
A Teacher's Guide to Hidden
Oscillations & Waves Misconceptions

Why marks can hide shaky understanding — and what class-level
misconception heatmaps reveal across oscillations, waves, sound, and

standing waves

For physics teachers and department leads

A field guide to persistent misconceptions in oscillations and waves — from the period that does not

depend on the amplitude, through the wave that carries its disturbance but not its medium, to standing

waves that do not travel and the printed figures students trust past the point of physical sense — that

survive conventional teaching and hide behind good test scores. Includes example diagnostic output and

details on how to run a free classroom pilot using the two-form Oscillations & Waves diagnostic. 
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Why Marks Can Hide Shaky Understanding

A student scores 75% on a waves test. They can compute v = f lambda, read values off a wave graph,

and produce correct answers on familiar problem types. Their mark says they understand waves.

But ask them a different kind of question — one that tests the concept behind the formula rather than the

formula itself — and the picture changes. Ask them whether pulling a pendulum to a wider swing makes its

period longer. Ask them what travels when a pulse runs down a rope — the rope, or only the disturbance.

Ask them whether a sound’s pressure can really dip below zero, as a printed pressure curve appears to show.

Ask them whether the nodes of a standing wave move.

What emerges is not a knowledge gap. It is something more persistent: a stable but incorrect mental model

that produces right answers on routine problems and wrong answers on conceptual ones. The student does

not know they hold it. The teacher cannot see it in a percentage score. And unless it is specifically surfaced,

it survives instruction, revision, and even strong exam results.

Physics education researchers have documented this pattern extensively. Arons’ treatment of introductory

physics showed that students who could recite v = f lambda often could not say what actually travels in a

wave, and prescribed the operational checks — what propagates, what oscillates — that separate the

disturbance from the medium. Knight’s instructor-side work documents the same families of error: the

period read as depending on the amplitude, wave speed read as something a louder or higher note changes,

a standing wave read as a slow travelling wave, a node imagined to drift along, or the flat instant of a

standing wave mistaken for the wave vanishing. Moore builds the wave model from the driven oscillator and

the boundary conditions that quantise it, where the open- and fixed-end behaviours are made explicit.

Chabay and Sherwood develop oscillatory motion from the spring force itself, where the restoring-force-

proportional-to-displacement condition that defines simple harmonic motion is stated outright. Across

decades of research, the finding is consistent: students can pass tests while holding the same

misconceptions they entered with.

The pattern is consistent: conventional assessment rewards procedural fluency but is largely blind to

conceptual coherence. A class can look competent on paper while carrying systematic misconceptions that

will resurface under unfamiliar conditions — in later topics, in university courses, or on exam questions that

probe understanding rather than recall.

The diagnostic layer most physics departments are missing is not a harder test. It is a different kind of test —

one designed to surface the specific misconception a student holds, not just whether their answer is right or

wrong. The Oscillations & Waves diagnostic targets this layer across two independent forms: Form 1

Oscillations (12 questions across 6 misconception bands — what sets the period, phase and the sign of the

velocity, the quarter-cycle kinematics, the small-angle boundary, and resonance) and Form 2 Waves (25

questions across 13 misconception bands — wave nature and speed, sound, superposition, standing waves,

reflection, the open-end boundary, energy, and the Doppler shift — plus a cross-cutting representational-

trust lens). Each form is scored and reported on its own. It is designed for upper-secondary physics and

introductory university mechanics.
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Five Oscillations & Waves Misconceptions Worth Tracking
These are five persistent and instructionally important conceptual errors in oscillations and waves, documented across
decades of published research. Each survives conventional teaching and produces correct answers often enough to stay
hidden. The tag on each trap is the misconception band that tracks it; the fifth is the instrument’s cross-cutting
representational-trust lens.

Trap 1: A Wider Swing Takes Longer OSC-1A

A pendulum is pulled to a larger angle and released. Many students expect a longer period — a bigger swing should
take more time. But for small swings the period depends only on the length and g; the amplitude does not enter it at
all, and pulling further changes the period only by leaving the small-angle regime, never through the size of the swing
as such. The same error appears for a spring-block, where students change the period by changing the amplitude rather
than the mass or the stiffness. Reading the period as a property of the motion’s size, rather than of the system, is the
foundational oscillations misconception.

Ref: Knight, 2002; Moore, Six Ideas That Shaped Physics; Chabay & Sherwood

Trap 2: The Wave Carries the Medium Along WN-1

A pulse runs down a long rope. Asked what travels, many students send the rope along with it — the material itself
moving from one end to the other. But a wave moves the disturbance and its energy through the medium while each
part of the medium oscillates in place and returns. The same misreading makes propagation look instantaneous, when
the speed is large but finite, and lets a printed pressure curve dip below zero, when an absolute pressure cannot. What
travels is the pattern, not the stuff.

