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The successful achievements of the U.S. Space Program were due to a wide range of people committed to the goals of the United States and space exploration.  Some of those deserving recognition are the directors and officers of Mission Control. Their model, The Foundations of Mission Operations, were procedures, organizational structure and leadership that made it possible to send people into space and overcome tremendous challenges.  Schools and classrooms have tasks that are critical for our nation’s future and can benefit from the many lessons of flight control. In class, an approach based on the The Foundations of Mission Operations can be used to motivate students to achieve the readiness or “Go” for lifelong learning.  
     The Foundations of Mission Operations are qualities essential for excellence:  discipline, competence, confidence, responsibility, toughness, teamwork and vigilance. Combining the terminology of Mission Control, a modified application of procedures, and the excitement of a “mission,” these qualities set worthy goals for any classroom.  Using Mission Control as a model for the classroom places students in positions of responsibility based on a team approach to learning. The students as “Mission Controllers” become accountable members of their learning environment. Their self-discipline is needed to accomplish mastery of new learning and to perform “Mission Duties” of the class. These “Mission Duties” provide a structure for student teamwork to reach greater achievement and success.  While student controllers develop their own skills, knowledge and competence, the mission team creates an environment of cooperation and high expectations based on their cumulative knowledge. In the words of legendary NASA Flight Director Eugene Kranz, “None of us is as smart as all of us.”
     The students in class-based teams encourage and support each other that fosters an attitude of toughness to “Never surrender!”, (Kranz) and to keep trying.  Real success experienced by overcoming challenges leads to increased confidence and a willingness to go beyond the limitations of benchmarks to attain higher value-added learning.  As a member of the class mission team, diligence for team success sets the groundwork for vigilance and the rigor of further learning. Success builds on the setbacks and mistakes in the learning process and demands an attitude where “We must never fail.” (Kranz-Failure Is Not an Option: Mission Control from Mercury to Apollo 13 and Beyond, 2000) to reach goals.  The qualities and magical “chemistry” (Kranz) of Mission Control can also empower students to become more confident individuals who will be capable of operating in the technologically integrated workplaces in their future.  
     From mission planning, to lift-off, and splashdown, this article follows a ten-point countdown based on the model of Mission Control. The countdown offers parallel applications of mission lingo and structures that provide strategies and opportunities for interesting, effective classroom management. Any course incorporating space exploration and technology can also be improved by emulating the operations of Mission Control and incorporating related content.  Instructors can apply this approach to thematic units, project organization, career exploration, and many other activities or topics.  As I have implemented these ideas, I have formed cooperative bonds with students and witnessed their pride as members of a working team.  In the process, my students and I have experimented with ideas and adopted terminology based on a mission control model.  I have observed my students embrace these ideas and use this lingo at a pace that has exceeded my own transition from the habits of “teacher” to the role of “Educational Flight Director.”  Based on this experience, I suggest using some of the ideas that follow when and where they best fit into the “Mission Program”.  As teachers become experienced Educational Flight Directors other ideas and lingo can be added to create an evolution of experience, just as the U.S. space program evolved in the Mercury, Gemini, and Apollo programs.  When students struggle with Mission Control lingo, I remind myself that NASA Flight Controllers train for years to do this, and an “all-up” use of these ideas is likely to be beyond the students’ frame of reference.  As Educational Flight Director, I continue to adjust, experiment, and strive for interesting and rewarding student experiences.  
     Apollo XIII launched my interest for this unique approach to teaching.  My flight path led me to other related videos, NASA TV, an abundance of related books, You-tube interviews and presentations.  My enthusiasm only increased by watching a shuttle launch with my family, meeting some incredible heroes of space exploration, visiting museums, and attending NASA Education programs.  
     The following ten stages identify ways to apply Mission Control ideas and terminology in the classroom. They parallel the countdown of a mission, stages of flight, and post-mission activities. Begin by choosing a few ideas that fit into an existing course.  Student age, class topics and teacher interest will be important factors to consider when implementing these ideas.  
Countdown
10. Mission Planning 
     Prepare the formal documentation for the course as it relates to general information, course rationale, standards, and classroom operations. Below are terms and their related applications that can be used:


Mission Program – Grade level, course title, units of study, or informal   



code names such as Mercury, Gemini, Apollo.


Mission Number and Flight Team – Class period, group number, and team name 


such as traditional color names as used in early mission control, 



class/topic concepts, animals, symbolic icons, or individual role models.


Program Goals – Course rationale or statement of philosophy that may be used 


informally in the planning process and could be posted in class, included 


in an informational brochure and presented at Open House. 

Guidance Systems – National standards, course outlines, and assessment data 


that are essential references needed for lesson planning.

