample programs, with support to create them, can 
all be found at the websites listed below. 

To get familiar with the possibilities of the TETRIX Education NXT Base set and its components, go to
 http://www.TETRIXrobotics.com/GettingStartedGuide/. Teams and teachers will find activities that guide students through 
the construction of a basic square robot, basic programming in LabVIEW™ for LEGO MINDSTORMS and ROBOTC®, and the 
addition of several extensions that are useful for FTC. Rookie teams and classroom teachers interested in bringing FTC into 
their daily curriculum will find activities and support materials to help students create and understand: 

• A basic Line Follower program
• An Arm and Gripper extension 
• A Harvester and Transporter extension
• A Launcher extension
• A Dispenser extension

To learn more about how to specialize a TETRIX with LEGO MINDSTORMS robot for successful participation in FTC, go to 
http://www.TETRIXrobotics.com/FTC. Teams and mentors will find detailed extension activities and support materials for 
programming in LabVIEW for LEGO MINDSTORMS and ROBOTC. The activities here will help teachers take students from the 
classroom into competition, will help teams new to FTC be successful, and will give veteran teams tips and ideas on how to 
improve their robot and provide practice activities for the off-season. Teams will learn about:

• The Samantha Module
• Using FCS
• Using the FTC Programming Template
• Advanced Programming for FTC
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