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Answer key
Twelve ways to estimate, compare and question a number.

Use a calculator where helpful. The supplied quantities are enough: no visit, climbing, field

measurement or live condition is assumed. All pictures are original teaching illustrations.

Rounding: follow each prompt. Keep unrounded intermediates. Ranges need both

endpoints; the published ranges are not statistical confidence intervals.

Each numbered challenge starts on a fresh sheet. Diagrams are not rulers at physical print

size. Primary NPS and NIST references are linked with each exercise. Source facts checked 2

October 2026.



01  /  12  ·  Map  sca le  ·  un i t  conve r s ion

A road on your desk

18 MILES OF ROAD

Straighten the route. Shrink the distance.

0 5 10 15 20 25 30

REFERENCE RULER · 30 cm

1 cm ↔ 1 km

Original route-and-ruler diagram. The line is schematic, not a mapped road; the 30 cm ruler is a chosen reference.

About 29 cm
18 × 1.609344 = 28.968192 km → 28.968192 cm at this scale → about 29 cm.

The route would almost fill the chosen 30 cm ruler. Converting a published 18-mile approximation produces many
calculator digits, but those digits do not establish a road length to the nearest meter. The sketch straightens the route; it
is not a map of its bends.

Range / precision: The source length is approximate; no error bar is supplied. Whole-centimeter output is a teaching
rounding choice.

Take it further. At 1:50,000, would the paper route get longer or shorter? Explain why it would take about 58 cm.

Sources

National Park Service · Drive the Southern Scenic Drive
National Institute of Standards and Technology · U.S. Survey Foot: Revised Unit Conversion Factors

https://www.nps.gov/thingstodo/drive-the-southern-scenic-drive.htm
https://www.nist.gov/pml/us-surveyfoot/revised-unit-conversion-factors


02  /  12  ·  Rou te  leng th  ·  round  t r ip

One path, two directions

ONE LINE ON A MAP. TWO LEGS IN A JOURNEY.

SUNSET SUNRISE
Outward · 0.5 mi

Return · same section

Distance traveled ≠ number of lines drawn

Original two-direction route schematic. Positions, bends and separation of arrows are illustrative.

About 1,600 m
2 × 0.5 mi = 1 mi; 1 × 1,609.344 = 1,609.344 m → about 1,600 m.

The same ground is traveled twice, so the journey is twice the one-way length. This is a distance calculation only: it says
nothing about walking speed, ability, current access or total ascent. The schematic line supplies no navigation geometry.

Range / precision: Published distance is approximate. Nearest-100 m rounding avoids false precision.

Take it further. Why can a map show one line while a distance log counts two trips over it?

Sources

National Park Service · Hiking at Bryce Canyon
National Institute of Standards and Technology · U.S. Survey Foot: Revised Unit Conversion Factors

https://www.nps.gov/brca/planyourvisit/day-hikes.htm
https://www.nist.gov/pml/us-surveyfoot/revised-unit-conversion-factors


03  /  12  ·  Ve r t i c a l  re fe rence  ·  sub t rac t ion

Two elevations, one difference

READ THE REFERENCE BEFORE THE NUMBER.

Rainbow Point
9,115 ft

Sunset wayside

~8,000 ft

?

Both are elevations above sea level.

Original elevation comparison. The baseline is broken; the drawn terrain and horizontal separation are not measured.

About 340 m
(9,115 − 8,000) ft = 1,115 ft; 1,115 × 0.3048 = 339.852 m → about 340 m.

Subtract values with the same reference before converting. This is an approximate difference between two published
elevations, not the height of a hoodoo or the total climbing on a route. The lower source is rounded, and neither page
supplies a survey uncertainty for this comparison.

Range / precision: This subtraction does not create a precise measured difference from a rounded input.

Take it further. A trail can descend and climb between its endpoints. Why can cumulative ascent exceed their elevation difference?

Sources

National Park Service · Rainbow Point
National Park Service · Deciphering Nature’s Palette wayside
National Institute of Standards and Technology · U.S. Survey Foot: Revised Unit Conversion Factors

https://www.nps.gov/places/000/rainbow-point.htm
https://www.nps.gov/places/deciphering-nature-s-palette-wayside.htm
https://www.nist.gov/pml/us-surveyfoot/revised-unit-conversion-factors


04  /  12  ·  Pe rcen t  inc rease  ·  vo l ume

A little more room for ice

SAME WATER. A DIFFERENT VOLUME.

WATER ICE

100 mL ? mL

+9%

volume

Original illustrative beakers. The starting sample is defined for teaching; the vessels are not laboratory measurements.

About 109 mL
100 × (1 + 9/100) = 109 mL.

Nine percent is the added volume, so the final amount includes both the starting 100 mL and the extra 9 mL. This is an
idealized calculation. A container, crack, temperature or pressure can change what physically happens; the diagram is not
an experiment or a crack-pressure prediction.

Range / precision: The 9% is an approximate physical explanation, not a tolerance for a measured sample.

Take it further. Under the same approximation, a 250 mL sample would gain 22.5 mL. How much would it occupy in total?