Ref: Arons, 1997; Knight, 2002

Trap 3: The Higher Note Travels Faster WS-1

A high note and a low note are sounded in the same air. Many students expect the higher-frequency sound to travel
faster — or a louder sound, with its larger amplitude, to outrun a quiet one. But the wave speed is set by the medium,
not by the source: in given air, all of these travel at the same speed. Raising the frequency shortens the wavelength (v =
f lambda) and raising the amplitude carries more energy, but neither changes the speed. This is the anchor the
snapshot-versus-history, standing-wave, and reflection reasoning all rest on.

Ref: Knight, 2002; Arons, 1997

Trap 4: The Standing Wave Travels, Slowly STW-1

A string driven at resonance shows a standing-wave pattern. Many students read it as a travelling wave moving slowly
enough to watch — or picture the nodes themselves drifting along. But a standing wave is the superposition of two
equal-and-opposite travelling waves: its nodes and antinodes hold fixed positions, and the pattern does not propagate
at all. Non-node points still oscillate, while the nodes stay fixed at zero — and that, not the motion of any single point,
is what distinguishes a standing wave from a travelling one.

Ref: Knight, 2002; Moore, Six Ideas That Shaped Physics; Chabay & Sherwood

Trap 5: The Figure Must Be Right L-CRIT

Two textbook figures: a sound wave whose pressure curve dips below zero, and a pulse reflecting off a clamped (fixed)
end while staying upright. Each is physically impossible — an absolute pressure cannot go negative, and a fixed-end
reflection must invert — yet many students accept both, because the figure is printed and looks authoritative. The
diagnostic tracks this representational-trust failure as a cross-cutting lens that fires only when both impossible figures
are accepted in the same sitting: the habit of trusting the representation over the physics, surfaced where it does the
most damage.

Ref: Arons, 1997
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Example Heatmap Using Simulated Data

Illustrative data (n = 24)
Simulated dataset shown to illustrate the heatmap output format and the kinds of misconception patterns a diagnostic can reveal.
Informed by documented misconception patterns in physics education research. Not drawn from a classroom or pilot cohort.

Mean: 12.4/25 (50%)   Median: 13/25   Range: 5–22

This heatmap shows Form 2 Waves of the Oscillations & Waves diagnostic (25 questions across 13 misconception bands, plus
the cross-cutting L-CRIT representational-trust lens). Columns group students by total score; Form 1 Oscillations produces its
own heatmap in the same format.

Q# Concept Tested Overall A (21–25) B (16–20) C (11–15) D (0–10) Band

Q01 Only quantised wavelengths fit a fixed string 56% 88% 67% 40% 25% STW-3

Q02 Pitch is frequency, not loudness 76% 100% 90% 60% 42% SND

Q03 Snapshot vs history (wavelength vs period) 52% 83% 62% 35% 25% WN-3

Q04 Doppler: approach raises the received frequency 60% 83% 71% 45% 33% DOP

Q05 A node is an always-zero fixed position 48% 75% 58% 30% 17% STW-2

Q06 Overlapping waves add with sign, then pass through 52% 79% 62% 35% 25% SUP

Q07 Wave energy scales as amplitude squared 44% 67% 54% 30% 17% NRG

Q08 Absolute pressure cannot dip below zero 40% 67% 50% 25% 17% WN-1

Q09
Lowest observed resonance need not be the
fundamental

40% 62% 50% 25% 17% STW-3

Q10 Wave speed is set by the medium 60% 83% 71% 45% 33% WS-1

Q11 Sound needs a material medium (no vacuum) 72% 100% 83% 55% 42% SND

Q12 A standing-wave pattern does not travel 44% 71% 54% 25% 17% STW-1

Q13 Amplitude does not change wave speed 56% 83% 67% 40% 25% WS-1

Q14 The disturbance propagates; the medium stays put 48% 75% 58% 30% 17% WN-1

Q15
One point cannot distinguish standing from
travelling

40% 62% 50% 25% 17% STW-1

Q16 The flat instant is not the wave vanishing 44% 71% 54% 25% 17% STW-2

Q17 Two close frequencies beat at the difference 52% 79% 62% 35% 25% SUP

Q18 The argument k x - omega t ties space and time 44% 71% 54% 25% 17% WN-3

Q19 Sound is longitudinal (medium moves along travel) 56% 83% 67% 40% 25% WN-2

Q20 A fixed-end reflection inverts 44% 67% 54% 25% 17% REF

Q21 A wave carries the disturbance and its energy 60% 88% 71% 45% 33% WN-1

Q22 Open end: pressure node, displacement antinode 40% 58% 50% 25% 17% TUBE

Q23 Fixed end inverts, free end stays upright 48% 71% 58% 30% 17% REF

Q24 Reading a longitudinal displacement graph 44% 67% 54% 25% 17% WN-2

Q25 Higher frequency changes wavelength, not speed 52% 79% 62% 35% 25% WS-1

% Correct: 0–20% 20–50% 50–70% 70–90% 90–100%

Q08, Q14, Q21 — Band WN-1, the wave-nature keystone. The wave-carries-the-medium, finite-speed, and below-zero-
pressure probes sit among the lowest in the form, at 17% in Band D and 25–30% in Band C. Until what-actually-travels is
settled, the bands that build on it cannot.