Pre-flight Review - Procedures, rules, and expectations for daily routines, 



classroom behavior, positive decision-making strategies balanced with 


age-appropriate levels of personal autonomy.

Infrastructure – Facilities and hardware needed for set up, preparation, room and 

workspace arrangements, logistical planning, labeling or sign placement.

White rooms – Space to check projects and complete “close out lists.”


Clean rooms – Areas for specific use such as making projects or materials 


storage. 


Hatches – Doors


Portholes – Windows


Tethers – Strings to tie items such as tape dispensers or demonstration materials 

to keep them from floating away or getting lost.

‘Remove Before Flight’ tags – Reminders such as Post-It notes

Flight Director’s Console  – Teacher’s desk or workstation

9. Management and Mission Training                            (Day 1 – Week 2)

     This stage prepares students for day-to-day operations. Routines are established; mission rules and procedures are introduced, simulated, and reinforced; students are organized; learning needs are identified; and teamwork exercises are conducted. Possible terminology and associated definitions:


Controller – Students are empowered to control their individual learning 



processes, gain a sense of ownership, be responsible and create team 


spirit. 

Free Flights – Freedoms student controllers attain balanced with age-appropriate 

duties or levels of responsibility based on Mission Rules.

Mission Rules – Classroom rules, expectations, freedoms, and rewards. 



De-briefings – Group reminders and clarification of mission rules 


Controller Briefings – Conferences with individual students conducted 



away from other members of the Flight Team.



Cautions – Formal directions for individual students to adjust the 




“trajectory” of their behavior flight path.  Yellow lights, flags, etc. can 



be used to signal a caution.


Warnings – Provide serious analysis of student actions and indicate an 



immediate need for behavioral “course corrections” or restrictions.  



Red lights, flags, etc. can be used.

Mission Procedures or Operations – Briefings given for routines and procedures 


such as bell-work activities, fire drill (egress) maneuvers, etc.

Sims or Simulations – Rehearsal and reinforcement of procedures and mission 


rules that put students into sample situations, allow them to move 



about, reinforce appropriate behaviors, and provide guidance to 



correct any problems or “funnies”.

Mission Teams – Classroom Organization of students



Flight Teams – Create and form team identity, give a sense of




ownership and spirit.  A name can be brought to life with the 




development of a class, unit or thematic mission patch.



Student Console Assignments – Seating assignment that can be aligned 



with clean-up or other classroom duties.


Flight Deck Assignments – Used to match lab partners, assign storage 



lockers, or to organize other activities.


Mission Duties – Classroom duties



Decontamination assignments – Clean-up jobs


Backroom Teams – Used to identify lab partners or learning-groups




based on complimentary learning styles or other student needs and




strengths.


Support Training – Assessment of learning styles identified through a 



variety of related games or exercises such as Simulation scenarios, 


team building activities, cooperative games, etc.
8. Countdown to Flight 

     Building on the basic structure of a mission control classroom environment these routines or “procedures” can be used for day to day operations as follows:  


Mission Goals – Essential Questions, Key Ideas and Objectives posted to 



provide focus and direction for the desired trajectory toward class goals.

Pre-flight Plans – Informal verbal or formal documented goal statements within 


the mission goals or student planning steps such as project sketches, 


topic selection and research proposals


Flight Plan Itineraries– Weekly agenda, schedules, or outlines posted for the 


class and recorded by students in individual agendas or calendars.

Daily Briefings – Information, reminders, bell-work, etc.


Go or No Go? checks or Status Polls – Quick check-ins on materials needed for 


class, progress and current step of a procedure, or readiness.

Comm Link (Communication Link) – A term of the day, abbreviations, or jargon 


and related lingo to introduce and reinforce related subject terminology. 


Individual recording of a Comm Link can be part of a daily bell-work 


routine.


CapCom – Controller assigned to update or check Comm Links

Status Checks – Formal assessments such as tests and quizzes


Project Briefings and Readiness Reviews – Informal evaluations where status 


and feedback is given or formal, graded, evaluation of projects is made.

Operations – Identify routine procedures, instructions, or formats.

Checklists – Structures for organizing activities, projects and other learning 


experiences and used along with go/no go or status polls.

Flight Logs – Documents of daily achievement to record progress for large 


projects, longterm behavioral contracts or to monitor growth and learning.
7. Ignition and Lift-off                                                                    (Week 1)

     Ignite the learning process by sparking student interest.  The Educational Flight Director needs to get the class fired up and on an appropriate course or trajectory. 

Briefings – Informative lessons and demonstrations


Hard-docking – Hands-on experience which provides an umbilical between 


concrete/tactile feeling and abstract concepts.

