A Discovery Curriculum for Future STEM Thinkers

Built Around O Scale Model Railroading
For Late Grade School - Middle School - High School - Trade School - Junior College

Where the hobby is the bait — and critical thinking is the catch.

The Big Idea: Stealth STEM

Most young people who will become engineers, technicians, architects, programmers, and scientists do
not know it yet. They know they like taking things apart. They know they like figuring out why something
broke. They know they get genuinely annoyed when a plan doesn't work and they can't figure out why.
They know that building something with their hands and having it actually work feels better than almost
anything else. They just don't connect any of that to a career or a field of study — because nobody has
shown them the connection.

This curriculum is built on a single principle: the connection between hobby and profession should be
discovered, not announced. A young person who is told "this is really math" will disengage. A young
person who is trying to figure out why their locomotive keeps stalling on the curve will stay up past
midnight measuring track gauge, checking voltage, and eventually — without knowing it — learning
Ohm's Law. The O Scale model railroad is the vehicle. Critical thinking is the destination. The student
barely notices the journey.

The Pedagogical Secret: Every activity in this curriculum is designed so that the student's first
question is always a hobby question — "why won't it run?" or "how do | make this look real?" or "can |
make it go faster?" — and the answer always requires a skill that is also a STEM skill. The sequence
is: Want - Try - Fail -~ Wonder - Investigate -~ Understand — Succeed — Want more. That loop is
indistinguishable from the scientific method. The student just calls it "figuring it out."

Who This Is For

This curriculum is designed for young people aged 10—-20 who have not yet identified as STEM
students — and may actively resist that label. They may be:

* A 12-year-old who loves building things but thinks "school stuff* is boring

e A l1l4-year-old who got a model train set as a gift and is genuinely curious why it stopped
working

e A l16-year-old in a woodshop class who has never thought about engineering as a career
e A 17-year-old who is good with electronics but doesn't see themselves as "the math type"

* Afirst-year trade school student learning electrical work who has never connected circuits to
physics



¢ A community college student who likes making things and hasn't found their academic direction
yet

What they share: hands-on intelligence, genuine curiosity when something interests them, and a school
experience that has not yet successfully connected those qualities to a field of study. This curriculum
meets them where they are — at the workbench, not at the textbook.

How to Use This Curriculum

The curriculum is organized into five levels corresponding to increasing sophistication — not strictly by
age, but by readiness. A motivated 12-year-old can move through Level 1 and 2 quickly. An older
student who is new to the hobby starts at Level 1 regardless of age. The levels are:

Level ' Name | Typical Age Range Core Experience

The Spark 10-13 (flexible) First contact — get it running, make it
yours, feel the magic of making
something work

2 The Builder 11-15 Start building things from scratch —
scenery, structures, track plans — and
encounter real problems

3 The Investigator 13-17 When something breaks or doesn't
work right, investigate systematically —
introduce measurement

4 The Problem Solver 15-19 Design something new, build it, test it,
improve it — the full engineering loop
5 The Specialist 17-21/ Trade / JC Go deep in one area — electronics,

structures, programming, design —
connect explicitly to career

Each level contains: a set of Activities (the fun part — what the student actually does); a set of Skills
(what they're actually learning); a set of Discovery Moments (the "aha" — when the student realizes the
hobby thing and the STEM thing are the same thing); and a set of Career Threads (the first glimpse of
where this could go).

For Parents, Mentors & Instructors: Your job at every level is the same: ask questions, never
give answers. "What do you think is causing that?" is more powerful than any explanation you could
offer. The student who figures out why the locomotive stalls owns that knowledge permanently. The
student who is told why forgets it by Tuesday. Resist the urge to explain. Ask. Wait. Ask again.




The Spark

Getting it running — and feeling what it means to make something work

Who this is for A young person who has just encountered O Scale — through a gift, a
club visit, a museum, or a grandparent's layout — and is curious but has
no experience

Core Experience Getting a locomotive running on a simple oval; making the first small
creative choice (where does this tree go?); experiencing the satisfaction
of something working because of something they did

Duration Flexible — 4 to 8 sessions of 1-2 hours each, over weeks or months

Adult Role Be present but quiet. Set things up so success is likely but not
guaranteed. Ask questions. Celebrate every small win loudly.

Hidden STEM Basic electrical circuits; cause-and-effect reasoning; spatial thinking; fine

motor problem solving; the beginning of systematic observation

Level 1 — The Philosophy of the Spark

The most important thing that can happen at Level 1 is not learning anything. It is feeling something.
Specifically: the feeling that comes when something you have done with your own hands produces a
result in the physical world. A locomotive moving on a track that you connected. A building placed on a
layout that looks like it belongs there. A tree that you made from wire and foam that looks — almost —
like a real tree.

That feeling is the foundation of every engineering career. Every physicist, every architect, every
software developer, every electrician has a version of that moment — the first time they made
something work. Level 1 is about manufacturing that moment as reliably as possible, for as many
young people as possible, and then stepping back and letting the student's own curiosity take over.

The One Rule of Level 1: Never take the controller out of the student's hands. Not to show them
how. Not to fix it faster. The student runs the train. The student places the building. The student
connects the wire. You watch, and you ask: "What do you notice?" That question is the most powerful
teaching tool in existence.

Activity 1.1 — "Make It Move"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

There is a locomotive sitting on Connecting a power supply to a  Basic electrical circuits;

a track. Nothing is happening. track; identifying positive and conductors and insulators;
Why? negative; troubleshooting a cause and effect; systematic
simple open circuit troubleshooting

What the student Receives an oval of O Scale track, a DC power pack, and a locomotive. The

does power pack is not connected to the track. The student figures out how to
make the locomotive move — with no instruction manual, just the
components.

The likely journey Student tries placing the locomotive on the track without power. Nothing

happens. Student notices the power pack has wires. Student tries
connecting one wire. Nothing happens. Student connects both wires. The
locomotive moves. Student is delighted.



The key question After it works: "Now make it go faster. Slower. Now make it go the other
direction. What controls that?"

The hidden lesson The student has just discovered that a complete circuit requires two
conductors, that direction is controlled by polarity, and that speed is
controlled by voltage — all without being told any of this. They discovered it.

The follow-up What if | disconnect one wire? What if | touch the wires together? What if |
put my finger across the rails? (Answer: don't — demonstrate that last one
yourself with a piece of wire and observe the short circuit behavior safely.)

Career thread glimpse = Electrician: "You just wired a circuit." Electronics technician: "You just
diagnosed a fault." Electrical engineer: "You just built your first controlled
system."