Q12, Q15, Q05, Q16 — the standing-wave cluster (STW-1, STW-2). The travelling-standing-wave and moving-node errors
fall to 17–25% in Bands C and D and stay below 60% in Band B — this confusion is not confined to weaker students.

Q08 + Q20 — the L-CRIT lens; Q22, Q07, Q04 — the lower-confidence trio. Submissions accepting both the below-zero
pressure curve and the upright fixed-end reflection fire the cross-cutting lens, reported as a cohort percentage. The three
single-item bands (TUBE, NRG, DOP) are capped at provisional and read as directional, never settled.

Red cells mark the highest-leverage targets. The governing readout is the per-submission statuses aggregated to the cohort: every band reads
MAJOR, WATCHLIST, MODERATE, or CLEAR, with the single-item bands (TUBE, NRG, DOP) caveated as lower-confidence. The L-CRIT lens
and the folded threads are reported as annotations, never as band flags. For classroom pilots, FundaFirst HS generates a class heatmap from
your students’ responses within 48 hours of completion.

1. 

2. 

3. 
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What Teachers Receive from a Classroom Pilot
Within 48 hours of your class completing a form, we deliver a complete misconception analysis to your
inbox. Each form you run — Oscillations, Waves, or both — produces its own self-contained set of materials:

Class-level misconception heatmap

Performance by question and by student performance band (A–D), with each item tagged to its misconception
band. Colour-coding shows where understanding breaks down across the class, and the folded threads appear as
annotations. Each form you run produces its own heatmap, scored against its own total.

Cohort summary

Each band’s status — MAJOR, WATCHLIST, MODERATE, or CLEAR — with the L-CRIT representational-trust
readout on the Waves form, what the flagged bands mean, and the priority order for remediation. Designed for a
head of department or course leader to act on without re-deriving anything from the heatmap.

Per-band status verdicts

What each status means for your class — from a consolidated misconception that needs structured repair to a
wide-but-shallow WATCHLIST pattern worth a single targeted lesson — with the single-item bands (TUBE, NRG,
DOP) explicitly caveated as lower-confidence, directional signals.

Targeted remediation toolkit

Not generic revision advice. A set mapped to the specific bands your class triggered — a Mistake Museum of
named traps, a Words That Hurt language guide, a per-form Remediation Worksheet in assignable sections, and a
Teacher Answer Key with a classroom move for each band. Diagnosis and remediation in one package, so you do
not need to build anything yourself.

Everything is teacher-readable, designed for immediate classroom use, and delivered as part of the free pilot. Six PDFs

per form: heatmap, cohort summary, Mistake Museum, Words That Hurt, the form’s Worksheet, and its Teacher Answer

Key — the Mistake Museum and Words That Hurt are shared across both forms. Nothing else is required from you

between completion and delivery. 
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How to Run a Pilot
Step 1. Request a pilot.

Visit fundafirsths.com or email admin@fundafirsths.com. Tell us whether you want Oscillations, Waves, or both. If
your class is partway through — or just past — an oscillations-and-waves unit and you want to find out where
understanding has actually settled, this is the right instrument; if you are earlier in the sequence, we will
recommend the right starting point.

Step 2. We send the diagnostic link.

You receive a class-specific link per form and a short setup message you can paste directly to your students. No
student accounts, no logins, no software installs needed. Student names are optional; schools may use
anonymized student IDs instead.

Step 3. Students complete the diagnostic.

Share the link with your class. Oscillations takes about 12–15 minutes (12 questions) and Waves about 28–32
minutes (25 questions); either can be completed in class or as a short take-home task. No calculator is required.

Step 4. You receive the full analysis.

We generate your class heatmap, cohort summary, status verdicts, and remediation toolkit for each form, and
email everything to you — typically within 48 hours of class completion.

There is no charge for the classroom pilot. No payment information is collected. No subscription is created.
No ongoing commitment. 

The Oscillations & Waves diagnostic covers the oscillations and waves content taught in IB DP Physics (Theme C,
Wave behaviour — simple harmonic motion, the wave model, superposition and reflection, standing waves and
resonance, and the Doppler effect), AP Physics 1 (simple harmonic motion; mechanical waves and sound), AP
Physics C: Mechanics (oscillations), A-Level & AS Physics (simple harmonic motion, waves, stationary waves, and
the Doppler effect), and IGCSE Physics (general wave properties and sound). Two forms — Oscillations (12
questions across 6 bands) and Waves (25 questions across 13 bands) — scored separately, plus the cross-cutting
L-CRIT representational-trust lens and five folded threads tracked as heatmap annotations.

Motion (two diagnostics), Newton’s Laws (six modules), Energy, and Momentum diagnostics are also available — together
with Oscillations & Waves they cover the kinematics–forces–momentum–energy–waves arc.

Request a classroom pilot
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