Sources

National Park Service · Hoodoos

https://www.nps.gov/brca/learn/nature/hoodoos.htm


05  /  12  ·  Cube  roo t  ·  d imens iona l  reason ing

Volume is not edge length

THREE DIRECTIONS SHARE THE INCREASE.

edge × ?

V → 1.09V
V = edge³

9% VOLUME

Equal expansion

is an assumption.

Original cube and dimension diagram. Perspective and expansion are emphasized for explanation; no rock geometry is measured.

About 2.9%
Edge multiplier = ∛1.09 ≈ 1.029142; increase = (∛1.09 − 1) × 100 ≈ 2.9142%.

If each edge grew by 9%, the volume would multiply by 1.09³, approximately 1.295, or nearly 30% growth. A volume
percentage cannot be applied directly to a length. Equal expansion in three axes is a teaching assumption, not a model of
a real rock fracture.

Range / precision: Numerical precision here checks the mathematics; it does not make the 9% approximation more
exact.

Take it further. Check your edge multiplier by cubing it. Does it recover approximately 1.09?

Sources

National Park Service · Hoodoos

https://www.nps.gov/brca/learn/nature/hoodoos.htm


06  /  12  ·  Ra te  conve r s ion  ·  in te r va l  endpo in ts

A century, in millimeters

A RANGE SURVIVES A CHANGE OF UNITS.

2–4 ft / 100 years

0 2 3 4 6 ft

? – ? millimeters per year

No individual hoodoo rate is assigned.

Original range-and-ruler diagram. The broad NPS interval is shown without assigning it to a particular rock.

About 6.1–12.2 mm/year
Lower: 2 × 304.8 / 100 = 6.096. Upper: 4 × 304.8 / 100 = 12.192 mm/year.

Convert both endpoints. A midpoint such as 9.1 mm/year hides the stated spread. The source range is not a statistical
confidence interval, and real erosion can be episodic. This calculation does not assert that a specific hoodoo becomes
this much shorter every year.

Range / precision: A published interpretive rate range; not site-specific uncertainty or a collapse forecast.

Take it further. The upper endpoint is twice the lower endpoint. Does that ratio survive the unit conversion?

Sources

National Park Service · Protect the Hoodoos
National Institute of Standards and Technology · U.S. Survey Foot: Revised Unit Conversion Factors

https://www.nps.gov/brca/learn/nature/protect-the-hoodoos.htm
https://www.nist.gov/pml/us-surveyfoot/revised-unit-conversion-factors


07  /  12  ·  Inve r se  re la t ion  ·  range  o rde r

Turn the rate around

SAME DISTANCE. DIFFERENT TIMES.

Teaching distance · 1 metre

FASTER RATE

shorter time

SLOWER RATE

longer time

time = distance ÷ rate

Original inverse-rate diagram. The shared 1 m distance is hypothetical; the clocks do not forecast an event.

About 82–164 years, under the assumption
Shorter: 1 / (4 × 0.3048 / 100) ≈ 82.021 years. Longer: 1 / (2 × 0.3048 / 100) ≈ 164.042 years.

The faster rate gives the shorter time, so the rate endpoints reverse when you divide by them. This interval is a
mathematical equivalent under an imposed constant-rate model. It is not a predicted erosion time or lifespan for any real
hoodoo.

Range / precision: Source interval propagated through an inverse calculation; not a probabilistic prediction.

Take it further. Why would a single rockfall make a smooth, constant-rate story misleading?

Sources

National Park Service · Protect the Hoodoos
National Institute of Standards and Technology · U.S. Survey Foot: Revised Unit Conversion Factors

https://www.nps.gov/brca/learn/nature/protect-the-hoodoos.htm
https://www.nist.gov/pml/us-surveyfoot/revised-unit-conversion-factors


08  /  12  ·  T ime  sca le  ·  in te r va l  p lacemen t

Put rock time on a ribbon

THE AGE OF THE ROCK, NOT THE SHAPE.

CLARON
deposits

0 10 20 30 40 50 60

50–60

present million years ago →

Original time ribbon and schematic layers. Bed thickness and the rock silhouettes are illustrative, not a measured section.

50–60 cm from the present
50 million / 1 million per cm = 50 cm; 60 million / 1 million per cm = 60 cm. The highlighted interval is 10
cm wide.

An age is a distance from the present on this ribbon; the span between the two ages is a duration. The rock-deposition
interval is not the age of the modern hoodoos carved from that rock. The source is introductory interpretation, not a date
for every Claron bed.

Range / precision: A formation-age interval, not a confidence interval or a hoodoo age.

Take it further. How would the two positions and the interval width change if 1 cm represented 2 million years?

Sources

National Park Service · Deciphering Nature’s Palette wayside

https://www.nps.gov/places/deciphering-nature-s-palette-wayside.htm


09  /  12  ·  P ropo r t ion  ·  o rde r s  o f  magn i t ude

A century on a deep-time clock

DEEP TIME, COMPRESSED INTO ONE DAY.
24 h

60 million years

100 years

? seconds

Detail enlarged

not angular scale

Original deep-time clock. The century detail is enlarged for visibility and is not drawn to angular scale.

