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How specific is the extracellular molecule’s objective? §

This tree guides learners through a serious of multi-
ple-choice questions to assess their understanding
of protein-protein interactions in relation to the sur-
rounding cellular environment

..any molecule of
one receptor type

..specific molecule of one receptor type - ...any moleculelof a variety of receptor types

All types of molecules have an \ —
Based on student responses, the program presents a
tailored set of questions, determining the path that
respondents take through the tree.

True

Students [n = 776) majoring in undergraduate biologu
participated in this assessment

An extracellular molecule knows K88
the location of its receptor @ <

True Our findings will help to inform the design of visualiza-

tions that are more specifically targeted at challeng-
iNg students’ beliefs about molecular scale phenome-
na.

How does an extracellular molecule
know the location of its receptor?

It has “hard-wired” Descriptives

It can sense the receptor from a distance

know'fedge
N Mean  Std. Deviation Std.Error
ScilLit Total BIO152 8.67 1.290 .063
BI0206 9.05 1.100 .066
BI0372 9.17 1.007 119
An extracellular molecule can change trajectory on its own Tota
Model Fixed Effects 1.201 .043
ScilLit Average BIO152 nendomEfects 11.8086 522?
Confidence BI0206 12.4423 7476
BI0372 10.2808 1.2116
Total 12.0331 4328
Model Fixed Effects 11.9096 4284
. Total BIO152 R . 2.140 1517(?:
Molecules critical to cell function move more Molecules released into an extracellular space SO EIE2E | S
directly than less critical molecules. are certain to spread out over time Total '. 2259 08"

Model Fixed Effects 2.241 .081

Random Effects .263

Mol Average BIO152 61.3338 19.86682 96482
Confidence BIO206 68.4772 18.15040 1.09055
BIO372 74.5229 15.90247 1.87412

Total 65.1221 19.42836 .69879

Model Fixed Effects 18.92685 .68075

Random Effects 3.92841

True

—False False =

A molecule moves more directly when it has

2 Why will these extracellular molecules
been activated than when it is inactive '

spread out over time?

Theg mﬂe into
less crowded areas

ANOVA

Sum of
Squares Mean Square F

Scilit Total Between Groups 32.520 16.260 11.280
Within Groups 1109.961 1442
Total 1142.481

Between Groups 2565.884 1282.942
Within Groups 109216.281 141.839
Total 111782.165

Total _ Between Groups 72.079 36.039
Misconceptions i Groups 3867.344 5023
Total 3939.423

Between Groups 15566.169 7783.084
Within Groups 275833.844 358.226
Total 291400.013

True - False  They repel ea\ Entropy increases as they spread out

What is the mechanism of an extracellular
molecule's movement to a receptor?

SciLit Average
Confidence

It is released with the

It propels itself = . - .
Prop correct initial trajectory

Mol Average
Confidence

A receptor can change conformation independent
of interactions with other molecules

False

How does a receptor change conformation
independent of other molecules

Total Misconceptions

How much empty space is in an intracellular environment?

High proportion (collisions are infrequent] & Virtually none (collisions are constant)

(collisionsiareifrequent)
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BIO152 BIO206 BIO372

Inside cells, diffusion occurs when molecules move ¢ Course/Year of Study

from areas crowded with various molecules
to areas with more empty space

True Course/Year of Study
BIO152
BIO206
BIO372

T D O

BIO152: R? Linear = 0.009
BIO206: R? Linear = 0.026
BI0372: R? Linear = 0.077

= Water molecules have a significant influence
N on the movement of 8 macromolecule
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In the case of simple diffusion at the molecular Ievel
solvent and solute molecules have equivalent roles £
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True False

BI0206

BIO3/2
40 Average Confidence 80

In the case of simple diffusion across a permeable membrane, once solute
molecules reach an equilibrium, they cease to cross the membrane. 2
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