Activity 1.2 — "Why Did It Stop?"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

The locomotive was running Cleaning track contacts; Resistance in circuits; contact

perfectly. Now it stopped in the identifying and cleaning resistance; the relationship

same spot every time around. locomotive pickup wheels; between cleanliness and

Why? understanding electrical conductivity; systematic fault

resistance from contamination isolation

Setup Run the locomotive until it begins to stall in a consistent location. Do not
intervene. Let the student observe the pattern.

The question Ask: "Does it always stop in the same place? Or does the stopping place
change? What does that tell you?"

The investigation If it always stops in the same place: the track is dirty at that location. If the

stopping place moves around the track: the locomotive's wheels are dirty.
Student is given a track cleaning cloth and cotton swabs and told: "Clean
things and see what changes."

The discovery After cleaning: the locomotive runs smoothly. The student has just
experienced that invisible dirt — smaller than they can easily see — creates
enough electrical resistance to stop a motor. This is astonishing to most
young people.

The deeper question Ask: "If dirt can stop electricity, what else might stop it? What do you think
electricity looks like inside a wire?" This plants the seed for Ohm's Law,
conductivity, and materials science — none of which are mentioned by
name.

Journal entry First use of an Engineering Log (a simple notebook). Student writes or
draws: "What was wrong? How did | figure it out? How did | fix it?" This is the
beginning of systematic documentation.

Activity 1.3 — "Make It Yours"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

This is a layout someone else Selecting and placing O Scale Scale and proportion; spatial

built. How do | make it feel like Structures, figures, and details; reasoning; design thinking; the

mine? developing spatial judgment; feedback loop of "does this look
making aesthetic decisions and  right?" as the beginning of
evaluating them engineering judgment

What the student Given a simple O Scale layout (or a section of one) with bare terrain, the

does student is given a box of O Scale buildings, figures, vehicles, and

accessories. Their job: make this look like a real place.



The key constraint

The spatial thinking

The creative
ownership

The career seed

Only one rule: the O Scale figures (approximately 1.5 inches tall,
representing 6-foot people) must be able to "use" the buildings and spaces
— doors must be accessible, platforms must be reachable, the scene must
make sense as a place where people actually live and work.

When a student places a building that is obviously too large for the space, or
a vehicle that is the wrong scale, they sense it immediately even if they
cannot articulate why. The mentor asks: "Does that look right to you? Why
not?" The student begins to develop scale intuition — the ability to judge
proportion by eye.

This is the student's layout now. Even if it is a shared club layout or a
parent's layout, this corner is theirs. That ownership is the psychological
foundation for all future investment in the hobby.

Ask: "If you were going to add a railroad station, where would you put it?
Why there? What would people need to be able to do there?" This is the
beginning of architectural and urban thinking — space, function, circulation
— without any of those words being used.

Activity 1.4 — "The First Build"

THE HOOK

Every building on this layout
came in a kit. Can | build one

myself?

The kit

The instruction
question

The quality moment

Weathering

The engineer's eye

THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

Assembling an O Scale Following technical instructions;
structure kit — cutting, gluing, fine motor precision; material
painting, weathering; reading properties (what glue works on
and following an instruction what); quality control ("is this
sequence; troubleshooting square?"); the beginning of
assembly problems manufacturing thinking

A simple O Scale building kit — a small depot, a freight house, or a lineside
shed — appropriate for the student's age and fine motor skill. Cardboard kits
are ideal for first-time builders.

Before opening the instructions: ask the student to study the picture on the
box and predict the steps. "What do you think gets built first? Why?" This is
pre-reading comprehension applied to technical instructions.

At some point the student will glue something at a slight angle, or the walls
will not be perfectly square, or the roof will have a gap. Do not fix it. Ask: "Is
that how you want it to look? If not, what could you do about it?" This is the
first encounter with quality control and the decision between "good enough"
and "right."

When the kit is assembled and painted: introduce weathering — the art of
making new things look old and used. A small amount of diluted brown paint
applied to corners and recesses instantly transforms a toy-looking model into
something that looks like it has been standing in the rain for fifty years. The
student is stunned by how much a small technique changes the result. This
is chemistry (paint behavior), art (visual judgment), and materials science
(surface treatment) presented as a magic trick.

At the end: "If you were going to build this again, what would you do
differently? What did you learn from building this one?" This is the post-
mortem debrief — a standard engineering practice — introduced as simple
reflection.

Level 1 — What the Student Gains
[ HobbysSkil | Hidden STEMSkill | Career Thread Planted |

Running a locomotive on DC

Basic circuit completion; open Electrician; electronics



power

Track cleaning and fault
isolation

Placing structures at correct
scale

Building a structure kit

Weathering techniques

Engineering Log entries

circuit diagnosis

Contact resistance; systematic
fault isolation

Spatial proportion; scale
reasoning; design judgment
Following technical instructions;
quality control; material
properties

Surface chemistry; visual
analysis; fine motor precision
Technical documentation;
cause-and-effect reasoning;
reflection

technician; electrical engineer
Maintenance technician; quality
assurance engineer

Architect; urban planner;
industrial designer
Manufacturing technician;
construction manager; engineer

Materials scientist; industrial
finisher; product designer

Every engineering and technical
career



The Builder

Creating things from scratch — and discovering that making requires thinking

Who this is for A student who has completed Level 1 or already has basic hobby
experience; now ready to build original things rather than assemble kits
Core Experience Planning and building original scenery; scratch-building structures;

designing a simple track plan; discovering that every creative decision
has a technical consequence

Duration Flexible — 6 to 10 sessions; student-paced

Hidden STEM Geometry (track planning); materials science (terrain building); structural
thinking (scratch-built models); the beginning of design process; reading
and creating technical drawings

Level 2 — The Philosophy of the Builder

At Level 2 the student transitions from consumer to creator. This is a profound psychological shift —
and a profound educational one. When you build something from scratch, every decision has a
consequence. The foam is too soft in that spot and the track won't sit level. The bridge isn't wide
enough for the locomotive to clear the sides. The tunnel entrance is too low. Each of these failures is an
invitation to think — and each solution is an act of engineering, whether or not the student knows that
word.

The mentor's role at Level 2 is to ensure the student encounters real problems — not manufactured
ones — and then to ask questions that lead the student toward systematic solutions rather than random
trial and error. "Why do you think that happened?" is always more powerful than "Here's why that
happened.”