Lift-off – Includes briefings, activities and hard-docking.
6. Ascent                                     (Marking periods, quarters, semesters)

     As the course progresses, each learning experience prepares students with information and skills to propel them to the next level. The ongoing process of attaining new knowledge and abilities accelerates the learning process then adds momentum through the development of new understandings.  The following are various terms that may be applied during the ascent:

Stages of Flight – Time divisions and cut offs such as marking periods, quarters, 


terms, semesters, weekly check-in polls, or other end points.

Public Relations – Promotion of student success through press releases, 



newsletters, and other media that validate student learning and increase 


family and community support of the school.

Get Aheads – Used when time is available to keep the learning progress going


Mission Scenarios – Problem solving challenges based on projects and activities.

Anomalies – Problems of the week used as challenges, unexpected technical 


issues, teachable moments and changes to mission plans.
5. Mirco-gravity and Orbital Flight 



    (Ongoing)

    Students experience the feeling of floating free and discover how it can also fit into the mission plan.  Although the overall flight plans are maintained by the Educational Flight Director, students can be given freedom to enjoy micro-gravity without drifting off course.    

Micro-gravity – Choices and freedoms that follow a student’s interests through 


self- generated projects, ideas, topics, and guided activities while learning 


to manage anomalies and funnies.

Funnies – Behavioral freedoms that must work within the structure of the class. 

Orbits – Cycles of topics and units.


Trajectory – Monitoring the progress toward outcomes through feedback loops. 

Course Corrections – Changing the trajectory through data analysis.


Telemetry – Data collection for monitoring and diagnostic purposes to meet 


students’ individual needs.

Feedback Loops – Ongoing assessments, check-ins or status polls to optimize



learning.

Ratty Data– Data that can be too broadly applied, or goes outside the limits of 


test validity and question bias.

Meeting Mission Goals – Completion of individual projects, activities and 



objectives.

Readiness Reviews – Evaluating hard-dock projects, including objective criteria 


and data, comments, recommendations using any of the following:




Pre-briefing – Self-review by a student.



Peer briefing – Status check by another student.



Briefing – Critique by instructor without a recorded grade.



Readiness Review – Graded and recorded evaluation.



Re-briefing – Revised evaluation following modification and





improvement.

Status:   Stage Rating Cap Comm Descriptions


Go – Orbital




5. Excellent – work goes above and beyond mission go.


Go – Sub-orbital




4. Good – work exceeds mission goal.


Go – Apogee




3. Acceptable – work meets the mission goal.


Go – Early Engine Cutoff




2. Minimal Acceptance – work needs improvement.


No Go – Launch Abort




1. Unacceptable – major revision or re-do needed.


No Go – Launch Scrubbed




0. Not submitted or attempted.
4. De-orbit Burn                                                                   (End of period)

     During the final orbits of a course the momentum of learning must be focused to meet the mission goals. Special needs at this stage may include:


Managing Fear – Controlling anxiety as deadlines approach.

Never Surrender – Maintaining positive expectations that can be reinforced with 


posters, quotations, and pictures of role models.

Course Correction – Targeting student needs, adjusting trajectory of learning 


process and uploading students with guidance and strategies to succeed.

Heat Shields – Intervene, assist and provide remediation as needed by using 


“work around” strategies, modifications, and establishing a timeline of 


checkpoints.
3. Descent                                                                                  (Final days)

     During the closing days of a mission, refine the focus so students will make their final preparations and complete their mission duties. Here are some related descriptions:

Surface Sensing Probe – Prepare for the final project or assessment, such as 


status polls, briefings, de-orbit planning and final mission goals.

Contact or Landing Lights – Eyes and focus on the final outcome or mission goal.

Final Approach – Completing the final checklist, exam or project based on 



mission goals.
2. Splashdown, Landing and Celebration                (Last day of course)

     End the mission with closing activities, culminating events, final briefings such as these actions outlined below:

Splashdown or Landing – A formal assessment. 


*Note – A return to the original launch site is never possible. New



learning inherently leads to new destinations.


Recovery – Collect school materials, check school property.

Final Briefing – Summarize and conclude the Mission Program.

Mission Review – Student surveys and evaluations are completed.

Mission Accomplished – Successful completion of the Mission Goals.

Celebration and Recognition – Congratulate students, present awards, throw 


hats in the air, applaude, create a Hall of Fame to display ongoing year-to-


year competition results. 
1. Mission De-briefing                                                           (Post course)

     To better prepare for the next mission of classes, data should be used for analysis, and reflection to make changes to the mission program.  Entries from teacher logbooks may also serve as useful sources.

information –  For future missions consider what should be jettisoned, recycled, 


“worked around,” as listed here:


Analysis of Mission Review(s) – Identify patterns, correlate data to 




program goals.