0.144 seconds
100 / 60,000,000 × 86,400 = 0.144 seconds.

The ratio of real durations equals the ratio of display durations. A century occupies less than one fifth of a second in this
deliberately compressed model. The clock is a scale analogy; it does not say that a geological process runs evenly or
completes a cycle in a day.

Range / precision: 60 million years is a selected source endpoint, not an exact age or an assumed erosion duration.

Take it further. If the clock used 50 million years instead, the century would occupy 0.1728 seconds. Why does the shorter total
make it larger?

Sources

National Park Service · Deciphering Nature’s Palette wayside

https://www.nps.gov/places/deciphering-nature-s-palette-wayside.htm


10  /  12  ·  Ra t io  ·  unce r ta in ty  in  the  denom ina t o r

When the reference has a range

A REFERENCE CAN HAVE A RANGE, TOO.

1.7 m 1.9 m

Defined teaching figures

Taller reference → fewer copies

Original reference figures. Heights of 1.7 and 1.9 m are teaching assumptions; the elevation is not a hoodoo height.

About 179–200 reference heights
1,115 × 0.3048 = 339.852 m; 339.852 / 1.9 ≈ 178.869; 339.852 / 1.7 ≈ 199.913.

A taller reference means fewer copies fit into the same distance. The interval propagates only the chosen person-height
range; it does not capture the unknown accuracy of the source elevations. These are defined reference figures, not
measured people or a demographic claim.

Range / precision: Only the stated reference-height interval is propagated; source elevation uncertainty remains
unquantified.

Take it further. Would using just 1.8 m show the full reference range? What information would the single ratio hide?

Sources

National Park Service · Rainbow Point
National Park Service · Deciphering Nature’s Palette wayside
National Institute of Standards and Technology · U.S. Survey Foot: Revised Unit Conversion Factors

https://www.nps.gov/places/000/rainbow-point.htm
https://www.nps.gov/places/deciphering-nature-s-palette-wayside.htm
https://www.nist.gov/pml/us-surveyfoot/revised-unit-conversion-factors


1 1  /  12  ·  A r i thme t i c  vs  geome t r i c  m i dpo in t

Two meanings of halfway

THE SAME ENDPOINTS. A DIFFERENT RULE.

LINEAR equal additions

100 m ? 10,000 m

LOGARITHMIC equal ratios

100 m ? 10,000 m

Halfway on the page is not always an average.

Original paired-axis diagram. The domain is a teaching choice; marks show spacing rules, not surveyed terrain.

Linear: 5,050 m · logarithmic: 1,000 m
Linear: (100 + 10,000) / 2 = 5,050 m. Logarithmic: √(100 × 10,000) = 1,000 m.

On the linear axis the two halves each add 4,950 m. On the log axis each half multiplies by 10. A log scale makes small
and large values legible together, but it changes the meaning of visual spacing. Zero and negative values cannot appear
on these logarithmic distance axes.

Range / precision: A mathematical domain for comparison, not an uncertainty interval.

Take it further. Try 1,000 m in the scale explorer. Why is it near the left end on a broad linear axis but well inside a log axis?

Sources

National Park Service · Rainbow Point

https://www.nps.gov/places/000/rainbow-point.htm


12  /  12  ·  P rec is ion  ·  sou rce  bounda r i es

What can the numbers really say?

A GOOD CAPTION KNOWS ITS LIMITS.

ILLUSTRATION

Source

Assumption

Calculation

Limit

Evidence travels with the number.

Original evidence-notebook illustration. The rock is imaginary; it is not Thor’s Hammer or a scan substitute.

Select the road-precision and rock-age captions.
Exact conversion ≠ exact source. Rock age ≠ landform age. Average erosion range ≠ failure date. Illustration
≠ survey.

A derived number inherits the limits of its inputs. Keeping a range and labeling an assumption can be more informative
than adding decimals. Neither these diagrams nor legacy approximate landmark models supply a surveyed height. A
ground scan and its own quality evidence would be separate work.

Range / precision: Source limits are part of an answer, even when the arithmetic is correct.

Supported: The published 18-mile road length is about 29 km; conversion digits do not improve the source precision.
Unsupported: The 2–4 ft per century range tells us the year a particular hoodoo will fall.
Supported: The 50–60 million-year interval describes the rock’s formation, not the age of the modern hoodoo shape.
Unsupported: A visually convincing model can establish a named hoodoo’s surveyed height without an independent
measurement.

Take it further. Write a one-sentence caption for your favorite diagram that includes what it shows and one thing it cannot establish.

Sources

National Park Service · Drive the Southern Scenic Drive
National Park Service · Deciphering Nature’s Palette wayside
National Park Service · Protect the Hoodoos

https://www.nps.gov/thingstodo/drive-the-southern-scenic-drive.htm
https://www.nps.gov/places/deciphering-nature-s-palette-wayside.htm
https://www.nps.gov/brca/learn/nature/protect-the-hoodoos.htm