Activity 2.1 — "Plan the Layout"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

| want to build my own layout —  Drawing a scale track plan on Scale drawing; ratio and

but how do | figure out what fits ~ graph paper (1/4 inch = 1 foot);  proportion; geometry (arc

in the space | have? calculating minimum curve radii;  length, radius, turning radius);
fitting a complete plan within spatial reasoning; constraint-
defined dimensions based design

The challenge Student has a defined space (a 4x8 foot sheet of plywood, or a 2x4 foot

starter board). On 1/4-inch graph paper (where 1 square = 1 foot at O Scale
— because 1 inch = 4 feet in O Scale), they must design a layout that: (1)
has a continuous running loop; (2) has at least one siding for car storage; (3)
fits entirely within the space.

The geometry O Scale minimum curve radius for standard equipment is 18 inches (O36).

encounter On the graph paper this is a circle of radius 4.5 squares. When the student
draws this and discovers how much space a curve consumes, they
experience — physically and visually — the relationship between radius, arc
length, and space. This is geometry. It feels like a puzzle.

The first revision Almost every first track plan doesn't fit. The student must revise — making
curves tighter (and learning the equipment clearance problem), or changing
the shape of the loop, or reducing the number of sidings. Each revision is a



design iteration. The mentor asks: "What are you giving up with that
change? What are you gaining?"

The drawing skills By the end of this activity, the student has produced a dimensioned technical
drawing — a plan view of a layout with all track elements shown to scale.
They do not know it is called a technical drawing. They call it "my layout
plan." It is both.

The scale realization At some point, ask the student to calculate: "If the scale is 1:48 and your
layout is 4 feet wide, how wide is the real railroad territory your layout
represents?" (4 x 48 = 192 feet = about 2/3 of a football field.) Then: "Your
main line loop is about 18 feet of track on the model. How long is that in real
life?" (18 x 48 / 12 = 72 feet of prototype track.) This conversion — done
casually, in the context of the student's own design — is a genuine
mathematical operation that most students do without resistance because
they want to know the answer.

Activity 2.2 — "Build the World"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

The terrain on layouts in Building terrain with foam, Materials science (why does

magazines and club layouts plaster cloth, and scenic plaster harden?); chemistry

looks real. How do they do that?  materials; learning what (paint mixing, glue chemistry);
materials behave like at different  biology (what makes a realistic
stages; making color and tree?); geology (rock formation
texture decisions and erosion patterns)

The foundation Student carves landforms from extruded foam insulation board using a hot

wire cutter or serrated knife. The key discovery: the same material at the
same thickness has very different structural properties depending on how it
is cut — with the grain vs. against it. This is materials science as carpentry.

The plaster moment Plaster cloth (dipped in water and draped over the foam) hardens as it dries
— the student can feel the warmth of the exothermic reaction with their
hand. Ask: "Where is that heat coming from? What is happening to the
plaster as it dries?" The answer — a chemical reaction between the plaster
powder and water, releasing heat — is chemistry. The student experienced it
before they heard the explanation.

The color mixing Mixing earth-colored scenic paint: how do you get the color of dry

challenge Pennsylvania clay? The student mixes colors, evaluates, adjusts. This is
color theory, but it is also the iterative process of testing a hypothesis ("if |
add more brown will it look more like dirt?") and evaluating results. It is the
scientific method dressed as art.

The tree problem Making realistic trees from wire and scenic foam: the student discovers that
natural tree shapes are not random — they have structural logic (branches
get thinner as they get further from the trunk; the crown shape is determined
by how the tree competes for light). Ask: "Why do you think the branches get
smaller at the tips?" The answer touches on structural engineering (a
tapered beam is stronger per unit weight than a constant-section beam) and
biology (the tree grows efficiently). Neither word needs to be spoken.

The water illusion Simulating water with gloss medium or two-part resin: the student pours the
medium into a stream or pond feature and watches it level itself and harden.
Ask: "Why does it always find a perfectly flat surface?" This is physics —
fluid behavior, surface tension, and the principle of least potential energy —
experienced as a satisfying special effect.



Activity 2.3 — "Scratch-Build a Structure™

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

There isn't a kit for the building | Scratch-building an O Scale Scale conversion (prototype

want on my layout. Can I build it structure from basswood, dimensions to model

from nothing? stripwood, and sheet material; dimensions); structural thinking
reading and translating (how do walls hold up a roof?);
prototype photographs into precision measurement;
scale dimensions; solving problem-solving in 3D space
joinery problems

The reference Student selects a real building they want to model — a local station, a

challenge firehouse, a warehouse — from a photograph. They must estimate the real

dimensions from visual clues (a standard door is 3 feet wide; a brick course
is 2-2/3 inches tall; a story is about 10 feet). This is the engineering skill of
dimensional estimation from visual reference — used constantly by
surveyors, architects, and construction managers.

The scale conversion = Converting real dimensions to O Scale (+ 48): a 30-foot-wide building
becomes 30/48 = 0.625 feet = 7.5 inches in O Scale. A 10-foot story height
becomes 10/48 = 0.208 feet = 2.5 inches. The student does these
conversions not because they are assigned division problems but because
they need the answer to build what they want. Every conversion is
motivated.

The joinery problem How do two walls of a building join at a corner? The student discovers that if
you simply butt one wall against another, the corner looks wrong — the wall
thickness is visible. The solution: miter the corners, or overlap them and
sand flush. This is joinery — a craft skill taught in woodworking — but it is
also spatial reasoning and an encounter with the concept of tolerance and fit.

The structural logic Ask: "Before you put the roof on — what keeps the walls from falling inward?
What stops them from falling outward?" The student must solve the
structural stability problem of their own building, even at model scale. The
solution — an interior floor, a diagonal brace, a glued corner joint — is the
student's first structural design decision.

The window question = Cutting window openings in walls: each opening weakens the wall. The
student discovers empirically (by pressing on the wall with and without
openings) that a wall with large openings flexes more than a solid wall. Ask:
"If this were a real building, how would the architect deal with that?" This
plants the seed for structural engineering — lintels, frames, moment
connections — without using any of those terms.

Activity 2.4 — "Run a Railroad"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

The layout is built. Now what? Learning a simple car- Systems thinking; sequential
How does a real railroad forwarding system (car cards logic; optimization (what's the
actually decide what to do with and waybills); planning and most efficient order to switch
all these cars? executing a switching sequence; these cars?); the beginning of

thinking about the layout as a operations research

system with inputs, outputs, and

processes

The car card system Each freight car on the layout has a card identifying it and its cargo. Each
wayhbill tells the operator where the car needs to go. The student's job: move
every car to its correct destination in the fewest locomotive moves. This is a
real optimization problem — the same mathematical structure as routing



The efficiency
question

The timetable

The map question

packages for a delivery company.