Personal reflection – What worked?  What were anomalies?


Jettison – What did not work?



Recycle – What does work but may need possible modifications?


Work Arounds – Something that is successful for one group may not mesh




with another group for various reasons such as “crew” or class size,




or individual needs but may still be usable in future missions.



Re-charge –  Get a fresh outlook and positive momentum to soar onto the 



next mission.
     The U.S. Space Program evolved over many years and improved with experience. You, too, will find ways to apply some of these ideas and make the trip successful for your young astronauts, future flight controllers, as they make their quests to go beyond the limits of gravity.

Enjoy the journey!
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“We were the ones in the trenches of space and with only the tools of leadership, trust, and teamwork, we contained the risks and made the conquest of space possible.” 









–Gene Kranz

     At the 2010 Kolbe Personal Growth Seminar in Tempe, AZ, I was asked to give a brief presentation to the audience of 180-plus Kolbe Certified Consultants in attendance. One of the ties between Kolbe and NASA is the use of a clip from the movie, Apollo 13, as a learning exercise. Since all of the consultants are familiar with the clip, with NASA, and with Mission Control, I decided to use the clip as the basis to share an insider’s perspective on Mission Operations.

     On the previous day, Dr. Jerry Porras, author of the best selling leadership book, Built to Last, gave an overview of the fundamental bases for what underlies companies and organizations that are built to last: Purpose, Core Values, and Vision.  I seized upon the ideas of core values and the Apollo 13 clip, and chose those as the basis of providing a behind-the-scenes context to Mission Operations for the Kolbe consultants. I decided to share the Foundations of Mission Operations.

     The Foundations of Mission Operations, in its simplest description, is a set of core values and guiding principles that governs everything we do in Mission Operations, whether it is operations in Mission Control, astronaut and flight controller training, or 
mission planning, design and analysis work.

Three Foundations of Mission Operations

1. To instill within ourselves these qualities essential to professional excellence 


Discipline…Being able to follow as well as to lead, knowing that we must master



ourselves before we can master our task.


Competence…There being no substitute for total preparation and complete 


dedication, for space will not tolerate the careless or indifferent.


Confidence…Believing in ourselves as well as others, knowing that we must 


master fear and hesitation before we can succeed.


Responsibility…Realizing that it cannot be shifted to others, for it belongs to each 

of us; we must answer for what we do, or fail to do.


Toughness…Taking a stand when we must; to try again, and again, even if it 


means following a more difficult path.


Teamwork…Respecting and utilizing the abilities of others, realizing that we work 

toward a common goal, for success depends upon the efforts of all.


Vigilance… Always attentive to the dangers of spaceflight; Never accepting 


success as a substitute for rigor in everything we do.

2. To always be aware that suddenly and unexpectedly we may find ourselves in a role 
where our performance has ultimate consequences.

3. To recognize that the greatest error is not to have tried and failed, but that in the 
trying we do not give it our best effort.

     The Foundations were mostly born from a series of challenges and crises that the team faced in the early days – during Mercury, Gemini, and Apollo. As Gene Kranz has told it, the first teams were adapting from the high-performance aircraft flight test world the techniques used there as the basis for space flight control, refining and learning as they went. Quickly, “discipline”, “confidence”, “responsibility”, and “teamwork” became obvious as essential core values of the flight control team in Mercury and Gemini. After the Apollo 1 pad fire in 1967, Gene wrote a memo to the team that emphasized “competence” and “toughness” as being the means to build upon the lessons learned and to move forward from that tragic event. (Gene even had each member of the flight control team write “tough and competent” on their office blackboards that was not to be erased until the first moon landing mission was conducted successfully.) The Foundations – discipline, competence, confidence, responsibility, toughness, and teamwork – served Mission Operations extremely well.

     Then the Columbia accident happened in 2003. In the aftermath of Columbia, we learned that we had become over-confident and complacent in our track record of success. From that, we embraced the core value “vigilance”.
     The beauty of the Foundations of Mission Operations is that they weren’t dreamed

up by a focus team on a management retreat, later to be forced down the throats of the work force. They were revealed and became evident and obvious as a part of the way everyday business of human spaceflight is conducted, and has been conducted, for 50 years. The Foundations speak to a higher calling and sense of duty we have to accomplish the mission and to derive value from our activities in space. They are as much about us as individuals as they are the organization.  

     Imagine the possibilities if every organization had a set of core values and guiding

principles as good as these. Along with a sense of purpose and vision, these organizations would be unstoppable. They, like Mission Operations, would be built to last.
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