After completing the job, ask: "How many times did you move the locomotive
without pulling a car? Could you have done it in fewer moves? How?" The
student begins to think about efficiency — minimizing wasted motion —
which is industrial engineering, logistics, and operations research.

For more advanced students: run the session against a clock. Certain cars
must be delivered by a certain time (simulating a railroad timetable). What
happens when you're late? What caused the delay? How could you have
planned better? This is project management, scheduling, and critical path
analysis — experienced as a puzzle.

Ask the student to sketch a diagram of the layout showing which industries
receive which car types. This is a network diagram — a tool used in logistics,
computer science, and systems engineering — introduced as a helpful
sketch on a piece of scratch paper.



The Investigator

When something doesn't work — figure out why. Systematically.

Who this is for A student who has real hobby experience and has encountered problems
they couldn't immediately solve; ready to approach troubleshooting
systematically

Core Experience Investigating real problems on a real layout using observation,
measurement, and hypothesis testing; keeping an Engineering Log that
documents the investigation process

Duration Ongoing — investigation is a permanent practice, not a discrete set of
activities
Hidden STEM The scientific method (observe, hypothesize, test, conclude); basic

measurement (voltage, current, distance, weight); data recording; cause-
and-effect reasoning; the distinction between correlation and causation

Key Tool The Engineering Log — a bound notebook that travels with the student
and records every investigation. This is the single most important artifact
in the curriculum.

Level 3 — The Philosophy of the Investigator

The single most important intellectual skill in any technical career is the ability to look at a system that is
not working and figure out why — systematically, patiently, and without guessing. This skill is called
troubleshooting in trades, debugging in software, root cause analysis in engineering, and differential
diagnosis in medicine. It is the same skill in every field. And it is almost never explicitly taught.

Model railroading teaches it constantly, because model railroads break constantly — in small,
interesting, and instructive ways. A locomotive that stalls in one spot. A signal that won't change. A
switch that throws intermittently. A car that derails at the same curve every time. Each of these
problems is a gift — an invitation to develop the investigator's mindset. The mentor's job at Level 3 is to
resist the temptation to fix things and instead to ask: "What do you know for certain? What are you
assuming? How could you test that assumption?"

The Investigator's Four Questions: (1) What exactly is happening — not what I think is
happening, but what | can directly observe? (2) Under what exact conditions does it happen — and
what conditions make it not happen? (3) What are the possible causes — list them all before testing
any? (4) How can | test each cause in a way that changes one thing at a time? These four questions
are the scientific method. They sound like common sense. They are remarkably rare in practice.

Activity 3.1 — "The Stall Investigation™

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

My locomotive stalls at the Systematic fault isolation using Ohm's Law (V=IR); voltage

same spot on every loop. I've a multimeter; measuring rail-to-  measurement; series circuit

cleaned the track. It still does it.  rail voltage at multiple points; analysis; the concept of
distinguishing between track resistance as an invisible barrier
faults and locomotive faults to current flow

The investigation Student describes the problem in their Engineering Log: exactly where the



opens stall occurs, whether it happens with other locomotives, whether it happens
in both directions, whether it gets worse over time. This is the observation
phase — and most of the time, the act of writing down the precise
observations reveals a pattern the student hadn't noticed.

The multimeter For the first time, the student uses a multimeter to measure voltage. The

introduction mentor does not explain how the multimeter works first — they hand it to the
student and say: "This measures the electrical pressure (voltage) between
any two points. Put the probes on the rails and tell me what it reads." The
student measures voltage at multiple points along the track, including at the
stall location. If the voltage drops significantly at the stall point — there's a
resistance problem in the track. If voltage is normal but the locomotive still
stalls — the problem is in the locomotive.

The diagnosis This two-step process (is the problem in the track or the locomotive?) is fault
isolation — the foundational technique of every electrical troubleshooting
process from consumer electronics repair to power grid diagnosis. The
student does it before they know it has a name.

Ohm's Law arrives Ask: "You measured lower voltage at the stall point. If the voltage is lower

naturally there, what does that tell you about the current flowing through that section
of track? Would more current or less current reach the motor?" The student
reasons through this and arrives at the relationship between voltage, current,
and resistance — Ohm's Law — as a logical consequence of their own
observations, not as a formula to memorize.

The Engineering Log = Student records: the problem, the measurements, the hypothesis, the test,

entry the result, and the conclusion. This entry is indistinguishable from a
professional troubleshooting report. The student just calls it "notes."

Activity 3.2 — "The Derailment Investigation™

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

Car number 7 derails at the Measuring track gauge with a Dimensional tolerance; the

same curve every time. Other gauge tool; measuring wheel concept of standards (NMRA

cars make it fine. Why? gauge on the problematic car; track standards); measurement
comparing to NMRA standards;  precision; statistical thinking (it
identifying the specific out-of- always fails — it sometimes fails
tolerance condition causing the ~ — it never fails — what does
derailment each pattern mean?)

The pattern Does car #7 always derail at that curve? Does it also derail on other curves?

observation Do other cars derail at that curve? The answers narrow the cause: if only car

#7 derails only on that curve, the cause is an interaction between a specific
car defect and a specific track defect. If all cars derail on that curve, the track
is the problem. If car #7 derails everywhere, the car is the problem. This
logical deduction — from symptoms to cause using conditional reasoning —
is the same logic a physician uses for differential diagnosis.

The NMRA standards  The student is introduced to the NMRA track gauge standards for O Scale:

encounter rail-to-rail distance should be 1.250 inches + 0.015 inches. Wheel back-to-
back distance should be 1.213 inches £ 0.010 inches. Using a gauge tool,
the student measures both. This is the first encounter with tolerances — the
concept that acceptable performance is not a single value but a range, and
that problems occur when two tolerances interact at their worst-case

extremes.
The calculation If rail gauge is at the maximum (1.265") and wheel gauge is at the minimum
moment (1.203"), the difference is 0.062" — more than four times the allowable gap.

The wheel flanges can't find the rail. Ask: "Neither measurement is 'wrong'
by itself. But together they cause a problem. What does this tell you about
why standards exist?" This is a genuine engineering insight about tolerance



stack-up — a concept that affects everything from precision machining to
integrated circuit manufacturing.

The fix and verify Student corrects the out-of-tolerance condition (adjusting wheel gauge or
track gauge), reruns car #7 through the problem curve, and verifies the fix.
Documents the before-and-after measurements in the Engineering Log. This
is the complete engineering troubleshooting cycle: observe, measure,
hypothesize, fix, verify.

Activity 3.3 — "The DCC Mystery"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

I've upgraded to DCC. Now Reading a DCC decoder Binary and hexadecimal number

locomotive #3 runs fine but configuration variable (CV) systems (CVs are stored in

locomotive #7 does weird things  table; identifying and changing binary); feedback control

— lurches, makes strange specific CVs to adjust motor systems (back-EMF); the

sounds, sometimes stops for no  control behavior; understanding  relationship between

reason. Why? what PWM (pulse width programming and physical
modulation) does to a motor behavior; reading technical

documentation
The symptom Student records the exact symptoms of locomotive #7's behavior: at what
documentation speed steps it lurches, whether it happens in both directions, whether sound

and motion problems occur simultaneously. This precision of observation is
a professional skill.

The CV table For the first time, the student reads a technical document — the decoder's
CV (Configuration Variable) table. They discover that the decoder's behavior
is controlled by numbers stored in memory addresses — that CV2 controls
the starting voltage, CV3 controls the acceleration rate, CV4 controls the
deceleration rate, CV5 controls maximum voltage, CV6 controls mid-point
voltage. This is the student's first encounter with the concept of a parameter
— a stored value that controls system behavior. It is the foundation of every
programming and control system concept they will ever encounter.

The binary moment CVs are stored as 8-bit binary numbers (0—255). When the student needs to
set CV29 (the configuration register) to enable back-EMF and set the voltage
mode, they encounter binary arithmetic. Rather than explain binary, ask:
"Each of these 8 positions can be a 0 or a 1. Position 1 is worth 1. Position 2
is worth 2. Position 3 is worth 4. Each one is double the previous. Does that
give you any ideas for how to make the number 37 using only Os and 1s?"
Most students work this out in 5-10 minutes. They have just learned binary.

The back-EMF Back-EMF (the decoder's speed-stabilization feature) is explained in purely

concept physical terms: "When the locomotive goes uphill, the motor has to work
harder. Without back-EMF, it slows down. With back-EMF, the decoder
notices it slowing down and adds more power to keep the speed constant.”
Ask: "What would you call a system that notices when something is going
wrong and corrects for it automatically?" The student may say "smart" or
"automatic" — confirm that engineers call it a feedback control system, one
of the most powerful concepts in all of engineering.

Activity 3.4 — "The Bridge Problem™

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

| want to build a bridge for my Calculating the weight of the O Forces and loads; span-to-depth
layout. But how do | know if it's Scale locomotive (weighed on a  ratio as a structural design rule;
strong enough to hold a kitchen scale); designing a the concept of a factor of safety;



locomotive without breaking? bridge from balsa or basswood;  prediction vs. measurement;

The weight
measurement

The design rule

Build, predict, test

The factor of safety

predicting failure load using materials testing
span-to-depth ratio rules of

thumb; testing to failure and

comparing to prediction

Student weighs the O Scale locomotive on a kitchen scale. Itis
approximately 200 grams (0.44 Ibs). Ask: "If this locomotive represents a
real locomotive that weighs 400,000 pounds, what is the ratio of real weight
to model weight?" (400,000 Ibs + 0.44 Ibs = 909,000:1.) "Why isn't it exactly
1:48?" (Because weight scales as the cube of the linear ratio: 483 = 110,592
— close to 909,000 if we account for the fact that model locomotives are not
solid metal.) This leads to one of the most interesting scaling discussions in
the curriculum — why you can't simply scale up a model bridge and have it
work.

Introduce the span-to-depth rule: a simple beam bridge should have a depth
of approximately 1/15 to 1/20 of the span for stiffness. For a 12-inch bridge
span, this suggests a beam depth of 0.6-0.8 inches. Ask: "Why do you think
deeper beams are stiffer? If you had a ruler, which way would you hold it to
span a gap — flat or on edge?" The student discovers that orientation
matters — a profound structural insight.

Student builds a bridge to their own design, predicts the failure load based
on the span-to-depth rule, then loads the bridge with calibrated weights until
failure. Compares the prediction to the result. Percent error is calculated —
not as a grade, but as information: what caused the discrepancy? This is
experimental science done entirely in the context of a hobby problem.

Ask: "Your bridge failed at 300 grams. The locomotive weighs 200 grams. By
how much did your bridge exceed the required load?" (300/200 = 1.5x.)
"Engineers call this the factor of safety. What do you think a factor of safety
of 1.5 means in a real railroad bridge? Is 1.5 times the required load safe
enough?" This introduces the concept of engineering safety margins — the
recognition that the world is uncertain and designs must account for that
uncertainty.



The Problem Solver

Design something new — build it — test it — improve it. The full engineering loop.

Who this is for A student who has internalized the investigator's mindset and is ready to
design original solutions to real problems — not fix existing things, but
create new things

Core Experience Completing the full engineering design cycle: define the problem — set
requirements — generate solutions — select and build — test — evaluate
- improve

Duration Project-based — each major project takes 4-8 weeks

Hidden STEM Engineering design process; requirements specification; design trade-

offs; iterative improvement; the distinction between "it works" and "it
works well"; technical communication

Key Shift The student stops asking "how do | fix this?" and starts asking "how do |
design this so it works from the start?" This is the transition from
technician to engineer thinking.

Level 4 — The Philosophy of the Problem Solver

Design is not decoration. Design is the process of making decisions — about function, about form,
about materials, about constraints — in a way that can be defended with evidence. Every decision a
problem solver makes should be answerable with "because | tested it and this worked better" or
"because the requirements specified this." The O Scale layout at Level 4 becomes a design laboratory
where the student sets their own requirements, designs solutions, and evaluates the results against
those requirements. This is how professional engineering works.

Project 4.1 — "Desigh a DCC Layout Control System™

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

| want to be able to control two Designing a block-wired layout System design; requirements

trains independently on the with DCC; specifying detection specification; circuit design;
same track without them circuits for each block; writing logic (if-then-else); the concept
crashing. How do | design a an operating procedure that of a state machine; technical
system that makes that uses the detection information; documentation

possible? testing the complete system

The requirements Before any design begins, the student writes a requirements document: "My
phase system must... (1) allow two trains to run simultaneously without collision; (2)

alert the operator when two trains are in the same block; (3) not require the
operator to watch both trains constantly; (4) cost less than $30 to
implement." These are real engineering requirements — functional, safety,
usability, and cost. Writing them before designing is the discipline of
requirements engineering.

The design options Three possible solutions: (1) manual block control — operator watches and
manages manually; (2) current-sensing occupancy detectors — a circuit
detects current draw in each block; (3) infrared beam sensors — a beam
broken by a passing train signals occupancy. Student evaluates each
against the requirements: does it meet all four? What are the trade-offs?
This is engineering design — not finding the "right" answer but finding the
best answer given the constraints.



The circuit design Whichever detection method is chosen, the student designs the circuit on
paper before building it. For current sensing: a small resistor in series with
the track block; the voltage across the resistor is proportional to current
(Ohm's Law again, now used as a design tool rather than an explanation).
This is the transition from Ohm's Law as observation to Ohm's Law as
design equation.

The operating After the system is built, the student writes an operating procedure: a step-

procedure by-step guide to running two trains safely using the detection system. This is
technical writing — a skill that every engineer, technician, and tradesperson
uses constantly and that is rarely taught explicitly in school.

Project 4.2 — "Design a Grade-Climbing Test"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

| want to know: how steep a Designing a controlled Experimental design; controlled
grade can my locomotive climb experiment; building an variables; graphing and curve
while pulling a 10-car train? | adjustable-grade test track; interpretation; the concept of a
want to know the exact answer,  measuring tractive force with a performance envelope; data-
not a guess. spring scale; plotting a grade vs.  driven decision making

performance curve

The experimental Before building anything, the student designs the experiment: What am |

design measuring? (maximum train length at each grade.) What am | controlling?
(same locomotive, same cars, same track condition at every test.) What am |
varying? (grade — in 0.5% steps from 0% to 4%.) How will | build an
adjustable-grade test track? This is experimental design — arguably the
most important skill in all of science.

The grade calculation = Grade in percent = (rise / run) x 100. To create a 2% grade on a 24-inch test
track: rise = 0.02 x 24 = 0.48 inches. Student builds a simple adjustable
ramp using shims under one end of the track. Using a digital level (or a ruler
and protractor), they set and verify each grade increment. This is applied
trigonometry — experienced as the process of setting up an experiment.

The data collection At each grade, the student adds cars one at a time until the locomotive
stalls. Records: grade (%) vs. maximum cars. Repeats each measurement 3
times and averages (introduction of repeated measurement and averaging
as a way to reduce uncertainty). Plots the curve. The result: a performance
envelope for their specific locomotive — the most useful operational data
they could have for planning their layout.

The design Ask: "Your layout has a grade of 1.5%. Based on your data, what is the

application maximum train length you should run? What safety margin would you add?"
The student applies their experimental data to a real design decision. This is
engineering: using measured data to make defensible design choices.

Project 4.3 — "Design a Layout Lighting System"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

I want my layout to look like it's Designing an LED lighting LED circuit design (V=IR applied
actually lit — different times of system with multiple circuits; to resistor selection); color

day, building interiors lit at night,  calculating resistor values for temperature and its relationship
street lights that come on at each LED color and voltage; to visible light physics; PWM as
dusk. How do I design that building a time-of-day controller  analog control; system

system? using a simple PWM dimmer integration; aesthetic

engineering



The resistor Every LED requires a series resistor to limit current. The formula: R =

calculation (V_supply - V_forward) / |_desired. For a white LED with V_forward = 3.2V,
powered by 12V, targeting | = 20mA: R = (12 - 3.2) / 0.020 = 440 ohms —
use a 470 ohm standard resistor. The student calculates this for every LED
type in their system (white street lights, warm yellow building interiors, cool
blue moonlight). This is Ohm's Law used as a design tool — the same
calculation used by every electronics engineer designing any product with
indicator lights, displays, or optical sensors.

The color temperature = Different LEDs have different "white" — some are cool (blue-white, like

discovery daylight), some are warm (yellow-white, like incandescent bulbs), some are
very warm (amber, like a fire). Students discover this by comparing LEDs
side by side. Ask: "Why do you think a building interior looks more realistic
with warm-white LEDs than with cool-white LEDs?" This is physics (color
temperature, measured in Kelvin) and perceptual psychology (how the brain
interprets different light colors as different times of day or environments)
experienced as an aesthetic choice.

The dimmer controller Using a simple PWM dimmer module (available for $3-5), the student
controls the brightness of the sky panel on their layout — simulating dawn
and dusk by slowly adjusting the PWM duty cycle. Ask: "When you dim the
lights by 50%, are you using 50% of the electrical power? How would you
test that?" This leads to the power formula (P = VxIxduty cycle) — and the
insight that PWM dimming is far more efficient than resistive dimming.

Project 4.4 — "Automate One Thing"

THE HOOK THE SKILL THEY BUILD THE STEM THEY DON'T SEE
YET

| want the crossing gates to go Designing a simple automation Boolean logic (if sensor detects
down automatically when a train  system using IR sensors and a train AND direction is correct,

approaches, and come back up  servo motor; writing THEN activate servo);

when it passes. | want to build pseudocode for the control microcontroller programming;

that myself. logic,; implementing on an sensor-actuator systems; the
Arduino or similar concept of a state machine
microcontroller

The logic design Before any code or wiring, the student describes the desired behavior in

plain English: "When train approaches from the east, gates go down. When
train clears the crossing, gates go up. If train is approaching from both sides,
keep gates down until both have cleared." This plain-English description is
then translated into pseudocode — if/then/else logic — and then into actual
code. The student discovers that writing code is the same cognitive
operation as describing the desired behavior precisely. Programming is
precision English.

The Arduino The Arduino microcontroller is introduced as "a small computer that reads

introduction sensors and controls things." The student uploads their first sketch (blink an
LED), then modifies it to read the IR sensor, then adds the servo control.
Each step is motivated by the goal — making the crossing gates work — not
by a programming curriculum. The syntax is learned because it is needed,
not because it is assigned.

The state machine At some point the student realizes their program needs to remember

insight whether the train is approaching or has already crossed — it needs to "know
what state it's in." This is the concept of a state machine — one of the most
fundamental abstractions in computer science and electrical engineering.
Introduce the term: "Engineers call this a state machine. Your crossing gate
system has three states: CLEAR (gates up), ACTIVATING (train
approaching), and OCCUPIED (gates down, train crossing). What
determines the transition between states?" The student identifies the sensor



The debugging
session

triggers — and has just designed a formal state machine.

Something won't work. The student must debug — and the debugging
process at Level 4 is now far more sophisticated than at Level 1. The student
can measure voltages, check sensor output, add print statements to the
code to see what the program "thinks" is happening. Each debugging
technique is a skill. The meta-skill is the systematic approach: check the
inputs first, then the logic, then the outputs. This is how every professional
engineer debugs every system.



The Specialist

Going deep — connecting the hobby explicitly to a career path

Who this is for A student aged 17-21 in trade school or junior/community college; or an
older high school student with deep hobby experience who is ready to
name their direction

Choosing one area of depth and pursuing it to a professional level of
competence; making the explicit connection between hobby skill and
career; producing a portfolio artifact that could be shown to an employer

or college admissions committee

Core Experience

Format Six specialist tracks — student chooses one based on their interests from
Levels 1-4
Key Shift For the first time in the curriculum, the student IS told what field they are

working in. The discovery has happened. Now we name it and develop it
deliberately.

Level 5 — The Six Specialist Tracks

By Level 5, the pattern of the student's interests across Levels 1-4 will have revealed a tendency. A
student who was most engaged by the electrical investigations (Levels 3.1, 3.3, 4.1, 4.3) has
electronics inclinations. A student most engaged by building and structural problems (1.4, 2.3, 3.4) has
engineering/trades inclinations. The mentor's role is to name the tendency, affirm it, and direct the
student toward the specialist track that fits.

Specialist Track Signature Level 5 Project

Track A: Electrical &
Electronics

Track B: Mechanical
& Structures

Track C:
Programming &
Automation

Track D: Design &
Fabrication

Track E:
Environmental &
Energy

Track F: Operations &
Logistics

Electrician; Electronics
Technician; Electrical
Engineer; Embedded
Systems Developer
Mechanical Technician;
Structural Drafter; Civil
Engineer; Construction
Manager

Software Developer;
Controls Programmer;
Robotics Technician;
Systems Engineer
Industrial Designer;
Architect; CAD/CAM
Technician; Model
Maker

Energy Auditor; HVAC
Technician;
Environmental
Engineer; Sustainability
Consultant

Logistics Manager;
Supply Chain Analyst;
Transportation Planner;
Industrial Engineer

Design, build, and document a complete DCC
power district system with EMI analysis and
protection — to professional electrician standards

Design, analyze, and build a scale bridge to a
specified load rating — with full structural
calculations and a load test report

Build a fully automated layout controller using
Arduino or Raspberry Pi — with documented
code, wiring diagrams, and a user manual

Produce a complete set of O Scale construction
drawings for an original building, fabricate it, and
write a materials and methods report

Analyze the energy use of a modeled railroad
facility — daylighting, heating loads, electrical
consumption — and propose an efficiency
improvement plan

Design and document a complete operating
session for a complex layout — with car routing
plan, timetable, efficiency metrics, and
improvement analysis



Track A — Electrical & Electronics Specialist Project

The project

The professional
connection

The career
conversation

Design a complete DCC power distribution system for a 4x8 foot layout:
power districts, feeder wiring, circuit breakers, and EMI filtering. Produce a
one-line diagram, a wiring diagram, and a wire schedule. Build it. Test it with
a multimeter and oscilloscope. Document the results.

This deliverable — a one-line diagram, a wiring diagram, and a test report —
is the same package an electrician produces when wiring a residential panel
or an electronics technician produces when commissioning a control system.
The student shows this at a job interview or trades school portfolio review
and is immediately credible.

Have an explicit conversation: "The skills you just used — circuit design,
wire sizing, fault protection, test and measurement — are the core skills of
an electrician, an electronics technician, and an electrical engineer. The
difference between these careers is mainly the level of mathematical
analysis and the scale of the systems. Which direction interests you more —
working with your hands on real systems, or designing the systems on paper
first?"

Track B — Mechanical & Structures Specialist Project

The project

The professional
connection

The career
conversation

Design a bridge to span 18 inches carrying a specified load (the O Scale
locomotive plus 5 loaded freight cars — total approximately 400 grams).
Calculate the required beam depth using structural formulas. Build the
bridge. Load-test it to verify it meets the specified capacity with a factor of
safety of 2.0. Write a structural analysis report.

A structural drafter or junior engineer produces exactly this: a design with
calculations, a drawing, and a test or inspection record. The student's load-
test report — with a table of measurements, a calculation of factor of safety,
and a conclusion — is a professional structural engineering document at
small scale.

"The skills you used — calculating section properties, applying safety
factors, testing physical systems, and documenting results — are the skills of
a structural drafter, a construction manager, a mechanical technician, or a
civil engineer. Every building, bridge, and machine uses these concepts. Do
you want to work on the building site or in the design office — or both?"

Track C — Programming & Automation Specialist Project

The project

The professional
connection

The career
conversation

Build a fully automated block-detection and signal system for a layout with at
least 4 blocks. The system must: (1) display block occupancy on an LED
panel; (2) control signal aspects based on block occupancy; (3) prevent
conflicting routes from being set simultaneously; (4) have a documented,
commented codebase; and (5) have a wiring diagram and user manual.
This is an embedded systems project — the same type of project done by
controls programmers, automation technicians, and embedded software
developers in industrial, automotive, and consumer electronics contexts. The
student can show the code, the documentation, and the working system to
any technical employer.

"You just built a real-time control system with sensors, logic, and actuators.
That is exactly what automation engineers, controls programmers, robotics
technicians, and embedded software developers build professionally. The
systems they work on are larger and more complex — but the concepts are
identical. What would you want to automate next if the system could be as
large and complex as you wanted?"



The Portfolio — Every Level's Most Important Artifact

From Level 1 onward, the student maintains two things: an Engineering Log (a bound notebook of
investigations, measurements, and reflections) and a Portfolio (a curated collection of their best work —

photographs of completed models, copies of track plans, wiring diagrams, test reports, and brief
descriptions of what was learned from each project).

By Level 5, the portfolio is a genuine professional document. It shows:

Problems encountered and how they were investigated and solved
Things designed and built from scratch, with the decisions documented
Measurements taken and data analyzed

Systems designed and tested against requirements

A specialist-level project with professional documentation

The Portfolio Conversation: When a student completes Level 5 and has a full portfolio, sit with
them and say: "Look at what you've done. You diagnosed electrical faults. You designed structures and
calculated whether they would hold. You programmed a computer to control a physical system. You
measured things, recorded data, and drew conclusions. Do you know what job title does all of these
things? Engineer. Technician. Programmer. Designer. You have been doing this for [1, 2, 3] years. You
already think like one. Now let's talk about how to make it your career."




The Discovery Pathway — Age-by-Age at a Glance
|____Age _____ Entry Point ___Hobby Win____ Skill Gained ___ STEM Career Thread |

10-11 Gets a train
set; curious
why it stops
11-12 Wants to add
to the layout;
first kit build
12-13 Designs own
layout on
graph paper
Builds terrain
from scratch;
first bridge

13-14

13-15 DCC upgrade;
locomotive
acts strangely
14-16 Investigates
derailment
with
multimeter
Designs
automation
with Arduino

15-17

16-18 Builds bridge
to calculated
load rating
17-19 Level 5
specialist
project; full
portfolio
Trade school /
JC with

portfolio

18-21

First loop runs
reliably

Completed
building looks
real

Plan fits
perfectly in the
space

Layout looks
like a real
landscape

Decoder
programmed
perfectly

Never derails
again;
understands
why

Gates work
automatically
and reliably

Bridge holds
3x the
required load

Professional-
quality
deliverable

Employer/colle
ge sees real
evidence

Circuit
completion;
troubleshootin
g

Following
technical
instructions;
quality

Scale drawing;
geometric
reasoning
Materials
science;
structural
intuition
Binary
numbers; CVs;
feedback
control
Measurement;
tolerances;
Ohm's Law

Programming;
state
machines;
sensors
Structural
analysis;
factors of
safety
Complete
engineering
design cycle

All of the
above —
documented

Electrician; Electronics Tech

Manufacturing Tech;
Construction

Architect; Civil Engineer; Drafter

Materials Engineer; Landscape
Arch

Embedded Systems; Controls
Eng.

EE; Electronics Tech; Quality
Eng.

Software Dev; Robotics;
Systems Eng.

Civil/Structural Eng.; Mech.
Tech.

Any STEM career — now
named

Informed STEM career decision

For Mentors — The 10 Principles of Stealth STEM

| #
5 |

The Principle

Never give an answer when you can ask a question. "What do you think is causing that?" is
more powerful than any explanation.
Never take the controller, the tool, or the pencil out of the student's hands. Even if you could
do it faster or better. Especially then.
Failure is the curriculum. A locomotive that stalls, a bridge that breaks, a program that does
the wrong thing — these are not problems. They are the lesson.

Name the skill after the student demonstrates it, not before. "You just did fault isolation”
lands completely differently than "Today we're going to learn fault isolation."

The Engineering Log is non-negotiable. Every session ends with an entry: what happened,



what was tried, what was learned. This habit is worth more than any single technical skill.
Celebrate the investigation, not just the solution. A student who systematically eliminates
four possible causes before finding the fifth is doing better science than a student who
guesses right on the first try.

Connect to the real world constantly, but casually. "By the way, the engineers who designed
the Hoover Dam used the same principle you just figured out." Then move on. Don't lecture.
Let the student's interest lead the sequence. If they are obsessed with electronics, go deeper
there. If they love building structures, go deeper there. The curriculum is a menu, not a
march.

The portfolio belongs to the student. Never use it as a grade. Use it as a mirror: "Look at
what you could do six months ago. Look at what you can do now. What changed?"

Have the career conversation late — at Level 4 or 5 — not early. A student who discovers
they think like an engineer through doing engineering will own that identity. A student who is
told "this will help you become an engineer" will resist it.

e



A Note for Parents, Community Organizations & NMRA Clubs

The single most powerful delivery vehicle for this curriculum is not a classroom — it is a model railroad
club. A club provides: an operating layout (the laboratory), experienced hobbyists (the mentors), a
social community (the motivation to return), and a space where a young person can show up, find a
problem, and work on it at their own pace without anyone grading them. Every NMRA club that opens
its doors to young people with this curriculum in hand has the potential to put a student on the path to a
STEM career.

For parents specifically: the most important thing you can do is not help. Buy the locomotive. Set up the
oval. Then ask questions and step back. The student who figures out why it stalled will carry that
knowledge their entire life. The student whose parent fixed it will remember nothing. Your patience is
the curriculum.

Connecting to STEM Programs, Schools & Clubs

e After-school STEM clubs: this curriculum can be run as an after-school program with one layout,
one mentor, and 6-8 students. Level 1 and 2 activities require no electrical expertise from the
mentor — just patience and good questions.

e 4-H and Scouts: the Engineering Log, the bridge project, the DCC investigation, and the
automation project all map to existing 4-H and Scout STEM badges and merit badges. The
Railroading Merit Badge (BSA) is a direct entry point.

e Vocational and trade schools: Level 3 (electrical investigation) and Level 5 Track A (electrical
specialist) are directly relevant to electrical and electronics trades programs. The multimeter
work, circuit design, and wiring documentation are professional-level skills.

e Community colleges: Level 4 and Level 5 can be offered as a 1-credit applied skills elective or
as a co-curricular activity through the engineering or electronics department. The portfolio
produced at Level 5 is genuine evidence of technical competency.

* NMRA clubs: the NMRA's EduTrain program and Division Standards (which explicitly require
coordination with local schools and hobby shops) provide the institutional framewaork for
delivering this curriculum through existing club infrastructure.

The Most Important Thing

A young person who completes this curriculum will not necessarily become an engineer. They might
become an electrician, a construction manager, a programmer, a designer, an architect, or a scientist.
They might discover through Level 5 that they actually want to study literature or history. That is a
completely acceptable outcome — because the student who has completed this curriculum and made
that choice has done so as someone who understands what technical thinking is, has tried it, and has
decided it is not their path. That is an informed decision. It is infinitely more valuable than never having
tried.

But many — far more than current statistics predict — will discover that they are exactly the person who
was built to think this way. They will look at the Engineering Log they have been keeping for two years,
look at the bridge they designed and tested, look at the automation system they built and programmed,
and think: "This is what | want to do with my life." They just needed someone to hand them a



locomotive and ask: "Why do you think it stopped?"

The Final Word: Every great engineer, technician, and scientist has a story about when they first felt
the magic of making something work. For many of them, that story involves taking something apatrt,
building something from scratch, or figuring out why something broke. Give a young person an O Scale
layout, a set of good questions, and time. Then step back and watch what happens.

NMRA EduTrain Program | nmra.org/edutrain | engage@nmra.org
"Finding Your Track" Discovery Curriculum | Grades 5-14 | Stealth STEM Through O Scale Model Railroading
These materials may be reproduced freely for educational and non-commercial use with attribution to the NMRA.
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